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1 Executive Summary 

[Do not insert text here]. 

1.1 Product Introduction 

Imipenem/cilastatin/relebactam (IMI/REL) for injection for intravenous use is a fixed dose 

combination (FDC) of imipenem/cilastatin with relebactam. Imipenem/cilastatin (IMI) is a 
combination of imipenem, a carbapenem antibacterial drug, and cilastatin, a renal 
dehydropeptidase inhibitor that limits the renal metabolism of imipenem. Imipenem was 
approved in the US in 1985 and is approved for several indications including urinary tract 

infections and intra-abdominal infections. 

Relebactam is a new non-Ѿ-lactam Ѿ-lactamase inhibitor. Relebactam alone does not have 

antibacterial activity; it prevents degradation of IMI by some Class A and some Class C Ѿ ­
lactamases. Relebactam has no activity against the Class B metallo-Ѿ-ѹЌКҤЌѿЌҚШҚ҇Җ�ѹЌҚҚ D Ѿ ­
lactamases. There is no pharmacokinetic interaction between imipenem and relebactam. 

The proposed indications for IMI/REL are complicated urinary tract infections (cUTI) including 
pyelonephritis, and complicated intrabdominal infections (cIAI) caused by susceptible gram-
negative bacteria in patients with limited or no alternative treatment options. The 

recommended dose is 1.25 grams of RECARBRIO (500mg imipenem, 500mg cilastatin, and 
250mg REL) administered every 6 hours by intravenous infusion over 30 minutes in patients 18 
years or older and with a creatinine clearance (CLCr) 90 mL/min or higher; dosing adjustment is 

needed for renal impairment. 

1.2 Conclusions on the Substantial Evidence of Effectiveness 

The Applicant has provided adequate information to support the effectiveness of IMI/REL for 
the treatment of cIAI and cUTI in patients with limited or no treatment options. The substantial 

evidence of effectiveness of IMI/REL relies in part on ҤѤШ FD!ѥҚ previous findings of efficacy for 
IMI in the treatment of cUTI and cIAI, limited clinical data from studies PN003 (cUTI), PN004 
(cIAI), and PN013, and data from in vitro studies and from animal models of infection 
demonstrating that relebactam restores the activity of imipenem against imipenem­

nonsusceptible gram-negative organisms expressing some Class A and some Class C Ѿ ­
lactamases. 

IMI/REL is a combination product and the contribution of the components was required to be 
assessed per 21 CFR 300.50. As the components of the combination cannot be studied as 
monotherapy in the clinical condition of interest, contribution of the components was assessed 

in vitro and in animal models of infection as outlined in the guidance on co-development of two 
or more investigational drugs for use in combination. The evaluation of the contribution of 
relebactam to the combination relies on findings from in vitro microbiology and animal models 

of infection. 
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IMI/REL was studied in two trials, one in cUTI (trial PN003) and another in cIAI (trial PN004), 
where it was compared with imipenem alone. These trials did not specify enrollment of 
patients with infection due to imipenem nonsusceptibleorganisms only, thus the contribution 

of relebactam could not be evaluated in these trials. IMI/REL was also studied in a trial that 
enrolled patients with any of the following infections: hospital-acquired bacterial pneumonia/ 
ventilator-associated bacterial pneumonia (HABP/VABP), cIAI, and cUTI caused by imipenem­

nonsusceptible gram-negative bacteria (trial PN013). 

Efficacy conclusions from the cIAI and cUTI trials were limited because IMI/REL was compared 

with IMI alone in treating infections caused by imipenem-susceptible pathogens; the 
contribution of REL to the combination could not be evaluated. Additionally, the analysis 
population considered (i.e., microbiologically-evaluable rather than microbiological intention-

to-treat population), timing of the endpoints, the definition of the endpoints for the cUTI study 
(see Section 7.3), and choice of noninferiority (NI) margin limit the ability to draw scientifically 
reliable conclusions from these trials. Hence, given these multiple scientific limitations, these 
studies are not considered adequate and well-controlled. A posthocassessment of these trials 

shows that in the cIAI trial, IMI/REL was within a margin of 12.5% (a margin currently 
considered acceptable to support a limited use cIAI indication). However, the clinical utility of 
such an assessment is limited and primarily serves to demonstrate that the addition of REL does 

not reduce the efficacy of IMI by a margin greater than what would have been considered 
acceptable for another comparator. In the cUTI trial, IMI/REL was not shown to be noninferior 
to IMI even using a NI margin of 15% (the margin currently considered acceptable to support a 

limited use cUTI indication). The trial was however not powered to demonstrate NI in the 
appropriate patient population and hence it is difficult to draw any definitive conclusions from 
this finding. 

Results from trial PN013 in patients with infections due to IMI nonsusceptible organisms are 
difficult to interpret. This was a very small trial that was designed as a descriptive trial with no 

pre-specified plans for hypothesis testing. The point estimates for the clinical response rates in 
the IMI/REL and the comparator arm (colistin) were similar, and the point estimates for the 
overall mortality rates were lower in the IMI/REL arm compared to the colistin arm. However, 
these results are difficult to interpret, given the small sample size and hence the wide variability 

in results. The lack of a pre-specified analysis plan increases the likelihood of a finding of a 
difference in one of a number of analyses by chance. Also, assessing outcomes across different 
body sites in a single trial is challenging as the endpoints and outcomes are different between 

the various infection types studied (HABP/VABP, cUTI, cIAI) . Differences in the efficacy of a drug 
at different body sites has been seen in clinical trials with several antibacterial drugs . 
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1.3 Benefit-Risk Assessment 

Benefit-Risk Summary and Assessment 

In NDA 212819, the Applicant is seeking approval of IMI/REL (RECARBRIO) for the treatment of cUTI including pyelonephritis, and cIAI in 
patients 18 years or older with limited or no treatment options. 

IMI/REL is a fixed dose combination of IMI with relebactam. IMI was approved in the US in 1985 and is approved for several indications 
including urinary tract infections and intra-abdominal infections. Relebactam is a non-Ѿ-lactam Ѿ-lactamase inhibitor that prevents degradation 
of imipenem by some Class A and some Class C Ѿ-lactamases. Relebactam has no intrinsic antibacterial activity and there is no pharmacokinetic 

interaction between IMI and relebactam. 

Efficacy evaluation for IMI/REL relies in part ҇Ҁ ҤѤШ FD!ѥҚ ғҖШӊѧ҇ҿҚ вѧҀФѧҀњҚ ҇ в ШввѧКЌКӑ ҇ в imipenem in the treatment of cUTI and cIAI. The 

contribution of relebactam to the combination is supported by in vitro and nonclinical studies demonstrating that relebactam restores activity 
of imipenem against imipenem-nonsusceptible gram-negative organisms expressing some Class A and some Class C Ѿ-lactamases. Limited 
clinical data were provided from studies PN003 (cUTI), PN004 (cIAI), and PN013. The cUTI and cIAI trials primarily enrolled patients with 
infections due to imipenem-susceptible organisms, so the contribution of relebactam could not be evaluated in these trials. Both trials were not 

designed for NI assessment using the appropriate patient populations or endpoints and were assessed descriptively. These trials primarily 
demonstrate that the addition of REL does not reduce the efficacy of IMI. Results of trial PN013 are difficult to interpret as it was a very small 
descriptive trial with no pre-specified plans for hypothesis testing. While the point estimates for the clinical response rates in the IMI/REL and 

the comparator arm (colistin) were similar, and the point estimates for the overall mortality rates were lower in the IMI/REL arm compared to 
the colistin arm, these results are difficult to interpret, given the small sample size and hence the large uncertainty. Also, assessing outcomes 
across different body sites in a single trial is challenging as the endpoints and outcomes are different between the various infection types 

studied (HABP/VABP, cUTI, cIAI) and it is difficult to achieve comparable patient populations with small numbers of patients. 

No new specific safety concerns related to relebactam or to IMI/REL as compared with IMI alone were identified in nonclinical studies or in the 

clinical trials. In the IMI/REL clinical program, 673 subjects were exposed to any dose of IMI/REL and 304 subjects received the proposed dose 
of IMI/REL. While the safety database is limited, it is considered adequate for the proposed limited use indications, particularly given the 
known safety profile of IMI and the lack of any specificsafety signals identified with relebactam alone in Phase 1 studies or in nonclinical 

studies. 
In conclusion, the Applicant has provided substantial evidence of effectiveness of IMI/REL and the benefit-risk profile of IMI/REL is acceptable 
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for the treatment of cUTI including pye lonephritis, and clAI in adu lts with limited or no treatment options. The safety fi ndings observed in the 

trials in subjects who received the proposed dose and duration of RECARBRIO wi ll be described in the labeling. Postmarketing requ irements 
include pediatric studies under the Pediatric Research and Equity Act (PREA) and a microbiology survei llance study to monitor for development 

of resistance to IM l/ REL. 

Dimension Evidence and Uncertainties 

• Complicated uri nary tract infections (cUTI) are defined as UTls with 
additional compromising factors such as abnormalities of the urinary 
tract or host defense systems. Pyelonephritis is considered a subset of 

cUTI regard less of the presence of underlying abnormalities of the 
urinary tract. The majority of cUTI is caused by Gram-negative 

pathogens of the fami ly Enterobacteriaceae . 

• Complicated intra-abdominal infections (clAI), defi ned as infections 
spreading beyond the hollow viscus of origin into the peritoneal space 
and associated with peritonitis or abscess formation are also 
commonly caused by Gram-negative pathogens of the fami ly 

Enterobacteriaceae and anaerobic pathogens. 

• Resistant gram-negative cUTI and clAI infections, in particu lar those 
with carbapenem-resistant Enterobacteriaceae ( CRE) are of increasing 
concern because carbapenems are often last resort antibacteria l 

drugs for infections caused by multidrug resistant organisms. CDC and 
WHO have re leased I ists of critical priority pathogens for research and 
developmentofnew antibacteria l drugs incl udingcarbapenem­

resistant Enterobacteriaceae (CRE). 

Conclusions and Reasons 

Complicated uri nary tract infections (cUTI) and 
complicated intra-abdominal infections (clAI ) 

are both serious, potential ly life -threatening 
infections causing significant morbidity and 
mortal ity in the United States and worldwide. 

Increasing antimicrobial resistance among 
gram-negative organisms is a public health 
concern and cUTI and clAI caused by CRE are of 

special concern due to limited treatment 
options. 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

• Antibacterial drugs approved for treatment of cUTI include extended­
spectrum penici ll ins, cephalosporins, ~- l actam/~-l actamase inhibitor 
combinations, fluoroquino lones, carbapenems, monobactams, 
aminoglycosides, tetracyclines and sulfonamides. 

• Antibacterial drugs approved for treatment of clAI include extended­
spectrum penici ll ins, cephalosporins, ~- l actam/~- l actamase inhibitor 
combinations, fluoroquino lones, carbapenems, monobactams, 
aminoglycosides, tetracyclines, glycylcycl ines, cl indamycin and 
metronidazole. 

•There are some recently approved antibacteria l drugs that may 
provide options for treatment of infections caused by resistant Gram­
negative pathogens including plazomicin (2018), meropenem­

vaborbactam (2017), ceftazidime-avibactam (2015), and ceftolozane­
tazobactam (2014) for the treatment of cUTI and eravacycli ne (2018), 
ceftazidime-avibactam (2015), and ceftolozane-tazobactam (2014) for 

the treatment of clAI. 
•There remai ns, however, the need for additional options for 

treatment of infections, includingclAI and cUTI, caused by CRE. 

There are severa l classes of antibacterial drugs 
approved for the treatment of cUTI and clAI . 
Some recently approved antibacterial drugs 
may provide options for treatment of 
infections caused by resistant Gram-negative 
pathogens. There remains, however, a need 
for additional options for the treatment of 
infections, includingclAI and cUTI, caused by 
CRE. 

• Efficacy evaluation for I Ml/REL re lies in part on the FDA' s previous 
findings of efficacy of IMI in the treatment of cUTI and clAI and the 
Iimited efficacy data from the clAI and cUTI trials . In both these tria ls, 
IM l/ REL was compared with IMI alone (regard less of imipenem 
susceptibility) so the contribution of REL could not be evaluated. 

•The contribution of relebactam to the combination is demonstrated 
by in vitro and noncl inical studies demonstrating that relebactam 
restores activity of imipenem against imipenem-nonsusceptiblegram­
negative organisms expressing some Class A and some Class C ~-

The efficacy of imipenem/ relebactam in the 

treatment of cUTI and clAI is supported in part 
by the Agency' s prior findings of efficacy of 
imipenem in the treatment of these infections. 

The contribution of re lebactam to the 
combination is demonstrated by in vitro and 
noncli nical studies. 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

lactamases. 

•No new specific safety concerns were seen with relebactam alone or 
IM l/ REL. No serious risks re lated to I Ml/REL that would necessitate 
specific risk management strategies have been identified . 

Labeling and routine pharmacovigi lance wi ll be 
adequate to communicate and monitor safety 
concerns with IMl/REL at th is time. 
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1.4 Patient Experience Data 

Patient Experience Data Relevant to this Application (check all that apply) 

□ The patient experience data that were submitted as part of 
the application include: 

Section of reviewwhere 
discussed, if applicable 

□ Clinical outcome assessment (COA) data, such as 

□ Patient reported outcome (PRO) 

□ Observer reported outcome (ObsRO) 

□x Clinician reported outcome (ClinRO) Section 7.3 discusses 

relevant endpoints 
including clinician 
ascertained clinical 

response 

□ Performance outcome (PerfO) 

□ Qualitative studies (e.g., individual patient/caregiver 
interviews, focus group interviews, expert interviews, 
Delphi Panel, etc.) 

□ Patient-focused drug development or other stakeholder 
meeting summary reports 

□ Observational survey studies designed to capture patient 
experience data 

□ Natural history studies 

□ Patient preference studies (e.g., submitted studies or 
scientific publications) 

□ Other: (Please specify): 

□ Patient experience data that were not submitted in the application, but were 

considered in this review: 

□ Input informed from participation in meetings with patient 
stakeholders 

□ Patient-focused drug development or other stakeholder 
meeting summary reports 

□ Observational survey studies designed to capture patient 
experience data 

□ Other: (Please specify): 

□ Patient experience data was not submitted as part of this application. 
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2 Therapeutic Context 

2.1 Analysis of Condition 

Rising antimicrobial resistance, particularly among gram-negative organisms, is a worldwide 

threat to publichealth. Complicated urinary tract infections are defined as UTIs with additional 
compromising factors such as abnormalities of the urinary tract or host defense systems and 
are most frequently caused by Gram-negative pathogens.1 Prevalence of cUTI in the United 
States is estimated at approximately 24.2 per 1000 hospital discharges, accounts for 10.5 

million office visits, 2-3million emergency room visits annually and up to 38% of all healthcare 
associated infections.1-2 Complicated intra-abdominal infections (cIAI) are defined as infections 
spreading beyond the hollow viscus of origin and into the peritoneal space and are associated 

with peritonitis or abscess formation.3 These infections are common, comprising the second 
most common cause of infection in intensive care units and appendicitis alone affects ~300,000 
patients per year and accounts for 11 million hospital days.3-5 Enteric pathogens are common 

causes of cIAI and include gram-negative and anaerobic pathogens,. 

Multidrug resistance in cUTI and cIAI infections, particularly carbapenem resistance, has 

captured global concern. Carbapenems are often the last resort antibacterial drugs for serious 
infections caused by multidrug resistant (MDR) gram-negative organisms. The increasing 
resistance to these last resort antibacterial drugs has prompted the World Health Organization 

(WHO) to publish a list of priority pathogens for research and development of new 
antibacterials.6 Critical priority pathogens cited include carbapenem-resistant Acinetobacter 
baumannii, carbapenem-resistant Pseudomonas aeruginosa, and carbapenem-resistant 

Enterobacteriaceae. Rates of carbapenem resistance among these priority pathogens are rising 
with National Healthcare Safety Network (NHSN) data from 2014 showing that 49.5% of A. 
baumannii, 19.2% of P. aeruginosa, 7.9% of K. pneumoniae and 0.6% of E. coli isolates 

submitted to the network were carbapenem resistant.7-8 

Carbapenem resistance can occur via carbapenemase producing (CP) or non-carbapenemase 

producing (non-CP) mechanisms. Non-CP carbapenem-resistant organisms (CRO) use other 
mechanisms of resistance including porin mutations, efflux pumps or a combination of these 
along with the production of ESBLs and AmpC Ѿ-lactamases. CP-producing CRO are of concern 

as they are the primary drivers of carbapenem resistance among gram-negative organisms 
globally and often associated with a high mortality.9-10 Carbapenemases are a specific type of Ѿ ­
lactamase capable of cleaving the amide bond of most Ѿ-lactam rings, including those of 

carbapenems. The Ambler classification system classifies Ѿ-lactamases into four groups. 
Carbapenemases are grouped into three classes of Ѿ-lactamases: Ambler classes A, B and D. 
Ambler Class A includes Klebsiella pneumoniae carbapenemase (KPC), Ambler Class B includes 
the metallo- Ѿ-lactamases (MBLs) (New-Delhi metallo-beta-lactamase (NDM), Verona integron­
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borne metallo-beta-lactamase (VIM) and imipenemase (IMP) types), while Ambler Class D 

includes the OXA enzymes.11-12 The most common mechanism of carbapenem resistance in 
Pseudomonas aeruginosa are oprD porin mutations, rather than carbapenemases, though 
carbapenemases especially MBLs can also play a role in carbapenem resistance in this 

organism.13 There is also evidence that Pseudomonas-derived cephalosporinases (PDCs), the 
major inducible AmpC cephalosporinases in P. aeruginosa, exhibit a low-level hydrolysis of 
carbapenems such as imipenem when combined with loss of permeability.13 

These organisms are capable of causing a number of infections, including the types of infections 
represented in the studies submitted in support of NDA 212819. Antibacterial drugs with gram-

negative activity that were recently approved by the FDA include omadacycline (2018), 
plazomicin (2018), eravacycline (2018), meropenem-vaborbactam (2017), ceftazidime­
avibactam (2015) and ceftolozane-tazobactam (2014). Of these recent approvals, four 

(plazomicin, meropenem-vaborbactam, ceftazidime-avibactam, and ceftolozane-tazobactam) 
are approved for treatment of cUTI and three (eravacycline, ceftazidime-avibactam, and 
ceftolozane-tazobactam) are approved for treatment of cIAI. These treatment options are 

discussed in further detail in Section 2.2. 

2.2 Analysis of Current Treatment Options 

cIAI 

Current classes of antibiotics that are available as treatment options for the proposed 
indications of cIAI for IMI/REL include extended-spectrum penicillins, cephalosporins, м­
ѹЌКҤЌѿѶѾ-lactamase inhibitor combinations, fluoroquinolones, carbapenems, monobactams, 

aminoglycosides, glycylcyclines, and tetracyclines. Additionally, clindamycin and metronidazole 
are also specificantibiotics that are used, especially for coverage of anaerobic organisms. Table 
1 lists some of the currently available treatment options for cIAI by antibacterial class. 
Treatment options continue to be limited by emerging resistance especially among gram­

negative organisms frequently involved in intra-abdominal infections. Many of the treatment 
options listed are now recommended for use as part of a combination regimen including 
metronidazole, ciprofloxacin, aztreonam and most of the cephalosporins. Recently approved 

antibacterial drugs for treatment of cIAI include eravacycline (2018), ceftazidime-avibactam 
(2015) and ceftolozane-tazobactam (2014). 

Table 1. Examples of Currently Available Treatment Options for cIAI by Antibacterial Class 

Generic name Trade name 

Cephalosporins 

Cefepime Maxipime 
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Β-lactam/β-lactamase Inhibitor Combinations 

Ceftolozane-tazobactam Zerbaxa 

Ceftazidime-avibactam Avycaz 

Fluoroquinolones 

Ciprofloxacin Cipro 

Moxifloxacin Avelox 

Carbapenems 

Imipenem-cilastatin Primaxin 

Meropenem Merrem 

Ertapenem Invanz 

*Not a comprehensive list of available treatment options 

cUTI 

Current classes of antibiotics that are available as treatment options for the proposed 
indications of cIAI for IMI/REL include extended-ҚғШКҤҖҿѿ ғШҀѧКѧѹѹѧҀҚџ КШғѤЌѹ҇Қғ҇ҖѧҀҚџ м ­

ѹЌКҤЌѿѶѾ-lactamase inhibitor combinations, fluoroquinolones, carbapenems, monobactams, 
aminoglycosides, polymyxins, and sulfa drugs. Table 2 lists some of the currently available 
treatment options for cUTI by antibacterial class. Recently approved antibacterial drugs for 

treatment of cUTI include plazomicin (2018), meropenem-vaborbactam (2017), ceftazidime­
avibactam (2015) and ceftolozane-tazobactam (2014). Multidrug resistant gram-negative 
bacteria are implicated in cUTI and treatment options for these infections remains a global 

concern. Plazomicin is a novel aminoglycoside with activity against pathogens producing 
extended-spectrum beta-lactamases (ESBLs), Amp C cephalosporinases, and carbapenemases 
including MBLs, but not against strains of pathogens producing aminoglycoside-resistance 

methylase genes such as armA and rmtC. 14-15 Meropenem-vaborbactam, ceftazidime­
avibactam, and ceftolozane-tazobactam are all Ѿ-lactam/Ѿ-lactamase inhibitor (BL/BLI) 
combinations that are further discussed in Table 3 below. 

Table 2. Currently Available Treatment Options for cUTI by Antibacterial Class 

Generic name Trade name 

Cephalosporins (parenteral 2nd, 3rd, and 4th generation) 
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Ceftriaxone Rocephin 

Cefepime Maxipime 

Fluoroquinolones 

Levofloxacin Levaquin 

Carbapenems 

Imipenem-cilastatin Primaxin 

Ertapenem Invanz 

Monobactams 

Aztreonam Azactam 

Aminoglycosides 

Plazomicin Zemdri 

Sulfa 

Trimethoprim-Sulfamethoxazole Bactrim 

*Not a comprehensive list of available treatment options 

Table 3 lists examples of recently approved Ѿ-lactam/Ѿ-lactamase inhibitor combinations for 

treatment of cUTI, cIAI, or both. 

Table 3. Examples of Recently Approved β-lactam/β-lactamase Inhibitor Combinations 

Generic name Trade name Approval Year Relevant Indications 

Ceftolozane­

tazobactam 

Zerbaxa 2014 cIAI and cUTI 

Ceftazidime-avibactam Avycaz 2015 cIAI and cUTI 

Meropenem­

vaborbactam 

Vabomere 2017 cUTI 

3 Regulatory Background
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3.1 U.S. Regulatory Actions and Marketing History 

IMI/REL is not marketed in the United States. 

3.2 Summary of Presubmission/Submission Regulatory Activity 

The investigational new drug application (IND) was submitted on September 13, 2010. Since 
then, the FDA has had several pre-submission discussions with the Applicant, which are 

summarized below. Fast Track and Qualified Infectious Disease Products (QIDP) designation for 
relebactam (MK-7655) was granted on September 13, 2013. 

Table 4. Presubmission/Submission Regulatory History 

Date Interaction/Key Discussion Points 

13 September 
2010 

IND 108754 filed for MK-7655 for the treatment of bacterial infections 

15 September 
2011 

End of Phase 1 (Type B) Meeting/Agreement on completed and ongoing 
Phase 1 studies to support planned Phase 2 studies with close follow up for 
safety signals including hepatic and renal toxicity. 

13 September 

2013 

Fast Track and Qualified Infectious Disease Products (QIDP) Designation for 

MK-7655 granted 

5 December 
2013 

Type C Meeting/Clinical development meeting to gain feedback on 
acceptability of proposed clinical development program. 

9 April 2014 FDA written responses to proposed Phase 3 trial 

27 June 2014 FDA written responses to 30 May 2014 correspondence from the Applicant 
regarding two different proposed approaches for Phase 3 clinical 
development 

20 April 2015 End of Phase 2 (EOP2) Ѿ Type B Meeting 

17 June 2015 Initial Pediatric Study Plan (iPSP) submitted 

20 August 2015 EOP2 CMC Meeting 

15 May 2017 Type C Meeting/Clinical meeting to discuss PN013 cIAI cohort, proposed 
safety database 

21 May 2018 FDA Conditional Acceptance of Proprietary Name 

3 April 2018 Pre-NDA Meeting Clinical/Nonclinical 

11 June 2018 Pre-NDA Meeting Ѿ CMC 

16 November 
2018 

NDA is submitted 

4 Significant Issues from Other Review Disciplines Pertinent to Clinical 
Conclusions on Efficacy and Safety 

[Do not insert text here] 
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4.1 Office of Scientific Investigations (OSI) 

Seven sites were selected for clinical inspection as part of PDUFA pre -approval clinical 
investigation and data validation. The clinical sites for inspection were chosen using the Clinical 
Investigator Site Selection Tool. Two sites were chosen for Protocol 003 and Protocol 013. 
Three sites were chosen for Protocol 004 including one in site in the United States. At the time 

of review completion, the final regulatory compliance classification for five of the seven sites is 
no action indicated (NAI). The preliminary regulatory compliance classification for one site is 
voluntary action indicated (VAI). The preliminary regulatory classification for one site is NAI. 

The site that received the VAI compliance classification was based on randomization of subjects 
who met one or more of the exclusion criteria. One instance was reported as a protocol 

deviation and the other instance was not. There were also concomitant medicati ons and 
adverse events omitted from eCRFs (two subjects for each omission). 

Overall, the inspections revealed adequate adherence to the regulations and the investigational 
plan apart from the details noted. There were no Form FDA 483 (Inspectional Observations) 
issued. The study data derived from these clinical sites, based on the inspections, are 

considered reliable in support of the proposed indications. 

4.2 Product Quality 

This NDA provides for a single strength of a fixed dose combination of cilastatin, 
imipenem, and relebactam (500/500/250 mg) as a sterile powder for injection presented 

in a single-dose vial. The only excipient in this product is sodium bicarbonate, which 
functions as a buffer. NDA 212819 references NDA 50587 (Primaxin) for the supporting CMC 
information of both cilastatin and imipenem. The supporting CMC information for the NME 

relebactam was submitted to the NDA. The manufacturing process for the drug product 
employs (b) (4)

The NDA, as amended, has provided adequate CMC information to assure the identity, 
strength, purity, and quality of the proposed drug product. All information requests and review 
issues have been addressed and there are no pending approvability issues. The manufacturing 

and testing facilities for thѧҚ яD! ЌҖШ ФШШѿШФ ЌККШғҤЌЙѹШ ЌҀФ ЌҀ ҇ӊШҖЌѹѹ Ѩ!ғғҖ҇ӊШѩ 
recommendation was entered into Panorama by the Office of Process and Facilities (OPF) on 
April 15, 2019. Therefore, this NDA is recommended for approval by the Office of 

Pharmaceutical Quality (OPQ). 

Novel Excipients: No novel excipients are used for the drug substances or the drug product. The 
only excipient is sodium bicarbonate (b) (4)
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Comments on Impurities/Degradants of Concern 

Drug Substance Impurities: The specifications for the drug substance impurities in relebactam 
are all below the levels qualified in nonclinical toxicology studies. The specifications for the 

imipenem/cilastatin drug substance impurities are considered qualified by more than 30 years 
of clinical use of PRIMAXIN®. 

Drug Product Degradants: The specification for the (b) (4) relebactam drug product degradant, 
(b) (4) is below the level qualified in a nonclinical toxicology study 

conducted for the current NDA application. The specifications for the imipenem/cilastatin drug 

product degradants are considered qualified by more than 30 years of clinical use of 
PRIMAXIN®. Also, the specifications (b) (4) of the imipenem/cilastatin drug product 
degradants are below the levels qualified in a nonclinical toxicology study conducted for the 

current NDA application. 

Residual Solvents: (b) (4) residual solvents are controlled in the drug substance specification, 
(b) (4) The acceptance criteria for (b) (4) solvents are at the limits 

specified in the ICH Q3C (R6) Guidance. 

Elemental Impurities: Analysis of four batches manufactured 

were less than 30% of the 
permitted daily exposure identified in the ICH Q3D Guidance. 

Based on the consistent process experience, and the 
quality risk assessment, additional testing for elemental impurities is not considered necessary 
for release of commercial drug substance. 

(b) (4)

(b) (4)

Potential Mutagenic Impurities for Relebactam: Evaluation and control of potential mutagenic 
impurities was conducted according to the guidelines in ICH M7. Impurities identified 

were evaluated for potential 
formation of mutagenic impurities. 

The assessment included 

(b) (4)

(b) (4)

in-silico analyses conducted for structural alerts followed by Ames testing and/or fate and 

purge risk assessment where appropriate. (Q)SAR assessment was performed using two 
complementary in silico models, expert rule-based model and statistical model (DEREK Nexus, 
Sarah Nexus, and/or CaseUltra). (b) (4)
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(b) (4)

4.3 Clinical Microbiology 

Since relebactam by itself does not exhibit antibacterial activity, the review evaluated the 

contribution of relebactam to IMI/REL. Evidence to support the contribution of REL was 
primarily from in vitro surveillance studies of pathogens related to the proposed indication s of 
cUTI and cIAI, in vivo animal models of infection, and from the limited clinical trial information. 

Although the clinical data were limited for this application, there does appear to be a 
contribution of relebactam to antibacterial activity of IMI/REL, especially against 

Enterobacteriaceae that express the serine carbapenemases KPC-2 and -3. From a clinical 
microbiology perspective, approval of this product is recommended, based on the evidence 
stated above and discussed below. Additional support is provided through assessments by the 

clinical pharmacology team as well as information on the antibacterial activity of IMI against the 
relevant pathogens. The full clinical microbiology review is provided in Appendix 18.6. A 
summary of the evidence of the contribution of relebactam to the antibacterial activity of 
imipenem-relebactam is below: 

Summary of Evidence of the Contribution of Relebactam to the Antibacterial Activity of 
Imipenem-relebactam: 

Activity in Vitro 

Imipenem and IMI/REL were tested for in vitro antibacterial activity against a subset of gram-
negative organisms associated with the cUTI and cIAI indications. 

For 1729 US isolates of P. aeruginosa, the MIC90 was reduced from 16 mcg/mL to 2 mcg/mL in 
the presence of REL. REL did not affect the activity of imipenem against anaerobes for the 
majority of anaerobes tested and therefore anaerobes are not discussed in this summary. 

ѮѤШ ѧѿѧғШҀШѿ юΈ�ӿӶ в҇Җ ӻӸӹӻ ѲѨ ѧҚ҇ѹЌҤШҚ ҇ в EҀҤШҖ҇ЙЌКҤШҖѧЌКШЌШ ӋЌҚ ёӶѢӻ ѿКњѶѿш ЌҀФ ҤѤШ 
MIC90 for IMI/REL was 0.25 mcg/mL. The MIC90 for ESBL Enterobacteriaceae for imipenem was 
ёӶѢӻ ѿКњѶѿш ЌҀФ ӋЌҚ ӶѢӸӻ ѿКњѶѿш ӋѧҤѤ ҤѤШ ЌФФѧҤѧ҇Ҁ ҇ в REL. The evidence for the contribution 

of REL was apparent among Enterobacteriaceae isolates that produced Klebsiella pneumoniae 
Carbapenemases (KPCs). The imipenem MIC90 for KPC-ғҖ҇ФҿКѧҀњ EҀҤШҖ҇ЙЌКҤШҖѧЌКШЌШ ӋЌҚ шӹӸ 
mcg/mL and was reduced to 1 mcg/mL with the addition of REL. For AmpC beta-lactamase, the 

MIC for imipenem was 4 mcg/mL and reduced to 0.25 mcg/mL with the addition of relebactam. 

Evidence for the contribution of REL to in vitro activity of IMI/REL was also shown for some 

bacterial isolates in a hollow fiber infection model. The data indicated that REL administered at 
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250mg in combination with 500 mg imipenem, restored the antibacterial activity of imipenem 

among isolates that were not susceptible to imipenem (intermediate or resistant isolates). 
Results showed a greater than 4-log10 colony forming unit (CFU) reduction with no regrowth 
for up to 70 hours for the strain of P. aeruginosa, CLB 24227 (that had an imipenem MIC of 16 

mcg/mL and an MIC in the presence of 4 mcg/mL of relebactam of 2 mcg/mL). A log10 CFU 
reduction was also demonstrated for Enterobacteriaceae strains such as K. pneumoniae 
CL6569, E. coli IHMA 516426, and K. oxytoca IHMA 1211369, which had greater than 5-fold 

reductions in MICs. 

Activity in Vivo 

Several animal models of infection in neutropenicmice were utilized for determining the in vivo 
activity of REL co-administered with IMI. 

The in vivo data demonstrated the ability of relebactam to restore the antibacterial activity of 
imipenem against some P. aeruginosa and Enterobacteriaceae clinical isolates that were not 
susceptible to imipenem. Some of these isolates expressed beta-lactamases including AmpC 
enzymes. A summary of the type of animal models and the beta-lactamases produced by the 

organisms are described in the table below. 

Table 5: Animal Models of Infection Used to Test the Effect of Relebactam on the in Vivo 
Efficacy of Imipenem 

(

 

Animal 

Model 

Clinical 

Isolates 
(N) 

Beta­

lactamase 

Pathogen MIC 

Imipenem 
(mcg/mL) 

MIC 

Imipenem/REL 
(mcg/mL) 

Murine 
Delayed 

Lung 

10 PDC 1, 3, 5, 
8, 16, 35, 

36 

P. aeruginosa 16-64 4-16 

Murine 
Delayed 

Lung 

2 KPC-2, KPC­
3 

K. pneumoniae 64 0.25-0.05 

Murine 

Thigh 

5 PDC 5, 8, 

16, 19, 35 

P. aeruginosa 16-64 ё1-1 

Murine 
Thigh 

2 KPC-2, KPC­
3 

K. pneumoniae 2-64 2-16 

In the animal models of infection, a reduction in total log10 CFU of the bacterial isolates tested 
was demonstrated in comparing imipenem versus IMI/REL. As different doses of REL were 
tested, there was a change in the log10 CFU which indicated a trend towards a dose-dependent 

effect in the presence of REL. For example, the contribution of REL was shown in the 
disseminated model of infection with imipenem-resistant P. aeruginosa PATOLA 01-08, where 
there was a change in log10 CFU in the presence of 5 mg/kg imipenem from -0.45 to -3.73 with 
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the addition of REL (40 mg/kg) and a change in loglO CFU of -1.72 with 10 mg/kg REL. Enhanced 
in vivo efficacy over imipenem alone in the presence of REL was also seen in the pu lmonary 
infection model with i mi penem-resistant P. aeruginosa isolates PATOLA 01-08, PATOLA 02-08 
and the disseminated model of infection with imipenem-resistantK. pneumoniae isolate 

KLEBTOA 02-08. The contribution of REL was not clearly demonstrated in delayed therapy P. 
aeruginosa lung infection models with PATOLA 04-08, PATOLA 05-08, and BLl-PA-14, however, 
it is possible thatfurther characterization of the isolates would provide additional insight into 

the lack of activity against these isolates. 

Organisms that were used in the delayed treatment pulmonary models that showed a 

significant reduction of MIC in the presence of REL incl uded the fol lowing examples: P. 
aeruginosa CL5701 which had an imipenem and IMl/REL MIC of 16 mcg/mL and 2 mcg/mL 
respective ly. Also, K. pneumoniae isolate 487710 with an imipenem and IM l/REL MIC of 64 
mcg/mL and 0.25 mcg/mL respective ly; and K. pneumoniae isolate 515744 which had an MIC of 
64 mcg/mL for imi penem and 0.5 mcg/mL for IM l/REL. The data for the in vivo efficacy studies 
is provided in the tables of the cl inical pharmacology appendix of this review. 

Mechanism of Action 
Other key aspects of the cl inical microbiology review included the establishment of the 
mechanism of action of REL as an inhibitor of beta-lactamases. This was done primarily through 
the review of data on enzyme inhibition kinetics of REL on some beta- lactamases such as some 
members of the fol lowingenzymefami l ies:SHV, TEM, CTX-M, P99, Pseudomonas-derived 
cephalosporinase (POC) and KPCs. The half-maxima l inhibitory concentration (ICso) of REL for 

AmpC was approximate ly 0.5 µM; the ICso for KPC-2 and KPC-3 was approximate ly 0.2 µM. 
Other supportive information was taken from a comparison of the MIC data of imipenem and 
I Ml/REL against bacterial isolates that were genotypical ly characterized (through methods such 
as polymerase chain reaction [PCR]) for the presence of beta-lactamases. This incl uded 
Enterobacteriaceae that produced KPCs and P. aeruginosa that produced POC, a type of AmpC 
beta-lactamase . IMl/REL was not active against isolates that produced metallo- beta­
lactamases, oxacil linases with carbapenemase activity, and certain alle les of GES. 

Susceptibi lity Interpretive Criteria 
The Applicant's proposal for breakpoints for Enterobacteriaceae, P. aeruginosa and anaerobes 

was accepted as shown in the table be low. The table also reflects the use of 4 mcg/mL REL for 
MIC susceptibi I ity testing as with other approved beta-lactam, beta-lactamase i nhi bi tor 
combination products. 

(6) (41C6)(4J were not established forthe fol lowing reasons: 
---~~~--- ---~~~~-

Footnotes wil l list the specificEnterobacteriaceae and anaerobes for which 

efficacy of IMl/ REL was demonstrated in cl inical trials. 
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Table 6: Interpretive Criteria for Imipenem-relebactam 

Minimum Inhibitory 
Concentrations 

(m cg/mL) 

Disk Diffusion 
(zone diameter in mm) 

Pathogen S I R S I R 

Enterobacteriaceae a ≤1/4 2/4 ≥4/4 ≥25 21 -24 ≤20 

Pseudomonas 
aeruginosa 

≤2/4 4/4 ≥8/4 ≥23 20-22 ≤19 

Anaerobes b,c ≤4/4 8/4 ≥16/4 - - -

S = Susceptible; I = Intermediate; R = Resistant 

For disk diffusion, use paper disks impregnated with imipenem/relebactam at a concentration of 
10/25 mcg/mL. 

a Klebsiella aerogenes, Enterobacter cloacae, Escherichia coli, Klebsiella pneumoniae, Citrobacter freundii, Klebsiella 
oxytoca.
 
bBacteroides caccae, Bacteroides fragilis, Bacteroides ovatus, Bacteroides stercoris, Bacteroides thetaiotaomicron, 

Fusobacterium nucleatum, Parabacteroides distasonis.
 
c Agar dilutionmethod
 

4.4 Devices and Companion Diagnostic Issues 

There are no devices or companion diagnostics submitted with this NDA. 
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5 Nonclinical Pharmacology/Toxicology 

5.1 Executive Summary 

The product label for IMI lists seizure potential as a warning and precaution and indicates renal 

adverse events in association with the product. Because nonclinical studies with relebactam 
revealed a potential for CNS toxicity in rats and renal toxicity in monkeys, it may be important 
to determine if an additive or synergisticpotential for these toxicities can occur when 
imipenem/cilastatin are clinically administered concomitantly with relebactam. 

In 1- and 3-month repeated-dose toxicology studies, relebactam produced only limited toxicity. 
Two dose-dependent toxicities with clinical relevance were CNS toxicity primarily in rats and 

minimal kidney toxicity primarily in monkeys. The CNS toxicity in rats variably manifest as 
decreased activity, sternal recumbency, unsteady gait, intermittent trembling, gasping, and/or 
convulsions. The CNS effects appeared to be dose-dependent, occurring only with a high 450 

mg/kg/day dose of relebactam, but the incidence rates and times to onset in the different 
studies were inconsistent without a clear explanation for the discrepancies. 

In a 7-day exploratory study in rats, no clinical signs were reported in association with repeated 
daily dosing of intravenous relebactam at a dose of 450 mg/kg/day. In contrast, in the 1-month 
repeated IV dose study in rats, 2/10 female rats experienced convulsions followed by death 

after a single high dose of 450 mg/kg relebactam, but none of the other female or male rats in 
the high-dose group were affected throughout the course of the study. Functional 
Observational Battery (FOB) measurements on the surviving animals on Day 1 were similar to 
control values. In the 3-month intravenous-dose study in rats, male and female rats exhibited a 

range of CNS-related clinical signs in the first 3 days of intravenous dosing with a high-dose of 
450 mg/kg/day, but after a dosing holiday on Days 4 and 5 and renewed dosing on Day 6 with a 
reduced dose of 300 mg/kg/day, clinical signs were no longer observed in high-dose animals. 

No CNS-related clinical signs were reported in the 1-month and 3-month toxicology studies in 
Rhesus monkeys where high daily doses of relebactam were 225 and 150 mg/kg/day 

respectively. However, in an exploratory rising-dose study with one male and one female 
Rhesus monkey, the high dose of 225 mg/kg/day relebactam administered for 3 days was 
associated with transient clinical signs with possible neurological involvement (unsteady gait, 

trembling, hunched posture, decreased activity, and lateral recumbency) that were observed 
immediately after each daily dose followed by complete resolution within 25 minutes. In the 
study report for this study, it was noted that the early batch of relebactam used in this study 
appeared to undergo degradation over time resulting in the production of an unidentified 

degradant that may have contributed to the clinical signs. It is not clear if a relebactam 
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degradant also contributed to the inconsistent CNS toxicity observed in the rat toxicology 

studies. 

The underlying factors contributing to the inconsistent incidence of CNS clinical signs associated 

with relebactam in rats and monkeys are not clear, but one consistent factor is the dose ­
dependent nature of the effects. In the rat studies, the 450 mg/kg/day relebactam dose 
associated with neurological clinical signs produced plasma relebactam exposures 

approximately 7 times higher than the expected clinical exposures, but NOAEL doses in the rat 
studies were about 2-fold higher than the expected clinical exposures. No increased signals for 
relebactam-related CNS effects were observed in clinical studies. CNS adverse events will be 

monitored during routine post-marketing surveillance. 

The primary toxicity in the 1- and 3-month toxicology studies in monkeys was renal toxicity 

associated with daily IV doses of 150 and 225 mg/kg/day relebactam. In the 1-month study, 
renal toxicity manifest as increased kidney weights and cytoplasmic granules in renal tubule 
epithelial cells sometimes accompanied by very slight degeneration of renal tubular epithelium. 
Complete resolution of the effects was observed after the 1-month recovery period. In the 3­

month study which did not include a recovery period, the relebactam dose of 150 mg/kg/day 
was associated with the same effects but without degeneration of the tubular epithelium. 

No kidney effects were observed in the 1-month toxicology study in rats, but cytoplasmic 
granularity in renal tubular epithelium without evidence of cell degeneration was observed in 
the 3-month toxicology study in rats. Renal cell granularity was observed for all doses (65, 150, 

and 450/300 mg/kg/day) in this study, but the severity increased with relebactam dose. 

In a 1-month toxicology study in monkeys, the administration of a combination of 37 

mg/kg/day relebactam and 150 mg/kg/day imipenem was associated with crystal formation, 
and slight, transient increases in urinary protein. Imipenem was considered to have 
predominantly contributed to these findings in that the urinary crystals have been previously 

linked to imipenem administration in monkeys. Kidney weights were also increased 18% in the 
group receiving combination therapy with relebactam and imipenem, but this finding was not 
accompanied by serum chemistry or histopathology correlates. 

The relebactam-related kidney toxicity in monkeys and rats, like the CNS toxicity in rats, 
appears to be dose-related. In the 1-month toxicology study in monkeys, the NOAEL dose for 
tubular epithelium degeneration was associated with plasma exposures 3.2 to 3.5-fold higher 

than the expected clinical exposure for relebactam. No increased signals for relebactam­
related renal effects were observed in clinical studies. Renal adverse events will be monitored 
during routine post-marketing surveillance. 

In nonclinical pharmacokineticstudies in mice, rats, dogs, and monkeys, IV relebactam plasma 
exposure increased in a roughly dose-dependent manner, with a plasma t1/2 of approximately 1 

hour which is similar to the clinical t1/2 for both imipenem and cilastatin. Like imipenem, 

40 
Version date: October 12, 2018 

Reference ID: 4463074 



       
    

 

   
     

              

            
            

           

           
           

 

             
              

             

        
            

         

          
 

 
           

           
            

              

          
            

             

           
            

              

              
         

 

         
            

           
               

           
           

        

             
              

           

             
              

          

          

NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

relebactam was weakly bound by plasma proteins, and did not readily inhibit or induce a broad 

panel of CYP-450 isozymes suggesting a limited capacity for drug-drug interactions. Relebactam 
did not demonstrate an ability to interfere with the metabolism or excretion of imipenem and 
cilastatin. When administered in combination in a one-month toxicology study in monkeys, 

relebactam, imipenem and cilastatin did not accumulate with repeated-dosing, and none of the 
compounds altered the plasma exposure or t1/2 of the other compounds. 

Relebactam was evaluated in a full battery of nonclinical genotoxicity studies. Relebactam was 
shown to be negative for mutagenicity and/or clastogeniceffects in an Ames assay, a 
chromosomal aberration study, and in vivo in a rat bone marrow micronucleus assay. Similarly, 

according to the imipenem/cilastatin product label, imipenem, cilastatin, and 
imipenem/cilastatin were shown to be negative for genotoxicity in a V79 mammalian cell 
mutagenesis assay (imipenem, cilastatin), Ames test (imipenem, cilastatin), unscheduled DNA 

synthesis assay (imipenem/cilastatin), and in vivo in a mouse cytogenetics test 
(imipenem/cilastatin). 

According to the imipenem/cilastatin product label, no adverse effects on fertility, reproductive 

performance, fetal viability, growth, or postnatal development were observed in male and 
female rats given imipenem/cilastatin at intravenous doses up to 80 mg/kg/day and at a 
subcutaneous dose of 320 mg/kg/day. In rats, a dose of 320 mg/kg imipenem was equivalent to 

approximately double the maximum recommended human dose (MRHD) based on body 
surface area comparison. Slight decreases in live fetal body weight were reportedly restricted to 
the highest dosage level. In male and female fertility studies in rats, the highest administered 

dose of 450 mg/kg/day relebactam did not alter mating performance, fertility, sperm motility, 
and epididymal sperm counts in male rats or mating performance, ferti lity, and embryo-fetal 
survival in female rats. The plasma AUC values associated with the NOAEL dose of 450 

mg/kg/day relebactam in the fertility studies were 7.1- (female) and 8.2- (male) times higher 
than the clinical AUC associated with the MRHD for relebactam. 

According to the imipenem/cilastatin product label, embryo-fetal studies with imipenem and 
cilastatin sodium (alone or in combination) administered to mice, rats, rabbits , and monkeys 
during the period of organogenesis did not produce fetal malformations at doses equivalent to 
exposure margins of 0.4 to 5 times the MRHD based on body surface area comparison. 

However, imipenem-cilastatin sodium administered to monkeys at an intravenous dose of 40 
mg/kg/day (approximately 0.4-fold the MRHD based on surface area comparison) caused 
significant maternal toxicity including death and embryo-fetal loss. 

In embryo-fetal studies in mice, rats, and rabbits, the highest administered dose of relebactam 
(450 mg/kg/day in all studies) was not associated with maternal toxicity or reduced fetal body 
weights. In rats and rabbits, malformations and variations were not increased by relebactam 

above concurrent or historical control levels. However, in mice, increases in specificexternal 
and/or skeletal alterations were observed. In mice, the sum of all the fetuses/litters affected by 
any skeletal malformation (skull bone malformation, cervical vertebra malformation, lumbar 

vertebra malformation, axial skeletal malformation, and absent or extra vertebra) was 
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increased in the relebactam treatment groups compared to control value with 1/1, 4/4, 3/1, 

and 5/4 malformed fetuses/litters in the control, low-, mid-, and high-dose groups respectively. 
Also, the litter incidence of two malformations, cleft palate (15%) and skull bone malformations 
(15%), in low-dose mice receiving 80 mg/kg/day exceeded the highest litter incidence in the 

concurrent control group (0% for both cleft palate and skull bone malformation) and in the 
historical control range (mean of 5.4%; range of 0 - 11% for cleft palate and mean of 0%; range 
of 0 Ѿ 0% for skull bone malformations). Because both cleft palate and skull bone 

malformations are considered to be rare events, the increased litter incidence of these findings 
in the low-dose group compared to concurrent and historical control incidences is considered 
to be drug-related. The results suggest relebactam can increase the incidence of cleft palate 

and skeletal malformations in mice, and these findings will be described on the product label. 

The nonclinical results for relebactam suggest a low potential for clinically relevant adverse 

events. The two toxicities of concern, CNS toxicity and slight kidney toxicity , both occurred in a 
dose-dependent manner and overlap with the same broad categories of toxicity associated with 
clinical administration of imipenem. The potential for additive or synergisticCNS and/or renal 
adverse events associated with clinical administration of imipenem/cilastatin/ relebactam can 

be monitored in routine postmarketing surveillance. In embryo-fetal studies, both 
imipenem/cilastatin and relebactam produced maternal and/or fetal toxicity in some test 
species suggesting the potential risks should be considered when administering the 

combination product to pregnant women. Based on the nonclinical results for relebactam and 
the combination of imipenem/cilastatin and relebactam and the clinically characterized adverse 
events associated with imipenem administration, the combination product is considered 

approvable from a Pharmacology/Toxicology perspective. 

5.2 Referenced NDAs, BLAs, DMFs 

NDA 50587 for PRIMAXIN® (cilastatin sodium; imipenem) 

5.3 Pharmacology 

Secondary Pharmacology 
Relebactam off-target activity was assessed in a large panel of 160 standard enzyme and 
receptor assays. Relebactam did not demonstrate off-ҤЌҖњШҤ ЌКҤѧӊѧҤӑџ ФШвѧҀШФ ЌҚ ш ӻӶу ѧҀѤѧЙѧҤѧ҇Ҁ 

҇Җ ҚҤѧѿҿѹЌҤѧ҇Ҁ ЌҤ К҇ҀКШҀҤҖЌҤѧ҇ҀҚ ҇ в ё ӷӶ mcM. 

Safety Pharmacology 

1.	 Study Title: Effect of L-002118412-000Z008 on hERG (IKr), hKCNQ1/hKCNE1 (IKs), and 
hNav1.5 (INa) Currents Stably Expressed in Mammalian Cells. Exploratory Study 
conducted with PatchXpress 7000A. (Study No.: TT# 08-3039) 

Methods: In this non-GLP compliant study, three cardiac ion channels, hERG, IKs and INa, were 

stably expressed in separate cell preparations of CHO or HEK293 cells and assays of ion channel 
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function were performed using voltage-clamp technology in the presence of vehicle, and 3, 10,
 
and 30 mcM concentrations of MK-7655.
 
Results: MK-7655 at the highest test concentration (30 mcM) had no effect on the IKs potassium 

currents or INa sodium currents and hERG potassium channels were inhibited by 2 to 3% with
 
relative to steady state currents with the vehicle.
 

2.	 Study Title: MK-7655: Electrophysiological Evaluation on hERG Channel Current Stably 
Expressed in CHO Cells. (Study No.: TT #09-4701) 

Methods: In this GLP-compliant study, the effects of two concentrations of MK-7655 (actual 
concentrations of 32 and 318 mcM) and a positive control (0.03 mcM cisapride) incubated with 
CHO cells stably transfected with hERG potassium channels were assessed using a patch -clamp 

technique. 
Results: Neither test concentration of MK-7655 inhibited hERG postassium currents to a 
significant degree. In contrast, cisapride produced a 57.6% inhibition of hERG potassium 

currents. 
3. Study Title: Ancillary Pharmacology: Effect of MK-7655 on Cardiovascular Function in 

Anesthetized Dogs. (Study No.: TT #08-5067) 
Methods: In this non-GLP compliant study, MK-7655 was administered intravenously in 

increasing doses of 3, 7, and 20 mg/kg in three sequential 30-minute infusions to female 
mongrel dogs. Vehicle was tested in a separate group of dogs. Cardiovascular parameters 
including blood flow rate, heart rate, mean arterial pressure, and electrocardiogram 

parameters including PR, QRS, and QT/QTc intervals were monitored during each infusion 
period. 
Results: None of the mean values for the measured cardiovascular parameters changed 

significantly compared to pretest or control values in the dogs treated with the three 
concentrations of MK-7655. 

4. Study Title: MK-7655: Intravenous Cardiovascular and Respiratory Telemetry study in 

Monkeys. (Study No.: TT #09-5601) 
Methods: In this GLP-compliant study, monkeys received intravenous infusions (30 minutes) of 
the vehicle (0.9% sodium chloride) and 25, 75, and 225 mg/kg of MK-7655 using an ascending 

dose regimen. Arterial blood pressure (systolic, diastolicand mean blood pressure), heart rate, 
electrocardiogram parameters (PR, QRS, QT, and QTc), respiratory parameters (rate and depth 
of respiration), and body temperature were measured for 24 hours after dosing. 
Results: No MK-7655-related changes compared to vehicle control values were observed for 

blood pressure measurements, heart rate, electrocardiogram parameters including QTc 
intervals, respiratory parameters, or body temperature. 

5.	 Study title: MK-7655: One Month Intravenous Toxicity Study in Rats with a 

Functional Observational Battery with a 4-Week Recovery Period. (Study No.: TT #08­
9822 

Methods: A functional observational battery (FOB) was conducted in conjunction with the GLP-

compliant, 1-month repeated IV toxicology study in rats. The first six male rats in each group 
were evaluated for CNS function approximately 15 minutes after dosing on Day 1. Observations 
included: home cage observations, hand-held observations, open field observations, and 
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stimulus activity responses. Other measured parameters included: forelimb grip strength,
 
hindlimb grip strength, body temperature, foot splay, and hot plate latency.
 
Results: No MK-7655-related findings were observed for any of the FOB assessments.
 

5.4 ADME/PK 

Type of Study Major Findings 
Absorption 
Pharmacokinetics of MK- Plasma clearance was approximately2 times as high in rats as in the other 
7655 in Mouse, Rat, Dog, species whichhad similar clearance. The apparent volume of distribution was 
and Monkey. (Study No.: similar inall species (0.3-0.4L/kg) andt1/2 values were similar in all groups with a 
PK001) range of 0.5 to 1.2 hours. 
Distribution 
7890In vitro Metabolism 
of MK-7655 in Preclinical 
Species (Study No.: PK002). 

[3H]MK-7655 demonstrated a low, 10­ 20% capacity, plasma­ proteinbinding in 
mouse, rat, monkey, andhumanplasma in vitro andpreferentially distributed to 
plasma in blood from the same species. 

Quantitative Whole-Body The highest concentrations of radioactivity intissues of male WH rats were 
Autoradiographyin Male found in kidney cortex, kidney medulla, urinarybladder, esophagus, blood, non-
Wistar Hannover and pigmented skin, aorta, oral mucosa, lung, and eye uveal tract. Quantifiable 
Long-Evans Rats Following radioactivity was not detected inbrain, spinal cord, white adipose tissue, and 
a Single 30-Minute bone. Patterns of distribution inpigmented rats were similar to that 
Intravenous Infusion observed in albinorats. 
Administrationof [14C]MK­
7655 and Human 
Dosimetry Prediction. 
(Study No.: PK005) 
Metabolism 
In vitro Metabolism of MK- Degradationor metabolism of MK-7655 was ю ӷӶу ЌҀФё ӹу ӋѤШҀ ѧҀКҿЙЌҤШФ 
7655 in Preclinical Species with plasma or hepatocytes respectively from several species including human. 
(Study No.: PK002). MK-7655 didnot inhibit the enzyme activity of a full panel of CYP­ 450 isozymes, 

inhibit the activity of CYP3A4 ina time-dependent manner, or induce the activity 
of CYP3A4 andCYP1A2. 

Excretion 
Excretion of Radioactivity The majority of radioactivity was excreted in urine averagingapproximately 85% 
and Plasma Concentration of the administered dose, and a mean value of 8% of the administereddose was 
vs. Time Profiles in Intact excreted in feces. 
Rats After Administration 
of a Single Intravenous 
Dose of [14C]L-002118412 
([14C]MK-7655). (Study No.: 
PK010) 
TK data from general toxicologystudies 

44 
Version date: October 12, 2018 

Reference ID: 4463074 



       
    

 

   
     

     
 

   
   

  
    

    

       
        
   

   
         

            
          

         
           

       
 

          
        

 

NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Type of Study Major Findings 
MK-7655: One-Month 
Intravenous Toxicity Study 
in Rats with a Functional 
Observational Battery with 
a 4-Week Recovery Period. 
(Study No.: TT #08-9822) 

Plasma MK-7655 after 5 Weeks of Dosing 
Sex Differences: No substantialsex differences were observed. 
T1/2: not reported. 
Accumulation: Not assessed. 
Dose proportionality: The Cmax values were greater thandose proportional 
between the 50 and the 150 mg/kg/day dose groups, but approximately dose 
proportional between the 150 and the 450 mg/kg/daydose groups. The AUC0­

24hr measurements were approximately dose proportional between the 50 and 
the 150 mg/kg/day dose groups and slightlygreater tha ndose proportional 
between the 150 and450 mg/kg/daygroups. 

Plasma MK-7655 Toxicokinetic Parameters (mean ± SEM) in Rats at the End of 
Dosing in Week 5. (Table from the Study Report) 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Type of Study Major Findings 
MK-7655: Three-Month 
Intravenous Toxicity Study 
in Rats. (Study No.: TT #16­
1003) 

Plasma MK-7655 after 13 Weeks of Dosing 
Sex Differences: No substantialsex differences. 
T1/2: not reported. 
Accumulation: Not conclusivelyassessed. 
Dose proportionality: Mean systemic exposure (AUC0-24 hr) and Cmax values of 
MK-7655 were approximately dose proportional between 65 mg/kg/dayand 
150 mg/kg/day andless than dose proportional between 150 mg/kg/day and 
450/300 mg/kg/day inStudy Week 13. 

Plasma MK-7655 Toxicokinetic Parameters (mean ± SEM) in Rats Following 
Dosing of MK-7655 in Week 13. (Table from the Study Report) 

MK-7655: One-month 
Intravenous Toxicity Study 
in Monkeys with a 4-week 
Recovery Period. (Study 
No.: TT #08-1153) 

Plasma MK-7655 after 1 Day and 4 Weeks of Dosing 
Sex Differences: No substantialsex differences were observed. 
T1/2: not reported. 
Accumulation: MK-7655 did not accumulate in plasma with repeated-dosing. 
Dose proportionality: MK-7655 Cmax values increased in a dose-proportional 
manner on both Day 1 and Week 4, and AUC0-24h values increased in a dose-
proportional or slightlygreater than dose-proportional manner. 

Plasma MK-7655 Toxicokinetic Parameters in Monkeys Following Dosing of 
MK-7655 on Study Day 1 and Study Week 4. (Table from the Study Report) 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Type of Study Major Findings 
MK-7655: Three-Month 
Intravenous Toxicity Study 
in Rhesus Monkeys. (Study 
No.: TT #14-1089) 

Plasma MK-7655 after 1 Day and 13 Weeks of Dosing 
Sex Differences: No substantialsex differences were observed. 
T1/2: not reported. 
Accumulation: MK-7655 did not accumulate in plasma with repeated daily 
dosing for 13 weeks. 
Dose proportionality: The mean AUC0-24 hr and Cmax values for plasma MK-7655 
increased inan approximately dose-proportional manner across the three dose 
groups on both Study Day1 andin StudyWeek 13. 

Plasma MK-7655 Toxicokinetic Parameters (mean ± SEM) on Day 1 and Week 
13 of the 3-Month Toxicology Study in Monkeys. (Table from the Study Report) 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Type of Study Major Findings 
MK-7655: One-Month 
Intravenous/Subcutaneous 
Toxicity Study in Rhesus 
Monkeys. (Study No.: TT 
#09-1124) 

Plasma MK-7655, Imipenem, and Cilastatinon Day 1 and Week4 of Dosing 
Sex Differences: No substantialsex differences were observed for plasma AUC 
and Cmax measurements of imipenem, cilastatin, andMK-7655. 
T1/2: not reported. 
Accumulation: None of the test compounds, imipenem, cilastatin, or MK-7655 
accumulated in plasma with repeated daily dosingfor 31 days. 
Dose proportionality: Not assessed. 

Plasma Toxicokinetic Parameters (mean ± SEM) for MK-7655, Imipenem, and 
Cilastatin on Day 1 and Week 4 of the 1-Month Combination Toxicology Study 
in Monkeys. (Table from the Study Report) 

AUC0-24hr (M x hr) Cmax (M) 
Day 1 

MK-7655 575 ± 69.7 692 ± 25.7 

Imipenem 1680 ± 190 948 ± 43.5 

Cilastatin 955 ± 146 722 ± 42.6 

Week 4 

MK-7655 447 ± 30.2 664 ± 68.4 

Imipenem 1590 ± 88.9 1080 ± 56.2 

Cilastatin 747 ± 45.8 756 ± 35.4 
TK data from reproductive toxicology studies 
MK-7655: Intravenous 
Fertility and Toxicokinetic 
Study in Male Rats. (Study 
No.: TT #12-7410) 

Plasma Toxicokinetic Parameters (mean ± SEM) for MK-7655 in the Male 
Fertility Study in Rats on Day 1. (Table from the Study Report) 

MK-7655: Intravenous 
Fertility and Toxicokinetic 
Study in Female Rats. 
(Study No.: TT #12-7400) 

Plasma Toxicokinetic Parameters (mean ± SEM) for MK-7655 in the Female 
Fertility Study in Rats on Day 1. (Table from the Study Report) 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Type of Study Major Findings 
MK-7655: Subcutaneous 
Embryo-Fetal 
Developmental Toxicity 
and Toxicokinetic Study in 
Mice. (Study No.: TT #12­
7330) 

Plasma MK-7655 Toxicokinetic Parameters (mean ± SEM) for MK-7655 in 
Pregnant Mice on Gestation Day 13. (Table from the Study Report) 

MK-7655: Intravenous 
Embryo-Fetal 
Developmental Toxicity 
and Toxicokinetic Study in 
Rats. (Study No.: TT #12­
7320) 

Plasma MK-7655 Toxicokinetic Parameters (mean ± SEM) for MK-7655 in 
Pregnant Rats on Gestation Day 15. (Table from the Study Report) 

MK-7655: Intravenous 
Embryo-Fetal 
Developmental Toxicity 
Study in Rabbits. (Study 
No.: TT #15-7200) 

Plasma Toxicokinetic Parameters (mean ± SEM) for MK-7655 in Pregnant 
Rabbits on GestationDay 15. (Table from the StudyReport) 

MK-7655: Intravenous Pre- Plasma Toxicokinetic Parameters (mean ± SEM) for MK-7655 Following IV 
and Postnatal Dosing to Pregnant Rats on Gestation Day 15 in the Pre- Postnatal Study. (Table 
Developmental Toxicity from the Study Report) 
Study in Rats. (Study No.: 
TT #15-7050) 

5.5 Toxicology 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

5.5.1 General Toxicology 

Imipenem/Cilastatin: Several clinical adverse reactions have been observed to occur with an 
incidence of ш 0.2% of patients receiving PRIMAXIN® as noted on the 2018 product label. 

•	 CNS adverse reactions including seizures and other CNS adverse experiences, such as 
confusional states and myoclonicactivity, have been reported during treatment with 
PRIMAXIN®, especially when recommended dosages were exceeded. These experiences 
have occurred most commonly in patients with CNS disorders (e.g., brain lesions or history 

of seizures) and/or compromised renal function. Convulsions were also reported with a 
5.9% incidence with the administration of PRIMAXIN® to neonatal patients and infants up to 
3 months of age. 

•	 Renal adverse reactions including oliguria/anuria and polyuria are reported as occurring 
with an incidence of less than 0.2% in patients receiving PRIMAXIN® since its approval. Also, 
the label identifies adverse laboratory changes including increased blood urea nitrogen 
(BUN), creatinine, and the presence of urine protein, urine red blood cells, urine white 

blood cells, urine casts, urine bilirubin, and urine urobilinogen. In clinical trials with pediatric 
patients less than 3 months of age, oliguria/anuria was reported with an incidence of 2.2%. 

Relebactam: repeated-dose toxicology studies with MK-7655 are summarized or reviewed 
below. 

Study title/ number: MK-7655: Three-Month Intravenous Toxicity Study in Rats. /TT 
#16-1003 

•	 High-dose rats receiving intravenous doses of 450 mg/kg/day MK-7655 exhibited 
CNS-related clinical signs including decreased activity, sternal recumbency, 

unsteady gait, convulsion-like activity (rolling), intermittent trembling, gasping, 
rapid breathing, and red discoloration in ears. After a reduction of the high dose 
to 300 mg/kg/day on the second day of dosing, CNS-related clinical signs entirely 

subsided by Day 6. 

•	 Cytoplasmicgranularity was observed in the renal tubular epithelium at all MK­
7655 dose levels. Severity of the cytoplasmic granularity was minimal at 65
 
mg/kg/day and mild at 150 mg/kg/day and 450/300 mg/kg/day. The cytoplasmic
 
granularity was characterized by the presence of numerous small, fine, distinct,
 
round eosinophilicgranules distributed within the cytoplasm of renal tubular
 
epithelial cells in the cortex. No evidence of renal necrotic or degenerative
 
changes or alterations in urinalysis parameters or blood urea nitrogen (BUN) or
 
serum creatinine was observed in these rats.
 

•	 Because of the CNS effects in the high-dose rats, the NOAEL dose was considered 
to be the mid-dose of 150 mg/kg/day. 

Conducting laboratory and location: Safety Assessment and Laboratory Animal 
Resources, Merck Research Laboratories, Pennsylvania, USA 
GLP compliance: Yes 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Methods 
Dose and frequency of dosing: 0 (Group 1), 65 (Group 2), 150 (Group 3), and 

450/300 mg/kg/day (Group 4) administered once 

per day 
Route of administration: Intravenous via tail vein 
Formulation/Vehicle: 0.9% Sodium Chloride in Water for Injection 

Species/Strain: Rat/Wistar Han, Crl:WI(Han) 
Number/Sex/Group: 12/sex/group for Groups 1-3 and 16/sex/group 

for Group 4 

Age: 11 weeks 
Satellite groups/ unique design: None 
Deviation from study protocol No 

affecting interpretation of results: 

Observations and Results: changes from control 

Parameters Major findings 
Mortality On Day 2, one HD female receiving450 mg/kg/daywas found deadprior 

to dosing. On Day 3 another HD female was euthanized in extremis. 
Both animals exhibited clinical signs as described below. In response to 
the first death, the dose level for the high dose group receiving 450 
mg/kg/day was reduced to 300 mg/kg/day on Study Days 2 and 3 and 
from Study Day 6 until studytermination, with a dosing holiday on Study 
Days 4 and5. 

Clinical Signs On Day 1, the HD female that was found dead on Day 2 exhibited clinical 
signs including decreased activity, sternal recumbency, unsteady gait, 
convulsion-like activity(rolling), rapidbreathing, andred discolorationin 
ears. The HD female that was euthanizedin extremis on Day 3 exhibited 
decreasedactivity, sternal recumbency, red ears and unsteadygate on 
Day 1, red ears on Day 2, andself-mutilation, intermittent whole-body 
trembling, convulsion-like activity, and intermittent gasping on Day 3 
before euthanasia. Additional clinical signs in HD animals in the six days 
of dosing included red discoloration of ears in all high-dose animals, 
decreasedactivity, sternal recumbencyin most males and females and 
gasping in intermittent vocalizationin one female. Lower dose animals 
were not similarly affected and all clinical signs in HD animalsresolved 
after Day 6. 

Body Weights Body weights were not significantly reducedin any of the MK-7655 dose 
groups compared to control animals. 

Ophthalmoscopy No MK-7655-related ophthalmic findings were observed. 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Hematology Compared to control meanvalues in StudyWeek 4, hematology changes 
in the HD female that was euthanizedin extremis on Day 3 consisted of 
increased reticulocyte counts withincreased mean corpuscular volume 
and decreased mean cell hemoglobinandmean cell hemoglobin 
concentration. Increasedactivated partial thromboplastin time was 
present. Increased white blood cell counts inthis animal was associated 
with increasedlymphocyte and monocyte counts. However, the 
hematology changes were observed only in the HD animal that was 
euthanized in extremis, and not inthe remaining HD animals or animals 
in the other MK-7655 dose groups. 

Clinical Chemistry In the single HD female euthanizedin extremis on Day 3, blood urea 
nitrogen, creatinine, potassium and phosphorus concentrations were 
increased as well as aspartate aminotransferase, alanine 
aminotransferase, and alkaline phosphatase activities comparedto 
control values in Week 12. However, no significant changes were 
observed inanyof the surviving HD animals or in animals inthe LD and 
MD MK-7655 groups. 

Urinalysis [delete the row if not 
evaluated] 

No changes inanyof the urinalysisparameters were observed for any of 
the MK-7655 dose groups comparedto control values. 

Gross Pathology No unusual gross pathology findings were observed. 
Organ Weights None of the absolute or relative organ weights were significantlychanged 

in the MK-7655 treatment groups compared to vehicle control values. 
Histopathology 

Adequate battery: Yes 
The only MK-7655­ relatedhistopathologyfinding in the high-dose 
animals that surviveduntil the scheduledtermination date was 
cytoplasmic granularity observedin the renal tubular epithelium at all 
MK-7655 dose levels. Severity of the cytoplasmic granularitywas minimal 
at 65 mg/kg/day and mildat 150 mg/kg/dayand 450/300 mg/kg/day. The 
cytoplasmic granularity was characterized by the presence of numerous 
small, fine, distinct, round eosinophilic granules distributed within the 
cytoplasmof renal tubular epithelial cells inthe cortex. There was no 
evidence of necrotic or degenerative changes or anyother form of renal 
injury in the kidneys associated with the eosinophilic granules in the renal 
tubular epithelial cells at anydose level. There were alsono MK-7655­
related alterations in urinalysisparameters or blood urea nitrogen (BUN) 
or serum creatinine in these rats. 

[Other evaluations] None 
LD: low dose; MD: mid dose; HD: high dose.
 
-: indicates reduction in parameters compared to control.
 
*: [if the answer is “no” explain why the histopath battery is not adequate\
	

Study title/ number: MK-7655: Three-Month Intravenous Toxicity Study in Rhesus 
Monkeys. / TT #14-1089 

• The only MK-7655-related histopathology finding was the minimal to mild 
cytoplasmic nongranularity observed in the renal tubular epithelium of all the 

monkeys in the high-dose group (150 mg/kg/day). This was characterized by the 
presence of numerous small distinct round eosinophilic granules distributed 
within the cytoplasm. There were no associated findings of renal tubular 

epithelial degeneration or changes in any renal function parameters in the 
urinalysis and serum chemistry evaluations. 

• Because the eosinophilic staining in the kidney was not associated with clear 

52 
Version date: October 12, 2018 

Reference ID: 4463074 



       
    

 

   
     

           

         
 

        

      
   

 

 
                 

       

         
      
 

        
  

  
        

            
 

   

    

 

 
    

    
     

           
        

    
         

       
                

 
          

   
            

  
      
 

        
 

        
          

     

NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

structural or functional changes indicative of kidney toxicity, the NOAEL was 

considered to be the high-dose of 150 mg/kg/day. 

Conducting laboratory and location: Safety Assessment and Laboratory Animal 

Resources, Merck Research Laboratories, Pennsylvania, 19486 
GLP compliance: Yes 

Methods 
Dose and frequency of dosing: 0 (Group 1), 25 (Group 2), 50 (Group 3), and 150 

mg/kg/day (Group 4) administered once per day 

Route of administration: Intravenous via the saphenous veins. Each 
infusion was delivered over approximately 4 
minutes 

Formulation/Vehicle: 0.9% Sodium Chloride in Water for Injection, USP 
Species/Strain: Monkey/Rhesus 
Number/Sex/Group: 4/sex/group 
Age: Males: 2.5 to 4.2 kg; Females: 2.3 to 4.2 kg 

Satellite groups/ unique design: No satellite groups/ A recovery study was not 
included. 

Deviation from study protocol No 

affecting interpretation of results: 

Observations and Results: changes from control 
Parameters Major findings 
Mortality No unscheduleddeaths occurred. 
Clinical Signs Intermittent, low incidence, red discoloration at injection sites were 

observed in all groups includingthe control group, but no MK-7655­
related clinical signs were observed. 

Body Weights No MK-7655-related changes in body weights occurred. 
Ophthalmoscopy No MK-7655-related ophthalmic changes were observed. 
ECG [delete the row for rodents] No MK-7655-related changes in heart rate or ECG intervalswere 

observed. 
Hematology None of the evaluated hematology or coagulation parameters changedin 

a MK-7655­ dependent manner. 
Clinical Chemistry None of the evaluated serum chemistry parameters were altered in a MK-

7655-dependent manner. 
Urinalysis [delete the row if not 
evaluated] 

No MK-7655-related changes occurredinthe measured urinalysis 
parameters. 

Gross Pathology No MK-7655-related gross pathologywas observed. 
Organ Weights No absolute or relative organ weights were significantly changed 

compared to negative control values. 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Histopathology 
Adequate battery: Yes 

The only MK-7655­ relatedhistopathologyfinding was the minimal to mild 
cytoplasmic nongranularityobserved in the renal tubular epithelium of all 
the monkeys in the HD group (150 mg/kg/day). This was characterized by 
the presence of numerous smalldistinct roundeosinophilic granules 
distributed within the cytoplasm. There was noassociated evidence of 
renal tubular epithelialdegeneration or anyother form of renal injury in 
high-dose animals. Kidneys of monkeys in the LD and MD groups were 
not similarly affected. 

[Other evaluations] None 
LD: low dose; MD: mid dose; HD: high dose.
 
-: indicates reduction in parameters compared to control.
 
*: [if the answer is “no” explain why the histopath battery is not adequate\
	

General toxicology; additional studies 
1.	 MK-7655: One-month intravenous toxicity study in rats with a functional
 

observational battery with a 4-week recovery period/ TT #08-9822
 

Methods: In a GLP-compliant study, male and female Wistar Hanover Rats (10/sex/group) were 
administered vehicle (Group 1: 0.9% sodium chloride) or 50 (Group 2), 150 (Group 3), and 450 
(Group 4) mg/kg/day MK-7655 daily by intravenous administration for 4 weeks. In Groups 1 and 

4, the first 9-10 rats/sex/group were used for the Main Study necropsy in Week 5, and the last 
4-5 rats/sex/ group were used for the Recovery necropsy in Week 9. For Groups 2 and 3, all rats 
were necropsied in Week 5 for the Main Study. 

Results: In surviving animals, daily intravenous administration of MK-7655 at doses as high as 
450 mg/kg/day did not produce any apparent toxicity in the form of clinical signs, gross 

pathology, histopathology or altered hematology, clinical chemistry, ophthalmology 
and organ weights. However, two females in the high-dose group experienced 
convulsions and died following the first dose. The NOAEL for this study was considere d 

to be 150 mg/kg/day for females and 450 mg/kg/day for males. 

2.	 MK-7655: One-month Intravenous Toxicity Study in Monkeys with a 4-week Recovery 

Period/ TT #08-1153 

Methods: In a GLP-compliant study, male and female Rhesus Monkeys (3/sex/group) were 
administered vehicle (Group 1: 0.9% sodium chloride) or 25 (Group 2), 75 (Group 3), and 225 

(Group 4) mg/kg/day MK-7655 daily by intravenous administration for 31 days before necropsy. 
Additional recovery animals (2/sex/group) in Groups 1 and 4 were dosed for 31 days, then 
maintained without dosing for an additional 4 weeks before necropsy. 

Results: Intravenous administration of MK-7655 for one month resulted in a 36% increase in 
kidney weight in the high-dose group which correlated with very slight to slight granularity in 

kidney tubule epithelial cells in 6/6 high-dose animals, and renal tubule epithelial degeneration 
in 2/6 high-dose animals. The kidney weights and epithelial granularity and degeneration 
resolved following the recovery period as did slight ҈ё ӷӶу҉ ФШКҖШЌҚШҚ in erythrocyte numbers, 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

hemoglobin, and hematocrit in high-dose males and females. One animal in the medium-dose 

group (75 mg/kg/day) also demonstrated cytoplasmic granularity in renal tubule epithelial cells 
but without cellular degeneration. The NOAEL for this study was considered to be 75 
mg/kg/day. 

3.	 MK-7655: Exploratory One-Month Intravenous and Subcutaneous Toxicity Study in 
Rabbits/ TT #15-7060 

Methods: In this non-GLP study, New Zealand White rabbits (3-4/sex/group) were administered 
vehicle (0.9% sodium chloride) by the intravenous (IV) route (Group 1) and subcutaneous (SC) 

route (Group 2) or IV 240 mg/kg/day MK-7655 (Group 3), SC 75 mg/kg/day MK-7655 (Group 4), 
and SC 240 mg/kg/day MK-7655 (Group 5) for 31 days. All animals were necropsied on Day 32. 
Only the brain and kidneys were weighed at necropsy and only the kidney was examined for 

histopathology. 

Results: The only MK-7655-related finding was discolored urine with brown and/or white 
precipitate that was observed in male and female rabbits receiving IV and SC 240 mg/kg/day 

MK-7655 and at a lower incidence in rabbits receiving IV 75 mg/kg/day MK-7655. The applicant 
speculated that the urine precipitates may have been associated with excretion of a MK-7655 
hydrolysis product. No kidney histopathology findings or functional kidney changes were 

observed suggesting the discolored urine was not toxicologically relevant. The study was 
deficient in the limited panel of organs that were examined for organ weights and 
histopathology in the MK-7655 treatment groups. 

4.	 MK-7655: One-month intravenous/subcutaneous toxicity study in Rhesus
 
Monkeys/ TT #09-1124
 

Methods: Rhesus monkeys (3/sex/group) were administered intravenous MK-7655 (37.5 
mg/kg/day) plus PRIMAXIN® (imipenem/cilastatin: 30 mg/kg/day intravenous plus 120 

mg/kg/day subcutaneous) for 31 days followed by necropsy on Day 32. 

Results: Monkeys demonstrated test article-related changes in physical signs (liquid/unformed 
feces, discolored urine, and post-dose salivation) as well as urinalysis changes (presence of 

trichomonas crystals and slightly increased protein concentration). The urinalysis changes were 
not accompanied by correlating serum chemistry alterations or histopathology indicative of 
kidney toxicity. The Applicant reported that crystals similar to those in the current study had 

previously been observed in a monkey study using PRIMAXIN® alone. 

5.5.2 Genetic Toxicology 

Imipenem/Cilastatin: The 2018 product label for PRIMAXIN® (imipenem and cilastatin) for 
Injection includes the following information regarding the genetic toxicology of imipenem and 
КѧѹЌҚҤЌҤѧҀѡ ѨA variety of bacterial and mammalian tests were performed to evaluate genetic 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819}
 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection}
 

toxicity. The tests used were: V79 mammalian cell mutagenesis assay (cilastatin sodium alone
 
and imipenem alone), Ames test (cilastatin sodium alone and imipenem alone), unscheduled
 
DNA synthesis assay (imipenem/cilastatin sodium) and in vivo mouse cytogenetics test 

(imipenem/cilastatin sodium). None of these tests showed any evidence of geneticalterations. ѩ
	

Relebactam: The genetic toxicology studies with relebactam (MK-7655) are reviewed below.
 

In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)
 
Study title/ number: MK-7655: Microbial Mutagenesis Assay/ TT #09-8003, TT #09-8012, and
 
TT #09-8016
 
Key Study Findings:
 
•	 In two separate assays and a repeat assay, MK-ӽӼӻӻ ЌҤ К҇ҀКШҀҤҖЌҤѧ҇ҀҚ ҇в ё ӹӶӶӶ 
ҏg/plate, with and without metabolicactivation, did not produce a 2-fold increase in the 
number of revertant colonies or a dose-related increase in the number of revertant 

colonies. Thus, MK-7655 was not considered mutagenic in the Ames assay. 
GLP compliance: Yes 
Test system: Salmonella typhimurium: TA1535, TA97a, TA98, and TA100 and Escherichia coli: WP2 

uvrA pKM101 

Study is valid: Yes. The criteria for study validity were not directly addressed in the study report. 
However, the Sponsor indicated that the negative control plates for each test strain fell within 

historical ranges, except where noted in the first definitive study (TT #09-8012). Also, 2­
aminoanthracene (the positive control) and the diagnosticmutagens consistently produced 2­
fold or greater increases in revertant frequency in appropriate strains under appropriate 
conditions. Therefore, except where noted for assay TT #09-8012, the study was considered 

valid. 

In Vitro Assays in Mammalian Cells 

Study title/ number: MK-7655: Assay for Chromosomal Aberrations In Vitro, in 
Chinese Hamster Ovary Cells/ TT #09-8604, TT #09-8608, TT #09-8614 
Key Study Findings: 

•	 MK-7655, at concentrations as high as 10 mM, was negative for chromosomal 
aberrations in CHO cells in culture conditions with and without metabolic activation. 

GLP compliance: Yes 
Test system: Chinese hamster ovary cells, subclone WBL 

Study is valid: Yes 

In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

Study title/ number: MK-7655: Assay for Micronucleus Induction in Rat Bone Marrow 
from a 1-month Intravenous Toxicity Study/ TT #08-8809 
Key Study Findings: 

•	 The assay of MK-7655 for micronucleus induction in bone marrow was negative in 
female and male rats after daily intravenous treatment with doses of 50, 150, and 450 
mg/kg/day for approximately one month. 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

GLP compliance: Yes 

Test system: Crl:WI(HAN) rats 

Study is valid: Yes 

Other GeneticToxicity Studies 
No other genetic toxicology studies for relebactam, imipenem, or cilastatin were submitted 
with the NDA 212819 application. 

5.5.3 Carcinogenicity 

No carcinogenicity studies were conducted. 

5.5.4 Reproductive and Developmental Toxicology 

Fertility and Early Embryonic Development 

Imipenem/Cilastatin: Regarding fertility, the information included on the PRIMAXIN® product 
ѹЌЙШѹ ѧҚ ЌҚ в҇ѹѹ҇ӋҚѡ ѨReproductive tests in male and female rats were performed with imipenem­
cilastatin sodium at intravenous doses up to 80 mg/kg/day and at a subcutaneous dose of 320 

mg/kg/day, 2.1 times the maximum recommended daily human dose of the intramuscular 
formulation (on a mg/m2 body surface area basis). Slight decreases in live fetal body weight 
were restricted to the highest dosage level. No other adverse effects were observed on fertility, 

reproductive performance, fetal viability, growth, or postnatal development of pups. ѩ 

Relebactam: Study reports for MK-7655 (relebactam) fertility studies in male and female rats 

are reviewed below. 

Study title/ number: Intravenous Fertility and Toxicokinetic Study in Male Rats./ TT #12-7410 
Key Study Findings 

•	 Other than a transient, MK-7655-related, decrease in mean body weight gain in high-
dose males during the premating period, there was no other evidence of general toxicity 
in this group or in the lower dose groups. 

•	 There was no MK-7655-related reproductive toxicity at any dose level as assessed by 
mating performance, fertility, embryo/fetal survival parameters, and sperm analysis. 

•	 The NOAEL for male fertility parameters in rats was considered to be the high dose of 
450 mg/kg/day which was associated with plasma Cmax and AUC values of 4680 mcM 
ЌҀФ ӹӸӷӶ ѿКю҅ѤҖ ҖШҚғШКҤѧӊШѹӑ and an 8.2-fold exposure margin compared to the 

maximum recommended human dose for relebactam based on AUC comparison. 

Conducting laboratory and location: 	 Safety Assessment and Laboratory Animal 

Resources, Merck Research Laboratories, 
West Point, Pennsylvania 

GLP compliance:	 Yes 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Methods 

Dose and frequency of dosing: 0, 50, 150, and 450 mg/kg/day administered 
once per day 

Route of administration: Intravenous via tail vein 

Formulation/Vehicle: 0.9% sodium chloride 
Species/Strain: Rat/Sprague Dawley, Crl:CD(SD) 
Number/Sex/Group: 20 males/group 

Satellite groups: Toxicokinetic animals: 4 males in the control 
group and 8 animals for each of the MK-7655 
groups. 

Study design: Males were administered vehicle or different 
doses of MK-7655 beginning 15 days prior to 
cohabitation, during cohabitation, and until 

Day 1 prior to the scheduled sacrifice for a total 
of approximately 6 weeks of dosing. For mating 
and fertility assessments, males were housed 
with untreated females following 15 days of 

treatment. The cohabitation interval was 
limited to a maximum of 10 nights. Mating was 
confirmed by daily examination of females for 

copulatory plugs. The day of confirmed mating 
was considered to be gestation day (GD)0. 
Between GD15 and 17, all pregnant females 

were euthanized and uterine contents were 
examined. Plasma MK-7655 concentrations 
were determined after a single dose in non-

fasted control and MK-7655-treated males. 
Deviation from study protocol No 
affecting interpretation of results: 

Reviewer Comment: The period of dosing before mating for males was shorter than is 
recommended by the ICH S5A Guidance which recommends dosing for at least 4 weeks in the 
premating period for males. It is not clear if the reduced duration of dosing in males altered the 

spermatogenesis results or other fertility parameters. 

Observations and Results 

Parameters Major findings 
Mortality No premature animal deaths occurred. 
ClinicalSigns No clinicalsigns were observed in male rats. 
Body Weights In high-dose males, there was a transient MK-7655-related decrease in 

mean body weight gaininthe premating periodbetween Study Weeks 1 
and 3 (26% below control). Thereafter, mean bodyweight gains inthe 
450 mg/kg/daygroup were comparable to concurrent control. 
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Necropsyfindings 
[Mating/FertilityIndex, Corpora Lutea, 
Preimplantation Loss, etc] 

There were no MK-7655-related effects on mating performance and 
fertil ity. In the MK-7655 groups, mean values for matingindex (percent 
of mated females/females cohabited), fecundity index (percent of 
pregnant females/mated females), andfertility index (percent of 
pregnant females/females cohabited)were similar to those seeninthe 
control group. Epididymal sperm analysis did not reveal anyMK-7655­
related changes in sperm counts or sperm motility. 

LD: low dose; MD: mid dose; HD: high dose 

Study title/ number: MK-7655: Intravenous Fertility and Toxicokinetic Study in Female Rats/ 
TT #12-7400 

Key Study Findings 

•	 There was no MK-7655-related reproductive toxicity as assessed by mating
 
performance, fertility, and embryonic-fetal survival parameters.
 

•	 The NOAEL for rat female fertility parameters was considered to be the high dose of 450 

mg/kg/day which was associated with plasma Cmax and AUC values of 5680 mcM and 
2ӽӾӶ ѿКю҅ѤҖ ҖШҚғШКҤѧӊШѹӑ ЌҀФ Ќ ӽѢӷ-fold exposure margin compared to the maximum 
recommended human dose for relebactam based on AUC comparison. 

Conducting laboratory and location: 

GLP compliance: 

Safety Assessment and Laboratory Animal 

Resources, Merck Research Laboratories, 
West Point, Pennsylvania 
Yes 

Methods 
Dose and frequency of dosing: 

Route of administration: 
Formulation/Vehicle: 

Species/Strain: 
Number/Sex/Group: 
Satellite groups: 

Study design: 

0, 50, 150, and 450 mg/kg/day administered 

once daily 
Intravenous via tail vein 
0.9% sodium chloride injection 

Rat/Sprague-Dawley, Crl:CD(SD) 
20 females/group 
4 females in the control group and 8 

females/MK-7655 treatment group were 
designated for toxicokinetic analysis. 
Females received intravenous injections of 
vehicle or MK-7655 (50, 150, and 450 

mg/kg/day) beginning 15 days prior to 
cohabitation, during cohabitation, and through 
gestation day (GD) 7. Each female was housed 

with 1 untreated male of the same strain on 
the afternoon of premating day (PMD) 15. On 
GD 15 to 17 surviving females were euthanized, 

and uterine contents were examined. Mating 
performance and fertility were also assessed, 
and plasma toxicokinetics for MK-7655 were 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

performed in toxicokinetic females (non-fasted 

and non-pregnant) after a single dose of vehicle 
or test item. 

Deviation from study protocol No 

affecting interpretation of results: 

Observations and Results 
Parameters Major findings 
Mortality All MK-7655-treated animals survived until the scheduled termination. 

One control female was founddead on PMD8 immediately after dosing. 
The cause of death was not determined. 

ClinicalSigns No MK-7655-related clinical signs were observed. 
Body Weights No MK-7655-related changes in body weight were observed. 
Necropsyfindings 
[Mating/FertilityIndex, Corpora Lutea, 
Preimplantation Loss, etc] 

Mating performance and fertility were not affectedby MK-7655 at any 
dose. The number of pregnant females, and matings per 4-dayperiods of 
cohabitation, andthe mating, fecundity andfertility indexes were similar 
in all groups. Also, no MK­ 7655­ relatedchanges inany of the Caesarean 
sectiondata including the number of corpora lutea, implantations, 
resorptions, andlive fetuses per female were observed. 

LD: low dose; MD: mid dose; HD: high dose 

Embryo-Fetal Development 

Imipenem/Cilastatin: Regarding embryo-fetal effects the information included on the 2018 
ѡѤΈю!҃ΈяҪ ғҖ҇ФҿКҤ ѹЌЙШѹ ѧҚ ЌҚ в ѹ҇ѹ҇ӋҚѡ ѨReproductive toxicity studies with imipenem and 
cilastatin (alone or in combination) administered to mice, rats, and rabbits showed no evidence 

of effects on embryofetal (mice, rats and rabbits) or pre/postnatal (rats) development. 

Imipenem was administered intravenously to rats (gestation days (GD) 7 to 17) and rabbits (GD 
6 to 18) at doses up to 900 and 60 mg/kg/day, respectively, approximately 2.9 and 0.4 times the 

RHD (based on body surface area). 

Cilastatin was administered subcutaneously to rats (GD 6 to 17) and intravenously to rabbits 
(GD 6 to 18) at doses up to 1000 and 300 mg/kg/day, respectively, approximately 3.2 and 1.9 

times the RHD (based on body surface area). 

Imipenem/cilastatin was administered intravenously to mice at doses up to 320 mg/kg/day (GD 
6 to 15). In two separate studies, imipenem/cilastatin was administered to rats (GD 6 to 17 and 

GD 15 to day 21 postpartum) both intravenously at doses up to 80 mg/kg/day and 
subcutaneously at 320 mg/kg/day. The higher dose is approximately equal to the RHD (based 
on body surface area). 

Imipenem/cilastatin administered intravenously to pregnant cynomolgus monkeys during 
organogenesis at 100 mg/kg/day, approximately 0.6 times the RHD (based on body surface 
area), at an infusion rate mimicking human clinical use, was not associated with fetal 

malformations, but there was an increase in embryonic loss relative to controls. 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Imipenem/cilastatin administered to pregnant cynomolgus monkeys during organogenesis at 

40 mg/kg/day by bolus intravenous injection caused significant maternal toxicity including 
death and embryofetal loss.ѩ 

Relebactam: Study reports for MK-7655 (relebactam) definitive embryo-fetal studies in mice, 
rats, and rabbits are reviewed below. 

Study title/ number: MK-7655: Subcutaneous Embryo-Fetal Developmental Toxicity and 
Toxicokinetic Study in Mice/ TT #12-7330 
Key Study Findings 

•	 MK-7655 was administered subcutaneously to female mice at doses of 0, 80, 200, or 450 
mg/kg/day once daily from GD 6 through 17. Subcutaneous dosing resulted in reduced 
plasma Cmax and AUC exposure in mice compared to intravenous dosing in rats and 
rabbits. 

•	 There was no evidence of maternal or developmental toxicity in the MK-7655-treated 
groups except for an increased litter incidence of skull bone and vertebral 
malformations in high-dose fetuses and an increased litter incidence of cleft palate and 
skull bone malformations in low-dose fetuses and high-dose fetuses compared to 

control values. 

•	 Based on the results of this study, a NOAEL dose for developmental toxicity could not be 
determined. The LOAEL dose was considered to be the low dose, 80 mg/kg/day, which 
was associated with plasma Cmax ЌҀФ !Ѳ� ӊЌѹҿШҚ ҇ в Ӹӿӽ ѿКю ЌҀФ Ӻӿӹ ѿКю҅ѤҖ 

respectively and a 1.3-fold exposure margin compared to the maximum recommended 
human dose for relebactam based on AUC comparison. 

Conducting laboratory and location: 

GLP compliance: 

Merck Research Laboratories, West Point, 
Pennsylvania, U.S.A. 
Yes 

Methods 
Dose and frequency of dosing: 

Route of administration: 
Formulation/Vehicle: 

Species/Strain: 
Number/Sex/Group: 
Satellite groups: 

Study design: 

0 (vehicle, Group 1), 80 mg/kg/day (Group 2), 

200 mg/kg/day (Group 3), and 450 mg/kg/day 
(Group 4) administered once per day. 
subcutaneous 
0.9% sodium chloride 

Mouse/ Crl:CD1(ICR) 
20 females/group 
Toxicokinetic animals: 4 females in Group 1, 8 

females in Groups 2-4. 
Pregnant females scheduled for cesarean 
section were dosed from Gestation Day (GD) 6 

through 17 before cesarean section on GD 18. 
Toxicokinetic females were dosed from GD 6 

Version date: October 12, 2018 
61 

Reference ID: 4463074 



       
    

 

   
     

        

   
    

 

 

  
 

    
       

       
         

  
     

         
       

           
         

         
     

  
  
 

        
       

            

       
            

      
    
          

         
        

         
          

             
       

           
           

        
        
         

        
           

        
           

           
            

       
           

         
        

         

 
        

      

NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

through GD 13 before euthanasia on GD 13. 

Deviation from study protocol No 
affecting interpretation of results: 

Observations and Results 

Parameters Major findings 
Mortality All animals surviveduntil their scheduledtermination. 
ClinicalSigns No MK-7655-related clinical signs were observed. 
Body Weights MK-7655 administrationdid not alter maternal bodyweights. 
Necropsyfindings 

CesareanSectionData 
There were no MK-7655-related effects on Cesareansectiondata. 
Embryonic/fetal survival as assessedby the numbers of corpora lutea, 
implantations, andlive fetuses per female andthe derived peri­ and 
post implantation loss calculations were similar inall groups and 
unaffected by MK-7655 treatment. Also, l ive fetal weights were not 
altered by treatment with MK-7655. 

Necropsyfindings 
Offspring 

There were no MK-7655-related increases invisceral malformations or 
variations. No fetal coronal malformations or variations were observed 
in any group anddelayed ossifications were not increasedinany group. 

Individual skeletal malformations and variations were also not increased 
in a MK-7655 dose-related manner. Onlyzero or one fetus with each 
recorded malformationtype (skull bone malformation, cervical vertebra 
malformation, lumbar vertebra malformation, axial skeletal 
malformation, and absent andextra vertebra)was observed inthe MK­
7655 HD group or the control group. However, the sum of all the 
fetuses/litters affected byanyskeletal malformationwas increased in 
the MK-7655 treatment groups compared to control values with1/1, 
4/4, 3/1, and5/4 fetuses/litters corresponding to litter incidence values 
of 5.3%, 20%, 5.3%, and 21% inthe control, LD, MD, and HD groups 
respectively. The increase in total fetal andlitter skeletal malformations 
did not occur ina clear MK-7655 dose-dependent manner, andall the 
skeletal malformations inthe MD groupoccurred in only one litter. 
However, the incidence of total fetal/litter malformations in HD animals 
(5/4) was substantially increasedcomparedto the control incidence 
(1/1) suggesting an MK-7655­ relatedeffect. Also, the litter incidence of 
two malformations, externally detected cleft palate (15%) and skull 
bone malformations (15%) in LD mice exceededthe litter incidence in 
the Merck historical control database for cleft palate (mean of 5.4%; 
range of 0 ­ 11%) and skull bone malformations (meanof 0%; range of 0 
Ѿ 0%) and was increased compared to the litter incidence of both 
findings in the control, MD and HD groups (0%, 0%, and5.3% 
respectively). Because both cleft palate and skull bone malformations 
are considered to be rare events, the increased litter incidence of these 
findings in the LD groupcompared to concurrent andhistorical control 
incidences is consideredto be a drug related event. 

LD: low dose; MD: mid dose; HD: high dose 

Study title/ number: MK-7655: Intravenous Embryo-Fetal Developmental Toxicity and 

Toxicokinetic Study in Rats/ TT #12-7320 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Key Study Findings 

•	 There was no evidence of maternal or developmental toxicity at any MK-7655 dose 
level. 

•	 The NOAEL for both maternal and developmental toxicity was considered to be the high 
dose of 450 mg/kg/day which was associated with plasma Cmax and AUC values of 5440 

ѿКю ЌҀФ ӸӾӶӶ ѿКю҅ѤҖ ҖШҚғШКҤѧӊШѹӑ ЌҀФ Ќ ӽѢӸ-fold exposure margin compared to the 
maximum recommended human dose for relebactam based on AUC comparison. 

Conducting laboratory and location:	 Safety Assessment and Laboratory Animal 
Resources, Merck Research Laboratories, 
West Point, Pennsylvania, U.S.A. 

GLP compliance:	 Yes 

Methods 
Dose and frequency of dosing:	 0 (Group 1), 50 mg/kg/day (Group 2), 150 

mg/kg/day (Group 3), 450 mg/kg/day (Group 4) 
administered once per day 

Route of administration:	 Intravenous via tail vein 

Formulation/Vehicle:	 0.9% sodium chloride 
Species/Strain:	 Rat, Sprague-Dawley, Crl:D(SD) 
Number/Sex/Group:	 Main Study: 20 females/Group 

Satellite groups:	 Toxicokineticanimals: 4 females in Group 1, and 
8 females/group in Groups 2-4. 

Study design:	 Pregnant females scheduled for Cesarean 

section were dosed from Gestation Day (GD) 6 
through GD 20 before Cesarean section on GD 
21. Toxicokinetic females were dosed from GD 6 
through GD 15 before euthanasia on GD 15. 

Deviation from study protocol No 
affecting interpretation of results: 

Observations and Results 

Parameters Major findings 
Mortality No MK-7655 related mortality was observed 
ClinicalSigns No MK-7655-related clinicalsigns were observed 
Body Weights There were no MK-7655-related changes in meanmaternalbody 

weight gain or meanbodyweight gain adjusted for total fetal weight. 
Necropsyfindings 

CesareanSectionData 
Embryo-fetal survival inthe MK-7655 treatment groups was similar to 
control values for the numbers of corpora lutea, implantations, l ive 
fetuses per female, and the derived pre­ and postimplantation loss. In 
addition, sex ratios andfetal weights were not altered by MK­ 7655 
administrationat any dose. 

Necropsyfindings 
Offspring 

No MK-7655-related increases in external, visceral, coronal, or skeletal 
malformations or variations were observed. Incomplete ossificationof 
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fetal bones was not significantly increased in any of the MK-7655 dose 
groups. 

LD: low dose; MD: mid dose; HD: high dose 

Study title/ number: MK-7655: Intravenous Embryo-Fetal Developmental Toxicity Study in 
Rabbits/ TT #15-7200 
Key Study Findings 

•	 There were no MK-7655-related deaths, changes in maternal body weight or food 
consumption, or maternal gross observations at any dose level. The only clinical sign 
was discolored (orange) urine in all the animals administered MK-7655 with dose­
related incidence. 

•	 Fetal external, visceral, and coronal malformations and variations were not increased in 
any of the MK-7655 treatment groups compared to control values, but the combined 
fetal/litter incidence of skeletal hyoid bone malformations and variations (hyoid bone 
anomalies) was increased in the high-dose group compared to concurrent control 

values. However, the litter incidence of hyoid bone anomalies in the high-dose group 
(28%) was similar to the upper range of litter incidences for hyoid bone anomalies in 
comparable historical control databases. Thus, the increase in hyoid bone anomalies 

was not considered to be clearly drug related. 

•	 The NOAEL for developmental toxicity was considered to be 450 mg/kg/day which was 
associated with plasma Cmax and AUC values of 7200 mcM and 9490 ѿКю҅ѤҖ 
respectively and a 24-fold exposure margin compared to the maximum recommended 

human dose for relebactam based on AUC comparison. 

Conducting laboratory and location: Merck Research Laboratories, West Point, 

Pennslyvania, USA. 
GLP compliance: Yes 

Methods 
Dose and frequency of dosing:	 0 (Group 1), 35 (Group 2), 275 (Group 3), and 

450 (Group 4) mg/kg/day administered once per 

day. 
Route of administration:	 Intravenous via the ear vein with an injection 

rate of 5 ml/min and a dose volume of 10 ml/kg 
Formulation/Vehicle: 0.9% sodium chloride in water for injection, USP 

Species/Strain: Rabbit, New Zealand White 
Number/Sex/Group: Females designated for Cesarean section: 

19/sex/group. 

Satellite groups: Toxicokineticanimals: 4/sex/group 
Study design: From GD 7 through 20, females received 0 (0.9% 

Sodium Chloride) 35, 275, or 450 mg/kg/day of 

MK-7655 once daily intravenously via the ear 
vein. Toxicokineticblood samples were obtained 
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on GD 15. On GD28, all surviving females were 

euthanized and uterine contents were 
examined. 

Deviation from study protocol No 

affecting interpretation of results: 

Observations and Results 

Parameters Major findings 
Mortality No MK-7655-related deaths occurred. 
ClinicalSigns Rabbits treatedwith MK-7655 exhibited orange discolored urine in a dose-

related manner for incidence. 
Body Weights No MK-7655-related changes in maternal body weight were observed. 
Necropsyfindings 

CesareanSectionData 
There were no MK-7655-related effects on embryonic/fetal survival. The 
number of corpora lutea, implantations, andlive fetuses per female were 
similar inall groups as were fetal sex ratios, andfetal weights for male and 
female offspring. Placenta morphology was normal for most placentasinmost 
groups with 2/158, 0/174, 1/157, 0/170 abnormalplacentas observedin the 
vehicle control, LD, MD, andHD groups. 

Necropsyfindings 
Offspring 

No MK-7655-related increases in fetal external, visceral, or coronal 
malformations or variations were observed. Also, the incidence of fetuses and 
litters withskeletal malformations and variations in the torso, limbarea, and 
head were similar in all groups. However, the total number of hyoidbone 
malformations and variations was increasedinthe MK-7655 HD group 
compared to control values. The fetal/litter incidence of hyoidbone 
malformations was increasedinthe HD group (3/3) compared to the control 
group (1/1) and the LD (35 mg/kg/day; 0/0) and MD (275 mg/kg/day; 0/0) 
groups. Also, the incidence of fetuses/litters with a variationof the hyoidbone 
in the LD, MD, and HD groups (2/1, 2/1 and5/3 respectively), was increased in a 
MK-7655 dose­ relatedmanner comparedto control values (1/1). Although 3 of 
the HD fetuses with a hyoidbone variationoccurred in 1 litter, the number of 
l itters withhyoid bone variation in the HD group (3)was still increased 
compared to the number of control litters (1). Also, the sum of hyoidbone 
malformations and variations referred to as hyoid bone anomalies (fetal/litter 
incidences)was increased inthe HD group(8/5) compared to the control (2/2), 
LD (2/1), and MD (2/1) groups. The litter incidence of hyoid bone anomalies 
(malformations andvariations) was 28% in the high-dose group compared to 
11% in the control group. However, because the 28% litter incidence of hyoid 
bone anomalies in the HD groupwas similar to the highest incidences of this 
finding in comparable historical control databases (25-29%), the increased 
incidence was not consideredto be clearly drug related. 

LD: low dose; MD: mid dose; HD: high dose 

Prenatal and Postnatal Development 

Imipenem/Cilastatin: The information on the 2018 PRIMAXIN® product label describing the 
pre-postnatal ШввШКҤҚ ҇ в ѧѿѧғШҀШѿ ЌҀФ КѧѹЌҚҤЌҤѧҀ ѧҚ ЌҚ в҇ѹѹ҇ӋҚѡ ѨNo adverse effects on the fetus 

or on lactation were observed when imipenem-cilastatin sodium was administered 
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subcutaneously to rats late in gestation at dosages up to 320 mg/kg/day, 2.1 times the 

maximum recommended daily human dose (on a mg/m2 body surface area basis).ѩ 

Relebactam: The study report for a MK-7655 (relebactam) pre-postnatal study in rats is 

reviewed below. 

Study title/ number: MK-7655: Intravenous Pre- and Postnatal Developmental Toxicity Study 

in Rats/ TT #15-7050 
Key Study Findings 

•	 There were no MK-7655-related deaths, changes in maternal body weight or food 
consumption, or maternal gross observations at any dose level. 

•	 There was no evidence of developmental toxicity at any dose level. 

•	 The NOAEL for maternal and embryo-fetal toxicity was considered to be the high dose of 
450 mg/kg/day which was associated with plasma Cmax and AUC values of 5380 mcM 
ЌҀФ ӹӶӸӶ ѿКю҅ѤҖ ҖШҚғШКҤѧӊШѹӑ and a 7.7-fold exposure margin compared to the 

maximum recommended human dose for relebactam based on AUC comparison. 

Conducting laboratory and location: 

GLP compliance: 

Merck Research Laboratories, West Point, 
Pennsylvania. 

Yes 

Methods 

Dose and frequency of dosing: 

Route of administration: 
Formulation/Vehicle: 
Species/Strain: 

Number/Sex/Group: 

Satellite groups: 

Study design: 

0 (Group 1, vehicle control), 65 (Group 2), 200 
(Group 3), and 450 (Group 4) mg/kg/day 
administered once per day. 

Intravenous via tail vein 
0.9% Sodium Chloride in Water for Injection 
Rat, Sprague-Dawley 

Main Study (females designated for 
parturition): 20 females/group 
Toxicokinetic animals: 4 females/group 

Pregnant females in the Main Study were 
dosed from GD 6 through LD 20 before the 
scheduled euthanasia on LD 21. Pregnant 
Toxicokinetic females were dosed from GD 6 

until GD 15 before toxicokinetic sampling and 
euthanasia on GD 15. On PND 21, 2 pups/sex/ 
litter were retained when possible for mating. 

Remaining pups were euthanized. Mated F1 
females were individually housed during the 
gestation period, and then euthanized between 

GD 15 and 17. The uterus of each mated female 
was examined to determine pregnancy status. 

66 
Version date: October 12, 2018 

Reference ID: 4463074 



       
    

 

   
     

        

       
       

       

        
   

   

    

 

 
  

   
        

     
        

         
       

           
  

         
        
    

     
       

   
     

       
     

      
         

       
      

        
 

          
         

        
 

 

   

        
    

             

              
                    
               

             

NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

If there was no gross evidence of pregnancy, 

the uterus was stained to visualize implantation 
sites. Corpora lutea were counted as were 
uterine implants which were classified as live 

fetus, dead fetus, or resorption and live fetuses 
were euthanized. 

Deviation from study protocol No 

affecting interpretation of results: 

Observations and Results 
Generation Major Findings 
F0 Dams No MK-7655-related maternaldeaths, clinical signs or 

gross pathologywere observed. 
Uterine Content: The mean number of females with 
l ive pups andthe mean length of gestationwere similar 
in all groups. There were no external malformations or 
variations or altered sex ratios inF1 pups in any of the 
MK-7655 groups. 

F1 Generation No MK-7655-related deaths, clinical signs, or changes 
in body weight were observed during the preweaning 
or postweaning periods. 
Physical Development: There were no MK-7655-related 
effects on the mean dayof occurrence for vaginal 
opening or preputial separation. 
NeurologicalAssessment: There were no MK-7655­
related effects on passive avoidance, auditory startle 
habituation, or open-fieldmotor activity. 
Reproduction: There were no MK-7655-related effects 
on mating performance and fertility. Also, on GD 15, 
there were no MK-7655-related effects on embryonic/ 
fetal survival based onsimilar numbers of corpora 
lutea, implantations, andlive fetuses per pregnant F1 
female. 

F2 Generation F2 generation offspring were not assessed except for 
fetal survival on GD 15 (as noted above) which was not 
changed in any of the MK-7655 groups compared to 
control values. 

5.5.5 Other Toxicology Studies 

MK-7655: Subcutaneous and Intravenous Toxicity and Toxicokinetic Study in Juvenile Rats. 
(Study No.: TT #16-7090) 
Methods: In this GLP-compliant study, juvenile rats were administered vehicle or 65, 200, and 

450 mg/kg/day MK-7655 once daily by bolus SC injection from postnatal day (PND) 14 to PND 
34 and by IV injection via tail vein over a period of two minutes per animal through PND 56 or 
57. Each dose group consisted of 3 (control) or 5 (test article-treated) litters with 4 fostered 
pups/sex/litter. Each dose group litter was composed of pups from different litters and had no 
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littermates of the same sex. All pups in a given litter received the same dose level or vehicle 

only. The rats were weaned on PND 21. Twelve animals/sex/group were necropsied on PND 56 
or 57 (Main Study necropsy) at the end of the dosing period in postnatal week (PNW) 8, and 
eight animals/sex in the control and 450 mg/kg/day groups were necropsied on PND 85 (PNW 

12) (Recovery necropsy) following a 4-week treatment-free period. 
Results: There was no evidence of MK-7655-related toxicity based on clinical signs, body 
weight, food consumption, gross pathology findings, organ weights, histopathology findings, 

femur length and developmental landmarks. The no-observed-effect level was considered to be 
the high dose of 450 mg/kg/day. ToxicokineticParameters for plasma MK-7655 from PND 56/57 
samples are shown in the table below. 

Table 3: Mean (± SE) Plasma MK-7655 Toxicokinetic Parameters in Juvenile Rats Following 
Dosing of MK-7655: Postnatal Day 56/57. (Table from the Study Report) 

Study Title: Bovine Corneal Opacity and Permeability Test (BCOP). (Study No.: TT #13-7802) 

Methods: This GLP-compliant study was conducted in 2013 (b) (4)

(b) (4) Isolated bovine eyes immersed in Hanks Balanced Salt Solution in a refrigerat ed 
container were obtained on the experimental start date. Seven intact, unblemished corneas 
were dissected free from the eyes were mounted in holders that were separated into anterior 

and posterior chambers that were filled separately were Minimal Essenti al Medium MEM, and 
before the corneas were allowed to equilibrate for 1-2 hours at 32°C. Before dosing, a pre­
exposure determination of opacity was made for each control cornea (2 corneas) and MK -7655­

test cornea (5 corneas). Subsequently the anterior chambers were filled with MEM (control 
corneas) or 0.75 ml of a 20% suspension of L-002118412-002D021 (MK-5675, lot No.: L­
002119412-002D021). After 4 hours of exposure, opacity measurements were conducted for 

the control and treated corneas. Subsequently corneas were incubated with 1 ml of 0.5% 
sodium fluorescein dye solution in the anterior chamber for 90 minutes followed by 
permeability measurements based on spectrophotometricmeasurement of the optical density 

at 490 nm in the posterior chamber which was directly related to the amount of dye that 
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passed through the cornea. Opacity and permeability (optical density) scores were calculated 

for each cornea according to predetermined scales and a combined In Vitro score was 
calculated 
Results: The mean optical density scores for the control and treated corneas were 0.025 and 

0.057 respectively. The opacity score for control and treated corneas averaged 0 and -0.06 
respectively. The calculated mean In Vitro score for the treated corneas was -0.12 which is 
consistent with a non-irritant classification1. 

1 Southee JA, 1998: Evaluation of the Prevalidation Process, Part 2, final report, Volume 2, The 
Bovine Corneal Opacity and Permeability (BCOP) Assay. European Community Contract No.: 

11279-95-10F IED ISP GB. 

Study Title: Acute Dermal Irritation/Corrosion in Rabbits. (Study No.: TT # 13-7803) 

Methods: This GLP-compliant study was conducted (b) (4)

(b) (4) in 2013. Healthy New Zealand White rabbits (2 males - 1 female) received a single 
dermal (topical) dose of 500 mg L-002118412-002D021 (MK-7655, lot No.: L-002119412­

002D021) at a single site which was subsequently wrapped with semi -occlusive dressing. After 4 
hours, the wrappings were removed, and erythema and edema were scored at 1, 24, 48 and 72 
hours following patch removal. Skin at the exposure site was also evaluated for ulceration and 

necrosis or any evidence of tissue destruction at the same timepoints. Based on the mean 
scores for erythema/eschar and edema, a Modified Primary Irritation Index was calculated. 
Results: Erythema and edema at the dermal exposure site was absent in all three rabbits at 

each observation timepoint. The Modified Primary Irritation Index was 0. 

Study Title: Local Lymph Node Assay in Mice (LLNA). (Study No.: TT #13-7804) 
Methods: This GLP-compliant study was conducted (b) (4)

(b) (4) in 2013. Five groups of healthy female CBA/J mice (5 mice/group) were topically 
treated with vehicle (DMSO), the positive control agent (25% hexylcinnamaldehyde in DMSO) 
or 5%, 10% and 25% MK-7655 dissolved in DMSO. Solutions were applied topically to the 

dorsum of each ear once daily for three consecutive days. Ear thickness measurements were 
used as a measurement of skin irritation, and measurements were performed on Days 1 and 3 
before dosing, and on Day 6 before animal euthanasia. Subsequently mice were administered 

an intraperitoneal injection of the thymidine analog, 5-bromo-Ӹѥ-deoxy-uridine (BrdU) five days 
after the initial dose and 5 hours prior to euthanasia. Following euthanasia, the auricular lymph 
nodes were isolated from each mouse and single-cell suspensions of lymph node cells (LNC) 

were generated. The LNC suspensions were analyzed by flow cytometry for BrdU incorporation 
and the total number of LNC. The number of proliferating LNC stained with BrdU was 
considered to be a measure of the proliferative response of the local lymph node. The 
stimulation index (SI) was calculated by dividing the proliferative response of each MK-7655­

treated or positive control-treated animal by the mean proliferative response of the vehicle 
control group. Test arҤѧКѹШ њҖ҇ҿғҚ ҤѤЌҤ ӑѧШѹФШФ Ќ ҚҤѧѿҿѹЌҤѧ҇Ҁ ѧҀФШӐ ш 3 were characterized as 
sensitizing substances. 
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Results: None of the tested MK-7655 concentrations resulted in increased ear thicknesses 

compared to vehicle control values on either Day 3 or 6. In contrast, On Day 6, the positive 
control agent, 25% HCA, produced a 35% increase in ear thickness compared to pretest values 
and a 133% greater increase in ear thickness compared to the increase in ear thickness 

experienced by vehicle control animals. 
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6 Clinical Pharmacology 

6.1 Executive Summary 

The Office of Clinical Pharmacology reviewed the information contained in NDA 212819. The 
clinical pharmacology information submitted in the application supports the approval of 

RECARBRIO (imipenem/cilastatin/relebactam; herein referred to as IMI/REL) for injection (for 
intravenous use) for the treatment of cUTI and cIAI in patients 18 years of age and older with 
limited or no alternative therapies available. See Table 7 for a summary of clinical 
pharmacology-related recommendations and comments on key review issues. 

Table 7. Summary of OCP Recommendations and Comments on Key Review Issues 

Review Issue Recommendations and Comments 
Pivotal or supportive evidence of 

effectiveness 

The evidence of effectiveness of IMI/REL in 

patients with cUTI and cIAI was provided in 
part Йӑ ҤѤШ !њШҀКӑѥҚ ғҖШӊѧ҇ҿҚ вѧҀФѧҀњ ҇ в 
safety and effectiveness of imipenem, 

nonclinical PK/PD analyses and probability of 
target attainment (PTA) simulations using 
clinical PK data. 

General dosing instructions The recommended dosing regimen is 500 mg 

imipenem, 500 mg cilastatin, 250 mg 
relebactam by intravenous (IV) infusion over 
30 minutes every 6 hours in patients 18 years 

of age and older with creatinine clearance 
(CLCr) 90 mL/min or greater. 

Dosing in patient subgroups (intrinsic and 
extrinsic factors) 

Dose reductions are recommended in 
patients with renal impairment (See Section 
6.2.2). 

Labeling Recommendations were communicated to 

the Applicant. 

6.2 Summary of Clinical Pharmacology Assessment 

6.2.1 Pharmacology and Clinical Pharmacokinetics 

Table 8 provides a summary of the clinical pharmacology characteristics of IMI/REL. 

Cilastatin (CIL) does not possess antibacterial activity and is coadministered to prevent 
metabolism of IMI by renal dehydropeptidase. Thus, any clinically meaningful change in CIL PK 

would also manifest as a clinically meaningful change in IMI PK. 
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In Study PN001, it was demonstrated that there is no clinically relevant DDI between REL and 
CIL. Therefore, co-administering IMI and REL as a fixed drug combination (FDC) is expected to 
have no effect on the PK of CIL. Considering this rationale, the evaluation of CIL PK through a 

population PK (popPK) model was not pursued in this review. 

Table 8. Clinical Pharmacology Characteristics of Imipenem/Relebactam 

Distribution The binding of REL to human plasma proteins is approximately 22% and is 
independent of concentration at a range of ӻ ЌҀФ ӻӶ ҏюѢ The binding of IMI 

to human plasma proteins is approximately 20%. 

The median steady state volume of distribution of REL and IMI is 19 L and 

24.3 L, respectively a . 

Elimination The mean terminal half-life of REL and IMI is approximately 1.2 hours and 

1.0 hour, respectively a . 

Metabolism 
REL is not significantly metabolized (<10% of the dose). 

Post-excretory metabolism of IMI is mediated by renal dehydropeptidase, 
which is inhibited by CIL. 

Excretion 
Both IMI and REL are primarily excreted by the kidneys through glomerular 

filtration and active tubular secretion. 

The % of unchanged drug excreted in urine (fe) is 63% for IMI and >90% for 
REL b . 

a Volume of Distributionandt1/2 for IMI and REL are taken from popPK analyses 
b Following administrationof 500mg IMI co-administered with 250mg REL to healthy subjects every6 hours daily 
for 7 days 

6.2.2 General Dosing and Therapeutic Individualization 

General Dosing 

ѮѤШ !ғғѹѧКЌҀҤѥҚ ғҖ҇ғ҇ҚШФ Ф҇ҚЌњШ ҖШњѧѿШҀ ҇ в RECARBRIO is 1.25 grams (imipenem 500 mg, 
cilastatin 500 mg, and relebactam 250 mg) administered by IV infusion over 30 minutes every 

6 hours in patients 18 years of age and older with creatinine clearance (CLCr) 90 mL/min or 
greater. The total duration of treatment is 4 to 14 days. 
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Therapeutic Individualization 

No clinically significant differences in the pharmacokinetics of IMI, CIL, or REL were observed 
based on age, gender, or race/ethnicity. The effect of hepatic impairment has not been 
studied; however, REL, as well as CIL are almost entirely excreted unchanged in urine and no 

clinically relevant metabolism occurs. IMI is partly metabolized in the kidney by 
dehydropeptidases. Thus, hepatic impairment is not expected to have an effect on the PK of IMI 
or REL. 

However, both IMI and REL exposure in plasma increased with decreasing renal function in a 

dedicated renal impairment study (Study P005). The fraction of dose excreted unchanged in 
urine (fe) also decreased progressively from mild to severe renal impairment and was low er in 
subjects with renal impairment as compared to subjects with normal renal function for both IMI 

and REL. Further, the effect of renal impairment, as measured by CLCr, on REL and IMI PK was 
identified as a significant covariate in popPK analysis using pooled clinical data. Thus, we 
recommend the dosage of IMI/REL in patients with renal impairment be adjusted as presented 

in Table 9. We also recommend IMI/REL be administered following dialysis for patients 
maintained on hemodialysis because both IMI and REL are substantially eliminated by 
hemodialysis. 

Patients with Renal Impairment 
REL is primarily eliminated (~90%) by renal excretion. As expected for a drug primarily 
eliminated by the kidneys, REL exposures increase with decreasing renal function. The exposure 

increase is clinically meaningful, so dose reduction in patients with renal impairment is 
recommended (Table 9). 

Table 9. Dosage of IMI/REL According to Renal Function 

Creatinine Clearance (mL/min) 1 IMI/REL 2 

>90 500/250 mg every 6 hours 

89 to 60 400/200 every 6 hours 

30 to 59 300/150 every 6 hours 

15 to 29 200/100 mg every 6 hours 

ESRD on hemodialysis 200/100 mg every 6 hours 3 

1 As calculated using the Cockroft-Gault formula 
2 Infused over30 minutes 
3 Administration should be timed following hemodialysis 
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Outstanding Issues 

None. 

6.3 Comprehensive Clinical Pharmacology Review 

6.3.1 General Pharmacology and Pharmacokinetic Characteristics 

Pharmacology 

Mechanism of IMI is a bact ericidal carbapenem antibacterial t hat inhibits ee l I wal l synthesis by 
Action inhibition of penici llin binding prote ins (PBPs). Cl Lis a renal dehydropeptidase-1 

inhibitor that limits the renal met abol ism of imipenem and does not have 

antibact erial act ivit y. 

REL is a diazabicyclooctane (DABCO) beta-lact amase inhibitor of some Ambler 
class A and C beta- lactamases. Re lebactam has no int ri nsicantibact erial activity . 

Active Moieties lmipenem (IMI) and Re lebact am (REL) 

QT Prolongation At a single intravenous dose of 1150 mg (4.6 t imes the recommended dose), REL 

does not prolongt he QT interva l t o any cl inically relevant ext ent (St udy MK7655­
009). 

lmipenem is not known t o cause QT prolongation cl inically. 
General Information 
Bioanalysis Multiple validat ed HPLC-MS/ MS assays were used to determine concentrat ions 

of REL, CILand IMI in human plasma, human urine, human dialysat e, mouse 
blood, and t he extracapi llary space of hollowfi bercartridges in hol low fiber 
infection (HFIM) experiments. All bioanalytical assays met t he requ irements for 
specificity, sensitivity, accuracy, and precision. 

Healthy vs. Patients Overa l I, the effect of act ive bacterial infection on I Ml PK is not expected t o be 
clin ically meaningfu l consideri ngthe modesteffecton exposures stil l results in 
>900/o PTA in patients wit h active bacterial infect ion in all renal function 
cat egories. 

Drug Exposure at 
steady state 
following the 
therapeutic dosing 
regimen 

The steady state PK of IMl/REL fol lowi ng 7-day admi nistration of 500 mg IMI + 
250 mg REL to healthy subjects is shown be low: 

IMI REL 

Mean± SD 
AUC0-6hr 140 ± 23.1 82.7 ± 13.8 
(µM*hr) 

Cmax (µM) 109 ± 25.9 49.4 ± 11.0 
AUCo-6hr=area under theconcentration time curve from 0 to 6 hours; Cmax=Concentration at end 
of infusion 
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The popPK model based steady-state Geometric Mean (% Geometric Co-efficient 

of Variation) plasma PK of IMI/REL following multiple IV infusions of 500 mg IMI 
+ 250 mg REL /every 6 Hours in patients with CLcr 90 mL/min or greater is shown 
below: 

IMI REL 

Mean ± SD 
AUC0-24hr 

(µM*hr) 

573.9 ± 321.2 427.3 ± 190.3 

Cmax (µM) 104.3 ± (61.4) 64.0 ± (27.3) 
AUC0-24hr=area under the concentration time curve from 0 to 24 hours; Cmax=Concentration at 
end of infusion 

Range of effective The determination of efficacy of IMI/REL relies in part ҇Ҁ ҤѤШ FD!ѥҚ ғҖШӊѧ҇ҿҚ 
dose or exposure findings of the effectiveness of imipenem in the treatment of cUTI and cIAI, in 

vitro and animal data demonstrating that REL restores activity of IMI against IMI­
nonsusceptible gram-negative organisms expressing some Class A and some 
Class C Ѿ-lactamases, and by the probability of target attainment (PTA) analyses 

for REL conducted by the FDA. 

Maximally 

tolerated dose 
(MTD) or exposure 

Subjects tolerated REL as single doses up to 1150 mg, multiple doses up to 625 

mg every 6 hours for 7 days, or multiple doses up to 500 mg every 6 hours for 14 
days (Study P001V01MK7655). Higher doses were not evaluated. 

Dose 
proportionality 

REL AUC0-∞ and Cmax increased in an approximately dose-proportional manner 
following single doses of REL ranging from 25 mg to 1150 mg. REL AUC0-6hr and 
Cmax also increased in an approximately dose proportional manner when 50 to 

625 mg REL were coadministered with 500 mg IMI q6h for 7 days (Study 
P001V01MK7655). 

Accumulation The accumulation ratio for the dosing regimen of 250 mg REL coadministered 
with 500 mg IMI q6h x 7 days was approximately 1.0 for both REL and IMI (Study 
P001V01MK7655). 

Variability The between-subject variability (BSV) of REL clearance (CL) and volume of 

distribution (VD), as estimated in a population pharmacokinetic analysis of 
patients and healthy subjects, were 45% and 60%, respectively. The between 
subject variability (BSV) of IMI CL and VD were 52% and 74%, respectively. 

Volume of 
Distribution 

The mean steady state volume of distribution of REL is 19.0 L. 
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Plasma Protein 
Binding 

The bindingof REL t o human plasma proteins is approxi mate ly22% and is 
independent of concentrat ion at a range of 5 to 50 µM. The binding of IMI t o 
human plasma proteins is approximately 200/o . 

Substrate of 
transporter systems 

In v itro, REL is a substrate of renal t ransporte rs, OAT3 and OAT4, and mult i drug 
and toxin extrusion prot ein 1 and 2K (MATEl and MATE2K). However, the 
contribution of active renal secretion t o t he renal clearance of REL was <30% 
(see Sect ion 18.4.1) and, thus, the maximum increase in AUC of REL by the 
t ransporter inhibitors wou ld be <1.5 fold, which is not considered to be cl inically 
meaningfu l (St udies PK004MK7655, PK006MK7655, PK009MK7655, 

PK012MK7655). A clin ical DOI tria l demonst rated that REL exposure was not 
meaningfu lly increased (24% increase in AUC) w hen co-admi nist ered w ith 
probenecid (Study PN019). 

Half-life The mean te rminal half- life of REL is approximate ly 1.2 hours. The mean t ermi nal 
hal f - life of IMI is approxi mate ly 1.0 hour. 

Metabolism 

Fraction 
metabolized (% 
dose) 

REL is not significantly metabol ized ( <100/o of t he dose). 

Post-excretory met abolism of IMI is mediat ed by renal dehydropeptidase, w hich 
is inhi bited by CIL. 

Excretion 

Primary excretion 
pathways 

The major route of e limination for both IMI and REL is glomerularfi ltration and 
act ive t ubular secretion. Active tubular secretion accounts for approximately 

30% of t he total body clearance of REL Fol lowi ng administrat ion of 500 mg IMI 

co-administ ered with 250 mg REL t o healthy subjects every 6 hours dai ly for 7 
days, 63% of IMI and >90% REL is excret ed unchanged in urine (St udy PNOOl). 

Drug-drug Interactions 

Inhibition/Induction 
of metabolism 

Results from in vitro studies suggest REL does not inhibit CYP1A2, 2B6, 2C8, 2C9, 
2C19, 206, or 3A4 at cl inical ly relevant concentrat ions (Study PK002MK7655). 

Results from in vitro studies suggest REL does not induce CYP1A2, 2B6, or 3A4 at 
di nical ly re levant concent rations (Studies PK002MK7655, PK007MK7655). 

Inhibition/Induction 

of transporter 
systems 

REL was not an inhi bitor ofthe following t ransportersat clinically relevant 

concentrations: P-gp, OATP1B1-, OATP1B3-, OATl-, OAT3-, OCT2, MATEl-, 
MATE2K-, BCRP-, and BSEP (Stud ies PK006MK7655, PK008MK7655, 
PK009MK7655) . 

Interaction 
between 
components of the 
fixed dose 
combination 

There are no interactions among t he individual components in the fixed dose 
combinat ion (FDC) (Study P001V01MK7655). 
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6.3.2 Clinical Pharmacology Questions 

Does the clinical pharmacology program provide supportive evidence of effectiveness? 

The evidence of effectiveness of IMI/REL for the treatment of adult patients with cUTI or cIAI is 

reliant in part on ҤѤШ !њШҀКӑѥҚ ғҖШӊѧ҇ҿҚ вѧҀФѧҀњ ҇ в ҤѤШ ҚЌвШҤӑ ЌҀФ ШввШКҤѧӊШҀШҚҚ ҇ в ΈюΈџ in vitro 
and animal data demonstrating that REL restores activity of IMI against IMI-nonsusceptible 
Gram-negative organisms expressing some Class A and some Class C Ѿ-lactamases, and PTA 

analyses for REL conducted by the FDA. 

Both IMI and REL PK/PD targets were derived using IMI MICs in the presence of a fixed 

К҇ҀКШҀҤҖЌҤѧ҇Ҁ ҇в Ӻ ҏњѶѿш ѤEшѢ The average concentration (Cavg) of REL administered at 250 mg 
ШӊШҖӑ Ӽ Ѥ҇ҿҖҚ ѧҀ ѤШЌѹҤѤӑ ӊ҇ѹҿҀҤШШҖҚ ӋЌҚ ӹѢӽӻ ҏњѶѿшѢ ѮѤШ ѿШЌҀ ҿҀЙ҇ҿҀФ ҈вҖШШ҉ �avg in patients 
as predicted by popPK modeling was ӺѢӺ ҏњѶѿшѢ The Ӻ ҏњѶѿш К҇ҀКШҀҤҖЌҤѧ҇Ҁ ѧҚ ғҖШҚҿѿШФ Ҥ҇ 
correlate with beta-lactamase expression and distinguish between IMI/RELsusceptible Gram­

negative isolates which express beta-lactamases susceptible to inhibition by REL versus isolates 
expressing enzymes not susceptible to inhibition. 

The rationale to use the beta-lactam (BL) MIC for the PK/PD index of the beta-lactamase 
inhibitor (BLI) has been discussed in previous reviews of BL/BLI combination products. Briefly, 
the rationale assumes that the expression levels of the beta-lactamase is correlated with the 

MIC of the BL at BLI concentrations that are presumed to be sufficient to restore the 
bactericidal activity of the BL in bacteria expressing a high level of beta-lactamase enzymes. The 
BLI exposure (e.g., AUC) required to restore bactericidal activity of BL (i.e., BLI exposure 

required to inhibit beta-lactamase) in beta-lactamase-expressing isolates is dependent on the 
expression level of beta-lactamase (i.e., BL MIC in the presence of BLI). Thus, the BLI PK/PD 
index is often expressed as a combination of BLI exposure and BL MIC (e.g., AUC/MIC). 

The Applicant used a REL bacteriostatic PK/PD target (i.e., AUC/MIC of REL required to restore 
IMI activity to net-stasis of CFU from baseline for beta-lactamase-expressing (IMI-resistant) 
isolates) derived from neutropenicmouse thigh infection model data (fAUC0-24hr/MIC = 5.2). The 

Applicant used an IMI PK/PD target for 2-log reduction of CFU from baseline of 6.5% fT>MIC 
(i.e., % time to dosing interval for free drug concentration to exceed MIC) , where MIC is 
changed as a function of REL concentration (see Section 19.4 for details), derived from hollow 

fiber infection models (HFIM) to assess probability of joint PK/PD target attainment. Based on 
the AғғѹѧКЌҀҤѥҚ ЌҀЌѹӑҚѧҚџ ҤѤШ ғҖ҇ЙЌЙѧѹѧty of IMI and REL joint target attainment was greater than 
90% for P. aeruginosa and Enterobacteriaceae with an ΈюΈѶѤEш юΈ� ёӺ µg/mL. However, the 

Clinical Pharmacology review team concluded that the IMI PK/PD target is not acceptable as it is 
based on uninterpretable HFIM data. Instead, the review team decided that the PTA analysis for 
IMI is not needed and evaluation of the PTA for REL alone is sufficient to support the 

effectiveness of IMI/REL because of the following reasons: (a) there is no PK interaction 
between IMI and REL, (b) thus, antibacterial activity (i.e., PK/PD) of IMI against beta-lactamase­
expressing pathogens would be considered identical to that against IMI susceptible (i.e., non­
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beta-lactamase-expressing) pathogens as long as REL completely inhibits the beta-lactamase 

enzymes, (c) the PK/PD target of IMI alone has already been established and the approved 
doses are sufficient to attain the PK/PD target, (d) the proposed IMI dose in IMI/REL is the same 
as the approved IMI alone dose, (e) the proposed susceptibility breakpoints for IMI/REL are 

numerically the same as those for IMI alone, and (f) REL has no intrinsicantibacterial activity. 

The Clinical Pharmacology review team conducted an independent PTA analysis for REL. We 

determined the REL AUC/MIC targets using pooled data from all mouse thigh infection 
experiments (see Section 15.4.2). The REL AUC/MIC targets in these experiments varied with 
the IMI dose (e.g., high REL target for low doses of IMI). The REL 1-log kill AUC/MIC targets (i.e., 

AUC/MIC of REL required to restore IMI activity to 1-log reduction of CFU from baseline for 
beta-lactamase-expressing isolates) from our analysis were 7.5 and 14.4 for the mean and 
97.5th percentile, respectively. Based on the proposed IMI/REL susceptibility breakpoint of 2 

µg/mL, the corresponding REL AUC targets were 15 and 28.8 µg҆h/mL for AUC/MIC of 7.5 and 
14.4, respectively. The REL population PK model was used to simulate REL AUC0-24hr at the 
recommended doses. At the IMI/REL susceptibility breakpoint of 2 µg/mL, our analysis 
demonstrates that the probabilities of REL target attainment for the 97.5th percentile of 

AUC/MIC target (i.e., 14.4) would be 100% regardless of renal function (see Section 15.4.2). 

Is the proposed dosing regimen appropriate for the general patient population for which the 
indication is being sought? 

ѮѤШ !ғғѹѧКЌҀҤѥҚ ғҖ҇ғ҇ҚШФ Ф҇ҚѧҀњ ҖШњѧѿШҀ ѧҚ Қҿғғ҇ҖҤШФ Йӑ the results of our PK/PD target 
attainment analyses as discussed above. 

Is an alternative dosing regimen or management strategy required for subpopulations based 

on intrinsic patient factors? 

No clinically significant differences in the pharmacokinetics of IMI, CIL, or REL were observed 
based on age, gender, or race/ethnicity. Hepatic impairment is also not expected to have an 

effect on the PK of IMI or REL. However, both IMI and REL exposure in plasma increase with 
decreasing renal function. Thus, we recommend dosage of IMI/REL in patients with renal 
impairment be adjusted as presented in Table 9. We also recommend IMI/REL be administered 

following dialysis for patients maintained on hemodialysis. 

Renal Impairment 
The results of the dedicated renal impairment study (Study P005) showed that the AUCs of REL 

and IMI increased with the degree of renal impairment. However, the effect of renal 
impairment on REL PK was larger than that on IMI PK due to a higher fe of REL compared to IMI 
(see Section 15.4.3). Following a 125 mg dose of REL co-infused with 250 mg IMI, geometric 

mean AUC0-∞ increased approximately 1.63-fold, 2.19-fold, and 4.87-fold for REL and by 
approximately 1.41-fold, 1.53-fold, and 2.51-fold for IMI in subjects with mild (eGFR >50 to <80 
mL/min/1.73m2), moderate (eGFR >30 to <50 mL/min/1.73m2), and severe (eGFR <30 

mL/min/1.73m2) renal impairment, respectively, compared to age-, gender-, and BMI-matched 
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subjects with normal renal function. IMI/REL appeared to be well tolerated in Study P005. 

However, this study only included a single 125 mg IV dose of REL administered to a limited 
number of subjects (n=6 per group). 

The !ғғѹѧКЌҀҤѥҚ ғҖ҇ғ҇ҚШФ dose adjustments of IMI/REL for patients with renal impairment are 
the same as those recommended in the Primaxin (IMI) label, with REL following the same dose 
reduction ratio as IMI/CIL. REL is almost exclusively excreted by the kidneys. IMI is also mainly 

excreted by the kidneys, but to a somewhat lower extent (53-71%). Because the effect of renal 
impairment on REL is greater, the proposed dose adjustments result in a higher REL exposure in 
patients with renal impairment than that in patients with normal renal function. However, this 

higher REL exposure may not be clinically significant. Safety data from P005 demonstrated that 
a single 125 mg IV dose of REL is generally well tolerated in subjects, regardless of degree of 
renal impairment. Doses of IMI and REL were adjusted in Studies PN003, PN004 and PN013 for 

subjects with renal impairment. There were no clinically meaningful differences in the incidence 
and profile of AEs between subjects with normal renal function and subjects with mild or 
moderate renal impairment in Studies PN003 and PN004. The relatively small number of 
subjects with severe renal impairment (0 to 1 subject per treatment group) precluded 

meaningful conclusions about the impact of more severe renal impairment on the tolerability of 
IMI + REL in this subgroup. AEs were not summarized by renal function category for PN013 due 
the smaller sample size. In addition, the predicted AUC and Cmax of REL in patients with renal 

impairment receiving the reduced dosage are lower compared to the 90th percentile of AUC 
and Cmax for REL dose of 625 mg every 6 hours in subjects with normal renal function, where 
no safety findings were observed. The results of this analysis also support that the REL exposure 

in patients with renal impairment receiving the proposed dosage adjustment would be 
acceptable in terms of safety. 

As expected from higher REL exposure in patients with renal impairment than that in patients 
with normal renal function, a PTA of >90% is maintained in patients with renal impairment 
receiving the proposed dose adjustments (See Section 15.4.4). 

Collectively, the ApplicЌҀҤѥҚ ғҖ҇ғ҇ҚШФ Ф҇ҚШ ЌФѳҿҚҤѿШҀҤҚ for patients with renal impairment 
following the current IMI/CIL labeling are acceptable (See Section 6.2.2). 

Are there clinically relevant food-drug or drug-drug interactions, and what is the appropriate 
management strategy? 

REL has a low drug-drug interaction (DDI) risk either as a victim or a perpetrator. Evaluation of 

the effect of inhibition of organic anion transporters (OATs) by probenecid demonstrate d no 
clinically relevant effect on IMI and REL PK. There are no DDIs among the individual 
components in the FDC (See Section 6.3.1). 
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7 Sources of Clinical Data and Review Strategy 

7.1 Table of Clinical Studies 

Three trials were submitted in the NDA (Table 10). PN003 and PN004 were dose ranging, 
active-controlled trials in the treatment of cUTI and cIAI, respectively. The trials compared two 

doses of relebactam (125 mg and 250 mg, given concomitantly with 500 mg IMI) with IMI plus 
placebo. Neither trial was designed to demonstrate the added benefit of REL to the 
combination of IMI/REL as most of the baseline pathogens in the trials were susceptible to 
imipenem. 

Trial PN013 was a double-blind, comparator-controlled trial in the treatment of infections 

caused by imipenem-nonsusceptible gram-negative pathogens, including HABP/VABP, cIAI, and 
cUTI. In this trial IMI/REL was compared with the combination of imipenem and colistimethate 
sodium. 
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Table 10. Listing of Clinical Trials Reviewed in Imipenem/Relebactam NDA 
Trial Trial Design Regimen/ schedule/ route Study Endpoints Treatment 

Duration/ 
Follow Up 

No. of 
patients 

randomized 

Study Population No. of 
Centers and 

Countries 
PN003 Multicenter, double-blind 

randomized, active-
controlled, dose ranging, 
trial in patients with cUTI 

IMI/REL (250 mg) q 6 hours 
IMI/REL (125 mg) q 6 hours 
IMI/placebo q 6 hours 

Imipenem dose 500 mg in all 3 
arms 

Intravenous (IV) or IV+oral. 
Switch from IV treatment to oral 
ciprofloxacinpermitted 
following the minimum duration 
of 4 days of IV treatment 

Microbiological response 
and clinical response at 
the discontinuation of IV 
treatment (DCIV) visit, 
early follow-up visit 
(EFU, 5 to 9 days post-
antibiotic therapy), and 
late follow-up visit (LFU, 
28-42 days post-
antibiotic therapy) 

4 to14 days/ 
28-42 days 
post-antibiotic 
therapy 

Randomized 
250mg:101 
125mg:101 
Placebo:100 

Adult patients with 
a cUTI or acute 
pyelonephritis 
judged by the 
investigator to be 
serious (requiring 
hospitalization and 
treatment with IV 
antibacterial 
therapy) 

35 centers 
and 11 
countries 
enrolled 
subjects 

PN004 Multicenter, double-blind, 
randomized, active-
controlled, dose ranging, 
trial in patients with cIAI 

IMI/REL (250 mg) q 6 hours IV 
IMI/REL (125 mg) q 6 hours IV 
IMI/Placebo q 6 hours IV 

Imipenem dose 500 mg in all 3 
arms 

Clinical response at the 
DCIV, EFU, and LFU Visits 

4 to 14 days (IV 
only; no oral 
switch 
allowed)/ 
28-42 days 
after IV 
therapy 

250mg: 118 
125mg: 116 
Placebo: 117 

Subjects with cIAI 
that required 
hospitalization and 
treatment with IV 
antibacterial 
therapy 

46 centers 
and 20 
countries 
enrolled 
subjects 

PN013 Multicenter, double-blind, 
randomized, active-
controlled trial inadults with 
imipenem 
non-susceptible bacterial 
infections, including 
HABP/VABP, cIAI, and cUTI 
(with an additional non-
randomized, open-label 
group) 

IMI/REL q 6 hours+ (placebofor 
CMS q 12 hours) IV 
IMI q 6 hours+CMS q 12 hours 
IV 
IMI/REL (non-randomized) q 6 
hours IV 

Relebactam dose: 250 mg 
Imipenem Dose: 500 mg 

Favorable overall 
response basedon 
survival (HABP/VABP), 
composite clinical and 
microbiologicalresponse 
(cUTI) and clinical 
response only (cIAI) 

5 (cUTI/cIAI) or 
7 (HABP/ 
VABP) to 21 
days/ 
28 days 

Enrolled: 
IMI/REL:31 

IMI+CMS:16 

IMI/REL (open 
label): 3 

Adults patients 
who required 
hospitalization and 
treatment with IV 
antibacterial 
therapy for a new, 
persistent, or 
progressing 
HABP/VABP, cIAI, 
cUTI 

16 centers 
and 
11 countries 
enrolled 
subjects 

IMI: imipenem/cilastatin; REL: relebactam (MK-7655); IMI/REL: fixed-dose combination of imipenem/cilastatin/relebactam; CMS: colistimethate sodium (total 
maximum daily maintenance dose: 300mg colistin base activity. Loadingdose followed after 12 hours by maintenance dose every 12hours); HABP/VABP: 
hospital-acquired/ventilator-associated pneumonia. 
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7.2 Review Strategy 

Data Sources 

This NDA was submitted in eCTD format. Data sources include study protocols, reporting and 

statistical analysis plans, clinical study reports, integrated summaries of efficacy and safety, and 
data sets (in both Study Data Tabulation Module (SDTM) and Analysis Data Model (ADaM) 
formats). Data sets and software code are available at 

\\Cdsesub1\evsprod\NDA212819\0000\m5\datasets. 

Data and Analysis Quality 

Overall, the quality of datasets and analysis was adequate. It was possible to reproduce the 
primary analyses from the original data source. Blinding/un-blinding procedures were generally 

well documented. Quality control/assurance procedures were documented. Statistical analysis 
plans were finalized before unblinding. The quality of the eCTD submission was also adequate. 
Documents and datasets were generally located in the appropriate place and submitted in the 

proper format. However, for the cUTI and cIAI trials, PN003 and PN004, protocol 
deviations/violations were only briefly described in the study reports without submission of 
electronic data sets. 

7.3 Review of Relevant Individual Trials 

7.3.1 Study PN003 (cUTI) 

Trial Objectives 

The primary objective of this trial was to evaluate the safety, tolerability, and efficacy of REL (at 
2 doses) plus IMI versus IMI alone with respect to the microbiological response in the treatment 
of cUTI, including acute pyelonephritis, in adult patients, at completion of IV study therapy (or 

discontinuation of IV study therapy [DCIV]). 

Secondary objectives included: 

To evaluate the efficacy of 2 doses of REL (250 mg and 125 mg) plus IMI with respect to 

1.	 the microbiologic response in the treatment of adult patients with imipenem-resistant 

Gram-negative cUTI at the DCIV visit. 

2.	 the microbiological response in the treatment of adult patients with cUTI as compared 
to IMI alone at the 5- to 9-day post-antibiotic therapy (early follow-up [EFU]) visit. 

3.	 the clinical response in the treatment of patients with cUTI as compared to the IMI 
alone group at the DCIV visit. 
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4.	 the clinical response in the treatment of patients with cUTI as compared to the IMI 
alone group at the EFU visit. 

5.	 the proportion of patients with sustained microbiological response and sustained clinical 
response in the treatment of patients with cUTI as compared to the IMI alone group, 
measured at the 28- to 42-day post-antibiotic therapy (late follow-up [LFU]) visit. 

Trial Design and Endpoints 

PN003 was a multi-center, randomized, double-blind, parallel-group, dose ranging, active-
controlled trial. Eligible subjects were randomized 1:1:1 to the following groups: 

1.	 REL 250 mg plus IMI 500 mg every 6 hours (q6h) 
2.	 REL 125 mg plus IMI 500 mg q6h 
3.	 Placebo (normal saline) plus IMI 500 mg q6h 

The dose or frequency of IV study therapy was adjusted for subjects with renal insufficiency 
and/or for subjects who weighed <70 kg. 

Source: Table 3-2 of study report. MK-7655: REL 

Oral ciprofloxacin could be used following the minimum duration (96 hours) of IV study therapy 
in subjects with adequate response to therapy at the discretion of the investigator. Adequate 
response was defined as clinical improvement in pre-study symptoms, fever resolved for at 

least 24 hours, and at least one follow-up urine culture had shown eradication (defined as a 
uropathogen colony count of <104 colony forming units [CFU]/mL). 
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The total duration of antibacterial therapy (IV and subsequent oral ciprofloxacin) did not exceed 
14 days. If therapy was needed for longer, IV study therapy was discontinued, and other non-

study medication could be administered. 

There was an option to switch to the 250-mg REL dose in the study. If after at least 72 hours (up 
to an additional 48 hours) of initial IV study therapy, the identified pathogen(s) was/we re 

resistant to IMI but may be susceptible to IMI/REL, and the subject did not achieve a favorable 
clinical response to IV study therapy, the subject could be switched to 250-mg REL (or remain 
on 250-mg REL for subjects assigned to this group) if requested by the investigator. These 

subjects would be considered to have unfavorable clinical and microbiological response s at all 
subsequent visits. 

This study was double-blind, except for an unblinded study pharmacist (or qualified designee) 
at each study center who was not involved in any management or evaluation of safety and 
efficacy of the subject. 

Subjects were evaluated daily for safety and tolerability while on IV therapy. Microbiological 
response, clinical response, and safety were evaluated at the DCIV, EFU (5-9 days post therapy) 
and LFU (28 to 42 days post therapy) visits. 

For IV test drugs that are followed by a different oral therapy, the cUTI guidance recommends 
an early assessment (end of IV therapy), prior to the use of the oral therapy, along with the 

assessment at EFU. This allows for the assessment of the effect of the IV test drug alone and 
the effect of the IV to oral regimen. The DCIV visit and EFU visit closely match these 
recommended time points. However, the timings of the visits were based on the duration of IV 

treatment or total treatment, which can be associated with the effect of treatment and could 
result in systematicdifferences across treatments in the timing of these visits. An assessment 
of the timing of the visits is provided in the results section. 

The !ғғѹѧКЌҀҤѥҚ primary efficacy endpoint was microbiological response at the DCIV visit. I t was 
assessed as favorable (eradication) or unfavorable (persistence or persistence with acquisition 
of resistance) for each subject. This was assessed separately for each pathogen identified at 

admission. For a favorable overall microbiological assessment, all bacterial uropathogens 
identified at baseline needed to be ѨШҖЌФѧКЌҤШФѩ ѧҀ ҤѤШ ҿҖѧҀШ КҿѹҤҿҖШ К҇ѹѹШКҤШФ ЌҤ ҤѤШ D�Έѽ visit 
(and must not have been present in blood). Definitions of microbiologic response at the DCIV 

visit are included in the following table. 

Table 11. Study PN003: Definition of Microbiologic Response at the DCIV Visit 

Microbiological 
Response 

Response Definition 
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Eradication 

A urine culture taken at the DCIV visit (or, if not available at DCIV, from the 
last available urine culture after at least 48 hours of IV study therapy), shows 
that a uropathogen found at study entry at шӷӶ5 CFU/mL is reduced to <104 

CFU/mL. 

Persistence 
A urine culture taken at the DCIV visit (or, if not available at DCIV, from the 
last available urine culture after at least 48 hours of IV study therapy) grows 
шӷӶ4 CFU/mL of an original uropathogen. 

Persistence with 
acquisition of 
resistance 

A urine culture at the DCIV visit (or, if not available at DCIV, from the last 
available urine culture after at least 48 hours of IV study therapy) grows шӷӶ4 

CFU/mL of any uropathogen species that was previously susceptible to 
imipenem but now has documented resistance to imipenem. 

Superinfection 

A urine culture grows шӷӶ5 CFU/mL of a uropathogen other than a baseline 
pathogen during the course of IV study therapy OR emergence during IV 
study therapy of a new pathogen at a distant site along with worsening 
signs and symptoms of infection. 

Indeterminate 

a) Follow-up cultures are not available due to subject death or withdrawal 
from study, OR 

b) Microbiological data are incomplete, OR 

c) Assessment not possible due to protocol violation, OR 

d) Any other circumstance which makes it impossible to define the 
microbiological response. 

DCIV=discontinuation of IV study therapy; IV=intravenous; CFU=colony forming units 

Source: Table 9-3 of Study Report 

For follow-up visits, the definitions of microbiological response are included in the following 

table. 

Table 12. Study PN003: Definition of Microbiologic Response at the EFU and LFU Visits 
Microbiological 

Response 
Response Definition 

Sustained eradication A urine culture taken at the respective follow-up visit shows that all 
ҿҖ҇ғЌҤѤ҇њШҀҚ в҇ҿҀФ ЌҤ ҚҤҿФӑ ШҀҤҖӑ ЌҤ шӷӶ5 CFU/mL are still reduced to <104 

CFU/mL. 
Persistence The urine culture taken at the DCIV visit (or, if not available at DCIV, from the 

last available urine culture after at least 48 hours of IV study therapy) grows 
шӷӶ4 CFU/mL of an original uropathogen. These subjects are carried forward 
with this status to the 2 follow-up visits. 

Persistence with 
acquisition 
of resistance 

The urine culture at the DCIV visit (or, if not available at DCIV, from the last 
ЌӊЌѧѹЌЙѹШ ҿҖѧҀШ КҿѹҤҿҖШ ЌвҤШҖ ЌҤ ѹШЌҚҤ ӺӾ Ѥ҇ҿҖҚ ҇в Έѽ ҚҤҿФӑ ҤѤШҖЌғӑ҉ њҖ҇ӋҚ шӷӶ4 

CFU/mL of any uropathogen species that was previously susceptible to 
imipenem but now has documented resistance to imipenem. These subjects 
are carried forward with this status to the 2 follow-up visits. 

New infection A pathogen, other than an original microorganism found at baseline at a level 
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шӷӶ5 CFU/mL, is present in the urine at Ќ ѹШӊШѹ ш105 CFU/mL any time after IV 
study therapy is finished. If a pathogen is isolated from a site distant to the 
primary infection after IV study therapy has been completed, then this will 
also be designated as a new infection. A new infection identified at the EFU 
will be carried forward to the LFU visit. 

Recurrence ! ҿҖѧҀШ КҿѹҤҿҖШ њҖ҇ӋҚ шӷӶ4 CFU/mL of an original uropathogen taken any time 
after documented eradication at DCIV visit. Recurrence identified at the EFU 
will be carried forward to the LFU visit. 

Recurrence with A urine culture, taken any time after documented eradication at the DCIV 
acquisition of ӊѧҚѧҤџ њҖ҇ӋҚ шӷӶ4 CFU/mL of an original uropathogen and has documented 
resistance resistance to imipenem. Recurrence with acquisition of resistance identified 

at the EFU will be carried forward to the LFU visit. 

Indeterminate a) Follow-up cultures are not available due to subject death or withdrawal 
from study, OR 

b) Microbiological data are incomplete, OR 
c) Assessment not possible due to protocol violation, OR 
d) Any other circumstance which makes it impossible to define the 

microbiological response 
Source: Table 9-3 of Study Report 

We assessed a combined clinical and microbiologic efficacy endpoint (resolution of the 
symptoms of cUTI at trial entry [and no new symptoms]) and microbiologic response (<103 

colony forming units [CFU]/mL), consistent with the approach with recent cUTI trials. Note that 

this endpoint was defined by the Applicant only for the EFU visit as an exploratory endpoint and 
at the LFU visit as a secondary endpoint. 

Secondary endpoints included clinical response. Clinical signs and symptoms of cUTI or acute 
pyelonephritis, including fever (or history of fever), chills or rigors (accompanied by fever), flank 
pain, costovertebral angle (CVA) tenderness on physical examination, dysuria, urinary urgency, 
urinary frequency, suprapubic or pelvicpain, nausea, or vomiting were determined at study 

entry and planned visits. Signs and symptoms were graded for intensity by the investigator as 
Ѩnoneѩ, Ѩmildѩ, Ѩmoderateѩ, or Ѩsevereѩ. At the DCIV visit, the investigator assessed the clinical 
ҖШҚғ҇ҀҚШ ЌҚ ѨКҿҖШФџѩ ѨѧѿғҖ҇ӊШФџѩ ѨвЌѧѹҿҖШџѩ҇Җ ѨѧҀФШҤШҖѿѧҀЌҤШѩЙЌҚШФ҇Ҁ К҇ѿғЌҖѧҚ҇Ҁ Ҥ҇ 

admission signs and symptoms. A favorable clinical ҖШҚғ҇ҀҚШ ЌҤ ҤѤШ D�Έѽ ӊѧҚѧҤ ѧҀКѹҿФШФ ѨКҿҖШФѩ 
҇Җ ѨѧѿғҖ҇ӊШФѢѩ 

Table 13. Study PN003: Definition of Clinical Response at the DCIV Visit 
Clinical Response Response Definition 

Cure All pretherapy signs and symptoms of the index infection have 
ҖШҚ҇ѹӊШФ ҈҇Җ ҖШҤҿҖҀШФ Ҥ҇ ѨғҖШѧҀвШКҤѧ҇Ҁ ҚҤЌҤҿҚѩ҉ !яD Ҁ҇ ЌФФѧҤѧ҇ҀЌѹ Έѽ 
antibiotic therapy is required. 

Improved All or most pretherapy signs and symptoms of the index infection have 
ѧѿғҖ҇ӊШФ ҇Җ ҖШҚ҇ѹӊШФ ҈҇Җ ҖШҤҿҖҀШФ Ҥ҇ ѨғҖШѧҀвШКҤѧ҇Ҁ ҚҤЌҤҿҚѩ҉ AND no 
additional IV antibiotic therapy is required. 

Failure No apparent response to IV study therapy in prestudy signs and 

86 

Version date: October 12, 2018 

Reference ID: 4463074 



       
    

 

   

     

         
  

          
     

        
         

          
      

     
        

   
     

 
             
          

              
              

            

           
 

            
             

              
                

            

     

  
 

   
 

      

 
            

            

           
    

 
             

             
  

 

           
          

NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

symptoms: persistence or progression of most or all pretherapy signs 
and symptoms 

Indeterminate Study data are not available for evaluation of clinical response for any 
reasons at the DCIV visit, including: 

a) Complication related to underlying medical condition, OR 
b) Subject was withdrawn for any reason before sufficient data 

had been obtained to permit evaluation for any reason, OR 
c) ExtШҀҿЌҤѧҀњ КѧҖКҿѿҚҤЌҀКШҚ ғҖШКѹҿФШ КѹЌҚҚѧвѧКЌҤѧ҇Ҁ ЌҚ ѨКҿҖШџѩ 
ѨѧѿғҖ҇ӊШФџѩ ҇Җ ѨвЌѧѹҿҖШѩ ѕѤ 

d) Death occurred during the study period and the index infection 
was clearly noncontributory. 

Source: Table 9-5 of Study Report 

At the EFU visit, clinical response incluФШФ ѨКҿҖШѩџ ѨвЌѧѹҿҖШѩџ ЌҀФ ѨѧҀФШҤШҖѿѧҀЌҤШѩѢ !Ҥ ҤѤШ шFѲ 
ӊѧҚѧҤџ КѹѧҀѧКЌѹ ҖШҚғ҇ҀҚШ ѧҀКѹҿФШФ ѨҚҿҚҤЌѧҀШФ КҿҖШѩџ ѨвЌѧѹҿҖШѩџ ѨҖШѹЌғҚШѩџ ѨѧҀФШҤШҖѿѧҀЌҤШѩџ ӋѤШҖШ 

ѨҚҿҚҤЌѧҀШФ КҿҖШѩ ӋЌҚ ФШвѧҀШФ ЌҚ all or most pretherapy signs and symptoms of the index 
infection resolvШФ ҈҇Җ ҖШҤҿҖҀШФ Ҥ҇ ѨғҖШѧҀвШКҤѧ҇Ҁ ҚҤЌҤҿҚѩ҉ ӋѧҤѤҀ҇ ШӊѧФШҀКШ ҇в resurgence and no 
additional antibacterial therapy (beyond IV study therapy and oral ciprofloxacin) was required. 

Failure at the LFU visit was carried forward from the EFU visit. 

Reviewers’ comment: The Agency had noted the scientific issues with interpreting as an 
appropriately designed NI trial and had recommended modifications to the trial design. The 

Applicant preferred to retain their proposal. The limitations in the design of these studies impair 
their ability to provide results on which reliable conclusions can be drawn. As designed th is is not 
an adequate and well-controlled trial and is being evaluated for descriptive purposes only. 

Key Inclusion and Exclusion Criteria 

Inclusion criteria 

Inclusion criteria included: 

1.	 ѡЌҤѧШҀҤ ӋЌҚ шӷӾ ӑШЌҖҚ ҇в ЌњШ. 

2.	 Sexually active females of childbearing potential with a negative urine pregnancy test 
were eligible for enrollment; however, this must have been followed up with a 

confirmed negative ҚШҖҿѿ ғҖШњҀЌҀКӑ ҤШҚҤ ҈Ѿ-HCG) as soon as possible (within 48 hours 
of the screening visit). 

A patient who was of reproductive potential agreed to remain abstinent or use (or have 

their partner use) a medically acceptable effective method of birth control until study 
completion. 

pyelonephritis judged by the investigator to be serious (requiring hospitalization and 
treatment with IV antibacterial therapy) according to the following disease definitions: 
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a)	 Acute pyelonephritis was defined as a systemic, ascending urinary tract infection in 
a patient with normal urinary tract anatomy, clinically manifested by meeting at 

least 2 of the following criteria: 

•	 FШӊШҖ ҈ФШвѧҀШФ ЌҚ шӹӾѢӶҭ� ҊшӷӶӶѢӺҭFҋ ҇ҖЌѹѹӑ ѕѤ ЌҀ ҇ҖЌѹ ШҕҿѧӊЌѹШҀҤ ҊшӹӾѢӻҭ� 
҈шӷӶӷѢӹҭF҉ Йӑ ҤӑѿғЌҀѧК ҇ Җ ҖШКҤЌѹ ѿeasurement]) 

•	 Flank pain 

•	 CVA tenderness on physical examination 

•	 Nausea or vomiting 

NOTE: Symptoms of lower UTI (e.g. dysuria, urinary frequency, or urinary urgency) 
may or may not have been present in acute pyelonephritis. 

b)	 Complicated UTI was defined as a clinical syndrome in men or women characterized 
by the development of at least 2 of the following local or systemicsigns and 
symptoms: 

•	 Local signs and symptoms: Dysuria, urinary frequency, suprapubicor pelvic 
pain, or urinary urgency 

•	 Systemicsigns and symptoms: Fever (as defined above), chills or rigors 
(accompanied by fever), flank pain, or CVA tenderness on physical 
examination 

The above symptoms must have also occurred in the presence of at least 1 of the 
following conditions, which increased the risk of developing an infection: 

•	 Presence of indwelling urinary catheter or other urinary bladder 

instrumentation 

•	 Any functional or anatomical abnormality of the urogenital tract (including 
anatomic malformations or neurogenicbladder) with voiding disturbance 
resulting in at least 100 mL of residual urine 

•	 Current obstructive uropathy (nephrolithiasis or fibrosis) that was scheduled 
to be medically or surgically relieved during IV study therapy 

•	 Males with documented history of urinary retention (i.e., due to benign 
prostatic hypertrophy) 

3.	 Patient had pyuria, determined by a midstream clean-catch (MSCC) or catheterized 
҈ѧҀФӋШѹѹѧҀњ ҇ Җ ҚҤҖЌѧњѤҤ КЌҤѤШҤШҖ҉ ҿҖѧҀШ ҚғШКѧѿШҀ ӋѧҤѤ шӷӶ Ѿ��Қ ғШҖ ѤѧњѤ-power field on 
standard examination of urine sedimeҀҤ ҇ Җ шӷӶ Ѿ��ҚѶѿѿ3 in unspun urine. 

NOTE: If pyuria could not be determined by urinalysis in a clinically relevant timeframe, 
a urine dipstick may have been employed as a rapid diagnostic aid. If urine dipstick was 

used, a positive test for leukocyte esterase was the preferred indicator for the presence 
of pyuria. A positive nitrite test was an acceptable indicator of infection. 

88 

Version date: October 12, 2018 

Reference ID: 4463074 



       
    

 

   

     

 
              

           
   

           
        

        

 
            

              
           

            
         

 

            
               

         

      
 

  

 
   

            
           

    

              
     

            
         

            

            

           
           

  

           
            

              
           

NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

4.	 Patient had one positive urine culture within 48 hours of enrollment, as defined below: 

•	 шӷӶ5 CFU/mL of uropathogen either from a MSCC or indwelling catheter urine 
specimen, OR 

•	 шӷӶ4 CFU/mL of uropathogen either from a MSCC or indwelling catheter urine 
specimen if blood culture is also positive, OR 

•	 шӷӶ2 CFU/mL of uropathogen from a straight catheter specimen 

NOTE: If more than one pathogen was identified, each should have been present at the 
colony counts noted above to be considered pathogens. In general, if more than 2 
bacterial pathogens were identified in an admission urine culture at the predefined 

colony counts, the sample should have been considered contaminated (unl ess one of 
the pathogens was also identified in a blood culture). 

NOTE: A patient may have been enrolled before the urine culture results were available 
if it was likely to be positive (based on clinical findings and urinalysis). As described in 
Patient Exclusion Criteria, culture results must have been available prior to enrollment 

for those patients receiving prophylacticantibiotics. 

Exclusion criteria 

Exclusion criteria included: 

1.	 Patient had complete obstruction of any portion of the urinary tract (requiring a 
permanent indwelling urinary catheter or instrumentation), had a known ileal loop, or 

had intractable vesico-ureteral reflux. 

2.	 Patient had a cUTI in whom a temporary indwelling urinary catheter was in place and 
could not be removed at study entry. 

NOTE: All indwelling urinary catheters must have been removed prior to the start of IV 
study therapy. Unless medically necessary, it was recommended that an indwelling 
urinary catheter not be reinserted during the study (at least while on IV study therap y). 

3.	 Patient had a perinephricor intrarenal abscess or known or suspected prostatitis. 

4.	 Patient had an uncomplicated UTI (e.g., a female patient with urinary frequency, 
urgency or pain/discomfort without any risk factors for infection as outlined in Inclusi on 

Criteria #4b). 

5.	 Patient had received any amount of effective antibacterial therapy (defined as therapy 
known to be active against the identified uropathogen) after obtaining the urine culture 

for admission to this study (admission urine culture) and prior to the administration of 
the first dose of IV study therapy. Patient had received any amount of effective 
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antibiotic therapy (defined as therapy known to be active against the identified 
uropathogen) after obtaining the urine culture for admission to this study (admission 

urine culture) and prior to the administration of the first dose of IV study therapy. 

6.	 Patient had an infection which had been treated with >24 hours of systemicantibiotic 
therapy known to be effective against the presumed or documented etiologic 
pathogen(s) within the 72-hour period immediately prior to consideration for entry into 

the study (only patients with a urine culture positive for the presence of at least 1 gram ­
negative enteric[s] and/or anaerobic pathogen[s] commonly isolated in UTI were 
considered microbiologically evaluable). 

NOTE: Patients on prophylactic antibiotic therapy were enrolled only if their admission 
culture was confirmed to be positive for at least 1 gram-negative enteric(s) and/or 
anaerobic pathogen(s) commonly isolated in UTI. Culture results must have been 

available from those patients on prophylactic antibiotics prior to enrollment. 

NOTE: If a patient had received >24 hours of systemicantimicrobial therapy, there must 
have been clear evidence that the patient had failed this regimen or developed the cUTI 

while on the previous antibiotic regimen. Such evidence would have included new or 
continued fever or persistence or worsening of symptoms related to the index infection 
and persistent positive cultures and persistent laboratory or radiographic changes (if 

previously present). These measures were confirmed prior to study entry. 

7.	 Patient had a history of serious allergy, hypersensitivity (e.g., anaphylaxis), or any 
serious reaction to carbapenem antibiotics, ЌҀӑ КШғѤЌѹ҇Қғ҇ҖѧҀҚџ ғШҀѧКѧѹѹѧҀҚџ ҇Җ҇ҤѤШҖѾ ­
lactam agents. 

яѕѮEѡ ѡЌҤѧШҀҤҚӋѧҤѤѤѧҚҤ҇Җӑ ҇в ѿѧѹФ ҖЌҚѤ Ҥ҇ ғШҀѧКѧѹѹѧҀҚ ҇Җ҇ҤѤШҖ Ѿ-lactams may have been 
enrolled and closely monitored. 

8.	 Patient had a history of serious allergy, hypersensitivity (e.g., anaphylaxis), or any 

ҚШҖѧ҇ҿҚ ҖШЌКҤѧ҇Ҁ Ҥ҇ ҇ҤѤШҖ Ѿ-lactamase inhibitors (e.g., tazobactam, sulbactam, clavulanic 
acid). 

яѕѮEѡ ѡЌҤѧШҀҤҚ ӋѧҤѤ ѤѧҚҤ҇Җӑ ҇в ѿѧѹФ ҖЌҚѤ Ҥ҇ ҇ҤѤШҖ Ѿ-lactamase inhibitors may have been 

enrolled and closely monitored. 

9.	 Patient had a history of a seizure disorder. 

10. Patient was currently being treated with valproic acid or had received treatment with 

valproic acid in the 2 weeks prior to screening. 

11. Patient had a rapidly progressive or terminal illness (unlikely to survive the
 
approximately 6- to 8-week study period).
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12. Patient was pregnant or expecting to conceive, was breast feeding, or planned to breast 
feed during participation in the study. 

13. Patient in whom a response to all study therapy (IV study therapy or subsequent oral 
ciprofloxacin) within the timeframe of treatment specified in this protocol was 
considered unlikely. 

14. Patient had a concurrent infection that would have interfered with evaluation of
 
response to the study antibiotics (IMI with or without MK-7655).
 

15. Patient had a need for concomitant systemicantimicrobial agents in addition to those 
designated in the various study treatment groups. 

NOTE: Use of IV vancomycin to treat confirmed or suspected methicillin-resistant S. 
aureus (MRSA) infection or use of daptomycin or linezolid to treat confirmed or 
suspected MRSA or vancomycin-resistant Enterococcus spp. (VRE) infection was allowed. 

16. Patient had a cUTI due to a confirmed fungal pathogen. 

NOTE: Use of antifungal therapy for treatment of mucocutaneous infections (e.g., 
vaginal candidiasis onychomycosis) was allowed. 

17. Patient was currently receiving immunosuppressive therapy, including use of high-dose 
corticosteroids (i.e., >40 mg prednisone or prednisone equivalent per day). 

NOTE: Prior short-ҤШҖѿ ҿҚШ ҈ёӻ ФЌӑҚ҉ ҇ в ҚҤШҖ҇ѧФ ҤѤШҖЌғӑ ѧҀ ҤѤШ ӹӶ ФЌӑҚ prior to study 

entry was allowed. 

18. Patient was a prior recipient of a renal transplantation. 

19. ѡЌҤѧШҀҤ ѤЌФ ШҚҤѧѿЌҤШФ ҇ Җ ЌКҤҿЌѹ КҖШЌҤѧҀѧҀШ КѹШЌҖЌҀКШ ҇в ёӻ ѿшѶѿѧҀџ ҇Җ ӋЌҚ КҿҖҖШҀҤѹӑ 
undergoing hemodialysis. 

20. The patient had any of the following laboratory abnormalities at the time of screening: 

• !шѮ ӊЌѹҿШҚ ш ӹ ҤѧѿШҚ ҤѤШ upper limit of normal (ULN) 

• !ѨѮ ӊЌѹҿШҚ ш ӹ ҤѧѿШҚ Ѳшя 

• !шѮ ҇Җ !ѨѮ ш 2 times ULN accompanied by total bilirubin (BILI) >ULN 

• Ѯ҇ҤЌѹ �ΈшΈ ӊЌѹҿШ ш Ӹ ҤѧѿШҚ Ѳшя 

NOTE: Patients with acute hepatic failure or acute decompensation of chronic hepatic 
failure were also excluded. 
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Statistical Analysis Plan 

Analysis Populations 

Microbiological intention-to-treat (MITT) Population: The MITT population included those 
subjects who met both of the following two conditions: 

1.	 The subject received at least one dose of IV study therapy. 

2.	 The pre-study urine culture grew a gram-negative and/or anaerobic pathogen at any 

quantity, regardless of the susceptibility of the uropathogen. 

This population was used by the Applicant in a supportive analysis of the primary efficacy 

endpoint. The MITT population will be considered as the primary analysis population. 
Additionally, we have considered susceptibility to the control, IMI, in defining the MITT 
population as discussed in the results section below. 

Microbiologically-evaluable (ME) Population: This population excluded subjects due to 
important deviations from the protocol that may have substantially affected the results of the 

primary efficacy endpoint. Reasons for exclusion from the ME population included the 
following: 

1.	 The subject failed to meet the protocol definition of cUTI. 

2.	 The subject's pre-study urine culture failed to grow a gram-negative and/or anaerobic 
pathogen at sufficient quantity specified in the Inclusion Criteria (i.e., growth at <105 

CFU/mL of uropathogen for a MSCC or indwelling catheter urine specimen OR <104 

CFU/mL of uropathogen if blood culture is also positive OR <102 CFU/mL of uropathogen 
for a straight catheter specimen). 

3.	 The subject had significant violations of inclusion/exclusion criteria that could impact on 
the efficacy assessment (e.g., receipt of previous or concurrent systemicantibacterial 

therapy beyond those allowed per protocol). 

4.	 The subject received less than 96 hours of IV study therapy (16 infusions if q6h dosing or 
12 infusions if q8h dosing), except for subjects who switched IV therapy due to 

unfavorable clinical and microbiological responses after at least 72 hours of IV study 
therapy. 

Additionally, subjects with indeterminate results were excluded from the analysis of the ME 
population. The ME population was used by the Applicant for the primary efficacy analysis. 
Using this analysis population for the primary analysis is not acceptable because of the 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

exclusion of subjects based on post-randomization information (such as duration of IV therapy, 
indeterminate response) which might be related to treatment. 

Analysis Methods 

Sample Size Calculation: With 100 subjects randomized into each group, the statistical power 

was 0.87, using an overall one-sided 2.5% alpha level, a noninferiority (NI) margin of -15% (REL 
minus control), an underlying response rate of 95% for the control regimen and the 
investigational regimen, a microbiological evaluability rate (in the ME population) of 60%, and 

an asymptotic method proposed by Miettinen and Nurminen. 

Primary Efficacy Analysis: For the primary efficacy analysis, 95% confidence intervals (CIs) of 

between-treatment differences (REL minus control) and p-values were calculated using the 
Miettinen and Nurminen method. The study was designed with an NI margin of 15%. If NI for 
either dose group of REL relative to control was established, then a subsequent test was 

performed to determine whether or not that dose level of REL was superior to the control 
regimen. Note that the cUTI guidance considers a 10% NI margin acceptable for this indication 
based on both historical data and clinical judgment. Additionally, for an NI assessment to be 

interpretable, it is necessary that the control drug be effective. In this review, the MITT 
population will exclude subjects with infection due to organisms that are resistant to the 
control when NI testing is conducted. 

The Type I error rate over the multiple treatment comparisons was controlled by the pre­
specified closed testing procedure, comparing the REL 250-mg regimen to control first, followed 
by comparison of the REL 125-mg regimen to control. 

The efficacy analysis in the MITT population considered ҚҿЙѳШКҤҚ ӋѧҤѤ ѨѧҀФШҤШҖѿѧҀЌҤШѩ 
assessments as having an unfavorable response. 

Three interim analyses were conducted to evaluate the safety and tolerability of the 
investigational drug. No efficacy analyses were conducted at any of the interim analyses; 

however, protocol-specificsummary statistics for key efficacy endpoints were provided to help 
in the assessment of benefit-to-risk. 

Protocol Amendments 

Six amendments were made. The changes included removal of future biomedical research 
information and procedures in Brazil, revision and subsequent removal of inclusion criterion #3 

(presence of at least 1 of 3 risk factors for infection with an antibacterial -resistant organism). 
These changes were not expected to affect assessment of efficacy. 

Compliance with Good Clinical Practices 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

This study was performed in compliance with Good Clinical Practices. 

Financial Disclosure 

No financial interests were disclosed in the submission. 

Patient Disposition 

The study was conducted between December 2012 and July 2015, with subjects enrolled at 35 
centers in 11 countries (Bulgaria, Greece, Korea, Latvia, Peru, Poland, Romania, Russia, Turkey, 

Ukraine, and United States). A total of 302 subjects from 34 centers were randomized 1:1:1 
into one of the three treatment groups. The patient disposition information is presented in the 
following table. Four subjects were randomized but not treated: two in the 250-mg group 

҈ғѤӑҚѧКѧЌҀѥҚ ФШКѧҚѧ҇Ҁ ҇ Җ ӋѧҤѤФҖЌӋЌѹ Йӑ ҚҿЙѳШКҤ҉ ЌҀФ ҤӋ҇ ѧҀ ҤѤШ ӷӸӻ-mg group (protocol 
violation). The majority of subjects completed the study and study medication (over 90% of 
subjects in each treatment arm completed study/study drug). The reasons for discontinuation 

of study or study medication were similar between the three groups. Four subjects were 
switched to high dose REL because of early unfavorable clinical outcome. These subjects were 
considered treatment failures in the analysis. 

Table 14. Study PN003: Study Disposition 
IMI/REL 250 mg 
n (%) 

IMI/REL 125 mg 
n (%) 

IMI/Placebo 
n (%) 

Total 
n (%) 

Randomized 101 (100) 101 (100) 100 (100) 302 (100) 
Randomized but not treated 2 (2) 2 (2) 0 4 (1.3) 
Treated with any study therapy 99 (98) 99 (98) 100 (100) 298 (98.7) 

Switched to high dose 1(1) 2(2) 1 (1) 4 (1.3) 
Completed study medication 94 (93.1) 94 (93.1) 95 (95) 283 (93.7) 

Discontinued study medication 5 (5) 5 (5) 4 (4) 14 (4.6) 
Adverse event 3 (3) 1 (1) 2 (2) 6 (2) 
Physician decision 0 (0) 1 (1) 0 1 (0.3) 

ѮШКѤҀѧКЌѹ ғҖ҇ЙѹШѿҚҙ 1 (1) 2 (2) 1 (1) 4 (1.3) 
Withdrawal by subject 1 (1) 1 (1) 1 (1) 3 (1) 

Completed study 92 (91.1) 91 (90.1) 94 (94) 277 (91.7) 
Discontinuation from study 9 (8.9) 10 (9.9) 5 (5)Қ 24 (7.9) 
Adverse event 1 (1) 0 (0) 0 1 (0.3) 

Death 1 (1) 0 (0) 0 1 (0.3) 
Loss to follow-up 1 (1) 4 (4) 4 (4) 9 (3) 

Physician decision 1 (1) 1 (1) 0 2 (0.7) 
Protocol violation 2 (2) 0 (0) 0 2 (0.7) 

Technical problemsҙ 1 (1) 0 0 1 (0.3) 

Withdrawal by subject 2 (2) 5 (5) 1 (1) 8 (2.6) 
MITT Population§ 74 (73.3) 82 (81.2) 81 (81) 237 (78.5) 
Exclusion from MITT 27 (26.7) 19 (18.8) 19 (19) 65 (21.5) 

Reasons for exclusion 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Baseline culture not meeting 
protocol-specific requirements 25 (24.8) 17 (16.8) 19 (19) 61 (20.2) 

Not receiving IV study therapy 2 (2) 2 (2) 0 4 (1.3) 
ME population at DCIV 67 (66.3) 71 (70.3) 75 (75) 213 (70.5) 
MITT subjects exclued from ME at 
DCIV 7 (6.9) 11 (10.9) 6 (6) 24 (7.9) 

Reasons for exclusion 
Inadequate duration of IV study 
therapy 2 (2) 2 (2) 1 (1) 5 (1.7) 
Incorrect IV study therapy 1 (1) 1 (1) 0 2 (0.7) 

Subjects with indeterminate 
response at DCIV* 4 (4) 8 (7.9) 5 (5) 17 (5.6) 
Note: Percentages were based on numberof subjects randomized. 

*The numbers of subjects in the ME population for the analysis of EFU were 65, 72, and71 and for the analysis of 

LFU were 63, 69, and 72, for the three treatment groups. The differences insample size were due to different
 
numbers of subjects with indeterminate results at EFU and LFU.
 
Қ One subject (ID: (b) (6), IMI+Placebo group)completed the EFU visit, but not the LFU visit, and should have
 
been listed as a discontinuation.
 
+Subjects discontinued due to insufficient supplyof studydrugat site.
 
§ An additional 10and6 subjects withresistance to the control (IMI) were excluded from the MITT populationfrom
 
the REL 250 mg arm and control arm for NI testing.
 

A total of 78.5% and 76.2% of randomized subjects were included in the MITT and ME 

populations, respectively. The majority (61/65 or 94%) of the exclusions from the MITT 
poғҿѹЌҤѧ҇Ҁ ӋШҖШ ФҿШ Ҥ҇ ҚҿЙѳШКҤѥҚ ЙЌҚШѹѧҀШ КҿѹҤҿҖШ Ҁ҇Ҥ ѿШШҤѧҀњ protocol-specified requirements. 
A higher proportion of subjects in the 250-mg group were excluded for this reason than in other 

two groups. Among 24 MITT subjects excluded from the ME population, the reasons for 
exclusions were similar. 

The following table reports the duration of IV therapy and total therapy. The REL 250-mg group 

had the shortest treatment duration of the three groups. Note that 49 subjects (16%) switched 
to oral therapy and the numbers were balanced across the three arms. 

Table 15. Study PN003: Treatment Duration (All Treated Subjects) 
IMI/REL 250 mg 
N=99 
n (%) 

IMI/REL 125 mg 
N=99 
n (%) 

IMI/Placebo 
N=100 
n (%) 

Total 
N=298 
n (%) 

IV therapy duration (days) 

Mean 7.43 8.29 8.23 7.98 

SD 2.63 2.95 2.8 2.82 

Median 6.8 7.8 7.8 7.7 

Range 1.7, 13.8 0.5, 13.8 1.5, 13.8 0.5, 13.8 

All therapy duration (days) 

Mean 8.28 9.09 8.93 8.77 

SD 2.95 3.01 2.96 2.98 

Median 7.8 8.8 8.5 8.5 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Range 1.7, 13.8 0.5, 13.9 1.5, 16.5 0.5, 16.5 

A summary of the timing of visits since first treatment is shown in the following table. The 
majority of subjects (98.7%) completed the DCIV visit. The mean time of the DCIV visit was 8.4 

days with subjects on the REL 250-mg arm having an assessment almost 1 day on average 
earlier than the other two arms. The mean time of the EFU visit was 16.3 days and was also 
slightly earlier in the REL 250-mg arm. 

Table 16. Study PN003: Timing of Visits in Days from the First Treatment in the MITT 

Population 
Visit IMI/REL 250 mg 

N=74 
n (%) 

IMI/REL 125 mg 
N=82 
n (%) 

IMI/Placebo 
N=81 
n (%) 

Total 
N=237 
n (%) 

DCIV N (%) 72 (97.3) 81 (98.8) 81 (100) 234 (98.7) 

Mean 7.8 8.6 8.6 8.4 
SD 2.4 2.8 2.7 2.6 

Median 7.0 8.0 8.0 8.0 
Range 4.0, 14.0 4.0, 14.0 4.0, 14.0 4.0, 14.0 

EFU N (%) 72 (97.3) 79 (96.3) 80 (98.8) 231 (97.5) 
Mean 16.0 16.3 16.5 16.3 
SD 3.4 3.5 3.7 3.5 

Median 15.0 16.0 16.0 16.0 
Range 9.0, 30.0 10.0, 25.0 12.0, 35.0 9.0, 35.0 

LFU N (%) 71 (95.9) 75 (91.5) 78 (96.3) 224 (94.5) 
Mean 42.5 42.0 43.8 42.8 
SD 5.2 5.5 6.1 5.6 

Median 41.0 41.0 42.0 42.0 
Range 35.0, 54.0 30.0, 57.0 33.0, 70.0 30.0, 70.0 

Protocol Violations/Deviations 

Overall, 45 (14.9%) subjects in the MITT population had protocol deviations. These appeared to 
be mostly minor deviations which were fairly balanced across the arms. 

Demographic Characteristics 

In the MITT population, slightly more females were in the REL groups than males, to the 
contrary of the placebo control group. The majority of subjects were white and about 40% of 

subjects were 65 years old or older. Most of the subjects (91.1%) were from Europe. 

Table 17. Study PN003: Demographic Characteristics in the MITT Population 
IMI/REL 250 mg 
N=74 
n (%) 

IMI/REL 125 mg 
N=82 
n (%) 

IMI/Placebo 
N=81 
n (%) 

Total 
N=237 
n (%) 

Gender 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Male 35 (47.3) 35 (42.7) 44 (54.3) 114 (48.1) 

Female 39 (52.7) 47 (57.3) 37 (45.7) 123 (51.9) 
Race 

American Indian or Alaska Native 2 (2.7) 3 (3.7) 0 5 (2.1) 
Asian 1 (1.4) 5 (6.1) 1 (1.2) 7 (3.0) 
Multi-racial 3 (4.1) 3 (3.7) 4 (4.9) 10 (4.2) 

White 68 (91.9) 71 (86.6) 76 (93.8) 215 (90.7) 
Age group (years) 

<65 47 (63.5) 50 (61.0) 46 (56.8) 143 (60.3) 
шӼӻ 27 (36.5) 32 (39.0) 35 (43.2) 94 (39.7) 

Age group (years) 

18 to 40 14 (18.9) 15 (18.3) 21 (25.9) 50 (21.1) 
41 to 64 33 (44.6) 35 (42.7) 25 (30.9) 93 (39.2) 

65 to 74 19 (25.7) 18 (22.0) 21 (25.9) 58 (24.5) 
шӽӻ 8 (10.8) 14 (17.1) 14 (17.3) 36 (15.2) 

Age (years) 

Mean (SD) 55.7 (17.2) 57.2 (17.1) 55.3 (19.7) 56.1 (18.0) 
Median 58.5 60.0 61.0 59.0 

Range 18, 90 19, 84 18, 86 18, 90 
Weight (kg) 

<70 24 (32.4) 29 (35.4) 23 (28.4) 76 (32.1) 
ш70 49 (66.2) 52 (63.4) 58 (71.6) 159 (67.1) 
Missing 1 (1.4) 1 (1.2) 0 2 (0.8) 

Weight (kg) 
N 73 81 81 235 

Mean (SD) 75.6 (13.5) 76.2 (17.0) 76.0 (14.6) 75.9 (15.1) 
Median 75.6 78.0 75.6 76.0 
Range 50.5, 113.4 47.0, 155.0 38.0, 110.0 38.0, 155.0 

Region 
Asia Pacific 1 (1.4) 2 (2.4) 1 (1.2) 4 (1.7) 

Europe 66 (89.2) 74 (90.2) 76 (93.8) 216 (91.1) 
North America 2 (2.7) 0 0 2 (0.8) 
South America 5 (6.8) 6 (7.3) 4 (4.9) 15 (6.3) 

Other Baseline Characteristics 

The following table shows other baseline characteristics. Only a few subjects had indwelling 

catherization (4 with Foley catheter and 3 with other). The most common urinary tract 
abnormalities were residual urine (17.7%) and nephrolithiasis (14.3%). Acute pyelonephritis 
and cUTI were almost evenly distributed across the treatment groups. Only 6.3% of the subjects 

had bacteremia. 

Table 18. Study PN003: Baseline Disease Characteristics in the MITT Population 
IMI/REL 250 mg 
N=74 
n (%) 

IMI/REL 125 mg 
N=82 
n (%) 

IMI/Placebo 
N=81 
n (%) 

Total 
N=237 
n (%) 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Baseline pathogen* 

Citrobacter freundii 1 (1.4) 0 (0) 2 (2.5) 3 (1.3) 

Enterobacter aerogenes 1 (1.4) 0 (0) 0 (0) 1 (0.4) 

Enterobacter cloacae 3 (4.1) 3 (3.7) 3 (3.7) 9 (3.8) 

Escherichia coli 51 (68.9) 60 (73.2) 52 (64.2) 163 (68.8) 

Klebsiella pneumoniae 8 (10.8) 11 (13.4) 17 (21.0) 36 (15.2) 

Pseudomonas aeruginosa 5 (6.8) 7 (8.5) 5 (6.2) 17 (7.2) 

Other 14 (18.9) 11 (13.4) 15 (18.5) 40 (16.9) 

Indwelling catheterization 

Foley catheter 0 1 (1.2) 3 (3.7) 4 (1.7) 

Other 1 (1.4) 1 (1.2) 1 (1.2) 3 (1.3) 
Intermittent catheter 

Acute 1 (1.4) 1 (1.2) 1 (1.2) 3 (1.3) 

Chronic 0 0 1 (1.2) 1 (0.4) 

Urinary tract abnormalities 

Cystocele 0 2 (2.4) 0 2 (0.8) 
Hydronephrosis 3 (4.1) 5 (6.1) 3 (3.7) 11 (4.6) 

Nephrolithiasis 7 (9.5) 13 (15.9) 14 (17.3) 34 (14.3) 

Neurogenic bladder 6 (8.1) 2 (2.4) 2 (2.5) 10 (4.2) 

Other 11 (15.5) 6 (7.3) 11 (13.6) 28 (11.8) 

Residual urine 11 (15.5) 12 (14.6) 19 (23.4) 42 (17.7) 

Vesicoureteral reflux 1 (1.4) 0 (0) 3 (3.7) 4 (1.7) 

Ureteropelvic junction 
obstruction 

0 1 (1.2) 0 1 (0.4) 

Primary diagnosis 
cUTI 37 (50.0) 40 (48.8) 43 (53.1) 120 (50.6) 

Acute pyelonephritis 37 (50.0) 42 (51.2) 38 (46.9) 117 (49.4) 
Bacteremia 

Yes 4 (5.4) 7 (8.5) 4 (4.9) 15 (6.3) 
No 70 (94.6) 75 (91.5) 77 (95.1) 222 (93.7) 

Resistance to imipenem 

Yes 10 (13.5) 9 (11) 6 (7.4) 25 (10.5) 
No 64 (86.5) 73 (89) 75 (92.6) 212 (89.5) 

*One subject may have more than one baseline pathogen 

Reviewer comment: The demographic characteristics were well-balanced between the different 
treatment groups with the exception of racial and geographic diversity. The majority of patients 
were white and from Europe, which is not representative of the target population in th e United 
States. There were more female subjects overall, which is consistent with the expected 

population of cUTI. Demographic characteristics were similar between the ME and MITT 
populations. The proportion of subjects with urinary tract abnormalities is expected in cUTI. 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Treatment Compliance and Concomitant Medications 

Compliance was measured by comparing the number of completed study medication doses (IV 

and oral) to the number of expected. The mean compliance percentages for both IV and oral 
doses were higher than 93% in each treatment group. Overall, 83.6% of the treated patients 
completed the treatment with IV doses only and 16.4% continued with oral ciprofloxacin. All 
groups had similar compliance percentages. 

Concomitant Therapy 

Overall, 57% of the subjects in the MITT population received specificconcomitant therapies. 
The most common concomitant therapies were for the nervous system, the cardiovascular 

system, and the alimentary tract and metabolism. The following table shows the number (%) of 
subjects with specificanti-infectivetherapies. A higher proportion of the subjects in the 250­
mg group received concomitant antibacterial therapy. The review team evaluated the impact 

this use might have had on the clinical and microbiological response by reviewing the CRFs of 
each subject receiving concomitant therapy and concluded that in the majority of subjects 
receiving concomitant anti-infective therapy the efficacy results at the DCIV and EFU visits were 

not affected based on criteria such as spectrum of the drug, route of administration and timing 
of administration. There were two patients identified with a favorable response at the EFU visit, 
one each in the 250-mg REL and placebo arms and six and two subjects in the 250-mg REL and 

placebo arms at the LFU visit, in whom the concomitant therapy could have affected the 
outcome. 

Table 19. Study PN003: Concomitant Antibacterial Therapies in the MITT Population 
IMI/REL 
250 mg 
N=99 
n (%) 

IMI/REL 
125 mg 
N=99 
n (%) 

IMI/Placebo 
N=100 
n (%) 

Total 
N=298 
n (%) 

Subjects with no systemic anti-
infective concomitant therapy 88 (88.9) 96 (97.0) 97 (97.0) 281 (94.3) 

Subjects with anti-infectives for 
systemic use 11 (11.1) 3 (3.0) 3 (3.0) 17 (5.7) 

Amikacin 1 (1.4) 1 (1.3) 1 (1.3) 3 (1.3) 
Ceftazidime 0 1 (1.3) 0 1 (0.4) 

Ceftriaxone sodium 0 1 (1.3) 0 1 (0.4) 
Ciprofloxacin 2 (2.8) 0 0 2 (0.9) 

Fosfomycin tromethamine 1 (1.4) 0 0 1 (0.4) 
Gentamicin 1 (1.4) 0 1 (1.3) 2 (0.9) 

Imipenem 2 (2.8) 0 0 2 (0.9) 

Levofloxacin 2 (2.8) 0 0 2 (0.9) 

Metronidazole 1 (1.4) 0 0 1 (0.4) 
Nitrofurantoin 0 1 (1.3) 0 1 (0.4) 
Sulfamethoxazole (+) trimethoprim 1 (1.4) 0 0 1 (0.4) 

Vancomycin 0 0 1 (1.3) 1 (0.4) 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

One subject in the second group took two drugs. 

Efficacy Results 

FD!’s !nalysis Clinical-Microbiological Response in MITT Population 

The following table shows the results for the MITT population at the three assessment time 

points. The 250-mg REL group had an 85.1% favorable proportion compared to 92.6% on 
control at the DCIV visit. The results did show a lower success proportion at both the DCIV and 
EFU visit, but similar proportions at the LFU visit for the REL 250-mg group compared to control. 

Table 20. Study PN003: Favorable Clinical-Microbiological Response by Visit in the MITT 
Population 
Visit IMI/REL 250 mg 

N=74 
n (%) 

IMI/REL 125 mg 
N=82 
n (%) 

IMI/Placebo 
N=81 
n (%) 

Difference (95% CI) (%) 
REL 250 mg – Placebo 
REL 125 mg –Placebo 

DCIV 63 (85.1) 71 (86.6) 75 (92.6) 
-7.5 (-18.3, 2.6) 
-6 (-16.1, 3.7) 

EFU 40 (54.1) 49 (59.8) 50 (61.7) 
-7.7 (-22.9, 7.9) 
-2.0 (-16.8, 13.0) 

LFU 40 (54.1) 44 (53.7) 44 (54.3) 
-0.3 (-15.8, 15.3) 

-0.7 (-15.8, 14.5) 
95% CIs of between-treatment differences were based on unconditional asymptotic Miettinen and 
Nurminen method. 

For an NI assessment of IMI/REL 250 mg, we excluded 16 subjects (10 in the test arm and 6 in 
the control arm) whose baseline isolates were resistant to imipenem. The baseline pathogens 
were Morganella morganii (4), Proteus mirabilis (2), Proteus vulgaris (1), Providencia rettgeri 

(1), and Pseudomonas aeruginosa (2) in the 250-mg group; Acinetobacter baumanniicomplex 
(2), Klebsiella pneumoniae (1), Proteus mirabilis (1), and Pseudomonas aeruginosa (2) in the 
placebo group. The 250-mg REL group had an 83% favorable proportion compared to 92% on 

control at the DCIV visit with a 95% CI of [-21.3%, 1.9%]. The lower bound of the 95% CI was ­
21.3% meaning that the 250-mg REL group could be as much as 21.3% worse than the control 
group. These results do not support the NI of IMI/REL 250-mg group to control. In general, a 
10% NI margin is recommended for cUTI trials and a 15% NI margin has been considered 

acceptable for a limited use indication when the drug addresses an unmet need. However, as 
noted previously this study was not designed or powered to be able to make this NI 
assessment. 

An analysis using 103 CFU/mL would only change the microbiological results for two subjects in 
the placebo group (each at the EFU or LFU visits) and does not change the overall conclusions of 
the analysis. 

Applicant’s Primary Analysis: Microbiological Response in ME Population 
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The Applicant' sprimary efficacy analysis of microbiological response at t he DCIV visit in the ME 
population is shown in t he fol lowingtable. All subjects with m issi ng/ indetermi nate assessment 

were excluded from t he analysis. We do not agree wit h t his analysis, due t o the use of t he ME 
population and t he excl usion of subjects with m issing/ indet erm inate assessment. 

Table 21. Study PN003: Microbiological Favorable Response by Visit in the ME population 
Difference (95% Cl) 
REL 250 mg- Placebo 
REL 125 mg- Placebo 

DCIV 

Visit IMI/REL 250 mg IMl/REL 125 mg IMl/Placebo 

-3.1 (-11.2, 3.2) 
-0.1 (-6.4, 5.9) 

EFU 

64/ 67 (95.5) 70/ 71 (98.6) 7 4/75 ( 98. 7) 

-8.9 (-24.6, 7.1) 
-2.4 (-17.4, 12.8) 

LFU 

40/ 65 ( 61.5) 49/ 72 (68.1) 50/ 71 {70.4) 

5.8 (-10.4, 21.5) 43/ 63 (68.3) 45/ 69 (65.2) 45/ 72 ( 62.5) 
2.7 (-13.1, 18.4) . . 95% Cls of between-treatment differences were based on uncond1t 1ona l asymptotic M1ettmen and 

Nurminen method. 

The exact 95% Cl for t he difference between the 250-mg group and t he placebo at the DCIV visit w as [­
11.3%, 3.4%); and betw een the 125-mg group and t he placebo was [-6.2%, 6.4%), ca lculated by t he 

reviewer due t o t he sma ll number of fai lures at t he DCIV and EFU visits. 


MicrobiologicalResponse by Visit in the MITT Population 

The fol lowing table shows the proportion of favorable microbiological responses using a 104 
CFU/ mL cut-off poi nt for eradication, as defi ned in t he prot ocol , in subjects in t he MITT 
population. As with t he resu lt s above, t he microbiological response rates were slightly lower in 

t he REL groups t han in t he control group at both t he DCIV and EFU v isits. 

Table 22. Study PN003: Favorable Microbiological Response by Visit in the MITT Population 
Visit Resp onse IMl/ REL 

250mg 
N=74 

IMl/ REL 
125mg 
N=82 

IMl/ Placebo 
N=Sl 

Difference (95% Cl) 
REL250mg- Placebo 

REL 125 mg ­ Placebo 
DCI V Favorable 65 (87.8) 72 (87.8) 75 (92.6) -4.8 (-15.1, 4.9) 

-4.8 (-14.7, 4.7) 
Unfavorable 3 (4.1) 1 (1.2) 1 (1.2) 

Indeterminate 6 (8.1) 9 (11.0) 5 (6.2) 
EFU Favorable 41 (55.4) 51 (62.2) 51 (63.0) -7.6 (-22.8, 7.9) 

-0.8 (-15.5, 14.0) 

Unfavorable 24 (32.4) 21 (25.6) 20 (24. 7) 

Indeterminate 9 (12.2) 10 (12.2) 10 (12.3) 

LFU Favorable 44 (59.5) 46 (56.1) 46 (56.8) 2.7 (-12.8, 18.0) 
-0. 7 (-15.8, 14.4) 

Unfavorable 21 (28.4) 23 (28.0) 26 (32.1) 
Indeterminate 9 (12.2) 13 (15.9) 9 (11.1) 

95% Cl s or oetween-treatment dmerences were oasea on unconmt1ona1 asymptot1cM1ettinen and Nurmmen 
method. 
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Clinical Response by Visit in the MITT Population 

The cure proportions in cl inical response were comparable (90.5% to 92.7%) in t he t hree 
t reatment groups at t he OCIV v isit . The 250-mg REL group was numeri cal ly lower t han t he 
control group at t he EFU v isit and LFU visit. 

Table 23. Study PN003: Clinical Response by Visit in the MITT Population 
Visit IMl/ REL250 mg IMl/ REL 125 mg IMl/ Placebo Difference (95% Cl ) 

N=74 N=82 N=81 REL 250mg - Placebo 
n (%) n (%) n (%) REL 125mg - Placebo 

DCIV Cure 67 (90.5) 74 (90.2) 76 (92. 7) -3.3 (-13.0, 5.6) 
-3.6 (-12.8, 5.3) 

Improved 3 (4.1) 6 (7.3) 5 (6.1) 
Failure 1 (1.4) 0 0 
M issing 2 (2. 7) 1 (1.2) 0 

Indet erminat e 1 (1.4) 1 (1.2) 0 
EFU Cure 60 (81.1) 69 (84.1) 72 (88.9) -7.8 (-19.4, 3.5) 

-4.7 (-15.7, 6.1) 
Failure 6 (8.1) 6 (7.3) 4 (4.9) 

M issing 3 (4.1) 3 (3. 7) 1 (1. 2) 
Indet erminat e 5 (6.8) 4 (4.9) 4 (4.9) 

LFU Sust ained Cure 59 (79. 7) 65 (79.3) 69 (85.2) -5. 5 (-17.9, 6.7) 
-5.9 (-17.9, 6.0) 

Failure 5 (6.8) 2 (2.4) 3 (3. 7) 
M issing 3 (4.1) 7 (8.5) 3 (3. 7) 
Indet erminat e 6 (8.1) 2 (2.4) 1 (1. 2) 

Relapse 1 (1.4) 6 (7.3) 5 (6. 2) ..
95%Cls of between-treatment differences were based on uncond1t1onal asymptot ic M1ett1 nen and Nurmmen 
method. 

Findings in Special/Subgroup Populations or Additional Analyses Conduct ed on the Individual 
Trial 

Gender, Race, Age, Weight, Country, and Baseline Disease Characteristics 

The fol lowing table shows FOA' s clinical and microbio logical outcome at t he OCIVvisit by 
base I ine variables in t he MITI populati on. Males had a lower proportion of favorable outcome 
in the 250-mg group t han in t he placebo group; w hi le females had a similar response in t he 
250-mg group and in the placebo group. In general, w hen the sample size was large enough, 
the 250-mg group had a poorer outcome, consistent w ith t he t rend for all MITI subjects. Prior 
effective antibacterial t herapy did not appear to impact ef ficacy responses. Among t hose 
patients with a favorable clin ical and microbiologica l response at OCIV, use of prior effective 
antibacteri al t herapy was reported only in one patient who received fosfomyci n prior to 
enrol lment. 
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Table 24. Study PN003: Subgroup Analysis of Favorable Clinical and Microbiological Response 
at DCIV in the MITT Population 

IMI/REL 250 mg 
N=74 
n (%) 

IMI/REL 125 mg 
N=82 
n (%) 

IMI/Placebo 
N=81 
n (%) 

All subjects 63 (85.1) 71 (86.6) 75 (92.6) 

Gender 

Male 28/35 (80.0) 31/35 (88.6) 42/44 (95.5) 

Female 35/39 (89.7) 40/47 (85.1) 33/37 (89.2) 

Race 

American Indian or Alaska Native 1/2 (1) 3/3 (100) 0 

Asian 1/1 (100) 4/5 (80) 0/1 (0) 

Multi-racial 1/3 (1) 2/3 (66.7) 3/4 (75) 

White 60/68 (60) 62/71 (87.3) 72/76 (94.7) 

Age (years) 

<65 40/47 (85.1 44/50 (88) 42/46 (91.3) 

шӼӻ 23/27 (85.2) 27/32 (84.4) 33/35 (94.3) 

Region 

Asia & Pacific 1/1 (100) 1/2 (50) 0/1 (0) 

Europe 59/66 (89.4) 65/74 (87.8) 72/76 (94.7) 

South America 2/5 (40) 5/6 (83.3) 3/4 (75) 

US/Canada 1/2 (50) 0 0 

Primary diagnosis 

Pyelonephritis 31/37 (83.8) 37/42 (88.1) 34/38 (89.5) 

cUTI 32/37 (86.5) 34/40 (85) 41/43 (95.3) 

Bacteremia 

Yes 3/4 (75) 6/7 (85.7) 3/4 (75) 

No 60/70 (85.7) 65/75 (86.7) 72/77 (93.5) 

Resistance to imipenem 

Yes 10/10 (100) 7/9 (77.8) 6/6 (100) 

Noҙ 53/64 (82.8) 64/73 (87.7) 69/75 (92) 
Prior systemic anti-infective use 

Yes 4/5 (80) 5/7 (71.4) 5/6 (83.3) 
No 59/69 (85.5) 66/75 (88) 70/75 (93.3) 
ҙThe difference and its 95% CI between the REL 250-mg group and placebo group in the imipenem­
susceptible subjects were -9.2% [-21.3%, 1.9%], based on unconditional asymptotic Miettinen and 
Nurminen method. 

Table 25. Study PN003: Favorable Clinical and Microbiological Response by Baseline Pathogen 
in the MITT Population 

IMI/REL 250 mg IMI/REL 125 mg IMI/Placebo 
N=74 N=82 N=81 
n (%) n (%) n (%) 

DCIV 
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Citrobacter freundii 1/1 (100) 0 2/2 (100) 

Enterobacter aerogenes 1/1 (100) 0 0 
Enterobacter cloacae 3/3 (100) 3/3 (100) 3/3 (100) 

Escherichia coli 44/51 (86.3) 54/60 (90.0) 49/52 (94.2) 
Klebsiella pneumoniae 8/8 (100) 10/11 (90.9) 16/17 (94.1) 
Pseudomonas aeruginosa 4/5 (80.0) 6/7 (85.7) 5/5 (100) 

Other 13/14 (92.9) 9/11 (81.8) 15/15 (100) 
EFU 

Citrobacter freundii 1/1 (100) 0 0/2 (0) 
Enterobacter aerogenes 1/1 (100) 0 0 
Enterobacter cloacae 2/3 (66.7) 2/3 (66.7) 0/3 (0) 

Escherichia coli 29/51 (56.9) 37/60 (61.7) 35/52 (67.3) 
Klebsiella pneumoniae 4/8 (50.0) 6/11 (54.5) 10/17 (58.8) 

Pseudomonas aeruginosa 1/5 (20.0) 2/7 (28.6) 2/5 (40.0) 
Other 7/14 (50) 6/11 (54.5) 10/15 (66.7) 

LFU 

Citrobacter freundii 1/1 (100) 0 0/2 (0) 
Enterobacter aerogenes 1/1 (100) 0 0 

Enterobacter cloacae 3/3 (100) 1/3 (33.3) 0/3 (0) 
Escherichia coli 29/51 (56.9) 32/60 (53.3) 34/52 (65.4) 

Klebsiella pneumoniae 4/8 (50.0) 8/11 (72.7) 8/17 (47.1) 
Pseudomonas aeruginosa 0/5 (0) 2/7 (28.6) 2/5 (40.0) 
Other 7/14 (50) 4/11 (36.4) 8/15 (53.3) 

Efficacy Conclusions 

As this study is primarily considered a descriptive study, it is difficult to make any conclusion s 

regarding efficacy. However, there were some trends of concern. The combined 
microbiological and clinical endpoint showed numerically lower success rates at the DCIV and 
EFU visits for REL 250 mg compared to control. The lower rates at the DCIV visit were driven by 
the microbiological component of the endpoint while the lower rates at the EFU visit were seen 

with both clinical and microbiologiccomponents. 

This study was not designed to provide evidence of the added contribution of REL 250 mg to 

IMI. It was also not designed to provide a scientifically sound NI assessment of IMI/REL 250 mg 
to IMI alone using an appropriate analysis population and endpoint. Even if the study were 
assessed as a well-designed NI trial, using the appropriate analysis population and endpoints, 

the trial does not meet an acceptable NI margin, even for a limited use indication. From a 
clinical standpoint, an NI trial comparing IMI/REL to IMI provides limited information in that it 
shows that the addition of REL 250 mg does not reduce the efficacy of IMI greater than what 

would be considered acceptable for a new treatment for cUTI. An NI trial comparing IMI/REL to 
another appropriate comparator would also be limited in its ability to demonstrate the added 
contribution of REL; however, it could have allowed for the inclusion of subjects with infection 
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due to imipenem-resistant organismsџ ҤѤҿҚ Ќѹѹ҇ӋѧҀњ в҇Җ Ќ ЙШҤҤШҖ ЌҚҚШҚҚѿШҀҤ ҇ в ҖШѹШЙЌКҤЌѿѥҚ 
ability to restore the activity of imipenem against imipenem nonsusceptible pathogens. 

7.3.2 Study PN004 (cIAI) 

Trial Objectives 

The main study objectives were to evaluate the safety and tolerability and to assess the efficacy 
of doses of IMI/REL versus IMI alone in patients with cIAI. 

The primary objectives were 

1.	 To evaluate the efficacy of two doses of REL (250 mg and 125 mg) plus IMI, as 
compared with IMI alone, with respect to the clinical response assessment profile in 
the treatment of adult subjects with cIAI at completion of IV study therapy (DCIV). 

2.	 To evaluate the safety and tolerability profile of two doses of REL (250 mg and 125 
mg) plus IMI 

Trial Design and Endpoints 

This was a multicenter, randomized, double-blind, active comparator-controlled clinical trial in 

adults 18 years old or older. 

Eligible subjects based upon inclusion and exclusion criteria were randomized in a 1:1:1 ratio to 
receive IV study therapy of REL (250 mg) plus IMI (500 mg) (Treatment Group 1), REL (125 mg) + 

IMI (500 mg) (Treatment Group 2), or IMI (500 mg) plus matching placebo (normal saline) for 
REL (Treatment Group 3). The administration was every 6 hours (q6h) IV. Dose adjustments for 
patients with renal impairment and/or low body weight were the same as in PN003. 

The total duration of IV therapy was 4 to 14 days. There was no option to switch to oral 
therapy. Subjects were evaluated daily while on IV study therapy for safety and tolerability. 
Two follow-up visits occurred 5 to 9 days after IV study therapy (EFU) and 28 to 42 days after IV 

study therapy (LFU). The third follow-up visit occurred at Day 28 (+7 days) post-randomization 
(global follow-up [GFU]). Clinical response and safety were evaluated at the DCIV, EFU, and LFU 
visits. A global response rating (described below) was performed at the GFU visit as an 

exploratory endpoint. 

This study was double-blind under in-house blinding procedures. The results of the planned 
interim analyses were not shared with the investigators prior to the completion of the study. 

Subject-level unblinding and treatment level results were restricted to the unblinded (or 
designated) statistician who prepared the interim analysis and who had no other responsibility 
associated with the study. 
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Clinical response at the DCIV visit was the primary efficacy endpoint in the ApplicaҀҤѥҚ ЌҀЌѹӑҚѧҚ. 
For NI trials in cIAI, a primary endpoint of clinical success defined as resolution of the baseline 

signs and symptoms of cIAI based on objective assessments of events from randomization until 
approximately day 28 is recommended. We considered the GFU visit at day 28 for our 
assessment as timing of this assessment is linked to the treatment effect that is used to justify 
the NI margin. 

Definitions of clinical response are included in the following table. At the DCIV visit, the 
investigator assessed the clinical response as "cured", "improved", "failure", or "indeterminate" 
based on comparison to admission signs and symptoms. "Cured" or "improved" response was a 

favorable clinical response and "failure" was an unfavorable clinical response at the DCIV visit. 

Table 26. Study PN004: Definition of Clinical Response at the DCIV Visit 

Clinical Response Response Definition 

Cure All pretherapy signs and symptoms of the index infection have resolved (or 
returned to "preinfection status") AND no additional IV antibiotic therapy 

is required. 
Failure No apparent response to IV study therapy in prestudy signs and symptoms, 

as documented by persistence or progression of most or all pretherapy 
signs and symptoms. This apparent lack of response can also include any of 
the following: 

a) Death related to the intra-abdominal infection at any time point; OR 
b) Persisting or recurrent infection within the abdomen documented by 

the findings at re-intervention either percutaneously or operatively; OR 

c) Evidence of a postsurgical wound infection; OR 
d) Use of additional (non-study) antibacterial drug therapy for the 

baseline or a new intra-abdominal infection 

Indeterminate Study data are not available for evaluation of clinical response for any 

reasons at the DCIV visit, including: 
a) Complication related to underlying medical condition; OR 
b) Patient was withdrawn for any reason before sufficient data had been 

obtained to permit evaluation of clinical response; OR 

c) Extenuating circumstances preclude classification as failure 
d) Death occurred during the study period and the index infection was 

clearly noncontributory 
Source: Table 3-3 of Study Protocol 

Clinical response at the EFU visit was defined similarly. Clinical response at the LFU was 
ШӊЌѹҿЌҤШФЌҚ ѨҚҿҚҤЌѧҀШФ КҿҖШѩџ ѨвЌѧѹҿҖШѩџ ѨҖШѹЌғҚШѩ҇Җ ѨѧҀФШҤШҖѿѧҀЌҤШѩЙЌҚШФ҇Ҁ К҇ѿғЌҖѧҚ҇Ҁ Ҥ҇ 
admission signs and symptoms. A favorable clinical response rating at the LFU visit was 
ѨҚҿҚҤЌѧҀШФ КҿҖШѩ. An unfavorable clinical response rating at the LFU visit included ѨвЌѧѹҿҖШѩ҇Җ 

ѨҖШѹЌғҚШѢѩ 

The global response rating considered several factors, including an assessment of signs and 
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symptoms, all-cause mortality, requirement for unplanned surgical interventions, use of non-
study antibiotics, and clinical instability/worsening during the course of the trial. A favorable 

њѹ҇ЙЌѹ ҖШҚғ҇ҀҚШ ҖЌҤѧҀњ ЌҤ ҤѤШ GFѲ ӊѧҚѧҤ ӋЌҚ ѨКҿҖШ ,ѩ as defined in the table below. 

Table 27. Study PN004: Definition of Global Response at the GFU Visit 

Clinical Response Response Definition 

Cure Patient meets all 5 of the following criteria: 
a) All pretherapy signs and symptoms of the baseline intraabdominal 

infection have resolved in the patient by the GFU visit; AND 

b) The patient survived through the GFU visit; AND 
c) The patient did not have an unplanned surgical procedure or 

percutaneous drainage procedure related to the baseline (or an 

emergent) intraabdominal infection at any time through the GFU 
visit; AND 

d) The patient did not receive any antibacterial drug therapy (e.g., 

rescue antibacterial drug therapy) to treat the baseline (or an 
emergent) intra-abdominal infection at any time after IV study 
therapy was initiated and through the GFU visit; AND 

e) The patient did not suffer any other event related to the baseline 

(or an emergent) intra-abdominal infection which resulted in 
clinical instability or clinical worsening of the patient through the 
GFU visit. 

Failure Patient does not fulfill 1or more of the 5 criteria outlined above for "cure" 

Indeterminate Study data are not available for evaluation of global response for any 

reasons at the GFU visit, including: 
a) Complication related to underlying medical condition 
b) Patient was withdrawn for any reason before sufficient data had 

been obtained to permit evaluation of global response 
c) Extenuating circumstances preclude classification as ѨКҿҖШѩ ҇Җ 
ѨвЌѧѹҿҖШѩ 

Source: Table 3-6 of Study Protocol 

Key Inclusion and Exclusion Criteria 

Inclusion criteria 

1. Subject was ш18 years of age on the day of signing informed consent (Visit 1). 

NOTE: Adults were the intended study population for this protocol. Subjects under 
the age of legal consent were excluded from participation in this study. 

2.	 Sexually active females of childbearing potential with a negative urine pregnancy 
test were eligible for enrollment; however, this must have been followed up with a 
confirmed negative serum pregnancy test within 48 hours following the screening 
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visit. A female who was of reproductive potential agreed to remain abstinent or use 
(or have their partner use) a medically acceptable effective method of birth control 

for 1 month after study completion. 

3.	 Subject had a clinically suspected and/or bacteriologically documented cIAI that 
required hospitalization and treatment with IV antibacterial therapy. Subjects were 
to be enrolled intraoperatively or postoperatively on the basis of operative findings 

OR subjects may have been enrolled preoperatively on the basis of compelling 
preoperative clinical findings, as described below: 

a)	 Intraoperative/Postoperative Enrollment 

Subjects may have been enrolled intraoperatively or postoperatively upon visual 
confirmation (e.g., presence of pus within the abdominal cavity) of an IAI. 
Surgical intervention included open laparotomy, percutaneous drainage of an 

abscess, or laparoscopic surgery. The initial surgical intervention should have 
been adequate, as defined in the 2010 Infectious Disease Society of 
America/Surgical Infections Society guidelines for the manageme nt of cIAI. 

Diagnoses considered eligible for this study were those in which there was 
evidence of intraperitoneal infection: 

1)	 Cholecystitis (including gangrenous) with rupture, perforation, or 

progression of the infection beyond the gallbladder wall 
2)	 Diverticular abscess 
3)	 Appendiceal perforation and periappendiceal abscess 
4)	 Acute gastric and duodenal perforations, only if operated on >24 

hours after perforation occurs 
5)	 Traumatic perforation of the intestines, only if operated on >12 

hours after perforation occurs 

6)	 Peritonitis due to perforated viscus, surgical intervention, or other 
focus of infection. Spontaneous bacterial peritonitis associated 
with cirrhosis and chronic ascites are not eligible. 

7)	 Intra-abdominal abscess (including of liver and spleen) 

NOTE: Infections limited to the hollow viscus, such as simple 

cholecystitis and simple appendicitis, were not eligible. Ischemic 
bowel disease without perforation was also not eligible. 
Additionally, acute suppurative cholangitis and acute necrotizing 
pancreatitis were not eligible because the primary intervention in 

the former is Endoscopic Retrograde Cholangiopancreatography, 
and for the latter a single operative intervention was not 
definitive treatment. 
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NOTE: Postoperative (or intraoperative) enrollment of subjects 
was encouraged. If, however, preoperative data were available 

that strongly suggested an appropriate diagnosis for entry (e.g., 
intraperitoneal abscess on computed tomography [CT] scan), then 
these subjects could have been enrolled preoperatively. 

NOTE: Specimens from the surgical intervention must have been 
sent for aerobic and anaerobic culture and susceptibility testing. 
Only subjects with an intra-operative culture positive for the 

presence of at least 1 Gram-negative enteric(s) and/or anaerobic 
pathogen(s) commonly isolated in IAI were considered 
microbiologically evaluable. 

NOTE: Details of interventional operative procedures were 
recorded in the appropriate eCRF, and an anonymized copy of the 

operative note and/or interventional radiological report was also 
collected with the initial and any subsequent intervention. Within 
the eCRF, it was necessary to record the anatomic site of 

infection, the etiologicmechanism, and whether there was 
presence of a single abscess, multiple abscesses, and/or 
peritonitis. 

b) For Preoperative Enrollment 

The following clinical criteria needed to be met at screening, and the 
ҚҿЙѳШКҤѥҚ ѧҀвШКҤѧ҇Ҁ ҀШШФШФ Ҥ҇ ЙШ К҇ҀвѧҖѿШФ Йӑ Ќ ҚҿҖњѧКЌѹ ѧҀҤШҖӊШҀҤѧ҇Ҁ ӋѧҤѤѧҀ 
24 hours of entry: 

1) Evidence of a systemic inflammatory response, with at least 1 of the 

following: 
a) Fever (defined as ш38.0°C [ш100.4°F] orally OR an oral equivalent 

[ш38.5°C (ш101.3°F) by tympanic or rectal measurement]) 
b) Elevated WBC (ш10,500/mm3) 

c) Drop in blood pressure (systolic blood pressure must be <90 mm 
Hg without the need for pressor support) 

d) Increased pulse and respiratory rates 
e) Hypoxemia 

f) Altered mental status 

AND 
2) At least 1 physical finding consistent with IAI, such as: 

a) Abdominal pain and/or tenderness 

b) Localized or diffuse abdominal wall rigidity 
c) Abdominal mass 

d) Ileus 

AND 
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3)	 Supportive radiologic findings in abdomen, such as intraperitoneal 
abscess, detected on an abdominal CT scan 

AND 
4)	 Requirement for surgical intervention, including open laparotomy, 

percutaneous drainage of an abscess, or laparoscopic surgery. 

NOTE: Specimens from the surgical intervention, once performed, 
must have been sent for aerobic and anaerobic culture and 
susceptibility testing. Only subjects with an intraoperative culture 

positive for the presence of at least 1 Gram-negative enteric(s) and/or 
anaerobic pathogen(s) commonly isolated in IAI were considered 
microbiologically evaluable. 

Exclusion Criteria 

1.	 Subject had an infection which should have been managed by Staged Abdominal Repair 
or open abdomen technique. 

2.	 Subject with an Acute Physiology and Chronic Health Evaluation (APACHE) II score >30 at 
screening. 

3.	 Subject received any amount of effective antibiotic therapy (defined as therapy that 
was known to be active against the identified pathogen) after obtaining the culture for 
admission to this study (admission culture) and prior to the administration of the first 

dose of IV study therapy. 

4.	 Subject had an infection which had been treated with >24 hours of systemic 

antibacterial therapy which was known to be effective against the presumed or 
documented etiologicpathogen(s) within the 72-hour period immediately prior to 
consideration for entry into the study (e.g., >3 doses every 8 hour [q8h] of antibacterial 

drugs before enrollment). 

NOTE: Subjects on prophylactic antibacterial therapy were enrolled only if their 

admission culture was confirmed to be positive for at least 1 Gram-negative enteric(s) 
and/or anaerobic pathogen(s) commonly isolated in IAI. 

NOTE: If a subject had received >24 hours of systemicantimicrobial therapy, there 

needed to be clear evidence that the subject had failed this regimen or developed the 
cIAI while on the previous antibiotic regimen. Such evidence included new or continued 
fever or persistence or worsening of symptoms related to the index infection and 

persistent positive cultures and persistent laboratory or radiographic changes (if 
previously present). These measures were confirmed prior to study entry. 
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5.	 Subject had a history of serious allergy, hypersensitivity (e.g., anaphylaxis), or any 
serious reaction to carbapenem antibiotics, any cephalosporins, penicillins, or other Ѿ ­

lactam agents. 

яѕѮEѡ ѨҿЙѳШКҤҚ ӋѧҤѤ ѤѧҚҤ҇Җӑ ҇в ѿѧѹФ ҖЌҚѤ Ҥ҇ ғШҀѧКѧѹѹѧҀҚ ҇ Җ ҇ ҤѤШҖ Ѿ-lactams could have 
been enrolled and closely monitored. 

6.	 Subject had a history of serious allergy, hypersensitivity (e.g., anaphylaxis), or any 
serious reaction to other Ѿ-lactamase inhibitors (e.g., tazobactam, sulbactam, clavulanic 

acid). 

NOTE: Subjects with a history of mild rash to other 􀁅-lactamase inhibitors could have 

been enrolled and closely monitored. 

7.	 Subject had a history of a seizure disorder (requiring ongoing treatment with anti ­

convulsive therapy or prior treatment with anti-convulsive therapy in the last 3 years). 

8.	 Subject was being treated with valproicacid or had used valproic acid in the 2 weeks 

prior to screening. 

9.	 Subject had a rapidly progressive or terminal illness (unlikely to survive the
 
approximately 6- to 8-week study period).
 

10. Subject was pregnant or expecting to conceive, was breastfeeding, or planned to breast 
feed within 1 month of completion of the study. 

11.	 Subject in whom a response to IV study therapy (IMI/REL or IMI/REL plus placebo) 
within the timeframe of treatment specified in this protocol was considered unlikely. 

12. Subject had a concurrent infection that would have interfered with evaluation of 
response to the study antibiotics (IMI/REL or IMI/REL plus placebo). 

13. Subject had a need for concomitant systemicantimicrobial agents in addition to those 
designated in the various study treatment groups. 

NOTE: Use of IV vancomycin to treat confirmed or suspected methicillin-resistant 
Staphylococcus aureus (MRSA) infection or use of linezolid to treat confirmed or 
suspected MRSA or vancomycin-resistant Enterococcus spp. (VRE) infection was 

allowed. 

14. Subject had a cIAI due to a confirmed fungal pathogen. 
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NOTE: Use of antifungal therapy for treatment of mucocutaneous infections (e.g., 
vaginal candidiasis or onychomycosis) was allowed. 

15. Subject was receiving immunosuppressive therapy, including use of high-dose 
К҇ҖҤѧК҇ҚҤШҖ҇ѧФҚ ҈ѧѢШѢџ шӺӶ ѿњ ғҖШФҀѧҚ҇ҀШ ҇ Җ ғҖШФҀѧҚ҇ҀШ ШҕҿѧӊЌѹШҀҤ ғШҖ ФЌӑ҉Ѣ 

NOTE: Prior short-ҤШҖѿ ҿҚШ ҈ёӻ ФЌӑҚ҉ ҇ в ҚҤШҖ҇ѧФ ҤѤШҖЌғӑ ѧҀ ҤѤШ ӹӶ ФЌӑҚ ғҖѧ҇Җ Ҥ҇ ҚҤҿФӑ 
entry was allowed. 

16. Subject was a prior recipient of a renal transplantation. 

17. Subject had estimated or actual creatinine clearance of <50 mL/minute. 

18. The subject had any of the following laboratory abnormalities at the time of screening: 

•	 !ѹЌҀѧҀШ ЌѿѧҀ҇ҤҖЌҀҚвШҖЌҚШ ҈!шѮ҉ ӊЌѹҿШҚ шӹ ҤѧѿШҚ ҤѤШ ѲғғШҖ шѧѿѧҤ ҇ в я҇ҖѿЌѹ ҈Ѳшя҉ 
•	 Aspartate ЌѿѧҀ҇ҤҖЌҀҚвШҖЌҚШ ҈!ѨѮ҉ ӊЌѹҿШҚ шӹ ҤѧѿШҚ Ѳшя 

•	 !шѮ ҇Җ !ѨѮ шӸ ҤѧѿШҚ Ѳшя ЌКК҇ѿғЌҀѧШФ Йӑ Ҥ҇ҤЌѹ ЙѧѹѧҖҿЙѧҀ яѲшя 
•	 Ѯ҇ҤЌѹ ЙѧѹѧҖҿЙѧҀ ӊЌѹҿШ шӸ ҤѧѿШҚ Ѳшя 

NOTE: Subjects with acute hepatic failure or acute decompensation of chronic hepatic 
failure were also excluded. 

Statistical Analysis Plan 

Analysis Populations 

Microbiological Intention-to-Treat Population (MITT): The MITT population included those 
subjects who met both of the following two conditions: 

1.	 The subject received at least one dose of IV study therapy; 

2.	 The subject's pre-study/post-operative culture grew at least 1 Gram-negative 

enteric(s) and/or anaerobic pathogen(s) commonly isolated in IAI. 

The Applicant used this population as a supportive analysis for the primary efficacy endpoint. 

For an NI trial, the cIAI guidance recommends the microbiological ITT (all patients randomized 
to treatment who have a baseline bacterial pathogen known to cause cIAI) as the primary 
analysis population. Additionally, for an NI assessment, we have considered susceptibility to 

the control in the definition of the MITT population as discussed in the results section below. 
Note that showing NI Ҥ҇ Ќ К҇ҀҤҖ҇ѹ ФҖҿњ Ҥ҇ ӋѤѧКѤ Ќ ғЌҤѧШҀҤѥҚ ѧҀвШКҤѧҀњ ҇ ҖњЌҀѧҚѿ ѧҚ ҖШҚѧҚҤЌҀҤ Ф҇ШҚ 
not provide a scientifically sound means to assess efficacy. 

Microbiologically Evaluable (ME) Population: The ME population excluded subjects due to 
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important deviations from the protocol that may have substantially affected the results of the 
primary efficacy endpoint. Potential violations that may have resulted in the exclusion of a 

subject from the ME population included the following: 

1.	 The subject failed to meet the protocol definition of cIAI; 

2.	 The subject's pre-study/post-operative culture from the site of infection failed to 
grow at least 1 Gram-negative enteric(s) and/or anaerobic pathogen(s) commonly 

isolated in IAI (note: subjects who failed to grow a single Gram-negative enteric 
and/or anaerobic pathogen from the site of infection were excluded from the ME 
population; that is, subjects with only Gram-positive pathogens identified were 

excluded, as well as those that did not have any organisms grow); 

3.	 The subject had significant violations of inclusion/exclusion criteria that could have 
impacted the efficacy assessment (e.g., receipt of previous or concurrent systemic 

antibacterial therapy beyond those allowed per protocol); 

4.	 The subject received less than 96 hours of IV study therapy (16 infusions if q6h 
dosing or 12 infusions if q8h dosing). 

Additionally, subjects with indeterminate results were excluded from the analysis of the ME 
population. The ME population is used by the Applicant for the primary efficacy analysis. We 
do not agree with the use of this population for the primary analysis due to the multiple 

exclusions based on post-randomization information, such as the duration of treatment, which 
may be related to treatment. 

Analysis Methods 

Sample Size Calculation: The 117 patients per group was based on a 90% clinical response rate 
for the control group, a microbiological evaluability rate of 60-65%, an 80% statistical power, a 
1-sided type I error rate of 0.025, and a 15% NI margin. 

Primary Efficacy Analysis: The !ғғѹѧКЌҀҤѥҚ primary endpoint for this study was the proportion 
of subjects who achieved a favorable clinical response at DCIV in the ME population. A 

sensitivity analysis using the MITT population was also performed by the Applicant for the 
primary endpoint. We will assess the trial using the favorable global response at the GFU visit 
in the MITT population. This was defined as an exploratory endpoint for the trial. Additionally, 

in order for an NI assessment to be interpretable, it is necessary that the control drug be 
effective. For this reason, for NI testing we will consider results in the MITT population 
excluding subjects with infections due to organisms that are resistant to the control. 

Any subject who was missing an evaluation for a specificendpoint (clinical or microbiological 
response) at any particular visit was generally considered as being ѨѧҀФШҤШҖѿѧҀЌҤШѩ в҇Җ ҤѤЌҤ 
endpoint and excluded in the ME population. Patients with a clinical response rating of 
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"indeterminateѩ were considered as having an unfavorable cl inical response in the MITT 
population. 

NI was tested using a two-sided 95% CI for the between-treatment difference with a 15% NI 
margin. If NI for either REL dose group was established, a subsequent superiority over the 
control group would be tested. A closed testing procedure was pre-specified and used to 

control the type I error rate over multiple treatment comparisons (REL 250 mg vs control, 
followed by 125 mg vs control). 

Reviewers’ comment: !s noted with the cUTI trial, the Agency had noted the scientific issues 
with interpreting this trial and had recommended modifications to the trial design. The 
Applicant preferred to retain their proposal. As designed, this in is not an adequate and well­

controlled trial and is being evaluated for descriptive purposes only. 

Study Results 

Protocol Amendments 

There were 2 protocol amendments and 3 protocol clarification letters. The amendments were 
about removal of the Future Biomedical Research information and procedures in Brazil. These 

amendments were not to influence the efficacy evaluations. 

Compliance with Good Clinical Practices 

This study was performed in compliance with Good Clinical Practices. 

Financial Disclosure 

There was no financial interest to disclose. 

Patient Disposition 

The study was conducted between November 2012 to August 2014, with subjects enrolled at 
45 centers in 20 countries (Argentina, Brazil, Bulgaria, Colombia, Estonia, Germany, Greece, 

Latvia, Lithuania, Mexico, Peru, Poland, Portugal, Romania, Russia, South Africa, China [Taiwan], 
Turkey, Ukraine, and United States). The following table shows patient disposition. Of the 351 
subjects randomized from 45 centers, 347 were treated with at least 1 dose of IV study therapy. 

The majority of subjects (94%) completed study medication; 96% completed study. Two 
subjects were randomized to the placebo group but were treated with REL 125 mg. They were 
included in the planned group. Approximately 79% of the subjects were included in the MITT 
population and the main reason for exclusion from this population was baseline culture not 

meeting protocol-specified requirement. A few MITT subjects were excluded from the ME 
population at DCIV for inadequate duration of IV study therapy, incorrect IV study therapy, and 
indeterminate response. 
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Table 28. Study PN004: Study Disposition 
IMI/REL 
250 mg 
n (%) 

IMI/REL 
125 mg 
n (%) 

IMI/ 
Placebo 
n (%) 

Total 
n (%) 

Randomized 118 116 117 351 
Randomized but not treated 1 (0.8) 2 (1.7) 1 (0.9) 4 (1.1) 
Treated with any study therapy 117 (99.2) 114 (98.3) 116 

(99.2) 
347 (98.9) 

Completed study medication 112 (94.9) 107 (92.2) 
111 
(94.9) 330 (94.0) 

Discontinued study medication 5 (4.2) 7 (6.0) 5 (4.3) 17 (4.8) 
Adverse event 1 (0.8) 4 (3.4) 3 (2.6) 8 (2.3) 

Death 0 1 (0.9) 0 1 (0.3) 
Lack of efficacy 0 0 1 (0.9) 1 (0.3) 
Loss to follow-up 0 0 1 (0.9) 1 (0.3) 

Physician decision 0 2 (1.7) 0 2 (0.6) 
Protocol violation 2 (1.7) 0 0 2 (0.6) 

Technical problems 1 (0.8) 0 0 1 (0.3) 
Withdrawal by subject 1 (0.8) 0 0 1 (0.3) 

Completed study 114 (96.6) 109 (94.0) 
114 
(97.4) 337 (96.0) 

Discontinuation from study 4 (3.4) 7 (6.0) 3 (2.6) 14 (4.0) 
Adverse event 0 2 (1.7) 0 2 (0.6) 

Death 0 1 (0.9) 0 1 (0.3) 
Loss to follow-up 0 1 (0.9) 2 (1.7) 3 (0.9) 
Progressive disease 0 1 (0.9) 0 1 (0.3) 

Protocol violation 3 (2.5) 1 (0.9) 0 4 (1.1) 
Technical problems 1 (0.8) 0 (0.0) 0 1 (0.3) 

Withdrawal by subject 0 1 (0.9) 1 (0.9) 2 (0.6) 
Microbiological ITT (MITT)1 89 (75.4) 96 (82.8) 92 (78.6) 277 (78.9) 
Subjects excluded from MITT 29 (24.6) 20 (17.2) 25 (21.4) 74 (21.1) 

Baseline culture does not meet protocol-
specified requirement 

28 (23.7) 18 (15.5) 24 (20.5) 70 (19.9) 

Received less than 1 dose of IV study 
therapy 

1 (0.8) 2 (1.7) 1 (0.9) 4 (1.1) 

Microbiological evaluable (ME) Population 
at DCIV* 

81 (68.6) 86 (74.1) 83 (70.9) 250 (71.2) 

MITT subjects excluded from ME at DCIV 8 (6.8) 10 (8.6) 9 (7.7) 27 (7.7) 

Inadequate duration of IV study therapy 3 (2.5) 6 (5.2) 2 (1.7) 11 (3.1) 

Incorrect IV study therapy 1 (0.8) 0 2 (1.7) 3 (0.9) 

Prior or concomitant antimicrobials 
violation 

2 (1.7) 2 (1.7) 2 (1.7) 6 (1.7) 

Other (study drug outside of stability) 0 1 (0.9) 1 (0.9) 2 (0.6) 

Subjects with indeterminate 
response at DCIV 

2 (1.7) 1 (0.9) 2 (1.7) 5 (1.4) 
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Note: Percentages were based on numberof subjects randomized. 
*The numbers of subjects in the ME population for the analysis of EFU were 79, 86, and81 and for the analysis of 
LFU were 79, 85, and 79, for the three treatment groups. The differences insample size were due to different 
numbers of subjects with indeterminate results at EFU and LFU. 
1 An additional 15, 9 and 11subjects with resistance to the control (IMI) were excluded from the MITT population 
from the REL 250- mg, 125-mg andcontrol groups for NI testing. 

Timing of visits in the MITT population is shown in the following table. The GFU visit occurred 
around 30 days for all three arms. 

Table 29. Study PN004: Timing of Visits in Days from the First Treatment in the MITT 
Population 
Visit IMI/REL 250 mg 

N=89 
n (%) 

IMI/REL 125 mg 
N=96 
n (%) 

IMI/Placebo 
N=92 
n (%) 

Total 
N=277 
n (%) 

DCIV N (%) 87 (97.8) 92 (95.8) 91 (98.9) 270 (97.5) 
Mean 6.2 5.9 6.2 6.1 

SD 2.3 1.9 2.1 2.1 
Median 6 5 6 6 
Range 2, 14 2, 14 2, 14 2, 14 

EFU N (%) 86 (96.6) 91 (94.8) 90 (97.8) 267 (96.4) 
Mean 12.9 12.5 12.7 12.7 

SD 2.9 2.7 2.6 2.7 
Median 13 12 13 13 
Range 9,23 8,21 8,21 8,23 

GFU N (%) 87 (97.8) 91 (94.8) 90 (97.8) 268 (96.8) 
Mean 30.9 30.8 31 30.9 

SD 2.7 2.5 2.5 2.6 
Median 30 30 31 30 

Range 27,39 27,36 25,39 25,39 
LFU N (%) 64 (71.9) 64 (66.7) 63 (68.5) 191(69.0) 

Mean 40.4 39.8 39.9 40 

SD 4.3 6.1 4 4.8 
Median 40 38.5 40 39 

Range 32,53 33,77 34,50 32,77 

Protocol Violations/Deviations 

Twenty-five subjects (7.1%) had important protocol deviations as described in the study report. 
The most common ones were related to inclusion/exclusion criteria and study drug 

administration. Three subjects were unblinded prematurely, all from the 250-mg group. The 
unblinding occurred after the subjects completed the study. No data on protocol 
violations/deviations were provided in the submission. 

Demographic Characteristics 

The following table shows the demographiccharacteristics in the trial. There was a slightly 
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higher proportion of males in the 250-mg REL group. There were no concerning differences 
between other demographic characteristics in the table. 

Table 30. Study PN004: Demographic Characteristics in the MITT Population 
IMI/REL 250 mg 

N=89 

IMI/REL 125 mg 

N=96 

IMI/Placebo 

N=92 

Total 

N=277 

Sex, n(%) 

Male 54 (60.7) 47 (49.0) 52 (56.5) 153 (55.2) 

Female 35 (39.3) 49 (51.0) 40 (43.5) 124 (44.8) 

Race, n(%) 
Asian 2 (2.2) 4 (4.2) 5 (5.4) 11 (4.0) 

Black or African American 2 (2.2) 3 (3.1) 0 5 (1.8) 

Multi-racial 3 (3.4) 3 (3.1) 0 6 (2.2) 

White 82 (92.1) 86 (89.6) 87 (94.6) 255 (92.1) 

Age (years) 

Mean (SD) 47.9 (19.0) 50.1 (17.0) 48.9 (18.1) 49.0 (18.0) 

Median 50.0 52.0 47.5 50.0 

Range 18.0, 85.0 18.0, 84.0 18.0, 88.0 18.0, 88.0 

Age (years), n(%) 

18 to 40 31 (34.8) 26 (27.1) 31 (33.7) 88 (31.8) 

41 to 64 38 (42.7) 45 (46.9) 43 (46.7) 126 (45.5) 

65 to 74 14 (15.7) 18 (18.8) 7 (7.6) 39 (14.1) 

ш75 6 (6.7) 7 (7.3) 11 (12.0) 24 (8.7) 

Weight, n(%) 

<70 kg 26 (29.2) 33 (34.4) 29 (31.5) 88 (31.8) 

ш70 kg 61 (68.5) 63 (65.6) 59 (64.1) 183 (66.1) 
Missing 2 (2.2) 0 4 (4.3) 6 (2.2) 

Region, n(%) 

Asia, Pacific 2 (2.2) 4 (4.2) 3 (3.3) 9 (3.2) 

Europe 75 (84.3) 78 (81.3) 80 (87.0) 233 (84.1) 

South America 6 (6.7) 9 (9.4) 1 (1.1) 16 (5.8) 

US/Canada 6 (6.7) 5 (5.2) 8 (8.7) 19 (6.9) 

Reviewer comment: The demographic characteristics were generally well-balanced between the 
different treatment groups and appropriate for the indication with the exception of racial and 

geographic diversity. The vast majority of patients were white and from Europe, which is not 
representative of the target population in the United States. There were very few subjects from 
other racial or ethnic groups. Slightly more subjects were male which is consistent with other 

cIAI trials. Demographic characteristics were similar between the ME and MITT populations. 

Other Baseline Characteristics 

The following table shows baseline disease characteristics. About half of the subjects had a 
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primary diagnosis of complicated appendicitis. A higher proportion of subjects had this 
diagnosis in the 250-mg group. A subgroup analysis by primary diagnosis is provided in the 

following section. Other baseline characteristics were well balanced across the different groups. 

Table 31. Study PN004: Disease Characteristics in the MITT Population 

IMI/REL 250 mg 
N=89 

IMI/REL 125 mg 
N=96 

IMI/Placebo 
N=92 

Total 
N=277 

Primary diagnosis, n (%) 

Complicated 
appendicitis 

48 (53.9) 50 (52.1) 44 (47.8) 142 (51.3) 

Complicated 

cholecystitis 

14 (15.7) 17 (17.7) 15 (16.3) 46 (16.6) 

Diverticular abscess 5 (5.6) 2 (2.1) 5 (5.4) 12 (4.3) 

Intraabdominal abscess 3 (3.4) 3 (3.1) 4 (4.3) 10 (3.6) 

Multiple abscesses 2 (2.2) 3 (3.1) 3 (3.3) 8 (2.9) 

Perforated hollow viscus 8 (9) 12 (12.5) 12 (13) 32 (11.6) 

Peritonitis 3 (3.4) 1 (1) 1 (1.1) 5 (1.8) 

Other 6 (6.7) 8 (8.3) 8 (8.7) 22 (7.9) 

Bacteremia, n (%) 

Yes 3 (3.4) 5 (5.2) 3 (3.3) 11 (4.0) 

No 86 (96.6) 91 (94.8) 89 (96.7) 266 (96.0) 

APACHE score, n (%) 

ё15 86 (96.6) 93 (96.9) 88 (95.7) 267 (96.4) 

>15 3 (3.4) 3 (3.1) 4 (4.3) 10 (3.6) 

Time of enrollment, n (%) 

Pre-operatively 16 (18.0) 17 (17.7) 10 (10.9) 43 (15.5) 

Intra-operatively 4 (4.5) 3 (3.1) 3 (3.3) 10 (3.6) 

Post-operatively 69 (77.5) 76 (79.2) 79 (85.9) 224 (80.9) 
APACHE: Acute Physiology and Chronic Health Evaluation 

Baseline pathogens are displayed in the following table. The most common pathogens were 
Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae. 

Table 32. Study PN004: Baseline Pathogens in the MITT Population 

IMI/REL 
250 mg 
N=89 

IMI/REL 
125 mg 
N=96 

IMI/Placebo 
N=92 

Total 
N=277 

All pathogen isolates 204 (100) 223 (100) 214 (100) 641 (100) 

Acinetobacter baumannii complex 2 (1.0) 0 3 (1.4) 5 (0.8) 

Bacteroides caccae 2 (1.0) 1 (0.4) 1 (0.5) 4 (0.6) 

Bacteroides fragilis 12 (5.9) 8 (3.6) 12 (5.6) 32 (5.0) 

Bacteroides fragilis group 0 1 (0.4) 0 1 (0.2) 

Bacteroides ovatus 3 (1.5) 6 (2.7) 4 (1.9) 13 (2.0) 
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Bacteroides stercoris 2 (1.0) 1 (0.4) 2 (0.9) 5 (0.8) 
Bacteroides thetaiotaomicron 7 (3.4) 6 (2.7) 8 (3.7) 21 (3.3) 

Bacteroides uniformis 1 (0.5) 8 (3.6) 4 (1.9) 13 (2.0) 

Bacteroides vulgatus 4 (2.0) 3 (1.3) 5 (2.3) 12 (1.9) 

Citrobacter freundii 1 (0.5) 2 (0.9) 1 (0.5) 4 (0.6) 

Enterobacter aerogenes 2 (1.0) 0 1 (0.5) 3 (0.5) 

Enterobacter cloacae 7 (3.4) 4 (1.8) 4 (1.9) 15 (2.3) 

Escherichia coli 60 (29.4) 63 (28.3) 57 (26.6) 180 (28.1) 

Fusobacterium nucleatum 1 (0.5) 4 (1.8) 1 (0.5) 6 (0.9) 

Klebsiella oxytoca 2 (1.0) 9 (4.0) 3 (1.4) 14 (2.2) 

Klebsiella pneumoniae 11 (5.4) 13 (5.8) 12 (5.6) 36 (5.6) 

Prevotella melaninogenica 1 (0.5) 4 (1.8) 2 (0.9) 7 (1.1) 

Pseudomonas aeruginosa 13 (6.4) 14 (6.3) 13 (6.1) 40 (6.2) 

Other 73 (35.8) 76 (34.1) 81 (37.9) 230 (35.9) 
*Subjects may have multiple baseline pathogens 

The following table shows specificprior anti-infective therapies by medication class. About 35% 

of the subjects used one or more prior anti-infective therapies. The most commonly used was 
imidazole derivatives. A smaller proportion of subjects in the 250-mg group had prior anti ­
infective therapies. The cIAI guidance states that patients who receive up to 24 hours of prior 

nontrial antibacterial drug therapy should be eligible for enrollment and that, for patients who 
are enrolled in the trial after the surgical procedure, only one dose of effective antibacterial 
drug therapy should be administered postoperatively before randomization. This study 

included subjects who received more than 1 day of prior non-trial antibacterial drugs. This table 
included 12, 9, and 17 subjects in the three treatment groups, respectively, with more than 1 
day use of prior antibacterial drug therapy(s). This was only allowed if the patient failed the 

prior therapy or developed the cIAI while on prior therapy. The data provided did not allow us 
to assess if all these patients had failed prior therapies. 

Table 33. Study PN004: Prior Antibacterial Therapies by Medication Class in the MITT 
Population 

IMI/REL 
250 mg 
N=89 

IMI/REL 
125 mg 
N=96 

IMI/Placebo 
N=92 

Total 
N=277 

Subjects with one or more prior anti-
infective therapies 

28 (31.5) 30 (31.3) 38 (41.3) 96 (34.7) 

Carbapenems 3 (3.4) 3 (3.1) 5 (5.4) 11 (4.0) 

Combination of penicillins, including 
beta-lactamase inhibitors 

5 (5.6) 3 (3.1) 5 (5.4) 13 (4.7) 

Combination sulfonamides and 
trimethoprim including derivatives 

0 1 (1.0) 0 1 (0.4) 

Combinations of antibacterials 2 (2.2) 1 (1.0) 5 (5.4) 8 (2.9) 

Cephalosporins, first-generation 4 (4.5) 3 (3.1) 4 (4.3) 11 (4.0) 
Cephalosporins, second-generation 3 (3.4) 8 (8.3) 6 (6.5) 17 (6.1) 
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Cephalosporins, third-generation 6 (6.7) 8 (8.3) 8 (8.7) 22 (7.9) 

Fluoroquinolones 8 (9.0) 2 (2.1) 8 (8.7) 18 (6.5) 
Imidazole derivatives 14 (15.7) 12 (12.5) 18 (19.6) 44 (15.9) 

Other aminoglycosides 1 (1.1) 4 (4.2) 4 (4.3) 9 (3.2) 
Penicillins with extended spectrum 1 (1.1) 3 (3.1) 2 (2.2) 6 (2.2) 
Tetracyclines 0 1 (1.0) 0 1 (0.4) 

One subject may take more than one therapy. 

The following table shows the number (%) of subjects with specificconcomitant anti-infective 
therapies in the MITT population. It was planned to limit the use of non-trial systemic 
antimicrobials that were active against the identified pathogen while on IV study therapy, 

except when IV vancomycin was used to treat confirmed or suspected methicillin-resistant 
Staphylococcus aureus (MRSA) infection or linezolid was used to treat confirmed or suspected 
MRSA or vancomycin-resistant Enterococcus spp. (VRE) infection. Approximately 29% of the 

subjects used concomitant therapies in each treatment group. After assessment of the timing 
of the concomitant anti-infectives, only three subjects might have had their global response at 
the GFU impacted by the additional therapy, 1 subject on REL 250 mg and 2 subjects on REL 125 

mg. Therefore, it does not appear that this use overly impacted the results. 

Table 34. Study PN004: Concomitant Antibacterial Therapies by Medication Class in the MITT 
Population 

IMI/REL 250 mg 
N=89 

IMI/REL 125 mg 
N=96 

IMI/Placebo 
N=92 

Total 
(N=277) 

Subjects with one or more 
concomitant anti-infective therapies 

26 (29.2) 28 (29.2) 27 (29.3) 81 (29.2) 

Cephalosporins, first-generation 4 (4.5) 3 (3.1) 6 (6.5) 13 (4.7) 

Cephalosporins, second-generation 2 (2.2) 5 (5.2) 4 (4.3) 11 (4.0) 

Cephalosporins, third-generation 2 (2.2) 6 (6.3) 4 (4.3) 12 (4.3) 

Combinations of antibacterials 5 (5.6) 3 (3.1) 2 (2.2) 10 (3.6) 

Fluoroquinolones 4 (4.5) 4 (4.2) 5 (5.4) 13 (4.7) 

Glycopeptide antibacterials 1 (1.1) 1 (1.0) 3 (3.3) 5 (1.8) 
Imidazole derivatives 9 (10.1) 14 (14.6) 7 (7.6) 30 (10.8) 

Lincosamides 1 (1.1) 0 0 1 (0.4) 
Nitrofuran derivatives 0 0 1 (1.1) 1 (0.4) 
Other aminoglycosides 2 (2.2) 3 (3.1) 2 (2.2) 7 (2.5) 

Other antibacterials 0 0 1 (1.1) 1 (0.4) 
Penicillins with extended spectrum 2 (2.2) 1 (1.0) 1 (1.1) 4 (1.4) 

Tetracyclines 0 1 (1.0) 1 (1.1) 2 (0.7) 

Cephalosporins, first-generation 4 (4.5) 3 (3.1) 6 (6.5) 13 (4.7) 
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Cephalosporins, second-generation 2 (2.2) 5 (5.2) 4 (4.3) 11 (4.0) 

Cephalosporins, third-generation 2 (2.2) 6 (6.3) 4 (4.3) 12 (4.3) 

Combinations of antibacterials 5 (5.6) 3 (3.1) 2 (2.2) 10 (3.6) 

Fluoroquinolones 4 (4.5) 4 (4.2) 5 (5.4) 13 (4.7) 

Glycopeptide antibacterials 1 (1.1) 1 (1.0) 3 (3.3) 5 (1.8) 
Imidazole derivatives 9 (10.1) 14 (14.6) 7 (7.6) 30 (10.8) 
Lincosamides 1 (1.1) 0 0 1 (0.4) 

Nitrofuran derivatives 0 0 1 (1.1) 1 (0.4) 
Other aminoglycosides 2 (2.2) 3 (3.1) 2 (2.2) 7 (2.5) 

Other antibacterials 0 0 1 (1.1) 1 (0.4) 
Penicillins with extended spectrum 2 (2.2) 1 (1.0) 1 (1.1) 4 (1.4) 

Tetracyclines 0 1 (1.0) 1 (1.1) 2 (0.7) 
A subject mayhave used more than 1 medication class. 

The following table shows a summary of baseline surgical procedure in the MITT population. 
The 250-mg group had a higher proportion of laparoscopic procedures and a lower proportion 

of open procedures, compared to the placebo group. 

Table 35. Study PN004: Baseline Surgical Procedures in the MITT Population 
IMI/REL 250 mg 
N=89 

IMI/REL 125 mg 
N=96 

IMI/Placebo 
N=92 

Total 
(N=277) 

Procedure Type 

Laparoscopic 27 (30.3) 20 (20.8) 22 (23.9) 69 (24.9) 
Not applicable 0 1 (1.0) 0 1 (0.4) 

Open 45 (50.6) 68 (70.8) 55 (59.8) 168 (60.6) 
Other 1 (1.1) 1 (1.0) 1 (1.1) 3 (1.1) 

Percutaneous 16 (18.0) 6 (6.3) 14 (15.2) 36 (13.0) 

Irrigation 
Entire abdomen 38 (42.7) 38 (39.6) 45 (48.9) 121 (43.7) 
Local 39 (43.8) 47 (49.0) 34 (37.0) 120 (43.3) 

Not applicable 10 (11.2) 9 (9.4) 11 (12.0) 30 (10.8) 
Other 2 (2.2) 2 (2.1) 2 (2.2) 6 (2.2) 

Drains 
Closed suction 1 (1.1) 5 (5.2) 4 (4.3) 10 (3.6) 
Not applicable 7 (7.9) 8 (8.3) 9 (9.8) 24 (8.7) 

Other 2 (2.2) 7 (7.3) 7 (7.6) 16 (5.8) 
Penrose separate site 33 (37.1) 31 (32.3) 32 (34.8) 96 (34.7) 

Penrose through wound 20 (22.5) 24 (25.0) 13 (14.1) 57 (20.6) 
Percutaneous catheter 26 (29.2) 21 (21.9) 27 (29.3) 74 (26.7) 

Wound 

Delayed primary closure 6 (6.7) 6 (6.3) 3 (3.3) 15 (5.4) 
Not applicable 9 (10.1) 2 (2.1) 6 (6.5) 17 (6.1) 
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Other 1 (1.1) 0 0 1 (0.4) 

Primary closure 72 (80.9) 85 (88.5) 82 (89.1) 239 (86.3) 
Secondary closure 1 (1.1) 3 (3.1) 1 (1.1) 5 (1.8) 

Treatment Compliance 

Compliance was measured by comparing the number of completed study medication doses (IV) 
to the number of planned. The mean compliance percentages were higher than 99% in each 

treatment group. There was no switch to oral therapy. 

Efficacy Results 

Clinical Response and Global Response in the MITT Population 

The following table shows clinical response by visit and global response at the GFU visit. The 
proportions of favorable clinical response were similar across the three treatment groups and 
the four time points. The proportion for each group did not reduce much over time. Table 37 

reports the breakdown of unfavorable status for the global response endpoint at the GFU visit. 
For the 250-mg group and the placebo group, these numbers were balanced and there was no 
concern on the impact of missing data on the efficacy results. 

Table 36. Study PN004: Favorable Clinical Response by Visit and Favorable Global Response at 
GFU in the MITT Population 
Visit IMI/REL 250 mg 

N=89 
n(%) 

IMI/REL 125 mg 
N=96 
n(%) 

IMI/Placebo 
N=92 
n(%) 

Difference (95 CI) (%) 
REL 250 mg – Placebo 
REL 125 mg –Placebo 

DCIV 80 (89.9) 88 (91.7) 83 (90.2) 
-0.3 (-9.6, 8.9) 
1.4 (-7.2, 10.3) 

EFU 77 (86.5) 85 (88.5) 82 (89.1) 
-2.6 (-12.7, 7.2) 
-0.6 (-10.0, 8.9) 

GFU 77 (86.5) 86 (89.6) 78 (84.8) 
1.7 (-8.8, 12.3) 
4.8 (-5.0, 14.9) 

LFU 78 (87.6) 86 (89.6) 79 (85.9) 
1.8 (-8.5, 12.0) 
3.7 (-5.9, 13.6) 

95% CIs of between-treatment differences were based on unconditional asymptotic Miettinen andNurminen 
method. 

Table 37. Study PN004: Global Response at GFU in the MITT Population 
IMI/REL 250 mg 
N=89 
n(%) 

IMI/REL 125 mg 
N=96 
n(%) 

IMI/Placebo 
N=92 
n(%) 

Favorable 77 (86.5) 86 (89.6) 78 (84.8) 
Failure 6 (6.9) 4 (4.4) 8 (8.9) 

Indeterminate 4 (4.6) 1 (1.1) 4 (4.4) 
Missing value 2 (2.2) 5 (5.2) 2 (2.2) 

For an NI assessment of IMI/REL 250 mg, we excluded 26 subjects (15 in the IMI/REL 250 mg 
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arm and 11 in the IMI arm) whose baseline isolates were resistant to IMI. Detailed below are 
the number of pathogens resistant to the control by the two treatment arms of interest. Of 

note, the list denotes the number of pathogens isolated rather than the number of subjects. 
One subject in the 250-mg group had Escherichia coli and Proteus mirabilis; in the placebo 
group, one subject had Proteus mirabilis and Pseudomonas aeruginosa and one subject had 
Morganella morganii and Proteus mirabilis. 

IMI/REL 250mg arm (n=16) 

• Acinetobacter baumannii complex (n=1) 

• Acinetobacter lwoffii (n=1) 

• Alcaligenes xylosoxidans (n=1) 

• Escherichia coli (n=1) 

• Morganella morganii (n=2) 

• Proteus mirabilis (n=8) 

• Proteus vulgaris (n=1) 

• Pseudomonas aeruginosa (n=1) 
IMI/Placebo (n=13) 

• Acinetobacter baumannii complex (n=2) 

• Morganella morganii (n=2) 

• Proteus mirabilis (n=6) 

• Pseudomonas aeruginosa (n=3) 

Reviewer comment: Organisms excluded from the MITT population were resistant to IMI. The 
majority of these organisms were non-fermenters (Acinetobacter baumanii or Pseudomonas 
aeruginosa) and Enterobacteriaceae such as Proteus spp. and Morganella spp. Of note, elevated 

MICs to imipenem are often noted in such Enterobacteriaciae spp. 

The 250-mg REL group had an 84% favorable global response proportion compared to 83% on 
control at the GFU visit with a 95% CI of [-11.1%, 13%]. The lower bound of the 95% CI was ­

11.1% meaning that the 250-mg REL group could be as much as 11.1% worse than the control 
group. These results are not able to support the NI of IMI/REL 250-mg group to control based 
on an NI margin of 10%; however, it meets a 12.5% NI margin considered acceptable for a 

limited use labeling. 

Clinical Response by Visit in the ME Population 

The AppliКЌҀҤѥҚ ғҖѧѿЌҖӑ ЌҀЌѹӑҚѧҚ ӋЌҚ КѹѧҀѧКЌѹ ҖШҚғ҇ҀҚШ ЌҤ ҤѤШ D�Έѽ ӊѧҚѧҤ in the ME population. 
The following table shows the clinical response by visit in the ME population. Note subjects 

with indeterminate status were excluded from the ME population. Therefore, the number of 
subjects varied over the different visits. Since the lower bound of the 95% CI was greater 
than the pre-specified NI margin of -15%, the Applicant concluded that both REL group was 

Ѩat least as effective asѩ the IMI alone group at the DCIV visit. Subsequent superiority testing 
was not statistically significant. It is noted that the favorable clinical response proportions 
for each group did not decrease much over time. 
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Table 38. Study PN004: �linical Response by Visit in the ME Population (!pplicant’s !nalysis) 
Visit IMI/REL 250 mg 

N=89 
n (%) 

IMI/REL 125 mg 
N=96 
n (%) 

IMI/Placebo 
N=92 
n (%) 

Difference (95 CI) (%) 
REL 250 mg – Placebo 
REL 125 mg –Placebo 

DCIV 78/81 (96.3) 85/86 (98.8) 79/83 (95.2) 
1.1 (-6.2, 8.6) 
3.7 (-2.0, 10.8) 

EFU 75/79 (94.9) 81/86 (94.2) 78/81 (96.3) 
-1.4 (-9.1, 6.0) 
-2.1 (-9.7, 5.3) 

LFU 74/79 (93.7) 81/85 (95.3) 75/79 (94.9) 
-1.3 (-9.6, 6.9) 
0.4 (-7.2, 8.2) 

Source: Adapted from Table 11-1 of Study Report. 95% CIs of between-treatment differences were basedon 
unconditional asymptotic MiettinenandNurminenmethod. 

Findings in Special/Subgroup Populations or Additional Analyses Conducted on the Individual 

Trial 

Gender, Race, Age, Weight, Region, and Baseline Disease Characteristics 

The following table shows favorable global response by baseline variables in the MITT 
population. When the sample size was large enough, the three treatment groups had similar 

proportions of favorable response. 

Table 39. Study PN004: Subgroup Analyses of Favorable Global Response in the MITT 
Population 

IMI/REL 250 mg 
N=89 
n (%) 

IMI/REL 125 mg 
N=96 
n (%) 

IMI/Placebo 
N=92 
n (%) 

Age (years) 

< 65 60/69 (87.0) 67/71 (94.4) 60/69 (87.0) 

ш Ӽӻ 17/20 (85.0) 19/25 (76.0) 17/20 (85.0) 

Sex 

Male 46/54 (85.2) 43/47 (91.5) 41/52 (78.8) 

Female 31/35 (88.6) 43/49 (87.8) 37/40 (92.5) 

Race 

Asian 1/2 (50.0) 3/4 (75.0) 5/5 (100) 

Black or African American 2/2 (100) 2/3 (66.7) 0 

Multi-racial 3/3 (100) 3/3 (100) 0 

White 74/82 (90.2) 80/86 (93.0) 78/87 (89.7) 

Region 

Asia, Pacific 1/2 (50.0) 3/4 (75.0) 3/3 (100) 
Europe 68/75 (90.7) 72/78 (92.3) 69/80 (86.3) 

South America 5/6 (83.3) 9/9 (100) 1/1 (100) 

US/Canada 3/6 (50.0) 2/5 (40.0) 5/8 (62.5) 
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Weight (kg) 

Missing 1/2 (50.0) 3/4 (75.0) 0 

<70 21/26 (80.8) 25/29 (86.2) 29/33 (87.9) 
шӽӶ 55/61 (90.2) 50/59 (84.7) 57/63 (90.5) 

APACHE score 
ёӷӻ 77/86 (89.5) 85/93 (91.4) 80/88 (90.9) 
>15 3/3 (100) 3/3 (100) 3/4 (75.0) 

Bacteremia 
Yes 74/86 (86.0) 82/91 (90.1) 77/89 (86.5) 

No 3/3 (100) 4/5 (80.0) 1/3 (33.3) 
Time of enrollment 
Pre-operatively 14/16 (87.5) 16/17 (94.1) 9/10 (90.0) 

Intraoperatively 4/4 (100) 3/3 (100) 3/3 (100) 
Post-operatively 59/69 (85.5) 67/76 (88.2) 66/79 (83.5) 

Type of surgical intervention 

Laparoscopic 25/27 (92.6) 19/20 (95.0) 19/22 (86.4) 
Not Applicable 0 1/1 (100) 0 

Open 38/45 (84.4) 61/68 (89.7) 47/55 (85.5) 
Other 1/1 (100) 1/1 (100) 1/1 (100) 
Percutaneous 13/16 (81.3) 4/6 (66.7) 11/14 (78.6) 

Resistance to imipenem 
Yes 15/15 (100) 9/10 (90.0) 11/11 (100) 

Noҙ 62/74 (83.8) 77/86 (89.5) 67/81 (82.7) 
Primary diagnosis 
Complicated appendicitis 44/48 (91.7) 45/50 (90.0) 41/44 (93.2) 

Complicated cholecystitis 14/14 (100) 16/17 (94.1) 14/15 (93.3) 
Diverticular abscess 3/5 (60.0) 2/2 (100) 3/5 (60.0) 

Intra-abdominal abscess 1/3 (33.3) 3/3 (100) 3/4 (75.0) 
Multiple abscesses 1/2 (50.0) 3/3 (100) 3/3 (100) 
Other 5/5 (100) 8/8 (100) 6/6 (100) 

Perforated hollow viscus 8/8 (100) 8/12 (66.7) 8/12 (66.7) 
Peritonitis 1/3 (33.3) 1/1 (100) 0 

Prior anti-infective use 
Yes 18/28 (64.3) 25/30 (83.3) 27/38 (71.1) 
No 59/61 (96.7) 61/66 (92.4) 51/54 (94.4) 

All baseline pathogens 179/204 (87.7) 202/223 (90.6) 179/214 (83.6) 
Acinetobacter baumannii 
complex 

2/2 (100) 0 3/3 (100) 

Bacteroides caccae 2/2 (100) 1/1 (100) 1/1 (100) 

Bacteroides fragilis 11/12 (91.7) 8/8 (100) 10/12 (83.3) 
Bacteroides fragilis group 0 1/1 (100) 0 

Bacteroides ovatus 2/3 (66.7) 6/6 (100) 4/4 (100) 
Bacteroides stercoris 2/2 (100) 1/1 (100) 2/2 (100) 

Bacteroides thetaiotaomicron 5/7 (71.4) 6/6 (100) 6/8 (75.0) 
Bacteroides uniformis 1/1 (100) 8/8 (100) 4/4 (100) 
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Bacteroides vulgatus 3/4 (75.0) 3/3 (100) 3/5 (60.0) 

Citrobacter freundii 1/1 (100) 2/2 (100) 0/1 (0) 
Enterobacter aerogenes 2/2 (100) 0 1/1 (100) 

Enterobacter cloacae 7/7 (100) 4/4 (100) 4/4(100) 
Escherichia coli 53/60 (88.3) 56/63 (88.9) 45/57 (78.9) 
Fusobacterium nucleatum 1/1 (100) 3/4 (75.0) 1/1 (100) 

Klebsiella oxytoca 2/2 (100) 8/9 (88.9) 2/3 (66.7) 
Klebsiella pneumoniae 9/11 (81.8) 12/13 (92.3) 10/12 (83.3) 

Prevotella melaninogenica 1/1 (100) 4/4 (100) 1/2 (50.0) 
Pseudomonas aeruginosa 11/13 (84.6) 14/14 (100) 10/13 (76.9) 

*One subject may have more than one baseline pathogen. ҙThe difference between the REL 250-mg 
group and placebo group in the imipenem-susceptible subjects and its 95% CI were 1.1% [-11.1%, 
13.0%], based on unconditional asymptotic Miettinen and Nurminen method. 

Conclusion on Efficacy 

As with study PN003, this trial was not designed to provide evidence of the added contribution 
of REL 250 mg to IMI or to provide an NI assessment of IMI/REL 250 mg to IMI alone using the 
appropriate analysis population and endpoint. If the study is assessed posthoc using the 

appropriate analysis population (MITT) and endpoint (clinical response at GFU), the trial meets 
an acceptable NI margin for a limited use indication of 12.5%. Given the limitations in the 
design of this trial, it is difficult to draw conclusions from this posthoc analysis. As with the cUTI 
trial, the clinical utility of this NI comparison of IMI/REL to IMI is limited and this assessment 

primarily demonstrates that the addition of REL 250 mg does not reduce the known efficacy of 
IMI more than what would be considered acceptable for a new treatment. 

7.3.3 Study PN013 (Resistant Pathogens) 

Trial Objectives 

The trial objectives included: 

1.	 To estimate the proportion of subjects with favorable overall response to IMI/REL 

(Treatment Group 1 only) and to CMS + IMI (Treatment Group 2). 

The overall response was estimated based on the following: (a) survival (based upon 
all-cause mortality) through Day 28 post-randomization in subjects with HABP/VABP, 

(b) clinical response at Day 28 post-randomization for subjects with cIAI, and (c) the 
composite clinical and microbiological response at the EFU Visit; Day 5 to 9 following 
the end of therapy (EOT) for subjects with cUTI. 

2. To evaluate the safety and tolerability profile of IMI/REL (Treatment Group 1 only). 

Trial Design and Endpoints 
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This was a multicenter, randomized, double-blind, active comparator-controlled trial of the 
efficacy and safety of IMI/REL versus colistimethate sodium (CMS) + IMI in subjects with 

imipenem-resistant bacterial infections, including HABP/VABP, cIAI, and cUTI. The study 
pharmacist was unblinded at a study site for preparing the IV therapy. 

Eligible subjects were randomized (2:1) to Treatment Group 1 (IMI/REL + placebo for CMS) or 

Treatment Group 2 (CMS + IMI) by infection type (HABP/VABP, cIAI, or cUTI). A non-
randomized, unblinded/open-label group (Treatment Group 3) was included to enroll eligible 
subjects to receive IMI/REL. 

•	 Treatment Group 1: IMI/REL (500 mg/250 mg), every 6 hours, IV 

•	 Treatment Group 2: CMS (300 mg) loading dose, followed after 12 hours by
 
maintenance dose, every 12 hours, IMI (500 mg), every 6 hours, IV.
 

•	 Treatment Group 3 (open-label): IMI/REL (500 mg/250 mg), every 6 hours, IV 

IV study therapy was planned to be administered for a minimum of either 5 (cIAI and cUTI) or 7 
(HABP/VABP) days up to a maximum of 21 days. No oral switch was included. For subjects with 

renal insufficiency, the doses of IMI/REL, IMI, and CMS were adjusted based on the degree of 
renal function impairment. 

Source: Table 12 of Study Protocol 

Study visits included on therapy (OTX, Day 3), EOT, EFU (Days 5 to 9 post-EOT), and Day 28 
(after randomization). 

Primary Endpoint 

The primary endpoint was overall response. Favorable overall response was assessed for each 
of the 3 infection types. Overall response was defined as follows: 

҅ HABP/VABP: survival at Day 28 

҅ cIAI: sustained cure or cure at Day 28 
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҅		 cUTI: at EFU
 
- Clinical response: sustained cure or cure, and
 
- Microbiological response: sustained eradication
 

Reviewer comment: The endpoints included under the overall clinical response are quite 

different for each of the three indications. 

Definitions of the clinical response at the EFU and Day 28 post-randomization visit are as 

follows: 

Table 40. Study PN013: Definition of Clinical Response 

Clinical Responsea,b Response Definition 

Sustained Cure 

All pretherapy signs and symptomsc of the index infection(s) 

have resolved (or returned to "preinfection status") with no 
evidence of resurgence AND no additional antibacterial drug 
therapy (beyond IV study therapy) was required, AND, for cIAI 
subjects, no unplanned surgical procedures or percutaneous 

drainage procedures have been performed. 

Cure 

All pretherapy signs and symptomsc of the index infection(s) 
have resolved (or returned to "preinfection status") AND no 

additional IV antibacterial drug therapy is required, AND, for 
cIAI subjects, no unplanned surgical procedures or 
percutaneous drainage procedures have been performed. 

Failure 
No apparent or insufficient response to IV study therapy in 
prestudy signs and symptoms of the index infection(s): 
persistence, progression, or improvement (without full 
resolution) of all pretherapy signs and symptoms 

Relapse 
Subjects with a favorable clinical response (cure or improved) 
at the EOT visit have worsening signs and symptoms of the 
index infection(s) by the EFU or Day 28 post-therapy visit. 

Indeterminate 

Study data are not available for evaluation of efficacy for any 
reasons, including: 

a) Complication related to underlying medical condition; OR 
b) Subject was withdrawn for any reason before sufficient 

data had been obtained to permit evaluation of clinical 
response; OR 

c) Extenuating circumstances preclude classification as 

"sustained cure," "failure," or "relapse;" OR 
d) Death occurred during the study period and the index 

infection was clearly noncontributory. 
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a.A favorable clinical response at EFU or Day 28 post-randomization requires an assessment of 
ѨКҿҖШѩ҇Җ ѨҚҿҚҤЌѧҀШФКҿҖШѩѢ Ѯ҇ ЙШ К҇ҀҚѧФШҖШФ ѨҚҿҚҤЌѧҀШФ КҿҖШѩџ ҤѤШКѹѧҀѧКЌѹ ҖШҚғ҇ҀҚШ в҇Җ ҤѤШғҖѧ҇Җ 
ӊѧҚѧҤ ѿҿҚҤ ѤЌӊШ ЙШШҀ К҇ҀҚѧФШҖШФ ѨКҿҖШѩѢ !КѹѧҀѧКЌѹ ҖШҚғ҇ҀҚШ ҇ в ѨКҿҖШѩ ѧҚ ҇ Ҁѹӑ ҖШѹШӊЌҀҤ ЌҤ EFѲ в҇Җ 
ҚҿЙѳШКҤҚӋѧҤѤ Ќ ҖШҚғ҇ҀҚШ҇в ѨѧѿғҖ҇ӊШФѩЌҤ EOT. 

b. Regardless of whether or not the EFU visit is combined with the Day 28 post-randomization visit, 
the clinicalresponse ratings for all visits shouldbe entered separately inthe database. 

Source: Adapted from Table 5 of Study Protocol 

Subjects with cUTI were evaluated for microbiological response, which included an 
evaluation for each baseline pathogen (i.e., by-pathogen). Definitions of the by-

pathogen microbiological response at the EFU visit are as follows: 

Table 41. Study PN013: Definition of Microbiological Response for cUTI Patients at the EFU 
Visit 

Microbiological 
Responsea,b Response Definition 

Sustained eradication 

A urine culture taken at the EFU visit still shows eradication of the 
ҿҖ҇ғЌҤѤ҇њШҀ ҈ѧѢШѢџ шӷӶ5 CFU/mL is reduced to <104 CFU/mL) found at 
study entry. 

Persistence 
A urine culture taken at the EFU visit grows a uropathogen (at шӷӶ4 

CFU/mL) found at study entry. 

New Infection 

A uropathogen, other than a microorganism found at baseline is 
present in the urine (at a level шӷӶ5 CFU/mL) any time after IV 
study therapy is finished; OR 
A pathogen is isolated from a distant (non-urine), sterile after IV 
study therapy has been completed 

Recurrence 
! ҿҖѧҀШ њҖ҇ӋҚ Ќ ҿҖ҇ғЌҤѤ҇њШҀ ҈ЌҤ Ќ ѹШӊШѹ шӷӶ5 CFU/mL) taken any 
time after documented eradication. 

Indeterminate 

a)  Follow-up urine culture is not available at the EFU visit due to 
subject death or withdrawal from study; OR 

b) Microbiological data are incomplete; OR 
c) Assessment not possible due to protocol violation; OR 
d) Any other circumstance which makes it impossible to define the 

microbiological response; OR 
e) For Treatment Groups 1 and 2 only, the pathogen does not 

meet all of the following criteria: 
• Gram-negative 
• Resistant to IMI 
• Susceptible to IMI/REL 
• Susceptible to colistin; OR 

f) For Treatment Group 3 only, the pathogen does not meet all of 
the following criteria: 
• Gram-negative 
• Resistant to IMI 
• Resistant to colistin 
• Susceptible to IMI/REL 
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aA microbiological response rating will be determined separately for each pathogen 
isolated at baseline. If a new/emergent pathogen is identified at this visit which was not 
ѧФШҀҤѧвѧШФ ЌҤ ЙЌҚШѹѧҀШџ ҤѤШ ѿѧКҖ҇Йѧ҇ѹ҇њѧКЌѹ ҖШҚғ҇ҀҚШ ҖЌҤѧҀњ Ӌѧѹѹ ЙШ К҇ҀҚѧФШҖШФ Ќ ѨҀШӋ 
ѧҀвШКҤѧ҇Ҁѩ в҇Җ ЌҀӑ ҀШӋѶШѿШҖњШҀҤ ғЌҤѤ҇њШҀ ѧҚ҇ѹЌҤШФ after initiation of IV study therapy. 
b! вЌӊ҇ҖЌЙѹШ ҇ӊШҖЌѹѹ ѿѧКҖ҇Йѧ҇ѹ҇њѧКЌѹ ҖШҚғ҇ҀҚШ ЌҤ EFѲ ӊѧҚѧҤ ҖШҕҿѧҖШҚ ѨҚҿҚҤЌѧҀШФ ШҖЌФѧКЌҤѧ҇Ҁѩ 
of all baseline pathogens. 

Source: Adapted from Table 8 of Study Protocol 

Microbiological response at Day 3 (OTX) visit and the EOT visit was defined similarly. 

Key Secondary Endpoints 

The key secondary endpoints for efficacy and safety are as follows: 

1.	 A favorable clinical response at 28 days following initiation of IV trial treatment. 

2.	 The incidence of all-cause mortality within 28 days after initiation of trial treatment. 

Other Secondary Endpoints 

1.	 The proportion of subjects with a favorable clinical response at the OTX, EOT, and EFU 
Visits. 

2.	 The proportion of subjects with a favorable microbiological response at the OTX, EOT, 
and EFU Visits. 

3.	 The proportion of subjects with favorable overall response for each infection type. 

Inclusion and Exclusion Criteria 

Inclusion criteria 

Inclusion criteria were separate for Treatment Groups 1 and 2, and Group 3. 

Treatment Groups 1 and 2 

In order to be eligible for participation in this trial, the subject must: 

1.	 ЙШ ш ӷӾ ӑШЌҖҚ ҇в ЌњШ. 

2.	 require hospitalization and treatment with IV antibacterial therapy for a new, persistent 

(defined as inadequate response to current therapy or failure to improve as expected) 
or progressing (defined as clinically worsening despite treatment) bacterial infection 
with at least one of the following primary infection types: 
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•	 HABP or VABP 

•	 cIAI 

•	 cUTI 

Note: Diagnostic criteria, include relevant radiographic, clinical and microbiological 
evidence. 

3.	 has positive culture data obtained from the primary infection-site specimen collected 
within 1 week of study entry and at least one of the suspected causative pathogen(s) 
from that specimen meets all of the following criteria: 

a) has been identified as a gram-negative bacterium, AND 
b) has culture-confirmed imipenem resistance (MIC of isolate is above the imipenem­

susceptible breakpoint) based on panels provided by the Sponsor, AND 

c)	 has culture-confirmed susceptibility to colistin (MIC of isolate is at or below the 
colistin-susceptible breakpoint) and to IMI/REL (MIC of isolate is at or below the 
imipenem-susceptible breakpoint) based on panels provided by the Sponsor. 

4.	 Meet one of the following categories: 

a)	 The subject is a male who is not of reproductive potential, defined as a male who 
has azoospermia (whether due to having had a vasectomy or due to an underlying 
medical condition). 

b)	 The subject is a female who is not of reproductive potential, defined as a female 
who either: (1) is postmenopausal (defined as at least 12 months with no menses in 
Ӌ҇ѿШҀ шӺӻ ӑШЌҖҚ ҇в ЌњШ҉Ѡ ҈Ӹ҉ ѤЌҚ ѤЌФ Ќ ѤӑҚҤШҖШКҤ҇ѿӑ ЌҀФѶ҇Җ ЙѧѹЌҤШҖЌѹ 

oophorectomy, bilateral salpingectomy, or bilateral tubal ligation/occlusion at least 
6 weeks prior to screening; OR (3) has a congenital or acquired condition that 
prevents childbearing. 

c)	 The subject is a female or a male who is of reproductive potential and agrees to 
avoid becoming pregnant or impregnating a partner from the time of consent 

through completion of the study by complying with one of the following: (1) 
practice abstinence from heterosexual activity OR (2) use (or have their partner use) 
acceptable contraception during heterosexual activity. 

Treatment Group 3 (Open Label, Nonrandomized) 

In order to be eligible for participation in this trial, the subject must meet all the same criteria 

for randomized Treatment Group 1 and 2 as listed above. 

Exclusion Criteria 
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Treatment Groups 1 and 2 

1.	 has an APACHE II score >30 at screening 

2.	 has an infection in which any of the causative pathogens are any of the following: 

•	 Imipenem-resistant Acinetobacter spp. 

•	 suspected Class B metallo-beta-lactamase-producing bacteria (including NDM-1, 
IMP or VIM-containing strains) 

3.	 has a concurrent infection that would interfere with evaluation of response to the study 
drugs (IMI/REL or CMS + IMI), including any of the following: study drugs (IMI/REL or 
CMS + IMI), including any of the following: 

• endocarditis
 
• osteomyelitis
 
•	 meningitis 

•	 prosthetic joint infection 

•	 active pulmonary tuberculosis 

•	 a disseminated fungal infection 

NOTE: Subjects in whom fungal pathogens are isolated are eligible for participation 
provided that treatment of the fungus is not planned. 

4.	 has received treatment with any form of systemiccolistin for > 24 hours within the 72 

hours immediately prior to initiation of study therapy. 

5.	 has HABP/VABP caused by an obstructive process, including lung cancer (or other 

malignancy metastatic to the lungs resulting in pulmonary obstruction) or other 
known obstruction. 

6.	 has cUTI which meets any of the following: 

•	 complete obstruction of any portion of the urinary tract (requiring a permanent 
indwelling urinary catheter or instrumentation) 

•	 known ileal loop 

•	 intractable vesico-ureteral reflux 

•	 presence of indwelling urinary catheter which cannot be removed at study entry 

NOTE: All indwelling urinary catheters must be removed prior to the start of IV 
therapy. Unless medically necessary, it is recommended that an indwelling 

urinary catheter not be reinserted while on IV study therapy 

7.	 has a history of serious allergy, hypersensitivity (e.g., anaphylaxis), or any serious 

reaction to any of the following: 
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•	 any carbapenem, cephalosporin, penicillin, or other β-lactam agent 

•	 colistimethate sodium (colistin) or to polymyxin B 

•	 other β-lactamase inhibitors (e.g., tazobactam, sulbactam, clavulanic acid, 

avibactam) 

NOTE: Subjects with a history of mild rash to penicillins or other β-lactams may be 

enrolled and closely monitored. 

8.	 is a female who is pregnant or is expecting to conceive (or is a male partner of a female 
who is expecting to conceive), is breastfeeding, or plans to breastfeed prior to 
completion of the study. 

9.	 has any of the following medical conditions at screening: 

•	 history of a seizure disorder (requiring ongoing treatment with anti -convulsive 

therapy or prior treatment with anti-convulsive therapy within the last 3 years) 

•	 myasthenia gravis 

•	 porphyria 

•	 cystic fibrosis 

•	 granulomatous disease 

10. is anticipated to be treated with any of the following medications during the course of 
study therapy: 

•	 valproic acid or divalproex sodium (or has used valproicacid or divalproex 
sodium in the 2 weeks prior to screening) 

•	 concomitant systemic (IV or oral) antimicrobial agents with known gram-negative 
bacterial coverage, in addition to those designated in the study treatment 
groups 

NOTE: Use of IV vancomycin, IV daptomycin, or IV linezolid to treat confirmed or 
suspected methicillin-resistant S. aureus (MRSA) infection or use of IV linezolid or IV 

daptomycin to treat confirmed or suspected vancomycin-resistant 
Enterococcus spp. (VRE) infection is allowed. 

11.	 has an estimated or actual creatinine clearance of less than 15 mL/min at screening 
based on the findings of local laboratory values. 

12. is currently undergoing hemodialysis. 

Treatment Group 3 (Open-Label, Nonrandomized) 

133 

Version date: October 12, 2018 

Reference ID: 4463074 



       
    

 

   

     

 
               

             
             

  

  

 
           

 

         
              

           
 

         
            
          

  

 
  

 

               
           

  

            
              

              

            
            

       

               
                

           

  

     

             

  

NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

The exclusion criteria for Treatment Group 3 are the same as for Treatment Groups 1 and 2 

with the exception of a concurrent infection that would interfere with evaluation of response to 
IMI/REL only, as subjects in the group did not receive CMS + IMI. 

Statistical Analysis Plan 

Analysis Populations 

The populations that were used for the analyses were defined as follows: 

•	 Microbiological modified intent-to-treat (mMITT) population: all randomized subjects 
who received at least 1 dose of each trial drug within a given IV trial treatment regimen, 
and who had a baseline bacterial pathogen that met inclusion criteria (#3). 

•	 Per-protocol (PP) population: subset of the mMITT population who met important 
diagnostic criteria for entry into the trial, had no significant deviation from the protocol 
that could impact the assessment of efficacy, and received the minimum duration of IV 
trial treatment. 

Statistical Methods 

This trial was for estimation only, with 95% CIs for efficacy endpoints calculated using the 
Agresti & Coull method. No formal statistical testing was performed. 

Protocol Amendments 

There were 3 amendments. The changes were about allowing a potential increase in enrollment 
в҇Җ ЌҀӑ ҇в ҤѤШ ҤѤҖШШ ѧҀвШКҤѧ҇Ҁ ҤӑғШ ҚҤҖЌҤЌѠ ҖШҕҿѧҖѧҀњ Ѩғ҇ҀҚ҇ҖѥҚ ЌғғҖ҇ӊЌѹ ҇в ФҿҖЌҤѧ҇Ҁ ҇ в ҚҤҿФӑ 
therapy longer than 21 days; adding a calculation of 90% CIs for between-group differences for 

the primary efficacy endpoint and key secondary efficacy endpoints across the entire trial 
population and by specified subgroup, with stratification by infection type whe re appropriate. 
There changes were not to affect the efficacy results. 

Reviewer’s comment: Note that the Division disagreed with the use of 90% CIs to assess 
possible superiority of the test arm to the control and stated that 95% CIs should be used. Note 
that superiority was not found in this study using either CI level. 

Study Results 

Compliance with Good Clinical Practices 

This trial was conducted in in conformance with applicable country or local requirements. 

Financial Disclosure 
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There was no financial interest to disclose. 

Patient Disposition 

This trial was conducted from October 2015 to March 2018, with subjects screened at 17 
centers in 12 countries (Brazil, Colombia, Estonia, Germany, Latvia, Lithuania, Mexico, Peru, 
Romania, Turkey, Ukraine, and United States). The following table shows the patient 
disposition. A total of 54 subjects were screened and 50 were enrolled. All enrolled subjects 

were treated and received the treatment as planned. The majority of the subjects completed 
the study and study medication. There were 5 deaths in total. The following analyses will focus 
on the two randomized groups, because only 3 subjects were in the non-randomized, open­

label group. 

Table 42. Study PN013: Study Disposition 
IMI/REL 
+ Placebo for 
CMS 
n (%) 

CMS + IMI 
n (%) 

IMI/REL 
n (%) 

Total 
n (%) 

Enrolled 31 16 3 50 

Randomized 31 16 0 47 
Treated 31 (100) 16 (100) 3 (100) 50 (100) 

Trial disposition 
Completed 27 (87.1) 11 (68.8) 1 (33.3) 39 (78.0) 

Discontinued 4 (12.9) 5 (31.3) 2 (66.7) 11 (22.0) 
Adverse event 0 1 (6.3) 1 (33.3) 2 (4.0) 
Death 1 (3.2) 3 (18.8) 1 (33.3) 5 (10.0) 

Loss to follow-up 1 (3.2) 1 (6.3) 0 2 (4.0) 
Physician decision 1 (3.2) 0 0 1 (2.0) 

Withdrawal by subject 1 (3.2) 0 0 1 (2.0) 
Study medication 
Completed 27 (87.1) 11 (68.8) 1 (33.3) 39 (78.0) 

Discontinued 4 (12.9) 5 (31.3) 2 (66.7) 11 (22.0) 
Adverse event 0 3 (18.8) 1 (33.3) 4 (8.0) 

Death 0 1 (6.3) 1 (33.3) 2 (4.0) 
Physician decision 2 (6.5) 1 (6.3) 0 3 (6.0) 
Treatment failure 1 (3.2) 0 0 1 (2.0) 

Withdrawal by subject 1 (3.2) 0 0 1 (2.0) 
Microbiological modified intent-to­
treat (mMITT) population 

21 (67.7) 10 (62.5) 0 31 (62.0) 

Exclusion from mMITT 10 (32.3) 6 (37.5) 

Pathogen from infection-site 
culture does not meet protocol-
specified susceptibility criteria 

8 (25.8) 5 (31.3) 

Qualifying culture collected greater 
than 1 week prior to entry 

2 (6.5) 1 (6.3) 
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Protocol Violations/Deviations 

Overall 33 subjects in the study had protocol deviations. The most common deviations were 

related to study procedures, compliance of treatment, inclusion/exclusion criteria, and receipt 
of prohibited medications. 

Demographic Characteristics 

Demographic and baseline characteristics are included in the following table. Most subjects 

were younger than 65 years of age. The majority were male and 90% of subjects were white. 

Table 43. Study PN013: Demographic and Baseline Characteristics in the mMITT Population 
IMI/REL + Placebo for CMS 
(N=21) 

CMS + IMI 
(N=10) 

Age (years) 

Mean (SD) 53.6 (16.9) 63.3 (11.3) 
Median 59.0 60.5 

Range 19, 75 49, 80 

Age (years), n (%) 

<65 15 (71.4) 5 (50.0) 

шӼӻ 6 (28.6) 5 (50.0) 
Sex, n (%) 

Male 13 (61.9) 7 (70.0) 

Female 8 (38.1) 3 (30.0) 
Body weight (kg) 

Mean (SD) 76.4 (19.6) 75.2 (19.6) 

Median 75.0 75.6 

Range 53.0, 132.3 52.8, 117.0 

Race, n (%) 

Multiple 3 (14.3) 0 

White 18 (85.7) 10 (100) 

Region, n (%) 

Europe 18 (85.7) 8 (80) 

North America 0 1 (10) 

South America 3 (14.3) 1 (10) 

Primary diagnosis, n (%) 

HABP 1 (4.8) 1 (10) 

VABP 7 (33.3) 2 (20) 

cIAI 2 (9.5) 2 (20) 

cUTI with UT abnormalities 5 (23.8) 3 (30) 

cUTI, acute pyelonephritis 6 (28.6) 2 (20) 

Bacteremia, n (%) 
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Yes 1 (4.8) 1 (10) 

No 5 (23.8) 2 (20) 

Unknown 15 (71.4) 7 (70) 

APACHE II score, n (%) 

ёӷӻ 14 (66.7) 8 (80) 

>15 7 (33.3) 2 (20) 

Baseline pathogen, n (%) 

Single pathogen isolated (mono­
microbial) 

21 (100) 9 (90) 

Multiple pathogens isolated (poly­
microbial) 

0 1 (10) 

Creatinine clearance (mL/min), n (%) 

15 to <30 1 (4.8) 1 (10) 

30 to <60 3 (14.3) 2 (20) 

60 to <90 8 (38.1) 4 (40) 

90 or higher 8 (38.1) 3 (30) 

Not applicable 1 (4.8) 0 

Baseline pathogen 

HABP/VABP 8 3 

Pseudomonas aeruginosa 8 (100) 3 (100) 

cIAI 2 3 

Citrobacter freundii 1 (50) 0 

Klebsiella pneumoniae 0 1 (10) 

Pseudomonas aeruginosa 1 (50) 2 (100) 

cUTI 11 5 

Enterobacter cloacae 1 (9.1) 0 

Klebsiella oxytoca 0 1 (20) 

Klebsiella pneumoniae 3 (27.3) 1 (20) 

Pseudomonas aeruginosa 7 (63.6) 3 (60) 

All 21 10 

Citrobacter freundii 1 (4.8) 0 

Enterobacter cloacae 1 (4.8) 0 

Klebsiella oxytoca 0 1 (10) 

Klebsiella pneumoniae 3 (14.3) 2 (20) 

Pseudomonas aeruginosa 16 (76.2) 8 (80) 

Other Baseline Characteristics 

As seen in the previous table, about half of the subjects had a primary diagnosis of cUTI and 
29% of subjects had VABP. Only two subjects had bacteremia at baseline. Most subjects had an 
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APACHE II score ёӷӻѢ ѨѧҀњѹШ ЙЌҚШѹѧҀШ ғЌҤѤ҇њШҀ ӋЌҚ ҇ЙҚШҖӊШФ ѧҀ ӿӽу ҇в ҤѤШ ҚҿЙѳШКҤҚѢ One 
subject in the placebo group had Klebsiella pneumoniae and Pseudomonas aeruginosa. The 

most common pathogen was Pseudomonas Aeruginosa. 

Treatment Compliance, Concomitant Medications 

Compliance was measured by comparing the number of completed doses to the number of 
expected doses of IV trial treatment. The compliance percentage was high in both randomized 

treatment groups. The mean treatment duration was 11.5 days for the two groups. 

The following table shows systemic anti-infective use in the mMITT population. About 84% of 

the subjects took prior antibacterial drugs for systemic use. About two thirds of the subjects 
took concomitant antibacterial drugs for systemic use. Only a small proportion of subjects used 
antifungal or antiviral drugs prior or concomitantly. 

Table 44. Study PN013: Systemic Antimicrobial Therapy in the mMITT Population 

IMI/REL + Placebo for CMS 
N=21 

CMS + IMI 
N=10 

Prior use 

Antibacterials 18 (85.7) 8 (80.0) 

Antifungals 4 (19.0) 3 (30.0) 

Antivirals 1 (4.8) 1 (10.0) 

Concomitant use 

Antibacterials 14 (66.7) 7 (70.0) 
Antifungals 3 (14.3) 3 (30.0) 

Antivirals 2 (9.5) 2 (20.0) 

Efficacy Results 

The favorable overall response in the mMITT population was the primary endpoint. As the 
following table shows, favorable overall response proportions were about 70% in both 
randomized treatment groups. Results are also given by infection type. 

Favorable clinical response at Day 28 in the IMI/REL group was higher than the CMS+IMI group 
and all-cause mortality through Day 28 was lower. However, given the small sample size, the 
results are highly variable. 

Table 45. Study PN013: Efficacy Analysis in the mMITT Population 

IMI/REL CMS + IMI 

+ Placebo for N=10 
CMS n(%) [95% CI] 
N=21 

n(%) [95% CI] 

Primary analysis1 
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Favorable overall response 15 (71.4) 
[49.8, 86.4] 

7 (70.0) 
[39.2, 89.7] 

HABP/VABP (N=11): survival through Day 28 7/8 (87.5) 2/3 (66.7) 

cIAI (N=4): clinical response at Day 28 0/2 (0) 0/2 (0) 

cUTI (N=16): clinical-microbiological response at EFU 8/11 (72.7) 5/5 (100) 

Secondary analyses 

Favorable clinical response at Day 28 15 (71.4) 
[49.8, 86.4] 

4 (40.0) 
[16.7, 68.8] 

HABP/VABP 5/8 (62.5) 0/3 (0) 

cIAI 0/2 (0) 0/2 (0) 

cUTI 10/11 (90.9) 4/5 (80.0) 

All-cause mortality through Day 28 2 (9.5) 
[1.4, 30.1] 

3 (30.0) 
[10.3, 60.8] 

HABP/VABP 1 (4.8) 1 (10.0) 

cIAI 1 (4.8) 1 (10.0) 

cUTI 0 1 (10.0) 

95% CIs were based on Agresti & Coull method and not presented for sample size less than4. 
1 one patient in each arm had missing data for the cIAI stratum and one patient on the IMI/REL arm had missing 
data for the cUTI stratum. One subject with cUTI and one subject with HABP/VABP in the IML/REL group failed due 
to relapse. 95% exact CI on the difference in favorable overall response was (-31.6%, 39.4%). 90% exact CI on the 
difference in favorable overall response was (-30.5%, 32.8%). The adjusted difference and 90% CI based on 
Miettinen & Nurminen method stratified by infection-site from stratum by the Applicant was -7.3% (-27.5%, 
21.4%). 

Findings in Special/Subgroup Populations or Additional Analyses Conducted on the Individual 
Trial 

Sex, Age, Body Weight, Region, and Baseline Disease Characteristics 

Subgroup analysis results are included in the following table. For most subgroups, when the 
sample sizes were relatively large, the favorable overall response proportions were 
comparable, with no outliers noted. In Europe, the favorable clinical response proportion was 

greater than 75% in both groups. In other regions, the sample size was too small to make a 
reliable estimate. Prior or concomitant anti-bacterial systemicuse appeared not to impact the 
favorable overall response between the two treatment groups, although the users had a worse 
response within a treatmenҤ њҖ҇ҿғѢ ѨҿЙѳШКҤҚ ӋѧҤѤ ЌҀ !ѡ!�΅E ҚК҇ҖШ ёӷӻ ѧҀ ҤѤШ ΈюΈѶѤEш њҖ҇ҿғ 

had a higher response proportion than that in the CMS+IMI group. 

Table 46. Study PN013: Subgroup Analysis of Favorable Overall Response in the mMITT 
Population 

IMI/REL + Placebo for CMS CMS + IMI 

N=21 N=10 
n (%) n (%) 
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Sex 
Male 8/13 (61.5) 4/7 (57.1) 

Female 7/8 (87.5) 3/3 (100) 

Race 

Multiple 1/3 (33.3) 0 

White 14/18 (77.8) 7/10 (70.0) 

Age (years) 

< 65 10/15 (66.7) 3/5 (60.0) 

ш 65 5/6 (83.3) 4/5 (80.0) 

Body weight (kg) 

< 70 5/8 (62.5) 2/4 (50.0) 

ш 70 10/13 (76.9) 5/6 (83.3) 

Primary diagnosis 

HABP/VABP 7/8 (87.5) 2/3 (66.7) 

cIAI 0/2 (0) 0/2 (0) 

cUTI 8/11 (72.7) 5/5 (100) 

Region 
Europe 14/18 (77.8) 6/8 (75.0) 

North America 0 0/1 (0) 

South America 1/3 (33.3) 1/1 (100) 

Creatinine clearance (mL/min) 

15 to <30 1/1 (100) 1/1 (100) 

30 to <60 3/3 (100) 1/2 (50.0) 

60 to <90 5/8 (62.5) 3/4 (75.0) 

90 5/8 (62.5) 2/3 (66.7) 

Not applicable 1/1 (100) 0 

APACHE II score 

ёӷӻ 12/14 (85.7) 6/8 (75.0) 

>15 3/7 (42.9) 1/2 (50.0) 

Prior systemic antibacterial use 

Yes 12/18 (66.7) 5/8 (62.5) 

No 3/3 (100) 2/2 (100) 
Baseline pathogen 
HABP/VABP 7/8 (87.5) 2/3 (66.7) 

Pseudomonas aeruginosa 7/8 (87.5) 2/3 (66.7) 

cIAI 0/2 0/3 

Citrobacter freundii 0/1 0 

Klebsiella pneumoniae 0 0/1 

Pseudomonas aeruginosa 0/1 0/2 

cUTI 8/11 (72.7) 5/5 (100) 

Enterobacter cloacae 1/1 (100) 0 

Klebsiella oxytoca 0 1/1 (100) 
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Klebsiella pneumoniae 1/3 (33.3) 1/1 (100) 
Pseudomonas aeruginosa 6/7 (85.7) 3/3 (100) 

All 15/21 (71.4) 7/11 (70) 

Citrobacter freundii 0/1 0 

Enterobacter cloacae 1/1 (100) 0 

Klebsiella oxytoca 0 1/1 (100) 

Klebsiella pneumoniae 1/3 (33.3) 1/2 (50) 

Pseudomonas aeruginosa 13/16 (81.3) 5/8 (62.5) 

Conclusion of Efficacy 

PN013 was a descriptive study with no pre-specified hypothesis testing and as such provides 
limited information for an efficacy assessment. The primary intent of this study was to gain 

some clinical experience in patients with infections at different body sites (HABP/VABP, cUTI, 
cIAI) due to CRE. In this very small study although the two groups achieved similar favorable 
proportions in overall response, the results are difficult to interpret for many reasons, including 

the lack of a finding of superiority in the setting of high rates of prior and concomitant 
antibacterial drug administration, inclusion of different types of infections, and the definition of 
the clinical response endpoint. The overall mortality rate in the IMI/REL arm was lower than 
that in the comparator arm; however, the numbers are too small and the confidenece intervals 

overlap to a large extent precluding the ability to draw any reliable conclusions. Also, from a 
microbiologicstandpoint, there were very few patients with infections due to CRE; the majority 
of baseline pathogens were P. aeruginosa. Some carbapenem resistance in P. aeruginosa are 

from mechanisms other than carbapenemase production. 

While we considered if this study could be interpreted as a historically controlled trial, use of 
historical controls for these types of patient populations, particularly with infection types at 
different body sites is problematic. Outcomes are highly vari able and even with infections due 
to organisms that are categorized as resistant to available therapies, outcomes are not 

uniformly poor. The variability in outcomes seen in the trials is often on the order of the 
magnitude of treatment effect for antibacterial drugs. Cure rates/outcomes vary significantly 
between body sites- cUTI vs. HABP/VABP and also in a given body site the outcomes vary 

between trials. The clinical response of ~70% with IMI-REL is really a mixture of outcomes­
mortality (HABP/VABP), clinical success at day 28 (cIAI), clinical success at end of IV (cUTI) and 
comparing that with historical data is difficult. 

7.3.4 Assessment of Efficacy Across Trials 

The evidence of efficacy of IMI/REL is based in part on the !њШҀКӑѥҚ ғҖШӊѧ҇ҿҚ вѧҀФѧҀњҚ ҇ в ҤѤШ 

efficacy of IMI for the treatment of cUTI and cIAI, limited clinical data from a trial each in cUTI 
and cIAI and a trial in patients with different types of infections due to CRE, along with data 
from in vitro and animal models of infection in which the activity of imipenem against 
imipenem-nonsusceptible organisms that produce certain class A and C beta lactamases was 

restored by relebactam. The two studies, PN003 in cUTI and PN004 in cIAI were not 
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appropriately designed for hypothesis testing, and trial PN013 in patients with different types 
of infections due to CRE was a descriptive study with no pre-specified hypothesis testing. While 

designs other than those recommended in guidance documents can be considered, the design 
of trials PN003 and PN004 had significant limitations that made it difficult to draw reliable 
conclusions based on their results. 

In the cUTI trial, the combined microbiological and clinical endpoint showed numerically lower 
success proportions at the DCIV and EFU visits for IMI/REL 250 mg compared to control. The 
lower proportions at the DCIV visit were driven by the microbiological endpoint while the lower 

proportions at the EFU visit were seen with both clinical and microbiologicendpoint. In the cIAI 
trial, the proportions of favorable response at the GFU visit appeared similar between the 
IMI/REL 250-mg arm and the IMI control arm. However, regardless of the efficacy findings in 

both trials, the clinical utility of an NI comparison between IMI/REL and IMI is limited. 

Study PN013, was designed only for estimation and not for hypothesis testing. Although 

numerically similar favorable overall clinical response proportions were seen in the IMI/REL and 
CMS+IMI treatment groups, this trial is difficult to interpret due to its small sample size, primary 
endpoint definition, and varied patient population. 

7.4 Review of Safety 

7.4.1 Safety Review Approach 

The safety of IMI/REL was evaluated in 10 trials; seven Phase 1 trials evaluated REL 
administered alone, as a co-infusion with IMI or a fixed dose combination of IMI/REL, two trials, 

one each in cUTI and cIAI, evaluated two doses of REL as a co-infusion with IMI compared with 
IMI + Placebo and one double-blind trial PN013 evaluated a fixed dose combination of IMI/REL 
compared to IMI + Colistin in patients with imipenem-resistant organisms. The safety review 

primarily focuses on trials PN003, PN004, and PN013. Due to differences in study design and 
study population between trials PN003 and PN004 and PN013, safety data were reviewed 
separately. Safety data for the PN003 and PN004 was primarily reviewed using the integrated 

summary of safety (ISS) database provided by the Applicant, while PN013 was reviewed using a 
separately provided dataset. 

The population used for safety data analysis in the trials was the All Subjects as Treated (ASaT) 
population and consisted of all subjects who received at least one dose of IV trial treatment. 
Subjects were included in the treatment group corresponding to the treatment they actually 

received, which for most subjects was also the treatment group they were randomized to. 

Reviewer comment: In PN003 and PN004, there was an option to switch to the higher dose, 
IMI/REL 250mg treatment arm from initial IV trial treatment if the baseline pathogen was 

imipenem-nonsusceptible and they were not demonstrating a favorable clinical response to 
study treatment after at least 72 hours. There were 4 subjects who were switched to the higher 
dose, IMI/REL 250mg. For the purposes of the safety review, subjects were included in the 
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treatment group corresponding to the treatment they initially received. 

Safety evaluation for the trials consisted of AE monitoring, hematology and chemistry 
laboratory evaluations, vital sign measurement and Events of Clinical Interest (ECI) defined as: 

ECI #1: An elevated aspartate aminotransferase (AST) or alanine transaminase (ALT) value шӻ ҃ 

upper limit of normal (ULN) or 

ECI#2: !Ҁ ШѹШӊЌҤШФ!ѨѮ҇Җ !шѮ ӊЌѹҿШ шӹ ҃ Ѳшя ЌҀФ ЌҀ ШѹШӊЌҤШФ Ҥ҇ҤЌѹ ЙѧѹѧҖҿЙѧҀ ӊЌѹҿШ шӸ ҃ ULN 

and, at the same time, an alkaline phosphatase value <2 X ULN. 

The duration of follow-up for all AEs, including SAEs, was from the first day of IV trial treatment 

(Day 1) through 14 days after completion of trial treatment. For Study PN003, this included 
completion of IV trial treatment as well as any subsequent oral ciprofloxacin treatment. For 
SAEs only, if the investigator considered the event to be possibly, probably or definitely related 

to trial treatment, it was also reported as event even if it occurred at any time outside of the 
14-day follow period following completion of trial treatment. 

Reviewer comment: The definition of the duration of follow-up used by the Applicant was not 
ideal as it was contingent on the length of treatment. This could result in different durations of 
follow-up between study arms. It would be preferable if the duration of follow-up were defined 
based on a specified post-randomization day. The duration of IV therapy in studies PN003 and 

PN004 was similar in all treatment arms. 

For the majority of safety analyses, the two IMI/REL treatment arms, IMI/REL 125mg and 

IMI/REL 250mg were combined. This was done to allow for a more robust analysis and because 
there were no major differences seen between the two treatment arms regarding safety, unless 
specifically noted in the review. For example, all 3 deaths occurring in studies PN003 and PN004 

occurred in the IMI/REL 125mg treatment and this is noted and discussed in further detail in the 
relevant section. 

Other noted differences between the IMI/REL 125mg and 250mg arms included the number of 
cases of C. difficile colitis reported (all 3 cases in the ISS population were reported in the IMI/REL 
125mg) and a greater number of SAEs reported in the IMI/REL 125mg arm. These differences 
were attributed to chance findings as they were not dose-dependent, and all occurred in the 

lower dose arm. There were no differences noted in overall AEs reported, discontinuations, 
laboratory and chemistry findings or vital sign measurements. 

7.4.2 Review of the Safety Database 

Overall Exposure 

Overall exposure to IMI/REL is depicted in Table 47. The total number of subjects receiving 
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IMI/REL at the proposed dose of 500mg/250mg at any duration is 304 subjects (54 in the Phase 
1 trials, 216 in studies PN003 and PN004 and 34 in PN013), while those receiving the proposed 

dose and duration were 269 subjects (19 in the Phase 1 trials, 216 in studies PN003 and PN004, 
and 34 in PN013). Overall, 673 subjects were exposed to IMI/REL at any dose and duration. An 
additional 48 subjects received IMI/REL at the appropriate dosing for renal impairment of 
250/125mg in a Phase 1 trial. 

The total number of subjects receiving the proposed marketed dose of IMI/REL 500mg/250mg 

for at least 96 hours per the ҖШӊѧШӋШҖѥҚ ЌҀЌѹӑҚѧҚ ӋЌҚ ӸӼӿ ҚҿЙѳШКҤҚџ ЌҚ ҇ғғ҇ҚШФ to 299 subjects 

cited in the NDA. In response to an information request, the Applicant noted that the 

discrepancies in exposure duration are due to differences in the calculation of exposure 

duration based on the individual study dosing frequency schedule. In PN013 duration of 

exposure was calculated based on calendar days as study drug dosing was every 6 hours. 

Calculation of duration in the studies PN003 and PN004 was based on the number of doses 

received and the frequency at which the doses were administered (formula for calculation of 

ФҿҖЌҤѧ҇Ҁ ҈ФЌӑҚ҉ѡ ҀҿѿЙШҖ ҇ в Ф҇ҚШҚ Ӑ ӼѶӸӺ҉Ѣ DҿШ Ҥ҇ ҤѤѧҚ КЌѹКҿѹЌҤѧ҇Ҁ ѿШҤѤ҇Фџ ҚҿЙѳШКҤѥҚ КҖШЌҤѧҀѧҀШ 

clearance could affect the frequency of administration. Therefore, subjects who received the 

expected number of doses over 4 days (i.e., 16 doses for subjects dosed every 6 hours or 12 

doses for subjects dosed every 8 hours) were counted as receiving a treatment duration of 4 

days, even if the actual time between their first and last dose was <96 hours. 

Reviewer Comment: The Applicant’s explanation for the discrepancies in the safety database 

was found satisfactory. 

Table 47. Safety Database for Imipenem/Relebactam Development Program 

Trial Indication IMI 500 
mg/REL 
250mg 

(n=273) 

IMI 500 
mg 
/REL 

125mg 
(n=261) 

IMI 
250 mg 
/REL 

125mg 
(n=48) 

IMI 
500 
mg 

/REL 
any 

dose 
1 

(n=60) 

IMI 
500mg 
+ CMS 

(n=16) 

IMI 500 
mg/REL 
250mg+ 

Placebo 
to CMS 
(n=31) 

IMI 
500mg 
+ 

Placebo 
(n=263) 

Placebo or 
Relebactam 
1150mgor 

Moxifloxacin 
500mg 
(n=39) 

Total 
(n= 
959) 

cUTI and cIAI Trials 

PN003 cUTI 99 99 - - - - 100 298 

PN004 cIAI 117 116 - - - - 114 347 

cIAI, cUTI, and HABP/VABP Trial 

PN013 cIAI, cUTI, 
HABP/VABP 

3 - - - 16 31 - - 50 

Phase 1 Trials 

P001 Safety, 
tolerability and 

PK in HV 

7 12 - 44 - - 43 106 
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P0072 Intrapulmonary 
PK in HV 

17 - - - - - - 17 

P002 Safety, 
Tolerability and 
PK in Healthy 

Elderly and 
Young Female 
Volunteers 

- 18 - - - - 6 24 

P005 PK in Subjects 
with renal 

impairment 

- - 48 - - - - 48 

P0123 PK in Healthy 

Japanese 
Volunteers 

16 16 - 16 - - - 3 19 

P0194 Effect of 
Probenecid on 
PK in HV 

14 - - - - - - - 14 

P0095 QTc in HV - - - - - - - 36 36 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
1 
Any dose of IMI/REL apart from 500/250mg or 500/125mg. 

2
Only five doses of IMI 500 mg /REL 250mg administered. 
3
Only 12 patients receivedproposedduration, remaining 4 only received single doses. Patients may have received 

more than one dosing regimen, total does not reflect sum of allcolumns. 
4
Single doses only. 

5
Relebactam 1150mg, Moxifloxacin 500mg orPlacebousedin this single-dose, double-blind, randomized, placebo 

and positive controlled, 3-period, balanced crossover trial 

Reviewer comment: Due to the crossover design of some of the Phase 1 trials, some subjects 

received more than one dosing regimen. 

Table 48. Subjects Who Received ≥ 4 days of Imipenem /Relebactam ≥250mg in the 
Imipenem/Relebactam Development Program1 

Trial Number Trial Phase Number of Subjects 

PN001 1 48 

PN002 1 0 

PN005 1 0 

PN007 1 0 

PN009 1 0 

PN012 1 11 

PN019 1 0 

PN003 2 97 

PN004 2 112 

PN013 3 31 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Total 299 
1 IMI provided together with REL either as separate simultaneous infusions or as a fixed-dose 

combination. 

ҘѨ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ҖШҚғ҇ҀҚШ Ҥ҇ FD! ѧҀв҇ҖѿЌҤѧ҇Ҁ ҖШҕҿШҚҤ ФЌҤШФ Ӹӷ-Mar-2019 

The primary safety database was comprised of subjects in trials PN003 and PN004 and PN013. 

The Applicant submitted an Integrated Safety Summary (ISS) for studies PN003 and PN004, 
which was used for the primary safety analysis of these trials. 

The cUTI trial included 99 subjects in the IMI/REL 250mg arm, 99 subjects in the IMI/REL 125mg 
arm and 100 subjects in the IMI/Placebo arm for a total of 298 subjects. 

The cIAI trial included 117 subjects in the IMI/REL 250mg arm, 116 subjects in the IMI/REL 
125mg arm and 114 subjects in the IMI/Placebo arm for a total of 347 subjects. 

Trial PN013 included 31 subjects in the IMI/REL 250mg + Placebo to colistin arm, 16 subjects in 

the IMI + colistin arm, and 3 subjects in the IMI/REL 250 mg open-label arm for a total of 50 
subjects. 

The mean duration of IV treatment was similar in the IMI/REL 250 mg (7.9 days), the IMI/REL 
125mg (7.8 days) and the IMI/Placebo (8.2 days) arms (Table 49). 

Table 49. Intravenous Study Drug Exposure in Studies PN003 and PN004, Safety population 

IMI/REL 250mg 
N=215 
n (%) 

IMI/REL 125mg 
N=216 
n (%) 

IMI/Placebo 
N=214 

n (%) 

IV Study Drug Exposure (in days) 

юӻ ФЌӑҚ ӿ ҈ӺѢӸу҉ Ӿ ҈ӹѢӽу҉ Ӻ ҈ӷѢӿу҉ 

яыӻ­ юӽ ФЌӑҚ Ӽӽ ҈ӹӷѢӸу҉ ӼӺ ҈ӸӿѢӼу҉ ӼӺ ҈ӸӿѢӿу҉ 

яыӽ - юӷӶ ФЌӑҚ ӾӸ ҈ӹӾѢӷу҉ ӿӼ ҈ӺӺѢӺу҉ ӿӷ ҈ӺӸѢӻу҉ 

яыӷӶ ФЌӑҚ ӻӽ ҈ӸӼѢӻу҉ ӺӾ ҈ӸӸѢӸу҉ ӻӻ ҈ӸӻѢӽу҉ 

Mean duration of IV treatment 
(days) (mean, SD, min-max range) 

ӽѢӿ ҈ӸѢӾџ Ӹ-ӷӻ҉ ӽѢӾ ҈ӸѢӾџ Ӹ-ӷӻ҉ ӾѢӸ ҈ӸѢӽџ Ӹ-ӷӻ҉ 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 

Relevant characteristics of the safety population: 

The demographic characteristics in the pooled analysis of studies PN003 and PN004 were well 

balanced. There were slightly more women in the IMI/REL 125mg arm (51.6% vs. 48.4%) and 
more men in the IMI/REL 250mg (57.4% vs 42.6%) and IMI + Placebo arms. The mean age was 
52.5 years. Most subjects were over 65 years of age (69%), white (91%) and from Europe ( 86%) 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

(Table 50). 

In trial PN013, 62% were men. The mean age was 57.9 years. The majority were over age 65 
(56%), white (88%) and from Europe (80%), Table 51. 

Table 50. Demographic characteristics: Studies PN003 and PN004, Safety Population 

Demographic 
Parameters 

IMI/Placebo 
N=214 
n (%) 

IMI/REL 125 mg 
N= 215 

n (%) 

IMI/REL 250 mg 
N= 216 

n (%) 

Total 
(N=645) 

n (%) 

Sex 

Female 92 (43.0%) 111 (51.6%) 92 (42.6%) 295 (45.7%) 

Male 122 (57.0%) 104 (48.4% 124 (57.4%) 350 (54.3%) 
Age 
Mean years (SD) 52.0 (18.7) 52.9 (17.7) 52.5 (18.7) 52.5 (18.3) 
Median (years) 54 55 55 55 

Min, max (years) 18, 88 18, 88 18, 90 18, 90 
Age Group 
< 65 years 150 (70.1%) 147 (68.4%) 149 (69.0%) 446 (69.1%) 
ш Ӽӻ ӑШЌҖҚ 64 (29.9%) 68 (31.6%) 67 (31.0%) 199 (30.9%) 

Race 
American Indian or 
Alaska Native 

0 (0.0%) 3 (1.4%) 2 (0.9%) 5 (0.8%) 

Asian 7 (3.3%) 10 (4.7%) 4 (1.9%) 21 (3.3%) 
Blackor African 

American 
1 (0.5%) 4 (1.9%) 2 (0.9%) 7 (1.1%) 

Multi-racial 7 (3.3%) 7 (3.3%) 10 (4.6%) 24 (3.7%) 
White 199 (93.0%) 191 (88.8%) 198 (91.7%) 588 (91.2%) 
Ethnicity 

Hispanic or Latino 9 (4.2%) 16 (7.4%) 15 (6.9%) 40 (6.5%) 
Not Hispanic or Latino 192 (89.7%) 195 (90.7%) 191 (88.4%) 578 (93.5%) 
Region 
Africa 2 (0.9%) 5 (2.3%) 4 (1.9%) 11 (1.7%) 

Asia Pacific 5 (2.3%) 6 (2.8%) 4 (1.9%) 15 (2.3%) 
Europe 190 (88.8%) 182 (84.7%) 184 (85.2%) 556 (86.2%) 
North America 9 (4.2%) 11 (5.1%) 9 (4.2%) 29 (4.5%) 

South America 8 (3.7%) 11 (5.1%) 15 (6.9%) 34 (5.3%) 
Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 

Table 51. Demographic characteristics in Study PN013, Safety Population 

Demographic 
Parameters 

IMI + CMS 
N=16 
n (%) 

IMI/REL 250 mg 
+ Placebo to 
CMS N=31 

n (%) 

IMI/REL 250 mg 
N=3IMI/REL 250 

mg N=3 
n (%) 

Total 
N=50 
n (%) 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Sex 
Female 6 (37.5%) 11 (35.5%) 2 (66.7%) 19 (38.0%) 
Male 10 (62.5%) 20 (64.5%) 1 (33.3%) 31 (62.0%) 
Age 
Mean years (SD) 62.3 (14.9) 56.1 (16.5) 50 (23.1) 57.9 (16.4) 
Median (years) 65.5 59 58 59 
Min, max (years) 22, 80 19, 77 24, 68 19, 80 
Age Group 
< 65 years 7 (43.8%) 19 (61.3%) 2 (66.7%) 28 (56.0%) 
ш Ӽӻ ӑШЌҖҚ 9 (56.3%) 12 (38.7%) 1 (33.3%) 22 (44.0%) 
Race 
American Indianor 
Alaska Native 

0 (0.0%) 1 (3.2%) 0 (0.0%) 1 (2.0%) 

Blackor African 
American 

1 (6.3%) 0 (0.0%) 0 (0.0%) 1 (2.0%) 

Multiple 0 (0.0%) 4 (12.9%) 0 (0.0%) 4 (8.0%) 
White 15 (93.8%) 26 (83.9%) 3 (100.0%) 44 (88.0%) 
Ethnicity 
Hispanic or Latino 3 (18.8%) 5 (16.1%) 1 (33.3%) 9 (18.0%) 
Not Hispanic or Latino 13 (81.3%) 26 (83.9%) 2 (66.7%) 41 (82.0%) 
Country 
Europe 12 (75.0%) 26 (83.9%) 2 (66.7%) 40 (80.0%) 
North America 2 (12.5%) 0 (0.0%) 1 (33.3%) 3 (6.0%) 
South America 2 (12.5%) 5 (16.1%) 0 (0.0%) 7 (14.0%) 
Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 

Adequacy of the safety database: 

During the pre-NDA meeting on 3 April 2018, a safety database of 300 subjects receiving the 
study drug at the proposed dose and duration for the proposed indications was requested by 

the FDA. Though the submitted safety database is somewhat smaller than this, it was deemed 
adequate given the extensive clinical experience with imipenem since its approval in 1985 for 
the two indications being requested under this NDA, namely cUTI and cIAI. (b) (4)

(b) (4)

7.4.3 !dequacy of !pplicant’s Clinical Safety !ssessments 

Issues Regarding Data Integrity and Submission Quality 

The overall quality of submitted data was adequate. A data traceability assessment was 
conducted in conjunction with the JumpStart service provided through the Office of 
Computational Sciences (OCS). There were minor findings identified through this assessment 

with the majority having either minimal or no impact on data analysis. 

For additional assessment of the quality of the initial data collection and integrity, an Office of 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Scientific Investigations (OSI) consult was obtained and seven clinical sites were selected for 
inspection for studies PN003, PN004, and PN013. The study data derived from these clinical 

sites, based on the inspections, are considered reliable in support of the proposed indications. 
(see Section 4.1). 

Categorization of Adverse Events 

Adverse events (AEs) were collected from the first day of IV trial treatment (Day 1) through 14 

days after completion of trial treatment in studies PN003, PN004 and PN013. In PN003, the 
cUTI trial where transition to ciprofloxacin was permitted after initial IV therapy, completion of 
trial treatment included completion of IV trial treatment plus subsequent oral ciprofloxacin 

treatment where applicable. 

Serious adverse event was defined as an AE occurring at any dose that resulted in death, was 

life threatening, resulted in persistent or significant disability/incapacity, resulted in or 
prolonged existing inpatient hospitalization, was a congenital anomal y/birth defect or was 
deemed an important medical event. In PN003 and PN004, cancer and overdose were also 

considered SAEs. 

In terms of timing, AEs were categorized by the Applicant in three ways in the CSRs for the 

three trials, as well as the ISS datasets: 

• AEs with onset with during trial treatment through 14 days after end of trial treatment, 

• AEs with onset during IV trial treatment only and, 

• AEs with onset at any point during the trial. 

Events of clinical interest (ECI) were defined as follows: 

• !ѨѮ ҇ Җ !шѮ ӊЌѹҿШ шӻ ҃ Ѳшя ҇Җ 
• !ѨѮ ҇ Җ !шѮ ӊЌѹҿШ шӹ ҃ Ѳшя ЌКК҇ѿғЌҀѧШФ Йӑ Ќ Ҥ҇ҤЌѹ ЙѧѹѧҖҿЙѧҀ ӊЌѹҿШ шӸ ҃  Ѳшя ЌҀФ ЌҀ 

alkaline phosphatase value <2 X ULN 

In scenarios where a subject signed a consent form, then experienced an AE that resu lted in 
exclusion from the trial or was the result of a protocol-specific intervention, the AE was 
reported. If there were SAEs that occurred outside of the 14-day follow-up period but were 

considered by the investigator to be possibly, probably or definitely related to trial treatment, 
they were also reported. AEs were coded with MedDRA Version 18.0 in PN003, Version 17.0 in 
PN004, Version 18.1 in the ISS database and Version 20.0 in PN013. 

Reviewer comment: For the purposes of the !gency’s analysis, !Es and SAEs were analyzed 
regardless of whether they were deemed related or unrelated by investigators to study drug. 

This resulted in a higher number of AEs being reported in the Agency analysis, especially for 
common AEs, for example GI-related AEs such as diarrhea or nausea. For AEs where a 
relationship to the study drug was questionable given the mechanism of action and known 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

outcomes of the components of the study drug, the CSRs and narratives, where available, were 
reviewed to adjudicate the relationship between the AE and the study drug. When required, 

additional information including narratives and datasets were requested from the Applicant. 
Please refer to Section 7.4.4 for further details of the safety results including analysis of AEs. 

Routine Clinical Tests 

Routine blood and urine laboratory studies were collected as part of protocols for PN003, 

PN004 and PN013 and included, but were not limited to hematology tests (white blood cell 
count and differential, hemoglobin, hematocrit, platelet count), blood chemistry tests (albumin, 
blood urea nitrogen, calcium, bicarbonate, creatinine, glucose, electrolytes, serum protein, 

serum bilirubin, liver transaminases), urinalysis tests (protein, glucose, microscopicanalysis). 

Reviewer Comment: Due to a potential pancreatitis signal, a request was made to the Applicant 

to provide all available baseline and post-baseline lipase and amylase values for the safety 
population for the three trials. Per the Applicant’s response dated 22 Feb 2019, the cIAI (PN004) 
was the only study in the IMI/REL program in which lipase and amylase values were measured 

as part of the routine safety laboratory panel. Datasets of all available baseline and 
postbaseline central laboratory results for amylase and lipase were provided with this response. 
Please refer to Section 7.4.4 for adverse event results related to specific laboratory values by 

study. 

7.4.4 Safety Results 

Summary 

cUTI and cIAI trials 

During the follow-up period, there were 3 deaths, all of which occurred in the IMI/REL 125mg 
treatment arm in study PN004 (cIAI). Overall, more SAEs occurred in the IMI/REL 125mg (5.6%, 

12/215) as compared to the IMI/REL 250mg (3.2%, 7/216) and the IMI/Placebo (5.1%, 11/214) 
treatment arms. There was no difference in discontinuations of study drug due to SAEs 
between subjects receiving IMI/REL and IMI/Placebo. Two subjects discontinued study drug in 

the IMI/REL 250mg and in the IMI / Placebo arm and 3 subjects discontinued study drug due to 
SAEs in the IMI/REL 125mg arm. 

Table 52. Safety Summary, PN003 and PN004, Safety Population 

Event IMI/ REL 250mg IM/REL 125mg IMI/Placebo 
(N=216) (N=215) (N=214) 

n (%) n (%) n (%) 

Deaths Ӷ ҈Ӷу҉ ӹ ҈ӷѢӺу҉ Ӷ ҈Ӷу҉ 

S!Es ӽ ҈ӹѢӸу҉ ӷӸ ҈ӻѢӼу҉ ӷӷ ҈ӻѢӷу҉ 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Discontinuations of Study Drug 
due to S!Es 

Ӹ ҈ӶѢӿу҉ ӹ ҈ӷѢӺу҉ Ӹ ҈ӶѢӿу҉ 

!ll TE!Es Ӿӻ ҈ӹӿѢӺу҉ ӾӺ ҈ӹӿѢӷу҉ ӽӽ ҈ӹӼу҉ 

D/c study drug d/t TE!Es Ӻ ҈ӷѢӿу҉ Ӽ ҈ӸѢӾу҉ ӻ ҈ӸѢӹу҉ 

TE!Es related to study drug1 

юѧѹФ 

ю҇ФШҖЌҤШ 

ѨШӊШҖШ 

ӺӶ ҈ӷӾѢӻу҉ 

ӹӾ ҈ӷӽѢӼу҉ 

ӽ ҈ӹѢӸу҉ 

Ӻӻ ҈ӸӶѢӿу҉ 

ӹӷ ҈ӷӺѢӺу҉ 

Ӽ ҈ӸѢӾу҉ 

ӺӸ ҈ӷӿѢӼу҉ 

ӸӾ ҈ӷӹѢӷу҉ 

Ӽ ҈ӸѢӾу҉ 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
11 case missing severity in IMI + Placebo arm and 2 cases missing severity in IMI + REL 125mg 
arm 

Study PN013 

Deaths occurred in 2 (6.5%) subjects in Treatment Group 1 (IMI/REL plus Placebo) and 3 (18.8%) 
subjects in Treatment Group 2 (CMS + IMI). SAEs were reported in 3 (9.7%) subjects in 

Treatment Group 1 and 5 (31.3%) subjects in Treatment Group 2, of which none were deemed 
treatment-related by the study investigators and the reviewer. There were also no 
discontinuations of study drug due to SAEs in either treatment arm. There were 3 (18.8%) 

discontinuations due to non-serious treatment-emergent AEs in Treatment Group 2 and none 
in Treatment Group 1. Most subjects in both treatment groups experienced AEs during the 
follow up period; 22 (71%) subjects reported AEs in Treatment Group 1 and 13 (81.3%) subjects 

in Treatment Group 2 reported AEs. Most reported AEs were mild in both groups. 

Table 53. Safety Summary for the Randomized Arms of PN013, Safety Population 

Event Treatment Group 1: 

IMI/REL 250 mg + Placebo 

for CMS N=31 

Treatment Group 2: CMS + 

IMI 

N=16 

Deaths 2 (6.5%) 3 (18.8%) 

S!Es 3 (9.7%) 5 (31.3%) 

Discontinuations of Study Drug due to 
S!Es 

0 (0%) 0 (0%) 

!ll TE!Es 22 (71%) 13 (81.3%) 

D/c study drug d/t TE!Es 0 (0%) 3 (18.8%) 

TE!Es Severity 
юѧѹФ 

ю҇ФШҖЌҤШ 

ѨШӊШҖШ 

ӷӹ ҈ӺӷѢӿу҉ 

4 (12.9%) 

5 (16.1%) 

Ӽ ҈ӹӽѢӻу҉ 

Ӹ ҈ӷӸѢӻу҉ 

ӻ ҈ӹӷѢӹу҉ 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Reviewer comment: There were more adverse events overall reported in Treatment Group 2 
(CMS + IMI) compared to Treatment Group 1 (IMI/REL + Placebo). This included deaths, SAEs, 

and discontinuations due to AEs, which were all reported more frequently in Treatment Group 2. 
This is consistent with the known toxicities associated with CMS. However, due to the small 
sample size of this trial, no definitive conclusions can be drawn regarding differences between 
the two treatment groups. 

Deaths 

Overall, there were 11 deaths in all IMI/REL clinical trials. There were no deaths in the Phase 1 
trials. Five deaths occurred in studies PN003 and PN004 and six deaths occurred in study 

PN013. Of the five deaths that occurred in studies PN003 and PN004, three occurred during the 
follow-up period and two occurred outside the 14-day follow-up period. 

Table 54. Deaths in All IMI/REL Clinical Trials, Safety Population 

Deaths in PN003 and PN004 

During the follow-up period 

cUTI (Study PN003) 0 

cIAI (Study PN004) 3 (1.4%) IMI/REL 125mg 

Outside the follow-up period 

cUTI (Study PN003) 2 (0.9%) IMI/REL 250mg 

cIAI (Study PN004) 0 

Total in PN003 and PN004 5 

Deaths in Study PN013 

In the randomized arms 2 (6.5%) IMI/REL + Placebo 
3 (18.8%) IMI + CMS 

In the open label arm 1 

Total in PN013 6 

All deaths during IMI/REL Development 11 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
*There were no deaths in Phase 1 trials 

The deaths that occurred in studies PN003 and PN004 during the follow-up period are 

summarized in Table 55. 

Table 55. Deaths in studies PN003 and PN004 That Occurred During Follow-Up Period, Safety 

Population 

Treatment 
Group 

Subject !ge Gender Trial �aseline 
Organism 

Duration 
of 
Treatment 

Day of 
Death 
(Study 
Day) 

�ause of 
Death 
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юΕ-ӽӼӻӻ 
ӷӸӻѿњ ч ΈюΈ 

ӷ ӽӸ ю КΈ!Έ҈ѡӶӶӺ҉ E; coli Ӹ ФЌӑҚ D ӹ ѨШғҤѧК 
ҚѤ҇КѶ 

юΕ-ӽӼӻӻ 

ӷӸӻѿњ ч ΈюΈ 

Ӹ ӽӸ ю КΈ!Έ 

҈ѡяӶӶӺ҉ 

E; coli ӹ ФЌӑҚ D ӷӺ ΈҀҤШҚҤѧҀЌѹ 

ѧҀвЌҖКҤѧ҇Ҁ 

юΕ-ӽӼӻӻ 
ӷӸӻѿњ ч ΈюΈ 

ӹ ӽӼ F КΈ!Έ 
҈ѡяӶӶӺ҉ 

E; coli ӹ ФЌӑҚ Dӹ ѽШҀҤҖѧКҿѹЌҖ 
вѧЙҖѧѹѹЌҤѧ҇Ҁ 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 

All three deaths reported during the follow-up period occurred in study PN004 in the IMI + REL 
125mg treatment group. There were no deaths in the IMI + Placebo arms in studies PN003 and 

PN004. 

The two deaths occurring after the follow-up period occurred in study PN003, in the IMI/ REL 

250mg treatment group. One death was due to progression of renal cancer 32 days following 
completion of study drug and another due to cardiac arrest 28 days following completion of 
study drug. 

The death from renal cancer progression occurred in a 72-year-old female patient who received 
IMI/REL 250mg for 10 days for a diagnosis of cUTI. She had a complicated urogenital history 
including radical nephrectomy of her right kidney, left ureteral stent insertion, urolithiasis and 

right renal carcinoma with rapid metastatic progression. Approximately 2 weeks later after 
completing study treatment she experienced an SAE of pyelonephritis and was admitted to the 
hospital and initiated on imipenem/cilastatin. She recovered from the acute pyelonephritis, but 

it was noted that she continued to have rapid progression of renal carcinoma with metastases 
to the liver and lung. She died 32 days following completion of study drug. 

The second subject was an 83-year-old male who began IMI/REL 250mg for a cUTI and received 
the study drug for 8 days and completed treatment. The patient had a medical history of 
hypertension and heart failure. Approximately 2weeks later the patient died from cardiac 

arrest. He was not hospitalized for the event and received no emergency medication. 

Reviewer Comment: The timing of study drug administration in these two patients and the 

timing of their deaths does not suggest a relationship with study drug. Both deaths occurred 
several weeks following the patient’s completion of the study drugs; There is a clear etiological 
cause in the patient who died from renal cancer progression and it is unlikely related to the 
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study drug. For the second patient who died from cardiac arrest, although a cardiac arrest was 
diagnosed, we do not have the details as to what may have led to the cardiac arrest, though the 

patient did have predisposing factors including hypertension and heart failure. Of note, the 
patient was on concomitant medications of isoniazid, rifampin, pyrazinamide and ethambutol at 
the time of his death, suggesting a possible diagnosis of active tuberculosis, though this 
diagnosis was not included in the narratives provided or CRF and should have been an exclusion 

criterion. 

Three deaths reported during the follow-up period were due to ventricular fibrillation on Day 3, 

intestinal infarction on Day 14 (study drug discontinued on Day 3 due to decrease in creatinine 
clearance) and septicshock on Day 3 and are summarized in Table 55. 

One death occurred while the subject was on the study drug (Subject 3: Table 55). The subject 
was a 76-year-old female with a diagnosis of complicated cholecystitis and generalized 
peritonitis who began treatment with IMI/REL 125mg on D1. Of note a cholecystectomy was 

performed on D -1, one day prior to randomization. She grew multiple organisms including E. 
coli, K. oxytoca, and E. faecalis from her surgical culture. She developed paroxysmal atrial 
fibrillation on the same day study drug was initiated for which amiodarone was started. Her 

cardiovascular status worsened over the subsequent 2 days with ineffective circulation and 
apnea with ventricular fibrillation. Resuscitation was initiated but was unsuccessful. Her 
concomitant medications at the time of death included duloxetine and trazodone. Autopsy 
findings revealed acute cardiac failure and atherosclerosis. 

The other two deaths occurred after the study drug had been discontinued. 

Subject 1 was a 72-year-male with a diagnosis of perforated colon and peritonitis who began 
treatment with IMI/REL 125mg on D1. He underwent open laparotomy with sigmoid colon 
resection and colostomy on the same day and was also found to have a malignant tumor of the 

colon. On D2 he had an SAE of acute renal failure, the study drug was withdrawn on the same 
day and renal replacement therapy was started. A few hours later an SAE of septicshock was 
recorded, and he required vasopressors. He died on D3 due to septic shock. 

Subject 2 was a 72-year-old male with a perforated ileum and colon who began treatment with 
IMI/REL 125mg on D1. His past medical history included hypertension. He underwent surgery 
on day of study drug initiation with resection of the small bowel and right colon with bowel ­

colon anastomosis. On D2, he experienced an AE of decreased creatinine clearance, which was 
considered related to study drug and on D3, elevations of AST and ALT, also deemed related to 
study drug. The study drug was discontinued on D3 due to the decrease in creatinine clearance. 

On D5, AST elevation resolved and on D9, the ALT elevation resolved. On D14, the patient 
experienced an SAE of intestinal infarction, which resulted in cardiorespiratory arrest and 
death. 

All deaths reported in studies PN003 and PN004 occurred in subjects > 70 years of age. 
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Reviewer Comment: After assessing the narratives and CRFs in detail, none of the deaths in the 

PN003 and PN004 appear to be due to treatment failure or because of the treatment itself. 
Subjects 1 and 2 experienced serious complications of their underlying disease process, which 
led to death. The only subject that experienced an event possibly unrelated to her underlying 
infectious process was Subject 3, who experienced paroxysmalatrial fibrillation (presumably a 

new diagnosis), followed by cardiovascular decompensation leading to ventricular fibrillation 
and death. No clear cardiovascular signal emerged from our analysis of the data and 
cardiovascular events were not reported in nonclinical studies. Cardiovascular events, including 

arrythmias, are not commonly reported with imipenem/cilastatin use. Palpitations and 
tachycardia are the only cardiovascular events reported and listed in the imipenem/cilastatin 
label and occur in less than 0.2% of patients. 

Study PN013 

In PN013, there were a total of six deaths. Five deaths occurred during the randomized portion 
of the trial, 6.5% (2/31) subjects in Treatment Group 1 (IMI/REL + Placebo to CMS) and 18.8% 
(3/16) subjects in Treatment Group 2 (IMI + CMS). One death occurred in the open-label arm of 

the study (Treatment Group 3). 

There were no deaths in subjects with cUTI. Three deaths occurred in subjects with HABP/VABP 
and 2 deaths occurred in subjects with cIAI. In the HABP/VABP population, the AEs leading to 

death were lung infection, subarachnoid hemorrhage, and ventricular tachycardia. A summary 
of deaths reported in Study PN013 can be found in Table 56. 

Reviewer Comment: The rate of death in study PN013 was greater than that in studies PN003 
and PN004. This is likely due to severity of illness in patients enrolled in PN013 as inclusion 
criteria were less restrictive, subjects had to have a baseline imipenem-resistant pathogen and 

subjects with HABP/VABP were enrolled. 

Table 56. Deaths in PN013, Safety Population 

Treatment Subject !ge Gender Infection �aseline Duration Day of �ause of Death 
Group Site Organism of Death 

Treatment 
ѮҖШЌҤѿШҀҤ ӷ ӻӿ ю КΈ!Έ C; freundii ӹФ D ӹ Ѿ҇ҖҚШҀѧҀњ 

GҖ҇ҿғ ӷѡ ѡя!џ ѨӑҚҤШѿѧК 
ΈюΈѶѤEш ч ѧҀвѹЌѿѿЌҤ҇Җӑ 
ѡѹЌКШЙ҇ в҇Җ ҖШҚғ҇ҀҚШ 
�юѨ ҚӑҀФҖ҇ѿШ 

ѮҖШЌҤѿШҀҤ Ӹ ӽӻ ю ѽ!�ѡ P; ӷӷФ D ӷӽ шҿҀњ ѧҀвШКҤѧ҇Ҁ 

GҖ҇ҿғ ӷѡ aeruginosa 
ΈюΈѶѤEш ч 
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ѡѹЌКШЙ҇ в҇Җ 
�юѨ 

ѮҖШЌҤѿШҀҤ ӹ ӾӶ ю КΈ!Έ P; ӸӷФ D ӸӼ ѨШғҤѧК ҚѤ҇КѶ 
GҖ҇ҿғ Ӹѡ �юѨ ч aeruginosa 

ΈюΈ 

ѮҖШЌҤѿШҀҤ Ӻ ӻӺ ю ѽ!�ѡ P; ӹФ D Ӿ ѨҿЙЌҖЌКѤҀ҇ѧФ 
GҖ҇ҿғ Ӹѡ �юѨ ч aeruginosa ѤЌШѿ҇ҖҖѤЌњШ 
ΈюΈ 

ѮҖШЌҤѿШҀҤ ӻ ӸӸ F ѽ!�ѡ P; ӺФ D Ӻ ѽШҀҤҖѧКҿѹЌҖ 

GҖ҇ҿғ Ӹѡ �юѨ ч aeruginosa ҤЌКѤӑКЌҖФѧЌ 
ΈюΈ 

ѮҖШЌҤѿШҀҤ Ӽ ӸӺ F ΅!�ѡ P; ӾФ DӾ ѨШғҤѧК ҚѤ҇КѶ 
GҖ҇ҿғ ӹѡ aeruginosa 
ΈюΈѶѤEш 

Source: Clinical ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 

Subject 1 was screened for the study due to perforated colon on Day -1 and a peritoneal fluid 
specimen that grew C. freundii resistant to IMI but susceptible to IMI/REL and colistin. He was a 

59-year-old male with an extensive past medical history including recurrent rectal carcinoma 
(s/p anterior resection), partial small resection, osteomyelitis, chronicpain, alcohol abuse, and 
emphysema. Prior to study enrollment, he had been on multiple antibacterial drugs during his 

hospital course including piperacillin/tazobactam (D-15 to -8), ciprofloxacin (D-8 to -3), 
erythromycin (D-8 to 1), metronidazole (D-8 to 1), meropenem (D-7 to 4), Fosfomycin (D-4 to 
4), ceftazidime/avibactam (D-1 to 1). With the exception of meropenem which was indicated 
for pneumonia, the remainder of the antibacterial drugs were listed as being used for infection 

prophylaxis. On D1 he was randomized to IMI/REL plus Placebo to CMS and the study drug was 
initiated. On the same day he was noted to have increased oxygen demand, decreased urine 
output and delirium, and was intubated with a diagnosis of pneumonia (not the qualifying 

diagnosis for the study). By D3 (OTX visit), the patient has overall worsening conditions with 
respiratory insufficiency, sepsis and organ failure leading to transition to palliative care. He died 
on the same day. Two SAEs were reported for this patients, worsening pneumonia and systemic 

inflammatory syndrome. 

Reviewer Comment: The patient’s extensive past medical history andprolonged hospitalcourse 

with multiple antimicrobials used and multiple complications suggest that his death was not 
related to the study medication or failure of the study drug. His decompensation from 
sepsis/septic shock and pneumonia leading to intubation was noted on the same day the study 
drug IMI/REL was initiated. He was transitioned to palliative care 3 days later. The timing does 

not suggest relationship to the study drug. 

Subject 2 was screened for the study on D1 due to a bronchial lavage fluid specimen collected 

on D -6, which grew Pseudomonas aeruginosa susceptible to IMI/REL and colistin but resistant 
to IMI. He was a 75-year-old male admitted to the hospital with multiple rib fractures and a 
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hemopneumothorax and subsequently developed VABP. He was initiated on the study drug, 
IMI/REL + placebo to colistin, ҇ Ҁ DӷѢ ѕҀ Dӹ ЌҀФ Dӻџ ҤѤШ ғЌҤѧШҀҤѥҚ КѹѧҀѧКЌѹ ҖШҚғ҇ҀҚШ ЌғғШЌҖШФ Ҥ҇ 

have improved. The last dose of IMI/REL was on Dӷӷ ҈EѕѮ ӊѧҚѧҤ҉Ѣ ѮѤШ ғЌҤѧШҀҤѥҚ КѹѧҀѧКЌѹ ҖШҚғ҇ҀҚШ 
ӋЌҚ ФШШѿШФ ѨѧѿғҖ҇ӊШФѢѩ He remained on mechanical ventilation, but with improved 
tachypnea and dyspnea. A repeat tracheal aspirate culture grew E. aerogenes susceptible to 
IM/REL, colistin and IMI. On a D14 follow up visit (EFU visit), the patient had developed fever 

and worsening tachypnea with chest radiograph showing bilateral infiltrated. On D16, another 
tracheal aspirate grew P. aeruginosa and E. aerogenes susceptible to IMI/REL, colistin and IMI. 
Information on whether this patient was re-initiated on antibacterial drugs was not available. 

The subject died from worsening respiratory failure on D17. SAE of pulmonary infection was 
reported on D17. 

Reviewer comment: The patient appears to have been at risk for recurrent pulmonary infection 
due to his intubated status. The initial infection for which IMI/REL was initiated on D1 appears 
to have improved by the D11 (EOT visit), however he grew a new organism, E. aerogenes, 

susceptible to IMI (thus not a qualifying organism for the study). It is not clear if he was initiated 
on new antibacterial drugs. The patient’s prolonged intubation is likely the cause of the 
pneumonia leading to death. The death is unlikely related to the study drug or its failure in this 

case. 

Subject 3 was screened for the study on D1 due to a cIAI with an intra-abdominal abscess 
collected on D-5 growing P. aeruginosa resistant to IMI but susceptible to IMI/REL and colistin. 

He was an 80-year-old male with an extensive past medical history including history of hepatic 
failure, cholangitis, extrahepaticbile duct tumor, s/p endoscopic retrograde 
cholangiopancreatography (ERCP) with placement of percutaneous biliary drain, s/p 

pancreatoduodenectomy, acute renal failure and abdominal infection with Candida albicans 
and Enterococcus faecalis. He was initiated on the comparator regimen CMS + IMI on D1. The 
last dose of treatment with CMS + IMI was on D21 (EOT visit). Clinical response was deemed 

improved at this visit. On D24, the patient developed septicshock, with hemodynamic 
deterioration, increased creatinine, respiratory failure, neurologicdecline, bleeding from 
abdominal wound and rising liver tests. Meropenem, colistin and anidulafungin were initiated 

on D25 for septic shock and the family elected for no advanced resuscitation at this time. The 
patient died on D25 (EFU visit) due to septicshock. 

Reviewer comment: This was a very complicated and severely ill patient with multiple 

underlying comorbidities and complications during his hospitalization. While difficult to 
ascertain which of the many complications led to his eventual death, there is no clear causal link 
to the comparator regimen (CMS + IMI) regarding timing or treatment failure. While acute renal 

failure was a prominent feature of his septic shock, this could have been related to his overall 
multiorgan failure and/or administration of colistin or both. Of note, this patient did meet 
criteria for a possible drug induced liver injury (DILI) case on D17, due to rising liver tests. This is 

discussed further in section 7.4.5, under study PN013. 
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Subject 4 was a 54-year-old male diagnosed with VABP on D1 with an isolate of P. aeruginosa 
intermediate to IMI but susceptible to colistin and IMI/REL. He was admitted to the hospital on 

D-54 with subarachnoid hemorrhage (SAH) treated with vascular stenting. He was randomized 
to the comparator regimen, CMS + IMI, and received the first dose on D1. The patient had a 
serum creatinine of 2.96 mg/dL on D1, which worsened by D3 to 3.3 mg/dL. CMS + IMI was 
discontinued on D3 due to increased blood creatinine. The clinical response to study 

medication was deemed as failure and the patient died due to hypoxicbrain injury secondary to 
another episode of SAH that occurred on D7. 

Reviewer comment: The SAE of SAH leading to death was unlikely to be related to the study 
drug. 

Subject 5 was a 22-year-old female with a history of hypertension admitted to the hospital on 
D-39 with cerebral hemorrhage. She required mechanical ventilation and subsequently 
developed VABP. A tracheal aspirate grew P. aeruginosa susceptible to IMI/REL and colistin and 

resistant to IMI. She was randomized to the comparator regimen, CMS + IMI, and received her 
first dose on D1. At screening she had a creatinine of 3.0 mg/dL, which had risen to 3.84 mg/dL 
by D3. She underwent hemodialysis on D3 and on D4 had an event of ventricular tachycardia 

with cardiac arrest. She underwent cardioversion and resuscitation but died on D4. The 
ventricular tachycardia and cardiac arrest were attributed to hypocalcemia (calcium 7.2 mg/dL 
on D1 and 8.2 mg/dL on D3). 

Reviewer comment: The reported ventricular tachycardia attributed to hypocalcemia in this case 
is questionable as the calcium was not severely low and also appeared to have increased at the 
time of the ventricular tachycardia leading to the cardiac arrest. However, it is likely that given 

her ongoing renal failure and initiation of hemodialysis a day prior (D3), she likely had other 
electrolyte imbalances as well. Her creatinine was already elevated at the time of initiation of 
CMS + IMI (3.0 mg/dL), which had increased 2 days following initiation of CMS + IMI to 3.84 

mg/dL. While it is difficult to exclude a role of CMS + IMI in her rising creatinine, the bulk of the 
renal injury had occurred prior to initiation of CMS + IMI. 

Subject 6 was a 24- year- old female with a history of cystic fibrosis (CF), diabetes, aspergillosis 
and was enrolled in the open-label arm of the trial. She was hospitalized on D-15 with a CF 
exacerbation and grew P. aeruginosa from a respiratory specimen on D-4. She was initiated on 
IMI/REL on D1 combined with inhaled colistin. The patient was intubated on D2 due to 

progressive respiratory failure. She had a tracheostomy placed on D7 but developed 
progressive hemodynamic instability and oliguria and was diagnosed with septicshock. She 
died on D8 and was on study medication at the time of death. 

Reviewer comment: The patient had a prolonged hospitalization with CF, with progressively 
resistant organisms being recovered from the sputum. She received multiple antibacterial drugs 

during the hospitalization, with both IV and inhaled formulations. Overall, I agree with the 
investigators that the reported events of septic shock and pneumonia with progressive 
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respiratory failure were unlikely related to the study drug, although the lack of efficacy of study 
treatment may have contributed to the outcome of death. 

Overall, there was no clear causal link between either the study drug, IMI + REL, or the 
comparator regimen, CMS + IMI and the deaths occurred in trial PN013. This was partly due to 
the complicated and highly morbid status of the patients enrolled in the study and in particular 

of the six patients who died in the trial. It was difficult to ascertain the role, if any, of the trial 
treatments in the patient’s death, however looking at the overall preponderance of evidence 
none of the six deaths appear related to the study drug or comparator regimen. Of the six 

deaths observed in PN013 five occurred in the randomized portion of the trial, while one death 
occurred in the open-label treatment arm. 

Of the five deaths in the randomized portion, the majority were in the comparator arm, CMS + 
IMI, with 18.8% (3/16) patients dying in this study arm compared with 6.5% (2/31) patients 
dying in the IMI/REL arm. There was a wider age distribution of deaths in this trial compared to 

PN003 and PN004, likely due to the higher morbidity of the patients enrolled in this trial and the 
inclusion of HABP/VABP. Four of the six reported deaths were in patients with HABP/VABP. 
There were no deaths in patients with cUTI, which is consistent with the lower morbidity and 

mortality associated with this infection in general. 

Two of the deaths occurred in very young patients, a 22- and 24-year-old females. The 22-year­
old patient was admitted with a cerebral hemorrhage leading to a prolonged hospitalization 

with mechanical ventilation leading to VABP which is more likely to have caused the death 
rather than the study medication. The 24-year-old patient was a patient with CF with prolonged 
hospitalization with mechanical ventilation and progressive respiratory failure due to CF and 

VABP. There was no clear causal link between the study medication and the reported death, 
with the underlying disease process being the more likely culprit. 

Serious Adverse Events 

Studies PN003 and PN004 

All Serious Adverse Events 

Serious adverse events (SAEs) were analyzed in the pooled safety population for studies PN003 
and PN004. Serious adverse events occurred in 4.7% (30/645) of subjects in the pooled safety 

population: 3.2% (7/216) of patients receiving IMI/REL 250mg, 5.6% (12/215) patients receiving 
IMI/REL 125mg, and 5.1% (11/214) of patients receiving IMI plus Placebo. There were more 
SAEs overall reported in the IMI/REL 125mg arm compared to IMI/REL 250mg arm. 

Selected SAEs that were considered possibly related to study drug toxicities, regardless of 
whether deemed related by site investigator, are detailed in Table 57. 
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Table 57. Selected Serious Adverse Events in PN003 and PN004, Safety Population 

System Organ Class 

MedDRA Preferred Term 

IMI /REL any dose1 

N=431 
n (%) 

IMI/Placebo 

N=214 
n (%) 

Gastrointestinal disorders 

Diarrhea 2 (0.3%) 1 (0.1%) 

Renal and urinary disorders 

Acute kidney injury 1 (0.1%) 0 (0.0%) 

Cardiac disorders 

Ventricular fibrillation 1 (0.1%) 0 (0.0%) 

Blood and lymphatic system 
disorders 

Thrombocytosis 0 (0%) 1 (0.5%) 

Infections and infestations 

Clostridium difficile 
infection 

1 (0.1%) 0 (0.0%) 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
1Includes IMI/REL 250mgIMI/REL 125mg 

Reviewer comment: Although there were more overall SAEs reported in the IMI/REL 125mg 
compared to the IMI/REL 250mg arm, the overall numbers were small, limiting the ability to 
note any significant differences between specific reported SAEs or draw any conclusions. Of the 

selected SAEs reported above, diarrhea was reported in both treatment arms, 1 each in subjects 
receiving IMI/REL 125mg and IMI/REL 250mg. Acute kidney injury, C. difficile colitis and 
ventricular fibrillation were all reported in 1 subject each, all receiving IMI/REL 125mg. Due to 

the small numbers, the finding of more SAEs in the lower dose treatment arm is likely due to 
chance. 

SAEs reported in the pooled ISS data, but not considered related to study drug toxicities and 
thus not reported in the above table (Table 57) included: duodenal ulcer, duodenal ulcer 
perforation, ileus paralytic, liver abscess, peritonitis, renal neoplasm, wound evisceration, 

abdominal abscess, acute respiratory failure, benign gastrointestinal neoplasm, cerebrovascular 
accident, cholelithiasis obstructive, glomerulonephritis rapidly progressive, intestinal infarction, 
intestinal obstruction, lung consolidation, mucinous adenocarcinoma or appendix, pleural 

effusion, post procedural bile leak, postoperative wound infection, procedural pain, pulmonary 
embolism, septicshock, small intestinal obstruction, urosepsis and wound dehiscence. 
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Each SAE listed above was reported by 1 subject except for the following SAEs: 

•	 Diarrhea (3 total subjects, 2 subjects in IMI/REL group, 1 subject in IMI + Placebo group). 

•	 Abdominal abscess (2 total subjects, 1 subject in IMI/REL group, 1 subject in IMI+
 
Placebo group).
 

•	 Pulmonary embolism (2 total subjects, both in the IMI + Placebo group). 

Reviewer comment: Table 57 summarizes SAEs in PN003 and PN004 possibly related to study 
drug toxicities regardless of causality as determined by investigator. Diarrhea, acute kidney 
injury (AKI), thrombocytosis and Clostridium difficile infection are all relevant AEs given our 

knowledge of AEs associated with IMI exposure. Relationship of the study drug to AKI was not 
possible to rule out given the timing of study drug administration to onset of AKI. Additionally, 
the CRF states the investigator discontinued the study drug due to the AKI. Relationship of C. 

difficile infection to the study drug was also not possible to rule out. The subject received study 
medication from 27 May to 1 June and onset of C. difficile was 9 June, therefore we felt it was 
plausibly related despite the investigator report to the contrary. The relationship between 

cardiac disorders and study drug toxicities seems less apparent, however were included in the 
table for completeness and possible additional exploration given the death associated with 
ventricular fibrillation in Study PN004. 

The remainder of the SAEs reported were each reported by one subject except for diarrhea, 
abdominalabscess and pulmonary embolism, which were reported by multiple subjects. These 
SAEs were not considered related to study drug toxicities and are likely related to the underlying 

condition leading to hospital presentation (i.e., cUTI, renal neoplasm, liver abscess) or due to 
complications during the hospitalization unlikely related to study drug (i.e., pulmonary 
embolism). 

Of the three SAEs reported in more than one subject, diarrhea is a common AE associated with 
antibacterial drugs including IMI. Abdominal abscess is not related to drug toxicities but to the 

underlying condition or, potentially, the lack of efficacy of study drug. Pulmonary embolism, 
although reported in 2 subjects here, was reported in the comparator group and is not a known 
AE associated with IMI or other carbapenems. 

Drug-related Serious Adverse Events 

A total of 4 SAEs were considered drug-related by the site investigators. These SAEs are listed in 
Table 58. Of note per Applicant report, the causality of the event of ileus paralytic was changed 
from related to unrelated in response to a safety query during final reconciliation of SAE/CIOMS 
data. This change was reflected in the CIOMS report but was not captured in the clinical 

database per the Applicant and is thҿҚ ЌѹҚ҇ ҖШвѹШКҤШФ ѧҀ ҤѤШ !њШҀКӑѥҚ ЌҀЌѹӑҚѧҚ ЙШѹ҇ӋѢ 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Table 58. Related SAEs in PN003 and PN004, Safety Population 

MedDRA Preferred Term IMI/REL any dose1 

N=431 
n (%) 

IMI/Placebo 

N=214 
n (%) 

Diarrhea 1 (0.2%) 1 (0.5%) 

Ileus paralytic2 1 (0.2%) 0 (0.0%) 

Thrombocytosis 0 (0.0%) 1 (0.5%) 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
1Includes IMI/REL 250mgIMI/REL 125mg
 
2Later revised by Applicant as unrelated but not reflected in dataset (see discussion above)
 

Diarrhea occurred in 2 subjects and led to discontinuation of IV study drug in one of the two
 
subjects, while thrombocytosis also led to discontinuation of IV trial treatment in the one
 
subject in which it occurred (IMI + Placebo treatment group). No action was taken with respect 

to the IV trial treatment in the one subject that experienced paralytic ileus in the IMI/REL
 
treatment group.
 

Reviewer comment: Of the total 33 distinct SAEs reported in PN003 and PN004, only 3 were 

considered drug-related by the Applicant initially, and ileus paralytic was later revised as 
unrelated. Therefore, only two SAEs were considered drug-related and these two were diarrhea, 
and thrombocytosis as listed above. Only two of the three reported cases of diarrhea were 
considered related by the Applicant. Thrombocytosis was noted in one subject, leading to 

discontinuation of the study treatment and a switch to levofloxacin. Platelets peaked at 1111 
103/µL 3 days after study treatment was discontinued, then down trended to near normal levels 
approximately 15 days after study treatment was discontinued. Thrombocytosis is a known and 

listed AE related to IMI and thus it is plausible this was related to the study treatment. In 
addition to the two SAEs deemed related to the study drug by the Applicant, this reviewer also 
included the SAEs listed in Table 57, which included acute kidney injury, C. difficile colitis and 

ventricular fibrillation as possibly drug-related and these are discussed above. 

Study PN013 

Serious adverse events occurred in 9.7% (3/31) subjects in Treatment Group 1 (IMI/REL + 
Placebo to CMS) and 31.3% (5/16) subjects in Treatment Group 2 (CMS + IMI). All 3 subjects 

receiving IMI/REL in the open-label, non-randomized Treatment Group 3 experienced an SAE. 

With the exception of pneumonia and septic shock which occurred in two subjects each, no 
single reported SAE occurred in more than one subject. 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Table 59. Serious Adverse Events (SAEs) Reported in PN013, Safety Population 

Treatment Group 

System Organ 

Class 

MedDRA Preferred 

Term 

Treatment Group 

1: IMI/REL 250 mg 
+ Placebo for CMS 

N=31 

Treatment Group 

2: CMS + IMI 
N=16 

Treatment Group 

3: IMI/REL 250 mg 
N=3 

General disorders 

and administration 
site conditions 

Systemic 

inflammatory 
response syndrome 

1 (3.2%) 0 (0.0%) 0 (0.0%) 

Renal and urinary 

disorders 

Acute kidney injury 1 (3.2%) 0 (0.0%) 0 (0.0%) 

Cardiac disorders Ventricular 
tachycardia 

0 (0.0%) 1 (6.3%) 0 (0.0%) 

Gastrointestinal 
disorders 

Duodenal 
perforation 

0 (0.0%) 0 (0.0%) 1 (33.3%) 

Acute abdomen 0 (0.0%) 0 (0.0%) 1 (33.3%) 

Upper 
gastrointestinal 

haemorrhage 

0 (0.0%) 1 (6.3%) 0 (0.0%) 

Hepatobiliary 
disorders 

Hepatic 
haematoma 

0 (0.0%) 0 (0.0%) 1 (33.3%) 

Infections and 
infestations 

Escherichia urinary 
tract infection 

0 (0.0%) 0 (0.0%) 1 (33.3%) 

Lung infection 1 (3.2%) 0 (0.0%) 0 (0.0%) 

Pneumonia 0 (0.0%) 0 (0.0%) 2 (66.7%) 

Septic shock 0 (0.0%) 1 (6.3%) 1 (33.3%) 

Injury, poisoning 
and procedural 
complications 

Subarachnoid 
haemorrhage 

0 (0.0%) 1 (6.3%) 0 (0.0%) 

Abdominal wound 
dehiscence 

0 (0.0%) 0 (0.0%) 1 (33.3%) 

Investigations Alanine 

aminotransferase 
increased 

0 (0.0%) 1 (6.3%) 0 (0.0%) 

Aspartate 
aminotransferase 
increased 

0 (0.0%) 1 (6.3%) 0 (0.0%) 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Blood alkaline 
phosphatase 
increased 

0 (0.0%) 1 (6.3%) 0 (0.0%) 

Nervous system 
disorders 

Generalized tonic­
clonic seizure 

0 (0.0%) 0 (0.0%) 1 (33.3%) 

Psychiatric 

disorders 

Mental status 

changes 

0 (0.0%) 0 (0.0%) 1 (33.3%) 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 

Reviewer Comment: The only SAE of clinical relevance occurring in the randomized treatment 
arm (IMI/REL) of study PN013 is acute kidney injury (AKI). The other two reported SAEs are lung 

infection and SIRS, which are likely related to the underlying condition rather than the study 
drug. In the open-label treatment arm, there are two SAEs of interest including generalized 
tonic-clonic seizure and mental status changes. Seizures are a known AE associated with IMI, as 
are central nervous adverse reactions and are planned to be listed as a warning in the IMI/REL 

label. Renal injury is planned to be listed as an adverse reaction. The remainder of the reported 
SAEs are likely related to the underlying condition rather than the study drug. 

Dropouts and/or Discontinuations Due to Adverse Effects 

Studies PN003 and P004 

10 subjects (2.3%) in the IMI/REL arms and 5 subjects (2.3%) in the IMI + Placebo arm 

discontinued the study drug. Table 60 lists the adverse events reported in subjects who 
discontinued the study drug. AEs considered related to study drug and leading to 
discontinuation occurred in 4 subjects (0.9%) in the IMI/REL arms and 4 subjects (1.9%) in the 

IMI + Placebo arm. 

Table 60. Discontinuations by Adverse Event in PN003 and PN004, Safety Population 

MedDRA Preferred Term IMI/REL any dose1 

N=431 
n (%) 

IMI/Placebo 
N=214 
n (%) 

Acute kidney injury 1 (0.2%) 0 (0.0%) 

Alanine aminotransferase increased 0 (0.0%) 1 (0.5%) 

Creatinine renal clearance decreased 1 (0.2%) 0 (0.0%) 

Diarrhea 2 (0.5%) 1 (0.5%) 

Dizziness 0 (0.0%) 1 (0.5%) 

Duodenal ulcer perforation 1 (0.2%) 0 (0.0%) 

Intestinal obstruction 0 (0.0%) 1 (0.5%) 

Nausea 1 (0.2%) 1 (0.5%) 

Pyrexia 1 (0.2%) 0 (0.0%) 

Rash 1 (0.2%) 0 (0.0%) 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Thrombocytosis 0 (0.0%) 1 (0.5%) 

Ventricular fibrillation 1 (0.2%) 0 (0.0%) 

Vomiting 1 (0.2%) 0 (0.0%) 

Total Subjects 10 (2.3%) 5 (2.3%) 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
1Includes IMI/REL 250mg and IMI/REL 125mg 

The AEs leading to discontinuation and considered related to study included: 

• Alanine aminotransferase increased (1 subject, IMI plus Placebo arm) 

• Creatinine renal clearance decreased (1 subject, IMI/REL arm) 

• Diarrhea (1 subject, IMI/REL arm, 1 subject, IMI plus Placebo arm) 

• Nausea (1 subject, IMI/REL arm, 1 subject, IMI plus Placebo arm) 

• Rash (1 subject, IMI/REL arm) 

• Thrombocytosis (1 subject, IMI plus Placebo arm). 

Reviewer comment: There were no specific patterns or differences noted in terms of 
discontinuations between the study arms. Gastrointestinal adverse events were the most 

common reasons for discontinuation and include diarrhea, nausea and vomiting. Of note, AEs 
leading to discontinuations in the IMI/REL 250mg arm included diarrhea, duodenalulcer 
perforation, pyrexia and rash and in the IMI/REL 125mg arm included AKI, creatinine renal 

clearance decreased, diarrhea, nausea, ventricular fibrillation and vomiting. AEs leading to 
discontinuation in more than one subject included diarrhea and nausea. Diarrhea led to 
discontinuation in 3 subjects (2 subjects IMI/REL arm, 1 subject IMI + Placebo arm) and was 

considered related to the study drug in 2 of those subjects as described above. Nausea lead to 
discontinuation in 2 subjects (1 subject IMI/REL arm, 1 subject IMI + Placebo arm) and was 
considered related to the study drug in both subjects. There were no additional AEs that led to 
discontinuation in more than one subject. 

Study PN013 

There were no discontinuations of IV study drug in Treatment Group 1 (IMI/REL plus placebo) 
due to adverse events in Study PN013 (Table 61). In the randomized groups, all discontinuations 
of IV study drug were reported in Treatment Group 2 (CMS + IMI) . There was also one 

discontinuation in the open-label, non-randomized Treatment Group 3 (IMI/REL). Two 
discontinuations in Treatment Group 2 were due to changes in renal function (blood creatinine 
increased, and creatinine renal clearance decreased) and one discontinuation was due to 

Stenotrophomonas infection. In the open-label treatment group, the one discontinuation was 
due to generalized tonic-clonicseizure. 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Table 61. Adverse Events Leading to Discontinuation of IV Therapy in Study PN013, Safety 
Population 

Treatment Group 

System Organ Class 
Preferred Term 

Treatment Group 1: 
IMI/ REL + Placebo 

N=31 

n (%) 

Treatment Group 2: 
CMS + IMI 

N=16 

n (%) 

Treatment Group 3: 
IMI/REL 

N=3 

n (%) 
Investigations 

Blood creatinine 

increased 

0 (0%) 1 (6.3%) 0 (0.0%) 

Creatinine renal 
clearance decreased 

0 (0%) 1 (6.3%) 0 (0.0%) 

Nervous System 

Disorders 

Generalized tonic-clonic 
seizure 

0 (%) 0 (0.0%) 1 (33.3%) 

Infections and 
Infestations 

Stenotrophomonas 

infection 

0 (0%) 1 (6.3%) 0 (0.0%) 

Total 0 (0%) 3 (18.8%) 1 (33.3%) 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 

Reviewer comment: The sample size of this study was small and limits the interpretation of 

discontinuations observed. No discontinuations were observed in the randomized treatment 
arm, Group 1: IMI/REL compared to 3 discontinuations in the comparator arm, Group 2: CMS + 
IMI. The single discontinuation in the open-label treatment group was due to a generalized 
tonic-clonic seizure, which is a known serious adverse reaction associated with IMI and is 

planned to be listed as a warning in the label. 

Significant Adverse Events 

Studies PN003 and PN004 

•	 Central Nervous System: CNS adverse events including seizures, confusional states and 
myoclonicactivity have been reported during treatment with imipenem/cilastatin, a 
component of IMI/REL and are included as a warning in the label for 
imipenem/cilastatin. 

o	 There were no seizures reported in Study PN003 and PN004. 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

o	 Central Nervous System Disorders (Neurological) (includes slow speech, 
somnolence) were reported in 2 subjects total, 0 subjects in IMI/REL treatment 

group and 2 subjects (0.9%) in IMI + Placebo treatment group. 

o	 Central Nervous System Disorders (Psychiatric) (includes agitation, apathy, 
confusional state, delirium, disorientation) were reported in 6 subjects total, 2 

subjects (0.5%) in IMI/REL treatment group and 4 subjects (1.9%) in IMI + 
Placebo treatment group. 

•	 C. difficile Colitis 

o	 C. difficile colitis and C. difficile infection were reported in a total of 3 subjects 
(0.7%). All 3 AEs were reported in subjects receiving IMI/REL and 0 were 
reported in subjects receiving IMI + Placebo. 

•	 Serious hypersensitivity reaction 

o	 There were no serious hypersensitivity reactions including anaphylaxis reported 
in Study PN003 and PN004. 

Reviewer Comment: There were no seizures reported in PN003 and PN004. Central nervous 

system (CNS) disorders were pooled by several AE terms under the general grouping of 
neurological and psychiatric. This was done to allow for a simplified and more robust grouping 
of central nervous system adverse reactions, which are known to be associated with IMI. CNS 

disorders were seen in the IMI/REL arm, as well as the IMI arm, which is expected given the 
known association with IMI. Slightly more CNS-related AEs were noted in the IMI group, 
however this is likely due to chance rather than due to a protective effect from REL. CNS 

disorders are planned to be included as a warning in the IMI/REL label, as well as listed in 
Section 6 Adverse Reactions of the label. 

All three cases of C. difficile infection were reported in the IMI/REL 125mg arm, however this is 

likely due to chance as C. difficile infection is known to be associated with IMI exposure. C. 
difficile infection is planned to be listed as a warning in the IMI/REL label. 

Hypersensitivity reactions including phlebitis, rash and pyrexia were reported in PN003 and 

PN003, however none of the reactions were severe or serious. There were no cases of 
anaphylaxis or other systemic hypersensitivity reported. 

Study PN013 

•	 Central Nervous System 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

o	 One subject experienced an AE of generalized tonic-clonicseizure in Treatment 
Group 3 (IMI/REL). The subject had a reported inadvertent administration of 

additional doses of non-study imipenem prior to onset of the seizure. 

•	 C. difficile Colitis 

o	 There were no cases of C. difficile colitis reported in Study PN013. 

•	 Serious hypersensitivity reaction 

o	 There were no serious hypersensitivity reactions including anaphylaxis reported 

in Study PN013. 

Reviewer comment: Seizure is a known AE associated with IMI exposure. No cases of C. difficile 
infection were reported in this study; however, the sample size is small. Serious hypersensitivity 

reactions were also not reported, however less serious reactions reported included phlebitis and 
rash, which are discussed elsewhere. Adverse reactions observed in this trial were not 
significantly different from those observed in PN003 and PN004 and were consistent with the 

known safety profile of imipenem (see Section 10: Labeling Recommendations). 

Treatment Emergent Adverse Events 

Studies PN003 and PN004 

The most common AEs reported in PN003 and PN004 are gastrointestinal disorders including 
nausea, diarrhea and vomiting (Table 62). 27 subjects (6.2%) in the IMI/REL treatment arms and 
12 subjects (5.6%) in the IMI/Placebo arms reported nausea; 21 subjects (4.8%) in the IMI/REL 

treatment arms and 9 subjects in the IMI/Placebo treatment arms (4.2%) reported diarrhea; 17 
subjects (3.9%) in the IMI/REL treatment arms and 4 subjects (1.9%) in the IMI/Placebo 
treatment arms reported vomiting. Additional AEs of interest include C. difficile infection, liver 

enzyme abnormalities, renal disorders, hematology disorders and hypersensitivity-type 
reactions. To allow a more accurate analysis of similar preferred terms, some of these terms 
were pooled together to allow for a more meaningful analysis. A summary of pooled terms can 

be found in Table 63. 

Table 62. Treatment Emergent Adverse Events (TEAEs) Occurring in ≥0.5% subjects in the ISS 

population (Studies PN003 and PN004) 

System Organ Class MedDRA Preferred Term IMI/REL any 
dose1 

N=431 
n (%) 

IMI/Placebo 
N=214 

n (%) 

Gastrointestinal disorders Nausea 27 (6.3%) 12 (5.6%) 

Diarrhea 21 (4.9%) 9 (4.2%) 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Vomiting 17 (3.9%) 4 (1.9%) 

Constipation 3 (0.7%) 1 (0.5%) 

Abdominal pain upper 3 (0.7%) 0 (0.0%) 

Abdominal pain 2 (0.5%) 0 (0.0%) 

Gastritis 2 (0.5%) 0 (0.0%) 

Salivary hypersecretion 0 (0.0%) 2 (0.9%) 

Tooth discoloration 2 (0.5%) 0 (0.0%) 

Investigations Alanine aminotransferase 
increased 

13 (3.0%) 4 (1.9%) 

Aspartate 
aminotransferase 
increased 

13 (3.0%) 3 (1.4%) 

Blood alkaline 

phosphatase increased 

6 (1.4%) 2 (0.9%) 

White blood cells urine 
positive 

2 (0.5%) 5 (2.3%) 

Blood creatinine 
increased 

2 (0.5%) 3 (1.4%) 

Red blood cells urine 
positive 

1 (0.2%) 2 (0.9%) 

Blood phosphorus 

decreased 

0 (0.0%) 2 (0.9%) 

Blood potassium 
decreased 

1 (0.2%) 1 (0.5%) 

Lipase increased 5 (1.2%) 4 (1.9%) 

Platelet count increased 6 (1.4%) 1 (0.5%) 

Bacterial test positive 2 (0.5%) 3 (1.4%) 

Protein urine present 1 (0.2%) 3 (1.4%) 

Neutrophil count 

increased 

1 (0.2%) 2 (0.9%) 

Amylase increased 1 (0.2%) 1 (0.5%) 

Blood bilirubin increased 1 (0.2%) 1 (0.5%) 
Glucose urine present 0 (0.0%) 2 (0.9%) 

Blood pressure increased 1 (0.2%) 1 (0.5%) 

White blood cell count 
increased 

2 (0.5%) 0 (0.0%) 

Blood and lymphatic system 
disorders 

Thrombocytosis 6 (1.4%) 2 (0.9%) 

Anemia 3 (0.7%) 3 (1.4%) 

Iron deficiency anemia 2 (0.5%) 0 (0.0%) 

Leukocytosis 2 (0.5%) 0 (0.0%) 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Thrombocytopenia 0 (0.0%) 2 (0.9%) 

Cardiac disorders Atrial fibrillation 4 (0.9%) 0 (0.0%) 

Cardiac failure congestive 2 (0.5%) 0 (0.0%) 

Tachycardia 0 (0.0%) 2 (0.9%) 

General disorders and 
administration site condition Pyrexia 5 (1.2%) 3 (1.4%) 

Oedema peripheral 5 (1.2%) 0 (0.0%) 

Infusion site phlebitis 3 (0.7%) 0 (0.0%) 

Impaired healing 1 (0.2%) 1 (0.5%) 

Infusion site erythema 2 (0.5%) 0 (0.0%) 

Infections and infestations Postoperative wound 
infection 

5 (1.1%) 5 (2.3%) 

Bacteriuria 3 (0.7%) 4 (1.9%) 

Pneumonia 4 (0.9%) 0 (0.0%) 

Abdominal abscess 1 (0.2%) 1 (0.5%) 

Clostridium difficilecolitis 2 (0.5%) 0 (0.0%) 

Influenza 2 (0.5%) 0 (0.0%) 

Liver abscess 2 (0.5%) 0 (0.0%) 

Post procedural infection 0 (0.0%) 2 (0.9%) 

Respiratory tract infection 
viral 

2 (0.5%) 0 (0.0%) 

Vulvovaginal mycotic 
infection 

2 (0.5%) 0 (0.0%) 

Vulvovaginal candidiasis 2 (0.5%) 0 (0.0%) 

Injury, poisoning and procedural 
complications 

Seroma 6 (1.4%) 0 (0.0%) 

Wound dehiscence 1 (0.2%) 1 (0.5%) 

Metabolism and nutrition 

disorders 

Hyperkalaemia 3 (0.7%) 0 (0.0%) 

Decreased appetite 1 (0.2%) 1 (0.5%) 

Diabetes mellitus 1 (0.2%) 1 (0.5%) 

Musculoskeletal and connective 
tissue disorders 

Back pain 3 (0.7%) 1 (0.5%) 

Nervous system disorders Headache 14 (3.2%) 5 (2.3%) 

Dizziness 2 (0.5%) 1 (0.5%) 

Dysgeusia 2 (0.5%) 0 (0.0%) 

Psychiatric disorders Delirium 1 (0.2%) 2 (0.9%) 

Anxiety 2 (0.5%) 0 (0.0%) 

Depression 2 (0.5%) 0 (0.0%) 

Renal and urinary disorders Dysuria 2 (0.5%) 3 (1.4%) 

Urinary retention 1 (0.2%) 1 (0.5%) 

Respiratory, thoracic and 
mediastinal disorders 

Pleural effusion 3 (0.7%) 1 (0.5%) 

170 

Version date: October 12, 2018 

Reference ID: 4463074 



       
    

 

   

     

 
      

      
       

      

   

 
  

     

     

     

  
  

     

     

    

    
      

 
          
             

               

               
            

        

               
            
           

                
               

  

     
 

              
     

 
            

       

    

     

       

        

    

         
    

NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Cough 1 (0.2%) 1 (0.5%) 
Hydrothorax 1 (0.2%) 1 (0.5%) 

Oropharyngeal pain 0 (0.0%) 2 (0.9%) 

Pulmonary embolism 0 (0.0%) 2 (0.9%) 

Skin and subcutaneous tissue Rash 4 (0.9%) 1 (0.5%) 

disorders Hyperhidrosis 2 (0.5%) 0 (0.0%) 

Pruritus 1 (0.2%) 1 (0.5%) 

Vascular disorders Hypertension 8 (1.8%) 5 (2.3%) 

Phlebitis 4 (0.9%) 3 (1.4%) 

Hypotension 1 (0.2%) 1 (0.5%) 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
1Includes IMI/REL 250mg and IMI/REL 125mg 

Reviewer Comment: Gastrointestinal AEs including nausea, vomiting and diarrhea were 
reported most frequently. This is consistent with AEs reported with IMI alone based on previous 
studies, as well as these two studies (PN003 and PN004). Vomiting was slightly more common 

with IMI/REL than IMI alone (3.9% vs. 1.9% respectively). There were no other major differences 
seen with gastrointestinal AEs. Additional AEs of interest include C. difficile infection, liver 
enzyme abnormalities, renal disorders, hematology disorders and hypersensitivity -type 

reactions. There were minor differences seen in ALT and AST increase between IMI/REL and IMI, 
with slightly more subjects in the IMI/REL treatment arms experiencing increases (ALT: 3.0% vs. 
1.9%, AST: 2.8% vs. 1.4%). Hypersensitivity-type reactions including phlebitis, rash and pyrexia 

were slightly more common in IMI/REL compared to IMI, as was C. difficile colitis, however the 
differences were very small and are discussed further below with the pooled AE terms. 

TEAEs by Pooled AE Terms 

All reported AEs were reviewed for relevance. Similar AEs were pooled together under single 
unifying terms (Table 63). 

Table 63. Pooled Adverse Event (AE) Terms by Similar Preferred Terms for PN003 and PN004 

Pooled AE Term (Included MedDRA Preferred Terms 

Nausea nausea and vomiting 

Pancreatitis pancreatitis and pancreatitis acute 

Hyperglycemia hyperglycemia and blood glucose increased 

Renal injury blood creatinine increased, creatinine renal clearance decreased, acute 

kidney injury, renal impairment 

Bilirubin increased bilirubin conjugated increased, blood bilirubin increased, blood 
bilirubin unconjugated increased, hyperbilirubinemia 
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Hemoglobin decreased hematocrit decreased, hemoglobin decreased 

Blood potassium decreased hypokalemia and blood potassium decreased 

Blood phosphorus decreased hypophosphatemia and blood phosphorus decreased 

Clostridium difficile infection Clostridium difficile infection and Clostridium difficile colitis 

Infusion site reactions phlebitis, infusion site erythema, infusion site induration, infusion site 

pain, infusion site phlebitis, vessel puncture site rash 

Peripheral edema Includes edema peripheral and peripheral swelling 

Central nervous system disorders slow speech, somnolence (neurologic), 

agitation, apathy, confusional state, delirium, disorientation 
(psychiatric) 

Hypertension Hypertension, blood pressure increased, and hypertensive crisis 

Anemia anemia, iron deficiency anemia, hemoglobin decreased 

Rash rash and rash generalized 

Pruritis pruritis and pruritis generalized 

Arrythmias atrial fibrillation and ventricular fibrillation 

Congestive cardiac failure cardiac failure chronic, cardiac failure congestive, diastolic dysfunction 

Significant Pooled AEs: 

•	 Nausea (includes terms nausea and vomiting): 44 subjects total, 31 subjects (7.2%) in 
IMI/REL treatment group and 13 subjects (6.1%) in IMI plus Placebo treatment group 

•	 Renal injury (includes terms blood creatinine increased, creatinine renal clearance 
decreased, acute kidney injury and renal impairment): 8 subjects total, 5 subjects (1.2%) 
in IMI/REL treatment group and 3 subjects (1.4%) in IMI plus Placebo treatment group. 

•	 Thrombocytosis (includes thrombocytosis and platelet count increased): 15 subjects 
total, 12 subjects (2.8%) in IMI/REL treatment group and 3 subjects (1.4%) in IMI plus 
Placebo treatment group. 

•	 Clostridium difficile infection (includes Clostridium difficile infection and Clostridium 
difficile colitis): 3 subjects total, 3 subjects (0.7%) in IMI/REL treatment group and 0 

subjects in IMI plus Placebo treatment group. 
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•	 Infusion site reactions (includes phlebitis, infusion site erythema, infusion site 
induration, infusion site pain, infusion site phlebitis, vessel puncture site rash): 12 
subjects total, 9 subjects (2.1%) in IMI/REL treatment group and 3 (1.4%) subjects in IMI 

plus Placebo treatment group. 

•	 Central Nervous System Disorders (Neurological): includes slow speech, somnolence and 
Psychiatric: includes agitation, apathy, confusional state, delirium, disorientation): 7 

subjects total, 2 subjects (0.5%) in IMI/REL treatment group and 5 subjects (2.3%) in IMI 
plus Placebo treatment group. 

Table 64. Selected Treatment Emergent Adverse Events Occurring in ≥ 0.5% subjects of 
Studies PN003 and PN004 

Treatment Emergent Adverse Events IMI/REL any dose 
n=431 

IMI/Placebo 
n=214 

Total 
n=645 

Nausea* 31 (7.2%) 13 (6.1%) 44 (6.8%) 

Nausea 27 (6.3%) 12 (5.6%) 39 (6.0%) 

Vomiting 17 (3.9%) 4 (1.9%) 21 (3.3%) 

Diarrhea 21 (4.9%) 9 (4.2%) 30 (4.7%) 

Headache 14 (3.2%) 5 (2.3%) 19 (2.9%) 
Alanine aminotransferase increased 13 (3.0%) 4 (1.9%) 17 (2.6%) 

Aspartate aminotransferase increased 13 (3.0%) 3 (1.4%) 16 (2.5%) 

Hypertension* 10 (2.3%) 6 (2.8%) 16 (2.5%) 

Hypertension 8 (1.9%) 5 (2.3%) 13 (2.0%) 

Blood pressure increased 1 (0.2%) 1 (0.5%) 2 (0.3%) 

Hypertensive crisis 1 (0.2%) 0 (0.0%) 1 (0.2%) 

Thrombocytosis* 12 (2.8%) 3 (1.4%) 15 (2.3%) 

Thrombocytosis 6 (1.4%) 2 (0.9%) 8 (1.2%) 

Platelet count increased 6 (1.4%) 1 (0.5%) 7 (1.1%) 

Infusion site reactions* 9 (2.1%) 3 (1.4%) 12 (1.9%) 

Phlebitis 4 (0.9%) 3 (1.4%) 7 (1.1%) 

Infusion site phlebitis 3 (0.7%) 0 (0.0%) 3 (0.5%) 

Infusion site erythema 2 (0.5%) 0 (0.0%) 2 (0.3%) 

Infusion site pain 1 (0.2%) 0 (0.0%) 1 (0.2%) 

Infusion site induration 1 (0.2%) 0 (0.0%) 1 (0.2%) 

Vessel puncture site rash 1 (0.2%) 0 (0.0%) 1 (0.2%) 
Lipase increased* 5 (1.2%) 4 (1.9%) 9 (1.4%) 

Anemia* 5 (1.2%) 4 (1.9%) 9 (1.4%) 

Anemia 3 (0.7%) 3 (1.4%) 6 (0.9%) 

Iron deficiency anemia 2 (0.5%) 0 (0.0%) 2 (0.3%) 

Hemoglobin decreased 0 (0.0%) 1 (0.5%) 1 (0.2%) 
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Blood alkaline phosphatase increased 6 (1.4%) 2 (0.9%) 8 (1.2%) 
Pyrexia 5 (1.2%) 3 (1.4%) 8 (1.2%) 

Renal injury* 5 (1.2%) 3 (1.4%) 8 (1.2%) 

Blood creatinine increased 2 (0.5%) 3 (1.4%) 5 (0.8%) 

Creatinine renal clearance decreased 1 (0.2%) 0 (0.0%) 1 (0.2%) 

Renal impairment 1 (0.2%) 0 (0.0%) 1 (0.2%) 

Acute kidney injury 1 (0.2%) 0 (0.0%) 1 (0.2%) 

Abdominal pain* 6 (1.4%) 1 (0.5%) 7 (1.1%) 

Abdominal pain upper 3 (0.7%) 0 (0.0%) 3 (0.5%) 

Abdominal pain 2 (0.5%) 0 (0.0%) 2 (0.3%) 

Abdominal distension 0 (0.0%) 1 (0.5%) 1 (0.2%) 

Abdominal discomfort 1 (0.2%) 0 (0.0%) 1 (0.2%) 

Central Nervous System Disorders* 2 (0.5%) 5 (2.3%) 7 (1.1%) 

Delirium 1 (0.2%) 2 (0.9%) 3 (0.5%) 

Slow speech 0 (0.0%) 1 (0.5%) 1 (0.2%) 

Somnolence 0 (0.0%) 1 (0.5%) 1 (0.2%) 

Apathy 0 (0.0%) 1 (0.5%) 1 (0.2%) 
Agitation 1 (0.2%) 0 (0.0%) 1 (0.2%) 

Disorientation 0 (0.0%) 1 (0.5%) 1 (0.2%) 

Confusional state 0 (0.0%) 1 (0.5%) 1 (0.2%) 

Rash* 4 (0.9%) 2 (0.9%) 6 (0.9%) 

Rash 4 (0.9%) 1 (0.5%) 5 (0.8%) 

Rash generalised 0 (0.0%) 1 (0.5%) 1 (0.2%) 

Peripheral edema* 5 (1.2%) 1 (0.5%) 6 (0.9%) 

Oedema peripheral 5 (1.2%) 0 (0.0%) 5 (0.8%) 

Peripheral swelling 0 (0.0%) 1 (0.5%) 1 (0.2%) 

Arrythmias* 4 (0.9%) 0 (0.0%) 4 (0.6%) 

Atrial fibrillation 4 (0.9%) 0 (0.0%) 4 (0.6%) 

Ventricular fibrillation 1 (0.2%) 0 (0.0%) 1 (0.2%) 

Back pain 3 (0.7%) 1 (0.5%) 4 (0.6%) 

Protein urine present 1 (0.2%) 3 (1.4%) 4 (0.6%) 

Protein urine present 1 (0.2%) 3 (1.4%) 4 (0.6%) 
Constipation 3 (0.7%) 1 (0.5%) 4 (0.6%) 

Dizziness 2 (0.5%) 1 (0.5%) 3 (0.5%) 

Red blood cells urine positive 1 (0.2%) 2 (0.9%) 3 (0.5%) 

Hyperkalaemia 3 (0.7%) 0 (0.0%) 3 (0.5%) 

Neutrophil count increased 1 (0.2%) 2 (0.9%) 3 (0.5%) 

Blood potassium decreased* 1 (0.2%) 2 (0.9%) 3 (0.5%) 

Blood potassium decreased 1 (0.2%) 1 (0.5%) 2 (0.3%) 

Hypokalaemia 0 (0.0%) 1 (0.5%) 1 (0.2%) 

Pruritis* 2 (0.5%) 1 (0.5%) 3 (0.5%) 

Pruritus 1 (0.2%) 1 (0.5%) 2 (0.3%) 
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Pruritus generalised 1 (0.2%) 0 (0.0%) 1 (0.2%) 
Congestive cardiac failure* 3 (0.7%) 0 (0.0%) 3 (0.5%) 

Cardiac failure congestive 2 (0.5%) 0 (0.0%) 2 (0.3%) 

Cardiac failure chronic 1 (0.2%) 0 (0.0%) 1 (0.2%) 

Diastolic dysfunction 1 (0.2%) 0 (0.0%) 1 (0.2%) 

Clostridium difficile infection* 3 (0.7%) 0 (0.0%) 3 (0.5%) 

Clostridium difficile colitis 2 (0.5%) 0 (0.0%) 2 (0.3%) 

Clostridium difficile infection 1 (0.2%) 0 (0.0%) 1 (0.2%) 

Blood phosphorus decreased* 1 (0.2%) 2 (0.9%) 3 (0.5%) 

Blood phosphorus decreased 0 (0.0%) 2 (0.9%) 2 (0.3%) 

Hypophosphataemia 1 (0.2%) 0 (0.0%) 1 (0.2%) 

*Pooled AE term (see Table 63 for list of included individual dictionary derived or preferred 
terms) 

Reviewer Comment: Although minor differences are seen in the frequency of AEs of interest 

occurring in the IMI/REL treatment arms compared to the IMI arm, in general the differences 
were small and not clinically meaningful. Pooling of similar AE terms boosts the overall number 
of AEs under each category and this had implications for AE rates that will be reported in the 

labeling as !Es reported in ≥1% of subjects; For example, pooling of the following terms: blood 
creatinine increased, creatinine renal clearance decreased, renal impairment and acute kidney 
injury results in the pooled term “renal injury” occurring in a total of 8 subjects, with 5 subjects 

(1.2%) in the IMI/REL treatment group and 3 subjects (1.4%) in the IMI + Placebo treatment 
group. Similarly, pooling of infusion site reactions and phlebitis results in a total of 12 subjects, 9 
subjects (2.1%) in the IMI/REL treatment group and 3 subjects (1.4%) in the IMI + Placebo 

treatment group. Central nervous system disorders (psychiatric and neurological) pooled 
together occurred in a total of 7 subjects, 2 subjects (0.5%) in IMI/REL treatment group and 5 
subjects (2.3%) in IMI + Placebo treatment group. For the purpose of labeling we included AEs 

occurring in ≥1% of subjects and focused on the most relevant !Es in terms of known !E profile 
of IMI. These included GI disorders (nausea and diarrhea), liver transaminase and alkaline 
phosphatase elevations, lipase increases, infusion site reactions and pyrexia, headache and CNS 
adverse reactions, hypertension, anemia and renal injury. 

Adverse reactions thought to have the greatest likelihood of relatedness to the study drug and 
occurring in greater than or equal to 1% of patients are listed in Table 65. This table lists each 
IMI/REL treatment group separately. 

Table 65. Selected Adverse Reactions by System Organ Class Occurring in Greater Than or 
Equal to 1% of Subjects Receiving IMI/REL 250 mg or IMI in Studies PN003 and PN004 

IMI/REL 250mg 

(N=216) 
N (%) 

IMI/Placebo 

(N=214) 
N (%) 

Blood and lymphatic system disorders 

Anemiaa 3 (1%) 4 (2%) 
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Gastrointestinal disorders 
Nausea 13 (6%) 13 (6%) 

Vomiting 7 (3%) 4 (2%) 

Diarrhea 12 (6%) 9 (4%) 

Laboratory Investigations 

Alanine aminotransferase increased 7 (3%) 4 (2%) 

Aspartate aminotransferase increased 6 (3%) 3 (1%) 

Lipase increased 3 (1%) 4 (2%) 

Blood creatinine increased 1 (<%) 3 (1%) 
General disorders and administration site 

conditions 

Phlebitis/Infusion site reactionsb 5 (2%) 3 (1%) 

Pyrexia 5 (2%) 3 (1%) 

Nervous system disorders 

Headache 9 (4%) 5 (2%) 
Central Nervous System Reactionsc 2 (1%) 5 (2%) 

Vascular disorders 

Hypertensiond 4 (2%) 6 (3%) 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
aAnemia includes anemia and hemoglobin decreased 
bInfusion site reactions include infusion site phlebitis, infusion site erythema, infusion site pain, 
infusion site induration, vessel puncture site rash 
cCentral nervous system reactions include agitation, apathy, confusionalstate, delirium, 
disorientation, slow speech, and somnolence 
dHypertension includes hypertension and blood pressure increased 

Reviewer comment: Table 65 details the most relevant selected AEs in PN003 and PN004 based 

on known AEs associated with IMI, as well as animal data showing CNS toxicity and renal injury 
associated with relebactam. Pooling of related terms for possibly related AEs was important to 
establish a more robust analysis of the frequency data. Table 65 also comprises the list of AEs 

represented in the proposed label for IMI/REL based on the !gency’s analysis; Overall, the rates 
of adverse reactions were similar in IMI/REL 125 mg, IMI/REL 250 mg, and IMI/Placebo groups. 

Study PN013 

Randomized Treatment Arms 
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In the randomized arms of PN013, reactions occurred in 71% (22/31) of patients receiving 
IMI/REL as compared to 81.3% (13/16) of patients receiving colistin plus IMI. Certain similar 

adverse events were pooled together by the Agency to allow for more accurate and robust 
analysis. Table 66 includes a list of pooled AE terms and the preferred MedDRA terms included 
under each pooled term. Adverse reactions that occurred in at least 1 subject in the 
randomized arms of Study PN013 are presented in Table 67. 

Table 66. Pooled Adverse Events by Related Preferred Terms for Trial PN013 

Pooled AE Term Preferred MedDRA Terms 

Nausea Includes nausea and vomiting 

Renal injury Includes blood creatinine increased, creatinine renal clearance 
decreased, glomerular filtration rate decreased, blood urea increased, 
renal failure 

Hemoglobin decreased Includes hemoglobin decreased and anemia 

Infusion site reactions Includes infusion site erythema, infusion site hematoma and infusion 
site phlebitis 

Gastroesophageal disorders Includes gastroesophagealreflux disease, gastritis, and dyspepsia 

Arrythmias Includes atrial fibrillation, atrial flutter, supraventricular extrasystoles, 

tachyarrhythmia, ventricular tachycardia 

White blood cell count decreased Includes leukopenia and white blood cell count decreased 

Mental status changes Includes mental status changes, delirium, agitation 

Table 67. Adverse Reactions Occurring in at Least 1 Subject in the Randomized Arms of PN013 

System Organ Class MedDRA Preferred Term IMI/REL* 
N=31 

n (%) 

Colistin + IMI† 

N=16 

n (%) 

Investigations Aspartate 
aminotransferase 
increased 

3 (9.7%) 3 (18.8%) 

Alanine 
aminotransferase 

increased 

2 (6.5%) 3 (18.8%) 

Liver function test 
increased 

0 (0.0%) 1 (6.3%) 
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Blood alkaline 
phosphatase increased 

1 (3.2%) 2 (12.5%) 

Gamma­
glutamyltransferase 
increased 

1 (3.2%) 2 (12.5%) 

General disorders and 

administration site 
conditions 

Pyrexia 4 (12.9%) 2 (12.5%) 

Infusion site reactionsa 3 (9.7%) 2 (12.5%) 

Gastrointestinal 
disorders 

Nauseab 3 (9.7%) 4 (25%) 

Gastrooesophageal 

disordersc 

1 (3.2%) 2 (12.5%) 

Hypoaesthesia oral 0 (0.0%) 2 (12.5%) 

Constipation 1 (3.2%) 0 (0.0%) 

Blood and lymphatic 

disorders/Investigations 

Hemoglobin decreasedd 3 (9.7%) 2 (12.5%) 

White blood cell count 
decreasede 

1 (3.2%) 1 (6.3%) 

Renal and urinary 
disorders/Investigations 

Creatinine change/renal 
injuryf 

3 (9.7%) 8 (50%) 

Respiratory, thoracic 
and mediastinal 

disorders 

Dyspnoea 3 (9.7%) 0 (0.0%) 

Epistaxis 0 (0.0%) 1 (6.3%) 

Nervous System 
disorders 

Dizziness 0 (0.0%) 2 (12.5%) 

Cardiac disorders Arrythmiasg 2 (6.5%) 2 (12.5%) 

Hepatobiliary disorders Hepatic failure 0 (0.0%) 1 (6.3%) 

Metabolism and 
nutrition disorders 

Hyperglycaemia 1 (3.2%) 0 (0.0%) 

Psychiatric disorders Mental status changes 1 (3.2%) 1 (6.3%) 

*IMI/REL*TRADEMARK 1.25 g (500 mg imipenem/500 mg cilastatin/250 mg relebactam) IV 

every 6 hours. 
†Colistin provided as colistimethate sodium (loading dose of 300 mg colistin base activity (CBA) 
followed by 150 mg CBA (corresponding to ~360 mg colistimethate sodium or ~4.5 million IU) IV 

every 12 hours) + imipenem/cilastatin (500 mg/500 mg, IV every 6 hours). 
aIncludes infusion site erythema, infusion site hematoma and infusion site phlebitis 
bIncludes nausea and vomiting 
cIncludes gastroesophagealreflux disease, gastritis, and dyspepsia 
dIncludes hemoglobin decreased and anemia 
eIncludes leukopenia and white blood cell count decreased 
fIncludes blood creatinine increased, creatinine renal clearance decreased, glomerular filtration 

rate decreased, blood urea increased, renal failure 
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gIncludes atrial fibrillation, atrial flutter, supraventricular extrasystoles, tachyarrhythmia, 
ventricular tachycardia 

Reviewer Comment: There were more AEs reported in the comparator arm (Treatment Group 2: 
CMS + IMI) compared to the study drug arm (Treatment Group 1: IMI/REL). This is consistent 
with the labeled toxicities associated with colistin, particularly renal toxicity. The sample size of 

this study was small, however the AEs observed with IMI/REL in the randomized treatment arms 
of PN013 were similar to those observed in PN003 and PN004 except for diarrhea which was 
more frequently reported in latter two trials. The most frequently reported AEs in the IMI/REL 

arm included in descending order, pyrexia, infusion site reactions, nausea, AST increase, 
hemoglobin decrease, renal injury, dyspnea, ALT increase, and arrythmias. 

Open-label Treatment Arm 

Adverse reactions that occurred in the open label arm of PN013, where all subjects received 
IMI/REL 250 mg, are presented in Table 68. 

Table 68. Adverse Reactions Occurring in at Least 1 Subject in the Open Label Arm of Study 
PN013 

System Organ Class MedDRA Preferred Term IMI/REL 250mg* 

N=3 

N (%) 

Renal and urinary disorders Acute kidney injury 1 (33.3%) 

Blood and lymphatic system 
disorders 

Anemia 1 (33.3%) 

Cardiac disorders Atrial flutter 1 (33.3%) 

Gastrointestinal disorders Constipation 1 (33.3%) 

Gastroesophageal reflux disease 1 (33.3%) 

Ileus 1 (33.3%) 

Retching 1 (33.3%) 

Metabolism and nutrition 

disorders 

Decreased appetite 1 (33.3%) 

Gastrointestinal disorders Diarrhea 1 (33.3%) 

Nervous system disorders Generalized tonic-clonic seizure 1 (33.3%) 

Metabolism and nutrition 
disorders 

Hyperkalemia 1 (33.3%) 

Hypomagnesaemia 1 (33.3%) 

Psychiatric disorders Mental status changes 1 (33.3%) 

*IMI/REL 1.25 g (500 mg imipenem/500 mg cilastatin/250 mg relebactam) IV every 6 hours. 

Reviewer Comment: The most significant AE occurring in the open-label arm of the trial was one 
case of generalized tonic-clonic seizure, which was the only case of seizure seen across all the 

179 

Version date: October 12, 2018 

Reference ID: 4463074 



       
    

 

   

     

                 
               

            
           

            
                 

 

  

   

 
           

           

            
             
            

              
 

   

 
           

  
 

  
       

 

  

         
     

 

           
            
          

             

          
           

       

 
 

 

              
            

NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

clinical studies. Seizure is a labeled AE associated with IMI. The incidence of seizure is lower than 
that observed in other studies with IMI, however given the small sample size of these studies, 

caution must be used not to interpet a protective effect of REL. It was noted by the Applicant 
that the patient who experienced the seizure inadvertently received a non-study dose of IMI, 
although it is difficult to ascertain whether the inadvertent single extra dose was the specific 
cause of the seizure in this patient. Labeling for IMI/REL is planned to include seizures as a 

warning. 

Laboratory Findings 

Phase 1 Trials 

There were no changes from baseline observed for hematology and chemistry laboratory 
parameter in the seven Phase 1 trials apart from liver transaminase elevations. Liver 

transaminase elevations were observed following administration of multiple doses of REL in 
P001 and P012. All subjects with elevated liver transaminases were asymptomatic. Details on 
liver transaminase elevations in the development program for IMI/REL, including the Phase 1, 2 

and 3 trials, can be found in Section 7.4.5 Analysis of Submission-SpecificSafety Issues. 

PN003 and PN004 

Laboratory data were integrated for PN003 and PN004. The following laboratory parameters 
were evaluated: 

•	 Hematology 
o	 WBC, Eosinophils, Hemoglobin, Hematocrit, Leukocytes, Platelets 

•	 Chemistry 

o	 AST, ALT, Alkaline Phosphatase, Total bilirubin, Direct bilirubin, Indirect bilirubin, 
BUN, Creatinine, Glucose, Sodium, Potassium 

Differences between the mean values calculated per laboratory parameter were compared 
across visits and between treatment groups. With the exception of occasional outliers and 
minor non-clinically meaningfuldifferences, no significant changes from baseline across visits or 
between groups was noted for the majority of the mean laboratory parameters analyzed. 

Laboratory test abnormalities that were noted to be adverse events or significant deviations 
from normal values for individual subjects are discussed elsewhere. Trends towards differences 
were noted for the following laboratory parameters: 

Eosinophils 

The overall mean ranges for eosinophils (%) remained within normal levels across visits and 
treatment groups, however there was a noticeable trending up from the screening visit (Visit 1) 
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to the Late Follow-Up (LFU: Visit 7) across all treatment groups with an increase in the mean 
eosinophil percent from a range of 1.0-1.5% at the screening visit to 2.25-3.25% at the last 

available visit recorded (Figure 1). 

Figure 1. Mean Eosinophils (%) Across Visits and Treatment Groups PN003 and PN004 

*Visit 1=Screening; Visit 2=Randomization; Visit 3=IV; Visit 4=DCIV; Visit 5=EFU; Visit 6=GFU; Visit 7=LFU 

Reviewer comment: Increased eosinophils are mentioned as an adverse laboratory change in 

the IMI label. The mechanism of this increase in eosinophils is not clear. This finding did not 
emerge in the analysis of reported adverse events and because the trend noted here is minimal 
without any clear difference between the different treatment groups, it is not planned to be 

included in the label for IMI/REL. 

Glucose 

Mean glucose levels remain within normal levels without significant variation from baseline 
from Visits 1 through 6 with a significant drop to very low levels in both the IMI + Placebo group 

and IMI + REL 125mg treatment group at Visit 7. Mean glucose levels remained unchanged in 
the IMI + REL 250mg treatment group (Figure 2). 
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Figure 2. Mean Glucose (mg/dL) Across Visits and Treatment Groups in PN003 and PN004 

*Visit 1=Screening; Visit 2=Randomization; Visit 3=IV; Visit 4=DCIV; Visit 5=EFU; Visit 6=GFU; Visit 7=LFU 

Reviewer Comment: The mean glucose levels of 25 mg/dL(s.e. 23) in the IMI + Placebo 
treatment group and 30 mg/dL (s.e. 17) in the IMI + REL 125mg treatment group reported at the 

LFU visit are likely outliers skewed by the presence of a few low numbers in the presence of an 
overall small sample size. This assumption is supported by the large standard error. Additionally, 
it is difficult to interpret these numbers at a single visit in the context of study drug having been 

discontinued for several subjects by this point in the trial. 

Leukocytes 

Mean leukocytes (103/µL) are noted to downtrend from Visit 1 to Visit 7 across all treatment 
groups, from a mean of 9-12 x 103/µL at the screening visit (Visit 1) to a mean of 6.6-8.4 x 

103/µL at the last available visit (Visit 6 and/or 7) (Figure 3). 
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Figure 3. Mean Leukocytes (103/µL) Across Visits and Treatment Groups in Studies PN003 and 
PN004 

Reviewer Comment: The downtrending of leukocytes noted here is consistent with leukopenia 
described as an adverse event with administration of both IMI and IMI/REL. It is also consistent 

with improvement in infection. 

Platelets 

Mean platelet values are noted to increase from Visit 1 to Visit 5 but then decrease quickly back 

to baseline or near baseline values across all treatment groups. 
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Figure 4. Mean Platelets (103/µL) Across Visits and Treatment Groups in Studies PN003 and 
PN004 

Reviewer Comment: Thrombocytosis is also cited in the imipenem label. The mechanism is 
unclear. This was considered in the labeling approach for IMI/REL as well, but ultimately not 

included as the overall numbers reported of thrombocytosis reported were low. 

In general, in PN003 and PN004 there were no major differences noted in laboratory value 

trends between IMI/REL and IMI. For both IMI/REL and IMI, there were slight increases in 
eosinophils and platelets noted following study drug administration, a trend toward decreases 
in glucose towards visit 7, as well as decreases in leukocytes (likely consistent with improvement 

in infection). 

PN013 

Laboratory data was not integrated between PN013 and PN003/PN004. Laboratory data from 
PN013 were thus analyzed separately. Similar to PN003 and PN004, the following laboratory 
parameters were evaluated for changes in PN013: 

• Hematology 
o WBC, Eosinophils, Hemoglobin, Hematocrit, Leukocytes, Platelets 

184 

Version date: October 12, 2018 

Reference ID: 4463074 



       
    

 

   

     

  
         

     

 
           

      

 
  

 

            
              

            
  

 
 

        

 
 

              
               

 

  
 

              

NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

•	 Chemistry 
o	 AST, ALT, Alkaline Phosphatase, Total bilirubin, Direct bilirubin, Indirect bilirubin, 

BUN, Creatinine, Glucose, Sodium, Potassium 

Differences between the mean values calculated per laboratory parameter were compared 
across visits and between treatment groups. 

ALT 

Mean ALT values at the screening visit were higher in Treatment Group 2, CMS plus IMI, (472 
IU/L, s.e. 0) compared to Treatment Group 1, IMI/REL plus placebo for CMS, (83 IU/L, s.e. 14), 
Figure 5. Mean values at the remainder of the visits were comparable between treatment 
groups. 

Figure 5. Mean ALT (IU/L) Across Visits and Treatment Groups in PN013 

Reviewer Comment: Outlier value of AST 472 IU/L at the screening visit in Treatment Group 2 is 
likely due to the very small number of patients in this trial and treatment arm. 

Alkaline Phosphatase 

Mean alkaline phosphatase values, similarly to ALT values were also noted to be significantly 
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higher at the screening visit in Treatment Group 2, CMS plus IMI, (610 IU/L, s.e. 0) compared to 
Treatment Group 1, IMI/REL plus placebo for CMS, (131 IU/L, s.e. 21) (Figure 6). This is likely 

due to the small numbers included, especially at the screening visit. Alkaline phosphatase 
remained slightly elevated in Treatment Group 2 compared to Treatment Group 1 across all 
visits. Treatment Group 3, IMI/REL open-label arm, is displayed in the figure below, was not 
considered for purposes of analysis due to the small sample size (n=3) in this open -label 

treatment arm. 

Figure 6. Mean Alkaline Phosphatase (IU/L) Across Visits and Treatment Groups in PN013 

AST 

Mean AST values were noted to be slightly higher in Treatment Group 2, CMS plus IMI, 
compared to Treatment Group 1, IMI/REL plus placebo for CMS, with the difference particularly 

notable at Visit 3 and at end of follow up (day 35), Figure 7. 
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Figure 7. Mean AST (IU/L) Across Visits and Treatment Groups in PN013 

Creatinine 

Mean creatinine was the most significant difference noted between the two randomized 
treatment groups in Study PN013, with a steady increase in mean creatinine noted in 
Treatment Group 2, CMS plus IMI, from a baseline of 0.76 mg/dL (s.e. 0.19) to a peak of 4.4 
(s.e. 0.19) at day 27 compared to a baseline of 1.46 mg/dL in Treatment Group 1, IMI/REL plus 

placebo for CMS, with a slight decline thereafter (Figure 8). 
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Figure 8. Mean Creatinine (mg/dL) Across Visits and Treatment Groups in Study PN013 

Reviewer Comment: Increased nephrotoxicity with colistin is an expected adverse effect of this 
drug and the differences between the two treatment groups are consistent with recognized 

nephrotoxic adverse event rates of the drugs in both treatment arms. 

Overall, there were more abnormal laboratory values noted in PN013 compared to PN003 and 
PN004, consistent with the increased morbidity of patients enrolled in PN013. The largest 

difference between the randomized treatment groups, Treatment Group 1 (IMI/REL plus Placebo 
to CMS) and Treatment Group 2 CMS plus IMI) were seen in differences in mean creatinine 
values reported across visits. There were also some differences noted in liver transaminase 

values with higher mean ALT, AST and alkaline phosphatase values in Treatment Group 2. 
Laboratory test abnormalities that were noted to be adverse events or significant deviations 
from normal values for individual subjects are discussed under the adverse events section. 

Vital Signs 

Vital sign measurements were not integrated across PN003 and PN004 are presented below 
separately for each study and for study PN013. 

Study PN003 

In general, vital sign measurements across the three treatment groups in Study PN003 were 
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comparable. There was some minor variability seen in the following vital signs across treatment 
groups: systolicblood pressure (SBP), temperature, and respiratory rate (RR). Mean SBP across 

visits ranged from a low of 110mmHg to a high of 156mmHg. Highest temperature values 
recorded across visits included a mean of 37.9СC and a mean of 38.3СC. Lowest temperature 
recorded was 36СC. Highest mean respiratory rate recorded was at the upper limit of normal at 
20 breaths/minute. 

Reviewer Comment: The highest SBP values were recorded in subjects in the IMI/REL 250mg 
treatment group, however the differences between treatment groups are not clinically 

meaningful. The highest and lowest temperature values were recorded in subjects also in the 
IMI/REL 250mg treatment group, however the range of values is not outside that expected for 
subjects presenting with infection and the differences between treatment groups were also not 

clinically meaningful. Mean respiratory rate was also highest in subjects in the IMI/REL 250mg 
treatment group, however the recorded values were within the expected normal range. 

Study PN004 

Vital signs across the three treatment groups in Study PN004 were comparable. No significant 

differences were seen between the treatment groups in mean systolic blood pressure (SBP), 
diastolicblood pressure (DBP), temperature, or pulse rate, across visits. Mean RR was also 
comparable across all groups with the exception of one outlier at one visit point with a mean 
RR of 26 in the Placebo + IMI treatment group. 

Reviewer Comment: Minor differences seen in respiratory rate across treatment group were not 
clinically meaningful. 

Study PN013 

Vital signs across the two randomized treatment groups in Study PN013 were comparable with 
no relevant or clinically meaningful differences in mean SBP, DBP, RR, pulse rate or 
temperature to note. 

Vital signs for the open-label, nonrandomized Treatment Group 3 were not compared to the 
other groups as the number of subjects (n=3) was too small to allow meaningful analysis. 

Reviewer Comment: Vital signs measurements across all treatment groups in PN003, PN004 and 
PN013 were comparable. There was some minor variability seen in SBP, temperature, and RR in 
PN003 and in respiratory rate in PN004 that were not clinically meaningful. 

Electrocardiograms (ECGs) 

ECG assessments were not performed in PN003, PN004 or PN013. A dedicated Phase 1 trial to 
evaluate QT interval was conducted and is discussed in the QT section below. 
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QT Evaluation 

A Phase 1 trial (P009) was conducted to evaluate the effect of REL on QTc intervals. A QT 

studies consultation review was requested from the QT Interdisciplinary Review Team (QT-IRT). 
The P009 study was analyzed by the QT-IRT using central tendency as the primary analysis. REL 
was administered at a supratherapeutic dose of 1150mg and compared to negative and positive 
controls, including moxifloxacin. There was no statistically significant change in QTc intervals 

following administration of REL in this trial. Other ECG parameters including PR and RR 
intervals, QRS duration, T-wave morphology, and the presence of U-waves were all assessed 
without any evidence of significant changes. The QT-IRT team proposed edits to the label, 

which are discussed in Section 10 Labeling . 

Immunogenicity 

No immunogenicity/antigenicity evaluations were conducted as part of this development 

program. 

7.4.5 Analysis of Submission-Specific Safety Issues 

Liver Transaminase Elevations 

Study PN003 (cUTI) 

ѮѤШҖШ ӋШҖШ Ҁ҇ КЌҚШҚ ҇в ΅ӑѥҚ шЌӋ ҇ЙҚШҖӊШФ ѧҀ ѡN003. Five subjects had AST and ALT elevations ш 
3x and/or 5x ULN in the IMI/REL treatment groups (IMI/REL 125mg and IMI/REL 250mg) but not 
in the IMI + Placebo treatment group. Evidence of cholestasis with total bilirubin > 1.5x ULN 

was observed in the IMI/REL treatment group only (IMI/REL 250mg) (Figure 9 and Figure 10). 

• AST/ALT ш 3x ULN, Tbili ш 2x ULN and ALP < 2x ULN 
o 0 subjects 

• AST/ALT ш ӻӐ Ѳшя 
o 2 subjects (1 subject IMI/REL 125mg, 1 subject IMI/REL 250mg) 

• AST/ALT ш 3x ULN 
o 5 subjects (3 subjects IMI/REL 125mg) 
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Figure 9. Elevations of Aspartate Aminotransferase (AST) and Total Bilirubin Among Subjects 
Receiving IMI/REL or IMI + Placebo in PN003 
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Figure 10. Elevations of Alanine Aminotransferase (ALT) and Total Bilirubin Among Subjects 
Receiving IMI/REL or IMI + Placebo in PN003 

Study PN004 (cIAI) 

There was one subject meeting laboratory criteria for ΅ӑѥҚ шЌӋ ѧҀ ҤѤШ ΈюΈѶѤEш ӸӻӶѿњ ҤҖШЌҤѿШҀҤ 

group of Study PN004, however due to baseline elevation of total bilirubin >3x ULN, this patient 
ӋЌҚ Ҁ҇Ҥ К҇ҀҚѧФШҖШФ Ќ ҤҖҿШ ΅ӑѥҚ шЌӋ КЌҚШѢ ѮѤѧҚ ҚҿЙѳШКҤѥҚ ҀЌҖҖЌҤѧӊШ ѧҚ ғҖШҚШҀҤШФ ЙШѹ҇Ӌ : 

•	 77-year-old white male receiving IMI + REL 250mg. The patient was diagnosed with 
cholelithiasis and septicshock on 3 April and underwent exploratory laparotomy and 
subtotal gastric resection for acute gastric perforation/pepticulcer. The patient was 
started on the study drug one day later on 4 April. On baseline laboratory studies, the 

patient had a normal AST and ALT and a total bilirubin > 3x ULN. On day 2 of study drug 
treatment (5 April), he was noted to have rising transaminases: 

o	 ALT 248 IU/L (6.9x ULN) 

o	 AST 430 IU/L (11.3 x ULN) 
o Total bilirubin 3.3 mg/dL (3.3x ULN) 

Study treatment was not discontinued, and he completed study drug on day 8 (11 April). 
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AST and ALT also returned to baseline. Study investigator deemed the noted 
transaminase elevations as unrelated to study drug. 

Reviewer Comment: The timing of the patient’s surgery and acute abdominalcatastrophe wasa 
confounding factor and it is difficult to ascertain whether the liver transaminase elevations (AST 
and ALT) were due to the abdominal injury and ensuing post-surgical course or related to the 

study drug. The resolution of the transaminase elevation despite continuation of the study 
treatment supports the former being the etiology of the transaminitis. 

Fourteen subjects had AST and ALT elevations ш 3x ULN in PN004, 5 subjects in the IMI/REL 
125mg treatment group, 6 subjects in the IMI/REL 250mg treatment group and 3 subjects in the 
IMI + Placebo treatment group. Evidence of cholestasis with total bilirubin > 1.5x ULN was 

observed across all treatment groups, 10 subjects each in the IMI/REL 125mg and IMI/REL 
250mg treatment groups and 7 subjects in the IMI + Placebo Treatment Groups (Figure 11 and 
Figure 12). 

•	 AST/ALT ш 3x ULN, Tbili ш 2x ULN and ALP < 2x ULN 
o	 1 subject (narrative above) 

•	 AST/ALT ш ӻӐ Ѳшя 
o	 9 subjects (3 subjects IMI/REL 125mg, 4 subjects IMI/REL 250mg, 2 subjects IMI + 

Placebo) 

•	 AST/ALT ш 3x and < 5xULN 
o	 14 subjects (5 subjects IMI/REL 125mg, 6 subjects IMI/REL 250mg, 3 subject IMI 

+ Placebo) 

Reviewer Comment: The greater number of total bilirubin elevations ≥ 1.5x ULN is likely due to 
the nature of the infections enrolled in this study, complicated intrabdominal infections, with 

associated liver/biliary injury leading to increased bilirubin elevations compared to the cUTI trial 
(PN003). The transaminase elevations may also be due to the study drug as they were also 
noted in the cUTI study and the Phase 1 trials. 
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Figure 11. Elevations of Aspartate Aminotransferase (AST) and Total Bilirubin Among Subjects 
Receiving IMI/REL or IMI + Placebo in PN004 
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Figure 12. Elevations of Alanine Aminotransferase (ALT) and Total Bilirubin Among Subjects 
Receiving IMI/REL or IMI + Placebo in PN004 

Study PN013 

ѮѤШҖШ ӋШҖШ ҤӋ҇ ғ҇ҤШҀҤѧЌѹ КЌҚШҚ ҇в ΅ӑѥҚ шЌӋ ҇ЙҚШҖӊШФ ѧҀ ѨҤҿФӑ ѡN013, however both cases were 
in the comparator treatment group receiving CMS plus ΈюΈѢ я҇ КЌҚШҚ ҇в ΅ӑѥҚ шЌӋ ӋШҖШ ҇ ЙҚШҖӊШФ 
in subjects receiving IMI/REL. 

There were 6 subjects with AST and AST ш 3x ULN in the Study PN013, all of which were in 
Treatment Group 2 (CMS plus IMI), with the exception of one subject in Treatment Group 1 
(IMI/REL plus Placebo to CMS) (Figure 13). Evidence of cholestasis with total bilirubin > 1.5x 

ULN was observed in 3 subjects in Treatment Group 2 (CMS plus IMI) and 1 subject in 
Treatment Group 1 (IMI/REL plus Placebo to CMS) (Figure 14). 

• AST/ALT ш 3x ULN, Tbili ш 2x ULN and ALP < 2x ULN 
o 2 subjects (Treatment Group 2: CMS plus IMI) 
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•	 AST/ALT ш ӻӐ Ѳшя 
o	 3 subjects (Treatment Group 2: CMS plus IMI) 

•	 AST/ALT ш 3x ULN 
o	 6 subjects (1 subject Treatment Group 1: IMI plus Placebo to CMS, 5 subjects 

Treatment Group 2: CMS plus IMI) 

Figure 13. Elevations of Aspartate Aminotransferase (AST) and Total Bilirubin Among Subjects 

Receiving IMI/REL or IMI + Placebo in PN013 
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Figure 14. Elevations of Alanine Aminotransferase (ALT) and Total Bilirubin Among Subjects 
Receiving IMI/REL or IMI + Placebo in PN013 

Overall, in PN003, PN004 and PN013, there were 25 subjects with liver transaminase elevations 
meeting the event of clinical interest (ECI) criteria defined as follows: 

•	 Elevated AST or ALT ш to 5 X ULN 

•	 Elevated AST or ALT laboratory valuШ ш ӹ ҃ Ѳшя and ЌҀ ШѹШӊЌҤШФ Ҥ҇ҤЌѹ ЙѧѹѧҖҿЙѧҀшӸ ҃ Ѳшя 
and, at the same time, an alkaline phosphatase < 2 X ULN 

Of these, the largest number, 14, were reported in PN004, the cIAI trial. Six cases were reported 
in PN013, of which five were in the comparator arm, CMS plus IMI. In PN003 and PN004, 

16/431 (3.7%) subjects receiving IMI/REL 125mg or IMI/REL 250mg compared to 3/214 (1.4%) 
subjects receiving IMI plus Placebo reported liver transaminase elevations meeting the ECI 
criteria. 

Reviewer Comment: The large number of liver transaminitis cases reported in PN004 is likely 
confounded by the abdominal injury in the majority of subjects enrolled in the trial. The small 
difference seen in transaminitis between subjects receiving IMI/REL compared to those receiving 

IMI alone or IMI plus CMS is also confounded by the fact that IMI is a component of all these 
regimens and has a known association with liver transaminitis; There were no cases of Hy’s Law 
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or hepatic failure associated with the study drug (IMI/REL) reported in any of the trials. The 
majority of elevations in transaminases down trended and/or resolved by the end of follow up. 

There were no discontinuations of study medication due to transaminitis or other liver injury. 
Based on the results of these trials, we can conclude that there are elevations of liver 
transaminases seen with both IMI and IMI/REL and this is planned to be reflected in the label, in 
Section 6 Adverse Reactions. 

7.4.6	 Clinical Outcome Assessment (COA) Analyses Informing
 
Safety/Tolerability
 

There were no clinical outcome assessments conducted as part of this drug development 

program. 

7.4.7	 Safety Analyses by Demographic Subgroups 

Safety analyses were performed by the following demographicsubgroups: sex, age, and renal 

function. The numbers for any racial/ethnicgroup apart from Caucasian were too small to 
conduct a meaningful analysis. Safety analyses by subgroups was conducted for PN003 and 
PN004 only. The sample size of PN013 was small (N=50) and did not allow for meaningful 

assessment of subgroup trends for safety. 

Sex 

Seven female subjects (3.2%) reported nausea compared to five male subjects (2.3%) in the 
IMI/ REL 250mg group, while the same number of subjects, 6 (2.8%) reported nausea among 

both males and females in the IMI plus Placebo group. Headaches were also reported more 
frequently in females in all treatment groups. Liver enzymes elevations including ASTand ALT 
were about 2 to 4 times more frequently reported among males in the IMI/REL treatment 

groups compared to the IMI plus Placebo treatment group (Table 69). Differences among 
remainder of the AEs were too small to allow meaningful comparison between the different 
groups. 

Reviewer Comment: The cause for the differences noted in liver enzyme elevations between 
male and female subjects is unclear. Some of the differences may be due to differences in 
severity of illness, underlying liver disease or concomitant medications. However due to the 

small numbers in each group, it is not possible to draw any definitive conclusions. 

Table 69. Adverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in 
PN003 and PN004 by Treatment Group and Sex 

IMI/REL 250 mg 

N=216 
n (%) 

IMI/REL 125 mg 

N=215 
n (%) 

IMI/Placebo 

N=214 
n (%) 
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System Organ 
Class 

MedDRA 
Preferred Term 

Female Male Female Male Female Male 

Gastrointestinal 
disorders 

Nausea 7 
(3.2%) 

5 
(2.3%) 

10 
(4.6%) 

5 
(2.3%) 

6 (2.8%) 6 2.8%) 

Diarrhea 4 
(1.8%) 

8 
(3.7%) 

7 
(3.2%) 

2 
(0.9%) 

4 (1.9%) 5 (2.3%) 

Vomiting 3 

(1.4%) 

4 

(1.8%) 

6 

(2.7%) 

4 

(1.8%) 

2 (0.9%) 2 (0.9%) 

Nervous system 
disorders 

Headache 7 
(3.2%) 

2 
(0.9%) 

3 
(1.4%) 

2 
(0.9%) 

3 (1.4%) 2 (0.9%) 

Investigations Alanine 
aminotransferase 
increased 

2 
(0.9%) 

5 
(2.3%) 

1 
(0.5%) 

5 
(2.3%) 

3 (1.4%) 1 (0.5%) 

Aspartate 

aminotransferase 
increased 

1 

(0.5%) 

5 

(2.3%) 

1 

(0.5%) 

6 

(2.7%) 

2 (0.9%) 1 (0.5%) 

Lipase increased 1 
(0.5%) 

2 
(0.9%) 

1 
(0.5%) 

1 
(0.5%) 

2 (0.9%) 2 (0.9%) 

Platelet count 
increased 

2 
(0.9%) 

1 
(0.5%) 

0 
(0.0%) 

3 
(1.4%) 

0 (0.0%) 1 (0.5%) 

Blood alkaline 
phosphatase 

increased 

1 
(0.5%) 

1 
(0.5%) 

3 
(1.4%) 

1 
(0.5%) 

2 (0.9%) 0 (0.0%) 

Vascular 
disorders 

Hypertension 0 
(0.0%) 

3 
(1.4%) 

3 
(1.4%) 

2 
(0.9%) 

0 (0.0%) 5 (2.3%) 

Phlebitis 0 
(0.0%) 

2 
(0.9%) 

2 
(0.9%) 

0 
(0.0%) 

2 (0.9%) 1 (0.5%) 

General 

disorders and 
administration 
site conditions 

Pyrexia 2 

(0.9%) 

3 

(1.4%) 

0 

(0.0%) 

0 

(0.0%) 

1 (0.5%) 2 (0.9%) 

Blood and 
lymphatic 

system 
disorders 

Thrombocytosis 2 
(0.9%) 

3 
(1.4%) 

1 
(0.5%) 

0 
(0.0%) 

1 (0.5%) 1 (0.5%) 

Age 

Adverse events were reported in similar rates between those 65 years and over and those 
under 65 years across all treatment groups in PN003 and PN004. A total of 38.1% (170/446) of 
subjects under 65 years of age experienced adverse events while38.2% ( 76/199) of subjects 65 

years of age or older experienced adverse events overall. GI disorders (nausea, diarrhea, 
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vomiting) and headache were more frequently reported in those under 65 years of age (Table 
70). Other adverse events were reported in relatively small numbers overall limiting any 

significant comparison between age groups. 

The three deaths reported in PN004, all occurred in subjects > 70 years of age. The incidence of 
SAEs was comparable among the 3 treatment groups in subjects ш 65 years of age. 

Table 70. !dverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in 

PN003 and PN004 by Treatment Group and Age Group 

IMI/REL 250 mg 
N=216 
n (%) 

IMI/REL 125 mg 
N=215 
n (%) 

IMI/Placebo 
N=214 
n (%) 

System Organ 
Class 

MedDRA 
Preferred Term 

< 65 
years 

>= 65 years < 65 
years 

>= 65 
years 

< 65 
years 

>= 65 
years 

Gastrointestinal 
disorders 

Nausea 10 (4.6%) 2 (0.9%) 12 (5.5%) 3 (1.4%) 11 (5.1%) 1 (0.5%) 

Diarrhea 6 (2.7%) 6 (2.7%) 6 (2.7%) 3 (1.4%) 5 (2.3%) 4 (1.9%) 
Vomiting 7 (3.2%) 0 (0.0%) 9 (4.1%) 1 (0.5%) 4 (1.9%) 0 (0.0%) 

Nervous system 
disorders 

Headache 8 (3.7%) 1 (0.5%) 5 (2.3%) 0 (0.0%) 4 (1.9%) 1 (0.5%) 

Investigations Alanine 
aminotransferase 
increased 

4 (1.8%) 3 (1.4%) 4 (1.8%) 2 (0.9%) 4 (1.9%) 0 (0.0%) 

Aspartate 
aminotransferase 
increased 

3 (1.4%) 3 (1.4%) 5 (2.3%) 2 (0.9%) 3 (1.4%) 0 (0.0%) 

Lipase increased 2 (0.9%) 1 (0.5%) 2 (0.9%) 0 (0.0%) 4 (1.9%) 0 (0.0%) 

Blood alkaline 
phosphatase 
increased 

2 (0.9%) 0 (0.0%) 4 (1.8%) 0 (0.0%) 1 (0.5%) 1 (0.5%) 

Platelet count 
increased 

3 (1.4%) 0 (0.0%) 2 (0.9%) 1 (0.5%) 1 (0.5%) 0 (0.0%) 

Vascular 
disorders 

Hypertension 1 (0.5%) 2 (0.9%) 4 (1.8%) 1 (0.5%) 2 (0.9%) 3 (1.4%) 

Phlebitis 2 (0.9%) 0 (0.0%) 1 (0.5%) 1 (0.5%) 2 (0.9%) 1 (0.5%) 

General 
disorders and 
administration 
site conditions 

Pyrexia 2 (0.9%) 3 (1.4%) 0 (0.0%) 0 (0.0%) 1 (0.5%) 2 (0.9%) 
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Blood and 
lymphatic 
system disorders 

Thrombocytosis 4 (1.8%) 1 (0.5%) 0 (0.0%) 1 (0.5%) 2 (0.9%) 0 (0.0%) 

APACHE II Score 

A significant proportion of subjects in PN003 and PN004 had unknown APACHE scores. Those 

with higher APACHE II scores (>15) were few in number, 7 subjects in the IMI/REL treatment 
groups and 3 subjects in the IMI plus Placebo treatment group (Table 71). No significant 
conclusions can be drawn from differences in adverse event frequency by A PACHE II score given 

the small sample size represented. 

Reviewer Comment: Adverse events were more frequently reported in those with APACHE scores 

≤ 15, however this is likely a reflection of the small numbers rather than a true assessment of 
the frequency of AEs in this population. 

Table 71. !dverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in 
PN003 and PN004 by Treatment Group and APACHE Score Group 

IMI/REL any dose1 

N=4312 

n (%) 

IMI/Placebo 
N=214 
n (%) 

APACHE II Score Group 

System Organ 

Class 

MedDRA Preferred Term <= 15 

(N=105) 

> 15 

(N=7) 

<= 15 

(N=44) 

> 15 

(N=3) 

Gastrointestinal 
disorders 

Nausea 16 (3.7%) 1 (0.2%) 8 (3.7%) 0 (0.0%) 

Diarrhea 13 (3.0%) 1 (0.2%) 4 (1.9%) 1 (0.5%) 
Vomiting 15 (3.4%) 1 (0.2%) 3 (1.4%) 0 (0.0%) 

Nervous system 

disorders 

Headache 4 (0.9%) 0 (0.0%) 1 (0.5%) 0 (0.0%) 

Investigations Alanine aminotransferase 
increased 

8 (1.8%) 2 (0.5%) 4 (1.9%) 0 (0.0%) 

Aspartate 

aminotransferase 
increased 

8 (1.8%) 2 (0.5%) 3 (1.4%) 0 (0.0%) 

Lipase increased 5 (1.1%) 0 (0.0%) 4 (1.9%) 0 (0.0%) 

Blood alkaline 

phosphatase increased 

4 (0.9%) 0 (0.0%) 2 (0.9%) 0 (0.0%) 
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Platelet count increased 6 (1.4%) 0 (0.0%) 1 (0.5%) 0 (0.0%) 

Vascular Hypertension 3 (0.7%) 0 (0.0%) 4 (1.9%) 0 (0.0%) 
disorders Phlebitis 4 (0.9%) 0 (0.0%) 1 (0.5%) 1 (0.5%) 

Blood and 
lymphatic system 

disorders 

Thrombocytosis 2 (0.5%) 1 (0.2%) 2 (0.9%) 0 (0.0%) 

General 
disorders and 

administration 
site conditions 

Pyrexia 2 (0.5%) 1 (0.2%) 2 (0.9%) 0 (0.0%) 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
1Includes IMI 500 mg/REL 250mg (IMI/REL 250mg) and IMI 500 mg/REL 125mg (IMI/REL 
125mg) 
2Includes subjects with unknown APACHE scores 

Renal function 

There were no subjects with a baseline creatinine clearance <30 mL/min in PN003 and PN004. 
Decreased creatinine clearance does not appear to lead to increases in reported AEs across all 

treatment groups in the trials (Table 72). 

Table 72. !dverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in 

Studies PN003 and PN004 by Treatment Group and Creatinine Clearance 

IMI/REL any dose1 

N=4312 

n (%) 

IMI/Placebo 
N=2142 

n (%) 

Creatinine Clearance (mL/min) 

MedDRA Term < 60 to >= 30 
(N=26) 

< 90 to >= 
60 

(N=50) 

>= 90 

(N=88) 

< 60 to >= 
30 

(N=20) 

< 90 to >= 
60 

(N=17) 

>= 90 

(N=38) 

Nausea 1 (0.2%) 9 (2.1%) 17 (3.9%) 0 (0.0%) 0 (0.0%) 12 (5.6%) 

Diarrhea 3 (0.7%) 6 (1.4%) 12 (2.7%) 3 (1.4%) 2 (0.9%) 4 (1.9%) 

Vomiting 0 (0.0%) 4 (0.9%) 13 (3.0%) 0 (0.0%) 0 (0.0%) 3 (1.4%) 

Headache 0 (0.0%) 3 (0.7%) 11 (2.5%) 1 (0.5%) 2 (0.9%) 2 (0.9%) 

Alanine 
aminotransferase 

increased 

4 (0.9%) 4 (0.9%) 5 (1.1%) 0 (0.0%) 2 (0.9%) 2 (0.9%) 
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Aspartate 
aminotransferase 
increased 

4 (0.9%) 3 (0.7%) 6 (1.4%) 0 (0.0%) 1 (0.5%) 2 (0.9%) 

Hypertension 2 (0.5%) 3 (0.7%) 3 (0.7%) 1 (0.5%) 1 (0.5%) 3 (1.4%) 

Lipase increased 0 (0.0%) 2 (0.5%) 3 (0.7%) 1 (0.5%) 1 (0.5%) 2 (0.9%) 

Blood alkaline 
phosphatase 

increased 

0 (0.0%) 3 (0.7%) 3 (0.7%) 0 (0.0%) 1 (0.5%) 1 (0.5%) 

Thrombocytosis 2 (0.5%) 3 (0.7%) 1 (0.2%) 1 (0.5%) 0 (0.0%) 1 (0.5%) 
Pyrexia 3 (0.7%) 1 (0.2%) 1 (0.2%) 0 (0.0%) 1 (0.5%) 2 (0.9%) 

Platelet count 

increased 

0 (0.0%) 2 (0.5%) 4 (0.9%) 0 (0.0%) 0 (0.0%) 1 (0.5%) 

Phlebitis 1 (0.2%) 2 (0.5%) 1 (0.2%) 0 (0.0%) 1 (0.5%) 2 (0.9%) 

Ѩ҇ҿҖКШѡ �ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 

Reviewer Comment: Safety analyses by demographic subgroups demonstrates that nausea was 

reported slightly more frequently among females in the IMI/REL treatment groups compared to 
the IMI plus Placebo treatment group. Headaches were also slightly more likely to be reported in 
females in all treatment groups. Liver enzymes elevations including AST and ALT were about 2 to 
4 times more frequently reported among males in the IMI/REL treatment groups compared to 

the IMI plus Placebo treatment group. 

GI disorders (nausea, diarrhea, vomiting) were more frequently reported in those under 65 years 

of age across all treatment groups. Headache was also more frequently reported in those under 
65 years of age across all treatment groups. It is not clear why younger age groups are more 
likely to report these AEs. 

Decreased creatinine clearance does not appear to lead to increases in reported AEs across all 
treatment groups in PN003 and PN004. 

Overall, the small differences found in subgroup analyses do not inform meaningfulclinical 
conclusions. 

7.4.8 Specific Safety Studies/Clinical Trials 

There were no additional specificsafety studies or clinical trials conducted apart from those 
already described above. 

7.4.9 Additional Safety Explorations 

Human Carcinogenicity or Tumor Development 

Carcinogenicity studies were not conducted in accordance with ICH S1A guidelines given that 
the continuous human use of IMI/REL is less than 6 months in duration. 
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Human Reproduction and Pregnancy 

There are no adequate and well-controlled studies of IMI/REL or any of the components in 

pregnant women. 

Pregnant and/or lactating women were excluded from enrollment into any of the clinical trials 
for IMI/REL. Additionally, no pregnancies were reported in any of the completed clinical trials. 

In embryofetal developmental studies, imipenem/cilastatin (alone or in combination), showed 

no teratogenicity in mice, rats, rabbits, and monkeys at 1 to 5 times the recommended human 
dose based on body surface area. 

In an embryofetal study in cynomolgus monkeys with IMI administered at doses similar to the 

recommended human dose based on body surface area, there was an increased association 
with embryonic loss during pregnancy. 

In embryofetal developmental studies conducted with REL in mice, rats, and rabbits there was 

no evidence of reproductive or development toxicity with the exception of an increase in 
specificmalformations in mice. In mice an increased litter incidence of skeletal malformations 
was observed with the high-dose of 450 mg/kg/day (approximately 6 times greater than the 

recommended human dose) and an increased litter incidence of cleft palate occurred in a non­
dose dependent manner with a lower dose of 80 mg/kg/day (approximately equivalent to the 
recommended human dose based on AUC comparison). Fertility in male and female rats was 

not affected up to a dose of 450 mg/kg/day, which was the dose-limiting toxicity level and 
approximately 8-times the recommended human dose based on plasma AUC comparison. Also, 
in a pre-postnatal development study in rats, REL at doses up to 450 mg/kg/day did not impair 
the physical and behavioral development or reproduction of first-generation offspring. 

Imipenem and cilastin are known to be excreted into breast milk in small quantities. REL has 
been shown to be excreted into the milk of rats, but it is not known whether it is excreted in 
human milk. 

Pediatrics and Assessment of Effects on Growth 

A deferral of pediatricassessment of IMI/REL for pediatric patients aged less than 18 years of 
age was requested by the Applicant on the grounds that IMI/REL will be ready for approval and 

use in adult patients before pediatricstudies are complete d in this age group and because 
additional safety and PK data in adults and older children are needed to support the initiation 
of studies. An initial PediatricStudy Plan (iPSP) for IMI/REL was agreed upon in January 2016. 

An amendment to the iPSP was provided with the submission of this NDA. Additional details on 
the iPSP and proposed amendments can be found in Section 9 Pediatrics. 

Overdose, Drug Abuse Potential, Withdrawal, and Rebound 

Overdoses and drug abuse have not been reported in the IMI/REL clinical development 
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program. Doses higher than the proposed marketing dose of REL up to 1150mg were well ­
tolerated in Phase 1 trials, though these were single doses. 

There is no inhibition of human or mammalian enzymes by REL identified through counter 
screening. Additionally, RELdoes not target a change in human physiology or biochemistry and 
targets bacterial enzymes (Ѿ-lactamases). For these reasons, withdrawal or rebound from REL is 

not expected. 

Reviewer Comment: Overdose and drug abuse, as well as with withdrawal and rebound 

potential is unlikely with IMI/REL given the biological properties of REL and the settings in which 
it will be used, as well as experience with other β-lactamase inhibitors and IMI alone. IMI/REL 
can be removed by hemodialysis, although no specific clinical information is available on use of 

hemodialysis to treat overdose. 

7.4.10 Safety in the Postmarket Setting 

Safety Concerns Identified Through Postmarket Experience 

IMI/REL has not been marketed in the United States or outside the United States. There is no 
postmarketing experience for this drug. 

Imipenem/cilastatin, a component of IMI/REL has been approved for use in the United States 
since 1985. Adverse reactions identified during postmarketing use of imipenem/cilastatin 
include the following: 

•	 Gastrointestinal: 
o	 Hepatitis (including fulminant hepatitis), hepatic failure, staining of the teeth 

and/or tongue 

•	 Hematologic: 
o	 Pancytopenia, bone marrow depression, thrombocytopenia, neutropenia, 

leukopenia, hemolyticanemia 

•	 CNS 

o	 Tremor, psychiatric disturbances including hallucinations, dyskinesia, agitation 

•	 Special Senses 
o	 Taste perversion 

•	 Skin 
o	 Stevens-Johnson syndrome 

o	 Toxic epidermal necrolysis 

•	 Body as a whole 
o	 Drug fever 

•	 Renal 

o	 Acute renal failure 
o	 Urine discoloration 
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Expectations on Safety in the Postmarket Setting 

Given the history with imipenem/cilastatin in the postmarket setting and the absence of new 

safety signals in the IMI/REL development program thus far, no specificsafety concerns are 
presently anticipated. However, it should be noted that the clinical experience with 
relebactam has been limited. 

7.4.11 Integrated Assessment of Safety 

Safety data were integrated for the 7 Phase 1 trials. These data were not integrated with 
PN003, PN004 or PN013 trials due to differences in dosing regimens and study populations. 

Safety data were also integrated for PN003 and PN004 due to similarities in dosing regimen and 
study design. However, PN013 was not integrated with these two trials due to differences in 

study populations and study design. 

Deaths 

There were 11 deaths in the PN003, PN004 and PN013. There were no deaths reported in the 
Phase 1 trials. Three deaths occurred during the follow-up period of PN003 and PN004, (all in 
the cIAI trial, and 2 deaths occurred outside the follow-up period, all in the cUTI trial (Table 54 

and Table 55). There were 6 deaths in PN013, five in the randomized and one in the open label 
arms (Table 56). None of the reported deaths were deemed to be related to relebactam and no 
association between death and the dose of relebactam was suggestive. 

SAEs 

Serious adverse events occurred in a total of 4.7% (30/645) subjects: 3.2% (7/216) of subjects 
receiving IMI/REL 250mg, 5.6% (12/215) patients receiving IMI/REL 125mg and 5.1% (11/214) of 
patients receiving IMI/Placebo. Given that there was no association between the dose of 

relebactam and the incidence of SAEs and the rates of SAEs in subjects treated with IMI/REL 
250 mg were lower than in subjects receiving placebo, the observed differences in the rates of 
SAEs between the trial arms are probably related to chance findings and do not suggest an 

association between relebactam and SAEs. 

The most commonly reported SAEs in the pooled IMI/REL treatment arms included diarrhea, 
acute kidney injury, ventricular fibrillation and Clostridium difficile infection (Table 58). There 

was one case of ventricular fibrillation in the IMI/REL arms resulting in death; the relationship 
of ventricular fibrillation to the study drug is uncertain however. 

Discontinuations 

Discontinuations occurred at a similar rate between the IMI/REL treatment arms (2.3%: 10/431) 

and the IMI/Placebo treatment arm (2.3%: 5/214) in the ISS safety population. The most 
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frequent cause of discontinuation of study drug was diarrhea in the ISS population. There were 
no discontinuations of IV study drug in Treatment Group 1 (IMI/REL) in Study PN013. One 

discontinuation in the open-label, non-randomized Treatment Group 3 (IMI/REL) was due to 
generalized tonic-clonicseizure. 

Adverse Events 

The most common AEs reported in the ISS safety population were gastrointestinal disorders 
including nausea, diarrhea and vomiting (Table 62). GI-related AEs were more frequently 

reported in subjects receiving IMI/REL. Liver transaminase elevations for ALT, AST and alkaline 
phosphatase were also more frequently reported in subjects receiving IMI/REL compared to 
those receiving IMI + Placebo, however the differences were small and not clinically 

meaningful. 

Renal injury occurred in similar rates between the two treatment groups. Infusion site reactions 

occurred slightly more frequently in the IMI/REL treatment group with 6 subjects (1.4%) in 
IMI/REL treatment group and 0 subjects in IMI + Placebo treatment group. Neurological and 
psychiatric CNS disorders were also slightly more frequently reported in the IMI + Placebo 

group compared to the IMI/REL treatment group. These differences were small and not 
clinically meaningful. 

The overall similarity in AE rates between IMI/REL and IMI alone suggests the safety profile of 

IMI/REL and IMI is comparable. 

In PN013, adverse events were overall more frequently reported than in PN003 or PN004, likely 

due to the increased morbidity of the population and the less stringent enrollment criteria. 
Adverse reactions occurred in 71% (22/31) of patients receiving IMI/REL compared to 81.3% 
(13/16) of patients receiving colistin plus IMI. Significant AEs included increased LFTs, infusion 

site reactions, anemia, and creatinine/renal injury. With the exception of anemia, which was 
more frequently reported in the IMI/REL treatment arm (9.7% vs. 12.5%), increased LFTs, 
infusion site reactions and creatinine/renal injury were all more frequently reported in the 

comparator, IMI + CMS treatment arm. 

7.5 Statistical Issues 

Trials PN003 and PN004 were not designed or powered for the NI assessments using the 
appropriate analysis population and endpoints. All three trials were considered descriptive and 

not adequate and well-controlled trials. There were no major statistical issues concerning 
safety data or analysis. 

7.6 Conclusions and Recommendations 

Efficacy 
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Efficacy assessment of RECARBRIO relies in part ҇Ҁ ҤѤШ FD!ѥҚ ғҖШӊѧ҇ҿҚ вѧҀФѧҀњҚ ҇ в ШввѧКЌКӑ в҇Җ 

imipenem in the treatment of cUTI and cIAI, in vitro and animal data demonstrating that 
relebactam restores activity of imipenem against imipenem-nonsusceptible gram-negative 
organisms expressing some Class A and some Class C Ѿ-lactamases, and by the probability of 
target attainment (PTA) analyses for relabactam conducted by the FDA. Studies PN003 in cUTI 

and PN004 in cIAI compared IMI/REL 250 mg to IMI alone and were primarily designed for 
safety and dose-selection assessment. Study PN013 was not designed for hypothesis testing. 

Please see section 7.3.4 Assessment of Efficacy Across Trials for further detailed assessment of 
efficacy in these trials. 

Safety 

The safety of IMI/REL was supported by a total of 10 trials, 7 Phase 1 trials, 2 double-blind, 

randomized trials, one each in cUTI and cIAI, and 1 double-blind, randomized trial in imipenem­
resistant cUTI, cIAI, and HABP, which evaluated a fixed dose combination of IMI/REL compared 
to IMI + Colistin. The safety database was considered sufficient for the purposes of this NDA, 

particularly given the clinical experience with imipenem-cilastatin. The safety review focused on 
studies PN003, PN004 and PN013. 

Overall, no major safety signals emerged during the analyses of trials PN003 and PN004. The 

safety profiles of IMI/REL and IMI were found comparable and no meaningful differences in 
safety of the two doses of relebactam studied in these trials, i.e., 125 mg and 250 mg, were 
evident. 

In general, the AEs observed were consistent with prior knowledge of the safety of 
imipenem/cilastatin, a component of IMI/REL. While slight differences between trial arms were 

seen in frequency of certain AEs such as GI disorders and liver enzyme elevations, the 
differences were small, and there was no clear causality linking relebactam to the specificAEs 
that were noted to be increased in the IMI/REL treatment groups. 

In study PN013, the treated population was small which limited our ability to draw meaningful 
safety conclusions. However, in general the rates of AEs, SAEs, and discontinuations were lower 
in the IMI/REL treatment arm compared to the comparator arm, IMI + CMS. 
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8 Advisory Committee Meeting and Other External Consultations 

An advisory committee meeting was not held for this NDA as there were no specific issues that 

required expert input. 

9 Pediatrics 

There were no pediatricstudies submitted with this NDA. An initial PediatricStudy Plan (iPSP) 
was submitted to IND 108754 for IMI/REL and was agreed to by the Agency on 21 January 2016. 
The iPSP requested a deferral of pediatricassessments for patients aged less than 18 years of 

age as studies in this age group were not yet completed and additional safety and PK data in 
adults and older children were needed to support the initiation of the studies. 

An amendment to the iPSP was submitted with this NDA and was reviewed by the P eRC on 11 
June 2019. Because there were no major changes to the proposed number and type of studies 
or to the timeline and involve details of the protocols a new agreed iPSP was not needed. 

The pediatricdevelopment plan includes the following studies: 

PN020: An open-label, singledose study to evaluate the PK, safety, and tolerability of 
imipenem/cilastatin/relebactam in children from birth to less than 18 years of age with proven 
or suspected gram-negative infections. The trial is currently ongoing. 

PN021: A randomized, open-label active controlled trial to evaluate the safety and tolerability 
of imipenem/cilastatin/relebactam in children from birth to less than 18 years of age with cUTI 
or cIAI. 

(b) (4)
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10 Labeling Recommendations 

Labeling recommendations provided by the multidisciplinary review team, including OPDP and 

DMEPA have been incorporated in labeling. The trade name RECARBRIO was considered 
acceptable by DMEPA. Only the results of the cUTI and cIAI trials are described in the Adverse 
Reactions section of the label. The comparative rates of adverse reactions for 

imipenem/cilastatin/relebactam and imipenem/cilastatin groups are provided for the 
imipenem/cilastatin/relebactam 250 mg group as this is the dose recommended for marketing. 

The Clinical Studies section (section 14 of labeling) indicates that the determination of efficacy 

of imipenem/cilastatin/relebactam was supported in part by the previous findings of the 
efficacy and safety of imipenem/cilastatin for the treatment of cIAI and cUTI whereas the 
contribution of relebactam was primarily established in vitro and in animal models of infection . 

The section states that imipenem/cilastatin/relebactam was studied in two randomized, 
blinded, active-controlled, multicenter trials, one each in cIAI and in cUTI including 
pyelonephritis without describing the trials. (b) (4)

Labeling also includes warnings, adverse reactions, and drug-drug interaction information from 
the imipenem label. 

Of note, the final version of the label was still under revision at the time of review completion. 

11 Risk Evaluation and Mitigation Strategies (REMS) 

There are no risk evaluation or mitigation strategies proposed for this NDA. 
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12 Postmarketing Requirements 

The following postmarketing requirements (PMR) are required for this application under the 

PediatricResearch and Equity Act (PREA): 

1)	 Conduct an open-label, single-dose study to evaluate the pharmacokinetics, safety and 

tolerability of imipenem/cilastatin/relebactam in children from birth to less than 18 years of 
age with proven or suspected gram-negative infections 

2)	 Conduct a randomized, open-label, active controlled trial to study the safety, tolerability, 

and efficacy of imipenem/cilastatin/relebactam in children from birth to less than 18 years 
of age subjects with complicated urinary tract infection or complicated intra-abdominal 
infection. 

The following PMR is required under 505(o) the Federal Food, Drug, and Cosmetic 
Act (FDCA): 

1)	 Conduct a United States surveillance study for five years from the date of marketing to 
determine if resistance to imipenem/cilastatin/relebactam has developed in the organisms 

specific to the indications in the label. 
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13 Division Director (Clinical) Comments 

Έ К҇ҀКҿҖ ӋѧҤѤ ҤѤШ ҖШӊѧШӋ ҤШЌѿѥҚ ЌҚҚШҚҚѿШҀҤ ЌҀФ ҖШК҇ѿѿШҀФЌҤѧ҇ҀҚѢ 

14 Office Director Comments 

I К҇ҀКҿҖ ӋѧҤѤ ҤѤШ ҖШӊѧШӋ ҤШЌѿѥҚ ЌҚҚШҚҚѿШҀҤ ЌҀФ ҖШК҇ѿѿШҀФЌҤѧ҇ҀҚѢ
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15 Appendices 
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15.2 Financial Disclosure 

Financial disclosure information was provided for the investigators who conducted studies 
PN003, PN004 and PN013 evaluating IMI/REL for the limited indications under cUTI and cIAI. 
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The Applicant determined there were no financial interests or arrangements to disclose for the 
investigators in these studies. 

Covered Clinical Study (Name and/or Number): 

Was a list of clinical investigators provided: Yes No (Request list from 
Applicant) 

Total number of investigators identified: 384 

Number of investigators who are Sponsor employees (including both full-time and part-time 

employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 

0 

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 

54.2(a), (b), (c) and (f)):0 

Compensation to the investigator for conducting the study where the value could be 

influenced by the outcome of the study: 0 

Significant payments of other sorts: 0 

Proprietary interest in the product tested held by investigator: 0 

Significant equity interest held by investigator in Sponsor of covered study: 0 

Sponsor of covered study: 0 

Is an attachment provided with details 

of the disclosable financial 
interests/arrangements: 

Yes 

N/A 

No (Request details from 

Applicant) 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes 
N/A 

No (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 

Is an attachment provided with the 
reason: 

Yes 
N/A 

No (Request explanation 
from Applicant) 
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15.3 Nonclinical Pharmacology/Toxicology 

15.4 OCP Appendices (Technical documents supporting OCP 
recommendations) 

15.4.1 In Vitro studies 

Plasma Protein Binding 

The binding of REL to human plasma proteins was determined by ultracentrifugation. The 3H­
labeled REL ([3H]REL) was mixed with mouse, rat, monkey and human plasma to concentrations 
҇в ӻ ЌҀФ ӻӶ ҏюѢ �ѧҀФѧҀњ ӋЌҚ ѧҀФШғШҀФШҀҤ ҇ в ѤEш К҇ҀКШҀҤҖЌҤѧ҇ҀҚ ӋѧҤѤ ѿШЌҀ ҿҀЙ҇ҿҀФ вҖЌКҤѧ҇ҀҚ 

of 79%, 82.8%, 90.4% and 77.9% in mouse, rat, monkey and humans, respectively (Study 
PK002MK7655). 

Blood-to-Plasma Partitioning 
To determine the blood-to-plasma concentration ratio, [3H]REL was mixed with fresh whole 
Йѹ҇҇Ф Ҥ҇ Ќ вѧҀЌѹ К҇ҀКШҀҤҖЌҤѧ҇Ҁ ҇в ӻ ЌҀФ ӻӶ ҏюѢ ѮѤШ Йѹ҇҇Ф-to-plasma ratio was calculated by 

dividing the radioactivity in the blood fraction by the radioactivity in the plasma fraction. The 
blood-to-plasma concentration ratio of [3H]REL ranged from 0.59 to 0.63 following in vitro 
incubations with mouse, rat, monkey, and human blood and was independent of REL 
concentration (Study PK002MK7655). 

Metabolism of [3H]REL 
REL undergoes minimal metabolism in humans. The in vitro metabolic turnover of [3H]REL was 

evaluated in phosphate buffered saline and in mouse, rat, monkey, and human plasma at 37 °C 
over 4 hr. The degradation/metabolism of [3H]REL was <10% in PBS buffer, and in human, 
mouse, rat, and monkey plasma. The metabolic turnover also was minimal (<3%) in human, rat, 

and monkey hepatocytes following incubation at 37ºC for 2 hr. Thus, enzymes involved in the 
metabolism of REL were not further investigated. The metabolite M1 was reported as a 
degradation product, suggesting that the formation of M1 could be non-enzymatic (Study 

PK002MK7655). 

The negligible in vitro metabolic turnover of REL is consistent with the minimal metabolism 
observed in vivo. In Study PN001, REL was 98.4% and 99.6% excreted in the urine as the parent 

drug in the two dosing groups that received a single dose of 250 mg. Similarly, in the multiple 
dose arm, the mean percentage of REL dose excreted unchanged in urine was 90.8% at 250 mg, 
99.5% at 125 mg and 95.2% at 375 mg. These results indicate that REL is cleared primarily 

(>90%) via urinary excretion of the parent drug in humans. Plasma samples from Study PN001 
were profiled for circulating metabolites by high resolution mass spectrometry and REL was the 
only drug-related component detected in human plasma. Based on these data, we agreed that 

a human ADME study with radiolabeled REL does not need to be conducted. 

Inhibition of CYP Isozymes by REL (Study PK002MK7655) 
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The reversible inhibitory potential of REL towards major human liver CYPs (CYP1A2, CYP2B6, 
CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4) was evaluated in vitro using human liver 

ѿѧКҖ҇Қ҇ѿШҚѢ !Ҥ К҇ҀКШҀҤҖЌҤѧ҇ҀҚ ҿғ Ҥ҇ ӷӶӶ ҏюџ ѤEш ӋЌҚ Ҁ҇Ҥ ЌҀ ѧҀѤѧЙѧҤ҇Җ ҈Έ�ӻӶ яӷӶӶ ҏю) of any of 
the CYP isoforms. 

Time-dependent inhibition of CYP3A4 was evaluated in pooled human liver microsomes (1 

mg/mL) that were preincubated for 5 to 30 min in the presence of an NADPH generating system 
at 37°C with 10 and 50 ҏю ѤEшѢ REL did not cause time-dependent inhibition of CYP3A4 activity 
at either concentration. 

Induction of CYP3A4, CYP2B6 and CYP1A2 (Studies PK002MK7655 and PK007MK7655) 
The potential for REL to induce CYP1A2, CYP2B6, and CYP3A4 was evaluated in plated human 

hepatocytes from three donors. REL was incubated with hepatocytes for 48 hours, and both 
messenger ribonucleicacid (mRNA) and enzyme activity were measured. REL showed no in 
vitro induction of CYP1A2, CYP2B6, or CYP3A4, with little or no increase in mRNA and enzyme 

activity levels. 
The potential for REL to induce CYP1A2, CYP2B6, and CYP3A4 was evaluated in plated human 
hepatocytes from three donors. REL was incubated with hepatocytes for 48 hr, and both 

messenger ribonucleicacid (mRNA) and enzyme activity were measured. REL showed no in 
vitro induction of CYP1A2, CYP2B6, or CYP3A4, with <15% increase in mRNA and enzyme 
activity from the corresponding positive controls. 

Evaluation of REL as a Substrate of Renal Transporters: OAT1, OAT3, OAT4 and OCT2 (Studies 
PK004MK7655, PK006MK7655 and PK012MK7655) 
The uptake of Ӹ ҏю REL was evaluated in MDCKII cells stably transfected with human renal 

uptake transporter OAT1 and OAT3, in HEK293 cells transiently transfected with OAT4, and in 
CHO-K1 cells stably transfected with OCT2. The data indicate that REL is a substrate of OAT3 
and OAT4, but not a substrate of OAT1 and OCT2. The OAT3-mediated uptake of REL was 

concentration-dependent, without reaching saturation at the highest concentration tested (100 
ҏю҉Ѣ ѮѤШҚШ ФЌҤЌ Қuggest that OAT3-mediated transport of REL is a high capacity process and is 
ѹѧѶШѹӑ Ҁ҇Ҥ ҚЌҤҿҖЌҤШФ ЌҤ ҤѤШ КѹѧҀѧКЌѹѹӑ ҖШѹШӊЌҀҤ ФҖҿњ К҇ҀКШҀҤҖЌҤѧ҇ҀҚ ҈�ѿЌӐ ҟӻӶ ҏю҉Ѣ 

In the clinical DDI study of IMI/REL with probenecid (Study PN019), an inhibitor of OATs, AUC of 
relebactam and imipenem increased 24% and 16% when co-administered with probenecid, 
respectively (See Section 15.4.3). 

Evaluation of REL as a Substrate of Efflux Transporters 
The bi-directional transport of [14C]REL (1 ҏM) was evaluated in LLC-PK1 cells stably expressing 

human and rat P-gp, and in MDCKII cells stably expressing human BCRP. Under the conditions 
tested, the apparent permeability (Papp) of REL was too low to reliably assess P-gp and BCRP 
transport. Since the low permeability of REL precluded a reliable substrate assessment for P -gp 

and BCRP in the bi-directional assay, membrane vesicle studies were conducted to further 
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evaluate whether REL is a substrate of P-gp and BCRP, as well as other efflux transporters 
including MRP2, and MRP4. 

P-gp, BCRP, MRP2, and MRP4 (Studies PK009MK7655 and PK012MK7655) 
The in vitro studies using membrane vesicles isolated from baculovirus infected Spodoptera 
frugiperda (Sf9) cells containing human P-gp, BCRP, MRP2, and MRP4 indicate that REL is not a 

substrate of these efflux transporters as REL showed similar uptake in transporter-containing 
vesicles compared to the control vesicles. 

MATE1 and MATE2 (Studies PK009MK7655 and PK012MK7655) 
Uptake of [14C]REL was evaluated in vitro in CHO-K1 cells stably transfected with MATE1 and in 
MDCKII cells stably transfected with MATE2K. The fold difference in [14C]REL uptake between 

the transfected cells and the parent cells were 2.6 and 2.0 for MATE1 and MATE2K, 
respectively, indicating that REL is a substrate of MATE1 and MATE2K. The corresponding fold 
difference in metformin, a positive control, uptake was 20 and 6.4 for MATE1 and MATE2K, 

respectively. 

Evaluation of REL as an Inhibitor of Drug Transporters (Studies PK008MK7655 and 

PK009MK7655) 
The potential for REL to inhibit major human drug transporters, including P-gp, OATP1B1, 
OATP1B3, OAT1, OAT3, OCT2, MATE1, MATE2K, BCRP, or BSEP, was evaluated in vitro. REL was 
Ҁ҇Ҥ в҇ҿҀФ Ҥ҇ ЙШ ЌҀ ѧҀѤѧЙѧҤ҇Җ ҇ в ҤѤШ ҤҖЌҀҚғ҇ҖҤШҖҚ ШӊЌѹҿЌҤШФ ҈Έ�ӻӶ яӹӶӶ ҏю҉Ѣ 

15.4.2 Preclinical PK/PD Studies 

This application relied on a limited clinical program. Efficacy conclusions drawn from PN003 and 
PN004 were limited as these trials compared IMI/REL to IMI alone. The contribution of REL 

could not be evaluated because these studies included a limited number of IMI resistant 
isolates. PN013 was limited in size and was designed as a descriptive trial with no statistical 
comparative efficacy assessments. 

Thus, additional evidence of effectiveness was derived from pre-clinical PK/PD studies. Dose 
fractionation and dose response studies in murine thigh and lung models were performed to 

evaluate the in vivo activity of IMI/REL (Studies PD006 and PD040). In vitro hollow fiber 
infection model (HFIM) experiments were performed to evaluate the antibacterial activity and 
suppression of resistance of IMI and IMI/REL (Study PD031). The Applicant used these HFIM 

data to derive an estimated IMI % fT>MIC target of 6.5% for 2-log kill. However, the Agency 
used these data to assess the added contribution of REL to the antibacterial effect of IMI. The 
Agency has determined that the Applicant has demonstrated a contribution of REL based on 

these nonclinical and in vitro data despite the lack of clinical effectiveness data. 

Hollow FiberPK/PD Time-Kill Studies (Study PD031) 
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To demonstrate the projected efficacy of the selected PN003 and PN004 doses against 
imipenem resistant P. aeruginosa and K. pneumoniae strains, a number of time-kill studies 

utilizing an in vitro PK/PD hollow fiber cell culture system were conducted. Imipenem MIC 
ӊЌѹҿШҚ ӋШҖШ ФШҤШҖѿѧҀШФ ѧҀ ҤѤШ ғҖШҚШҀКШ ҇ в Ӻ ҏњѶmL REL, hereafter referred as the Ѩғ҇ҤШҀҤѧЌҤШФ 
юΈ�ѩ ҈ғюΈ�҉. 

Study PD031 was conducted with 15 imipenem-resistant Enterobacteriaceae (n=11) and P. 
aeruginosa strains (n=4). Bacteria were exposed to the pharmacokinetic profiles of IMI and REL 
that simulated the free drug exposures in humans at a dose of 500 mg IMI q6h in combination 

with either 125 mg or 250 mg REL q6h, with each dose given as a 30-minute IV infusion. 
Samples for PD analysis were collected up to 70 hours post dose for colony counting. IMI alone 
(500 mg q6h) and no drug growth control arms were also conducted with each isolate. An initial 

bacterial density of approximately 1 to 3 × 105 CFU/mL was inoculated into the extracapillary 
space of the pre-conditioned hollow fiber cartridges. Inoculated hollow fiber cartridges were 
incubated at 37°C for 4 hours and reached approximately 1 × 106 CFU/mL at the time of the first 

dose. IMI MICs and pMICs of bacterial isolates are highlighted Table 73. 

Table 73. PD Results from Hollow Fiber Model (Study PD031) 

Hollow fiber results 
Organism Isolate 

Number 
IMI MIC pMIC IMI + 125 

mg REL 
IMI + 250 mg 

REL 
Pseudomonas aeruginosa CLB 24227 16 2 >4 log kil l 

with no 
regrowth up 
to 70 hr 

>4 log kil l 
with no 
regrowth up 
to 70 hr for all 
experiments 

Pseudomonas aeruginosa CLB 24228 32 8 
Pseudomonas aeruginosa CLB 24226 32 4 

Klebsiella pneumoniae CL 6339 64 1 
Pseudomonas aeruginosa CLB 24354 64 16 Regrowth 

starting at 6 
hr 

Klebsiella pneumoniae CL 6569 256 4 ND 
Klebsiella pneumoniae CLB 26410 >256 8 ND 
Klebsiella pneumoniae CL 5763 32 0.5 ND 
Klebsiella pneumoniae CL 6838 16 0.5 ND 

Escherichia coli IHMA 
1224137 

8 <0.5 ND 

Escherichia coli IHMA 
1231530 

4 <0.5 ND 

Klebsiella pneumoniae IHMA 
516426 

16 0.5 ND 

Serratia marcescens IHMA 
1203541 

8 1 ND 

Klebsiella oxytoca IHMA 
1211369 

32 0.25 ND 

Klebsiella pneumoniae IHMA 
520284 

16 0.25 ND 

ND = Not determined; REL = relebactam; IMI = imipenem 
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Both 125 mg and 250 mg doses of REL coadiminstered with IMI 500 mg showed rapid and 

sustained bactericidal activity against the P. aeruginosa strains CLB 24227, CLB 24228, and CLB 
24226 (IMI юΈ� ӊЌѹҿШҚ ҇ в ӷӼ Ҥ҇ ӹӸ ҏњѶѿш). In contrast, when the two IMI/REL combinations 
were tested against the P. aeruginosa strain CLB 24354 that had high resistance to imipenem 
҈юΈ� ӼӺ ҏњѶѿш҉џ ҤѤШ ѹ҇ӋШҖФ҇ҚШ ҇в ѤEш ҈ӷӸӻ ѿњ҉ ӋЌҚ Ҁ҇Ҥ ШввѧКЌКѧ҇ҿҚџ ЌҀФ ѧҤ Ҥ҇҇Ѷ Ќ ѹ҇ҀњШҖ ҤѧѿШ 

(>50 hours) for REL 250 mg to reduce the CFU to below detectable limits (Figure 15). 

Figure 15; Hollow Fiber Efficacy Study of “125 mg” and “250 mg” Doses for Relebactam in 

Combination with Imipenem against P. aeruginosa CLB 24354 

There were three Enterobacteriaceae isolates that did not show a benefit to the addition of REL 

vs. IMI alone (Figure 16, Figure 17 and Figure 18). It should be noted that the expression of the 
beta-lactamases was not confirmed during these experiments. 

Figure 16; Hollow Fiber Efficacy Study of “250 mg” Dose for Relebactam in Combination with 
Imipenem against E. coli IHMA 1231530 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Figure 17; Hollow Fiber Efficacy Study of “250 mg” Dose for Relebactam in Combination with
 
Imipenem against K. pneumoniae IHMA 516426
 

Figure 18;Hollow Fiber Efficacy Study of “250 mg” Dose for Relebactam in Combination with
 
Imipenem against S. marcescens IHMA 1203541
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Assessment of In Vivo Efficacy of REL in Combination with IMI in Murine Infection Models of 

Infection (Studies PD006 and PD040) 

Several neutropenicmouse models of infection were used to determine the in vivo efficacy of 

REL co-administered with IMI/CIL. The PK data from the murine lung studies were used to build 
a mouse population PK model (Study PD006 and PD040). 

In Study PD006, two imipenem-resistant clinical strains, P. aeruginosa strain CLB 24228 
҈ѧѿѧғШҀШѿ юΈ� ҇ в ӹӸ ҏњѶѿш ӋѤѧКѤ ѧҚ ҖШФҿКШФ Ҥ҇ Ӿ ҏњѶѿш ѧҀ ҤѤШ ғҖШҚШҀКШ ҇ в Ӻ ҏњѶѿш REL) and 
K. pneumoniae strain CL Ӽӹӹӿ ҈ѧѿѧғШҀШѿ юΈ� ҇ в ӼӺ ҏњѶѿшџ ӋѤѧКѤ ѧҚ ҖШФҿКШФ Ҥ҇ Ӻ ҏњѶѿш ѧҀ ҤѤШ 
ғҖШҚШҀКШ ҇ в Ӹ ҏњѶѿш ҇в REL). Combination treatment was delivered by 1-hour IV infusion every 

6 hours. A static response to therapy was used as the endpoint for clinical efficacy. Blood was 
sampled via the tail vein at 20, 40, 75, and 105 minutes after the start of the fourth infusion 
(designated 1/3T, 2/3T, T+15, T+45, respectively) to determine REL concentrations. 

IMI/REL showed efficacy in murine models of infection, both disseminated infections such as 
septicemia and organ-specific infections. 

Table 74. Efficacy of REL in a Disseminated Model of Infection with Imipenem-resistant P. 
aeruginosa (PATOA 01-08) 

Dose (mg/kg IV as a 60 min infusion 
q6h for 24 hours) 

Total Log10 CFU Change Log10 

CFU Compared 
to Sham-treated 

Relebactam 
Plasma 
Concentration Imipenem Relebactam 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Control (µM at 2/3T) 
N/A N/A 6.78 N/A N/A 

5 N/A 6.33 -0.45 N/A 

5 40 3.05 -3.73 202 

5 20 3.65 -3.13 108 

5 10 5.06 -1.72 58 
2/3T = 40 minutes after the start of infusion; N/A = not applicable 

Table 75. Efficacy of REL in a Pulmonary Model of Infection with Imipenem resistant P. 
aeruginosa (PATOLA 01-08) 

Dose (mg/kg IV as a 60 min infusion 
q6h for 24 hours) 

Total Log10 CFU Change Log10 
CFU Compared 

to Sham-treated 
Control 

Relebactam 
Plasma 

Concentration 
(µM at 2/3T) 

Imipenem Relebactam 

N/A N/A 6.59 N/A N/A 

5 N/A 6.70 +0.11 N/A 

5 80 2.00 -4.59 175 

5 40 3.00 -3.59 140 

5 20 4.22 -2.37 42 
2/3T = 40 minutes after the start of infusion; N/A = not applicable 

Table 76. Efficacy of REL in a Pulmonary Model of Infection with Imipenem resistant P. 
aeruginosa: Comparison of 24 Hour vs. 48 Hour Dosing (PATOLA 02-08; 24/48 hr dosing) 

Dose (mg/kg IV as a 60 min 

infusion q6h for 24 hours) 

Total Log10 CFU Change Log10 CFU 

Compared to 
Imipenem/Cilastatin Group Imipenem Relebactam 

24 hr 48 hr 24 hr 48 hr 
N/A N/A 6.22 1ND N/A N/A 

5 N/A 6.10 7.57 N/A N/A 

5 40 2.91 3.00 -3.19 -4.57 

5 20 4.08 4.59 -2.02 -2.98 
1 Animals didnot survive to 48 hr 
CFU = colony-forming unit(s); hr = hours; IV = intravenous; mg/kg = milligram per kilogram; N/A = not applicable; 
ND = not determined; q6h = every 6 hours 

Table 77. Efficacy of REL in a Disseminated Model of Infection with Imipenem-resistant K. 

pneumoniae (KLEBTOA 02-08) 

Dose (mg/kg IV as a 60 min infusion 
q6h for 24 hours) 

Total Log10 CFU Change Log10 
CFU Compared 

to Sham-treated 
Control 

Relebactam 
Plasma 

Concentration 
(uM at 2/3T) 

Imipenem Relebactam 

N/A N/A 6.15 N/A N/A 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

5 N/A 6.67 +0.52 N/A 
5 80 3.46 -2.69 105 

5 40 3.09 -3.06 87 

5 20 3.86 -2.29 40 
2/3T = 40 minutes after the start of infusion; CFU = colony-в҇ ҖѿѧҀњ ҿҀѧҤ҈Қ҉Ѡ Έѽ ы ѧҀҤҖЌӊШҀ҇ҿҚѠ ҏю ы 
micromolar;mg/kg= milligram per kilogram; N/A = not applicable; q6h = every 6 hours 

Table 78. Efficacy and Plasma Exposure of REL in Combination with Imipenem/Cilastatin in a 
Delayed Therapy P. aeruginosa Lung Infection Model (PATOLA 04-08) 
1Time Post-

infection (hr) 

Dose (mg/kg IV as a 60 min 

infusion q6h for 24 hours) 

Total Log10 

CFU (SD) 

Change 

Log10 CFU 
from 16.5 hr 

Relebactam 

Plasma 
Concentration 
(uM at 2/3T) 

Imipenem Relebactam 

16.5 N/A N/A 5.04 (0.556) N/A N/A 

24 N/A N/A 5.99 (0.478) +0.95 N/A 

40 N/A N/A 7.92 (0.472) +2.88 N/A 

40 5 N/A 7.14 (0.800) +2.10 N/A 

40 5 80 5.80 (0.775) 3+0.76 217.5 

40 5 40 25.86 (0.186) 3+0.82 121.1 

40 5 20 4.98 (0.802) 3-0.06 37.8 
1 Five animals per group 
2 Three animals per group 
3 Not significantly different from CFU burden at start of therapy at 16.5hours 
2/3T = 40 minutes after the start of infusion; CFU = colony-в҇ ҖѿѧҀњ ҿҀѧҤ҈Қ҉Ѡ Έѽ ы ѧҀҤҖЌӊШҀ҇ҿҚѠ ҏю ы 
micromolar;mg/kg= milligram per kilogram; N/A = not applicable; q6h = every 6 hours 

Table 79. Efficacy and Plasma Exposure of REL in Combination with Imipenem/Cilastatin in a 
Delayed Therapy P. aeruginosa Lung Infection Model (PATOLA 05-08) 

1Time Post-
infection (hr) 

Dose (mg/kg IV as a 60 min 
infusion q6h for 24 hours) 

Total Log10 
CFU (SD) 

Change 
Log10 CFU 
from 16.5 hr 

Relebactam 
Plasma 
Concentration 

(uM at 2/3T) 
Imipenem Relebactam 

16.5 N/A N/A 4.91 (0.736) N/A N/A 

24 N/A N/A 5.84 (0.930) +0.93 N/A 

40 N/A N/A 6.96 (0.358) +2.05 N/A 

40 5 N/A 7.11 (0.501) +2.20 N/A 

40 5 40 5.09 (0.355) 2+0.18 65.0 

40 5 20 4.99 (0.596) 2+0.08 44.3 

40 5 10 6.46 (0.772) +1.55 23.3 
1 Five animals per group 
2 Not significantly different from CFU burden at start of therapy at 16.5hours 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

2/3T = 40 minutes after the start of infusion; CFU = colony-в҇ ҖѿѧҀњ ҿҀѧҤ҈Қ҉Ѡ Έѽ ы ѧҀҤҖЌӊШҀ҇ҿҚѠ ҏю ы ѿѧКҖ҇ѿ ѹ҇ЌҖѠ 
mg/kg = mill igram per kilogram; N/A = not applicable; q6h = every 6 hours 

Table 80. Efficacy and Plasma Exposure of REL in Combination with Imipenem/Cilastatin in a 
Delayed Therapy P. aeruginosa Lung Infection Model (BLI-PA-14) 

1Time post-
infection (hr) 

Dose (mg/kg IV as a 60 min 
infusion q6h for 24 hours) 

Total Log10 
CFU (SD) 

Change 
Log10 CFU 
from 16.5 hr 

Relebactam 
Plasma 
Concentration 
(uM at 2/3T) 

Imipenem Relebactam 

16.5 N/A N/A 4.71 N/A N/A 

24 N/A N/A 7.92 +3.21 N/A 

40 5 N/A 7.36 +2.65 N/A 

40 5 20 5.20 2+0.49 32.77 

1 Five animals per group
 
2 Not significantly different from CFU burden at start of therapy at 16.5 hours.
 

In Study PD040 REL was co-administered with a sub-inhibitory 5 mg/kg dose of IMI to
 
determine the effect of REL on the ability of IMI to reduce lung bacterial burden. REL doses of
 
80, 40, 20, and 10 mg/kg were assessed in all but one study where doses of 40, 20, 10, and 5
 
mg/kg were tested. Nine P. aeruginosa and two K. pneumoniae isolates of varying susceptibility
 
to imipenem were tested. Treatment was initiated at 17 hours after infectious challenge with P.
 
aeruginosa or 3 hours after infectious challenge with K. pneumoniae. Combination treatment 

was delivered by 1-hour IV infusion every 6 hours. The PD results are summarized in Table 81
 
and Table 82. 


Table 81. Outcome of Delayed Treatment Pulmonary Infection Model Experiments with P. 
aeruginosa (Study PD040) 

Organism Imipenem MIC IMI/REL MIC Imipenem Dose 

(mg/kg) 

REL dose (mg/kg) Log CFU 

Reduction from 

untreated 

control 

Plasma REL 

and 2/3Y 

(uM) 

CL5701 16 2 Pretreatment Pretreatment -2.51 N/A 

5 mg/kg 0 mg/kg 0.29 N/A 

0 mg/kg 80 mg/kg 0.54 177 

5 mg/kg 80 mg/kg -1.97 150 

5 mg/kg 40 mg/kg -1.64 90.3 

5 mg/kg 20 mg/kg -1.88 33.9 

5 mg/kg 10 mg/kg -1.87 21.0 

CLB 24228 32 8 Pretreatment Pretreatment -3.19 N/A 

5 mg/kg 0 mg/kg -0.19 N/A 

0 mg/kg 40 mg/kg 0.11 80.7 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

5 mg/kg 40 mg/kg -2.81 83.3 

5 mg/kg 20 mg/kg -1.83 44.3 

5 mg/kg 10 mg/kg -1.55 18.9 

5 mg/kg 5 mg/kg -1.73 13.3 

CLB 24228 32 8 Pretreatment Pretreatment -1.80 N/A 

5 mg/kg 0 mg/kg 0.48 N/A 

0 mg/kg 80 mg/kg 0.86 152 

5 mg/kg 80 mg/kg -1.42 172 

5 mg/kg 40 mg/kg -0.52 113 

5 mg/kg 20 mg/kg -1.14 39.8 

5 mg/kg 10 mg/kg -0.61 27 

CLB 24228 32 8 Pretreatment Pretreatment -2.26 N/A 

5 mg/kg 0 mg/kg 0.23 N/A 

0 mg/kg 80 mg/kg 0.44 147 

5 mg/kg 80 mg/kg -1.50 185 

5 mg/kg 40 mg/kg -1.46 93.8 

5 mg/kg 20 mg/kg -1.63 33.6 

5 mg/kg 10 mg/kg -1.19 18.2 

CLB 24385B 64 16 Pretreatment Pretreatment -2.38 N/A 

5 mg/kg 0 mg/kg 0.03 N/A 

0 mg/kg 80 mg/kg 0.96 174 

5 mg/kg 80 mg/kg -1.30 137 

5 mg/kg 40 mg/kg -1.38 102 

5 mg/kg 20 mg/kg -1.31 38.7 

5 mg/kg 10 mg/kg -1.34 23.8 

CLB 24385B 64 16 Pretreatment Pretreatment -2.29 N/A 

5 mg/kg 0 mg/kg -0.26 N/A 

0 mg/kg 80 mg/kg -0.02 128 

5 mg/kg 80 mg/kg -2.35 97.4 

5 mg/kg 40 mg/kg -1.88 61.1 

5 mg/kg 20 mg/kg -2.17 24.1 

5 mg/kg 10 mg/kg -1.36 18.7 

CLB 24385B 64 16 Pretreatment Pretreatment -3.12 N/A 

5 mg/kg 0 mg/kg -0.97 N/A 

0 mg/kg 80 mg/kg -0.28 200 

5 mg/kg 80 mg/kg -1.86 174 

5 mg/kg 40 mg/kg -2.45 103 

5 mg/kg 20 mg/kg -2.00 31.5 
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{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

5 mg/kg 10 mg/kg -2.30 21.5 

CLB 24427 16 8 Pretreatment Pretreatment -1.96 N/A 

5 mg/kg 0 mg/kg 0.42 N/A 

0 mg/kg 80 mg/kg -0.27 157 

5 mg/kg 80 mg/kg -0.99 132 

5 mg/kg 40 mg/kg 0.58 106 

5 mg/kg 20 mg/kg 0.09 33.9 

5 mg/kg 10 mg/kg -0.05 23.3 

CLB 25005A 32 8 Pretreatment Pretreatment -3.34 N/A 

5 mg/kg 0 mg/kg -0.04 N/A 

0 mg/kg 80 mg/kg -0.81 136 

5 mg/kg 80 mg/kg -2.46 116 

5 mg/kg 40 mg/kg -1.58 88.2 

5 mg/kg 20 mg/kg -2.10 31.0 

5 mg/kg 10 mg/kg -2.08 19.5 

CLB 25649 64 16 Pretreatment Pretreatment -3.11 N/A 

5 mg/kg 0 mg/kg -1.29 N/A 

0 mg/kg 80 mg/kg -0.49 144 

5 mg/kg 80 mg/kg -2.85 98.0 

5 mg/kg 40 mg/kg -2.84 93.6 

5 mg/kg 20 mg/kg -1.32 21.6 

5 mg/kg 10 mg/kg -1.04 28.2 

CLB 25677 64 8 Pretreatment Pretreatment -2.94 N/A 

5 mg/kg 0 mg/kg -1.62 N/A 

0 mg/kg 80 mg/kg -0.39 137 

5 mg/kg 80 mg/kg -2.18 150 

5 mg/kg 40 mg/kg -2.86 100 

5 mg/kg 20 mg/kg -1.80 29.8 

5 mg/kg 10 mg/kg -0.79 23.1 

CLB 25677 64 8 Pretreatment Pretreatment -3.82 N/A 

5 mg/kg 0 mg/kg -0.69 N/A 

0 mg/kg 80 mg/kg -0.19 177 

5 mg/kg 80 mg/kg -2.14 158 

5 mg/kg 40 mg/kg -2.04 101 

5 mg/kg 20 mg/kg N/A N/A 

5 mg/kg 10 mg/kg -2.36 19.7 

CLB 25893 64 16 Pretreatment Pretreatment -4.38 N/A 

5 mg/kg 0 mg/kg -0.83 N/A 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

0 mg/kg 80 mg/kg -0.09 169 

5 mg/kg 80 mg/kg -3.11 133 

5 mg/kg 40 mg/kg -2.61 101 

5 mg/kg 20 mg/kg -2.12 33.4 

5 mg/kg 10 mg/kg -2.61 26.4 

CLB 25893 64 16 Pretreatment Pretreatment -4.12 N/A 

5 mg/kg 0 mg/kg -0.21 N/A 

0 mg/kg 80 mg/kg 0.21 108 

5 mg/kg 80 mg/kg -2.54 118 

5 mg/kg 40 mg/kg -2.58 69.0 

5 mg/kg 20 mg/kg -2.79 26.4 

5 mg/kg 10 mg/kg -2.68 17.2 

CLB 26735 64 16 Pretreatment Pretreatment -3.10 N/A 

5 mg/kg 0 mg/kg -1.16 N/A 

0 mg/kg 80 mg/kg -0.26 502 

5 mg/kg 80 mg/kg -2.54 166 

5 mg/kg 40 mg/kg -2.28 81.3 

5 mg/kg 20 mg/kg -0.77 34.3 

5 mg/kg 10 mg/kg -0.37 30.0 

Table 82.Outcome of Delayed Treatment Pulmonary Infection Model Experiments with K. 
pneumoniae (Study PD040) 

Organism Imipenem MIC IMI/REL MIC Imipenem 

Dose (mg/kg) 

REL dose 

(mg/kg) 

Log CFU 

Reduction 

from 

untreated 
control 

Plasma REL 

and 2/3Y (uM) 

487710 64 0.25 Pretreatment Pretreatment -3.15 N/A 

5 mg/kg 0 mg/kg -0.96 N/A 

0 mg/kg 80 mg/kg -1.38 122 

5 mg/kg 80 mg/kg -3.61 257 

5 mg/kg 40 mg/kg -3.44 102 

5 mg/kg 20 mg/kg -3.37 44.3 

5 mg/kg 10 mg/kg -3.06 26.4 

487710 64 0.25 Pretreatment Pretreatment -2.12 N/A 

5 mg/kg 0 mg/kg -0.58 N/A 

0 mg/kg 80 mg/kg -0.62 99.5 

5 mg/kg 80 mg/kg -3.64 155 

5 mg/kg 40 mg/kg -2.98 88.9 

5 mg/kg 20 mg/kg -2.19 30.0 

5 mg/kg 10 mg/kg -1.32 21.8 

515744 64 0.5 Pretreatment Pretreatment -2.68 N/A 

5 mg/kg 0 mg/kg -0.77 N/A 

0 mg/kg 80 mg/kg -0.75 91.3 

5 mg/kg 80 mg/kg -2.21 172 
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{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

5 mg/kg 40 mg/kg -2.43 85.2 

5 mg/kg 20 mg/kg -1.08 27.7 

5 mg/kg 10 mg/kg -0.91 18.0 

The average REL 24-hour plasma exposure (AUC0-24 hr) that achieved stasis across all P. 
aeruginosa and K. pneumoniae strains in this experiment was approximately 40.5 mg*hour/L. 

15.4.3 In Vivo Studies 

Single and Multiple Ascending Dose Study 
Study P001 was a 4-part, double-blind, randomized, placebo-controlled, sequential panel, rising 

single-dose study, and a sequential panel, multiple-rising-dose study to evaluate safety, 
tolerability and PK in healthy male subjects. All doses were administered to subjects in the 
fasted state. There was a minimum of a 7-day washout between periods. 

•	 Part I (Panel A and B): Single dose REL ranging from 25 mg to 1150 mg. Each panel 
included 8 male subjects randomized to either active treatment (n=6) or placebo (n=2) 

per period, except for Period 4, where all subjects received a single IV dose of IMI (500 
mg). 

•	 Part II and Part III (Panels C, D, E, F, G, H, and I): Multiple IV doses of 500 mg IMI IV plus 
REL (q6h) daily for 7 consecutive days (n=6) or 500 mg IMI IV plus placebo to REL (q6h) 

daily for 7 consecutive days (n=2). 

•	 Part IV (Panels J and K): Multiple IV doses of 500-mg REL and 500-mg IMI IV, q6h daily, 
for 14 consecutive days (n=24) or placebo for REL and 500-mg IMI IV, q6h daily for 14 
consecutive days (n=8). 

Results indicate a dose-proportional increase in REL AUC0-∞ and Cmax at the dose range of 25 to 

1150 mg. REL is almost completely excreted through urine with fraction of dose excreted 
through urine (fe) ranging from ranging from 94.7% to 100% over a 24-hour period following 
single dose administration and 89.2% to 99.5% over a 6 hour period on Day 7 for multiple 
doses. The renal clearance (CLr) and fe are similar across the entire dose range (25 mg to 1150 

mg). The REL CLr and fe are similar when REL is administered with and without IMI IV. IMI® IV. 
The PK parameters from Parts II and III are summarized in 

Table 83. Because of a very short half-life, when REL is administered q6h for multiple days, 
AUC0-6hr reaches steady state within 1 day of dosing. 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Table 83. REL PK following multiple IV doses of REL plus Imipenem IV 500 mg Every 6 Hours 
for 7 Days (Part II and III) – Geo Mean (90% Confidence interval); T1/2- Geo Mean (% Geo CV) 

REL Dose plus 50 mg 50 mg 125 mg 125 mg 250 mg 250 mg 375 mg 375 mg 500 500 625 625 

500 mg IMI Day 1 Day 7 Day 1 Day 7 Day 1 Day 7 Day 1 Day 7 mg mg mg mg 

Day 1 Day 7 Day 1 Day 7 

AUC0-6 (M*hr) 17.5 15.6 43.0 42.5 78.2 81.6 104 120 161 167 186 194 
(15.7, (13.9, (39.9, (39.4, (70.1, (73.2, (93.5, (107, (144, (149, (167, (174, 
19.5) 17.4) 46.5) 45.9) 87.1) 91.0) 116) 134) 179) 186) 207) 216) 

Cmax (M) 9.80 9.02 25.4 26.5 46.5 48.3 58.4 69.6 95.8 101 116 114 
(8.43, (7.69, (22.9, (23.8, (40.1, (41.5, (50.2, (59.9, (82.5, (86.8, (100, (98.3, 
11.4) 10.6) 28.3) 29.4) 54.0) 56.0) 67.8) 80.8) 111) 117) 135) 133) 

T1/2 (hr) 1.64 1.42 1.44 1.40 1.63 1.66 1.48 1.86 1.56 1.69 1.48 1.73 

(5.2) (8.6) (13.9) (12.9) (8.2) (14.2) (9.5) (13.3) (16.0) (11.9) (12.5) (10.7) 

Drug-drug Interaction Studies 
Interaction between all three components (Study PN001): In Study PN001, the interaction 
among REL, IMI and CIL were evaluated in healthy male volunteers. The results are summarized 

in Table 84 and Table 85, indicating that there are no clinically relevant drug interactions 
among REL, IMI and CIL. 

Table 84. PK parameters of REL following a single dose administration with and without 500 
mg IMI/CIL IV. Results reported as GM (95% CI) 

REL Dose 50 mg 500 mg 
(-) IMI/CIL IV (+) IMI/CIL IV (-) IMI/CIL IV (+) IMI/CIL IV 

AUC0-∞ (M*hr) 15.9 (14.3, 17.6) 16.8 (15.1, 18.7) 173 (155, 192) 176 (158, 195) 

Cmax (M) 9.03 (7.86, 10.4) 9.08 (7.91, 10.4) 98.1 (85.4, 113) 91.2 (79.5, 105) 

Table 85. PK parameters of IMI and CIL following administration of 500 mg IMI/CIL IV with 
and without 500 mg REL. Results reported as GM (95% CI) 

Imipenem Cilastatin 
(-) REL (+)REL (-) REL (+)REL 

AUC0-∞ (M*hr) 141 (126, 156) 145 (129, 162) 113 (102,126) 112 (101, 124) 

Cmax (M) 104 (95.8, 113) 102 (92.7, 112) 100 (86.3, 116) 102 (87, 118) 

Study PN019: Effect of Probenecid (Renal OAT1 and OAT3 Inhibitor) 
Study PN019 was an open-label, randomized, 2-period, crossover study in 14 healthy adult male 
and female subjects. 

•	 Treatment A: A single IV dose of IMI/ REL (500 mg IMI/500 mg CIL/250 mg REL) 

•	 Treatment B: A single 1-gram oral dose of probenecid administered 1 hour prior to a 
single IV dose of IMI/REL (500 mg IMI/500 mg CIL/250 mg REL) 
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{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

There was a washout of 7 days between the start of each REL infusion. Subjects fasted 
overnight for at least 8 hours prior to each IMI/REL administration and continued to fast for at 

least 4 hours following the start of IMI/REL infusion. The geometricmean ratios of REL and IMI 
PK parameters between the treatment groups are summarized in Table 86. There was no 
substantial difference in terminal half-lives of REL and IMI in the two treatment groups. 

Table 86. Geometric Mean Ratio of REL and IMI PK Parameters Following Administration of a 
Single IV Infusion of IMI/REL With and Without a Single Oral Dose of 1 g Probenecid in 

Healthy Adult Subjects 

Geometric mean ratio (90% confidence interval) 

REL IMI 

AUC0- 1.24 (1.19, 1.28) 1.16 (1.13, 1.20) 

Cmax 1.06 (1.00, 1.12) 1.07 (1.01, 1.13) 

CLr 0.81 (0.78, 0.84) 0.86 (0.83, 0.89) 
CLr = renal clearance 

Intrinsic Factors 

Genderand Age 
Study P002 was a randomized, double-blind, placebo-controlled study in healthy elderly (65 to 
75 years of age with normal renal function for their age) male subjects (Panel A; n=8), healthy 

elderly female subjects (Panel B; n=8), and healthy young female subjects (Panel C; n=8). In 
each panel, subjects received a single IV dose of 125 mg REL (n=6) or placebo (placebo) to REL 
coadministered with 500 mg IMI IV (n=2) as a 30-minute infusion. Data from this study were 
compared with historical control data from healthy young male subjects ( Study PN001). 

Table 87. Between-population Comparison of REL PK [Geometric Mean (CI)] 

Elderly female vs 
elderly male 

Young female vs 
young male 

Elderly male vs. 
young male 

Elderly female vs. 
young female 

AUC0-24 (M*hr) 1.24 (1.03, 1.49) 1.16 (0.97, 1.40) 1.35 (1.12, 1.62) 1.43 (1.19, 1.73) 

CL (mL/min) 0.81 (0.67, 0.97) 0.86 (0.71, 1.03) 0.74 (0.62, 0.89) 0.70 (0.58, 0.84) 

Cmax (M) 1.59 (1.25, 2.03) 1.35 (1.06, 1.73) 1.01 (0.79, 1.29) 1.19 (0.93, 1.52) 

The mean REL plasma AUC0-∞ were slightly higher in both young and elderly female groups 
when compared to male subjects in the same age groups, increasing 16% and 24%, respectively. 
Elderly groups had higher mean exposures than young subjects of the same gender, increasing 
by 35% and 43%, respectively. However, these four patient populations were included in the 

!ғғѹѧКЌҀҤѥҚ ҚЌвШҤӑ ЌҀЌѹӑҚѧҚ and no notable differences in adverse events were observed. Thus, 
dosage adjustment of REL is not necessary for age or gender. 
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Race 
Study MK7655-012 was a randomized, double-blind, placebo-controlled, single and multiple IV 
dose trial to assess the safety, tolerability and PK of REL and IMI in healthy male Japanese 
subjects (N=19). In Periods 1-3, subjects received single IV doses of 125-, 250- and 500-mg REL 

co-infused with 500-mg IMI (n= 6) or placebo (n=2). In Periods 4 and 5, subjects received 
multiple doses of 250 and 500 mg of REL co-infused with 500-mg IMI (n= 6) or placebo (n=2) 
every 6 hours for 14 days in each period. There were 2 alternating panels of subjects. Subjects 

in Panel A participated in Periods 1, 3 and 5; subjects in Panel B participated in Periods 2 and 4. 
PK parameters for REL and IMI at the clinically relevant doses are highlighted in Table 88. 

Table 88. Relebactam and Imipenem PK Parameters Following Single IV Infusion of 250 mg 
Relebactam Coadministered with 500 mg IMI/CIL to Healthy Japanese Male Subjects 

REL 250 mg IMI 500 mg 
AUC0-∞ ҈ҏѿ҇ѹ҅ѤҖѶш҉ 85.0 (76.9, 94.1) 185 (172, 199) 
Cmax ҈ҏѿ҇ѹѶш҉ 43.1 (38.8, 47.9) 129 (116, 144) 
t1/2 (hr) 1.70 (11.2) 1.11 (9.87) 

An exploratory analysis of similarity of single and multiple dose PK parameters for REL between 

healthy Japanese (Study PN012) and non-Japanese (Study PN001) male subjects was 
performed. The distributions of exposure overlapped and the GMRs (Japanese/non -Japanese) 
and 90% CIs were 1.04 (0.96, 1.12) for AUC0-∞џ ӷѢӶӺ (0.95, 1.13) for AUC0-6hr, and 0.96 (0.87, 

1.05) to 1.03 (0.93, 1.15) for Cmax, suggesting that the PK profile of REL was comparable 
between Japanese and non-Japanese. 

Renal Impairment 

P005 was a 2-part study. Part I was an open-label, single-dose study comparing the PK of a 125­
mg dose of REL dosed in combination with 250-mg IMI IV in subjects with impaired renal 
function. IMI and REL were administered as separate vials and infused concurrently. This study 

consisted of 8 panels (Panels A to H) and included six (6) subjects in each of the following renal 
impairment groups: mild (eGFR >50 to < 80 mL/min/1.73m2), moderate (eGFR >30 to < 50 
mL/min/1.73m2), severe (eGFR <30 mL/min/1.73m2) and ESRD requiring dialysis. Subjects with 

ESRD on hemodialysis received a single dose of each study drug immediately following their 
normally scheduled hemodialysis (post-dialysis). The same subjects with ESRD then received an 
additional single dose of the study drugs 30 minutes prior to their normally scheduled 
hemodialysis (pre-dialysis). 

eGFR was estimated based on the modification of diet in renal disease (MDRD) equation. 
Subjects with renal impairment were compared to age-, gender-, and BMI-matched subjects 

with normal renal function. 
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{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Table 89 and Table 90 summarize the pharmacokinetic parameters of REL and IMI, 
respectively, in subjects with varying degrees of renal impairment. 

Table 89. Summary of REL PK Following Administration of a Single IV Dose of REL (125 mg) 
Coadministered with IMI IV (250 mg) in Subjects with Impaired Renal Function 

Renal Impairment/Healthy 
Renal Impairment Geo Healthy Controls Control 
Mean (95% CI) Geo Mean (95% CI) Geo Mean Ratio (90% CI) 

Mild Renal Insufficiency 

AUC0- (M*hr) 73.5 (50.0, 108) 45 (32.4, 62.6) 1.63 (1.12, 2.39) 

Cmax ((M) 22.4 (13.0, 38.7) 20.4 (12.8, 32.7) 1.10 (0.64, 1.88) 

CLpred (mL/min) 81.3 (55.3, 119) 113 (95.5, 185) 0.61 (0.42, 0.90) 

T1/2 (hr) geo mean (%CV) 2.63 (26.4) 1.75 (16.6) 

Fe (%) 79.4 (7.4) 83.3 (17.6) 

CLr (mL/min) 69.8 (16.5) 118 (19.8) 
Moderate Renal Insufficiency 

AUC0- (M*hr) 115 (79.8, 165) 52.3 (27.7, 72.7) 2.19 (1.51, 3.18) 

Cmax ((M) 23.5 (14, 39.4) 22.5 (14.1, 35.9) 1.04 (0.62, 1.77) 

CLpred (mL/min) 52.1 (36.2, 74.9) 114 (82.3, 159) 0.46 (0.31, 0.66) 

T1/2 (hr) geo mean (%CV) 4.51 (25.7) 2.10 (31.0) 
Fe (%) 60.3 (28.9) 86.2 (15.3) 

CLr (mL/min) 38.4 (28.8) 110 (36) 

Severe Renal Insufficiency 

AUC0- (M*hr) 236 (171, 325) 48.5 (35.2, 66.4) 4.87 (3.37, 7.04) 

Cmax ((M) 23.6 (15.0, 37.2) 18.1 (11.6, 28.4) 1.30 (0.77, 2.20) 

CLpred (mL/min) 25.3 (18.4, 34.9) 123 (90, 169) 0.21 (0.14, 0.30) 
T1/2 (hr) geo mean (%CV) 8.65 (31.0) 2.0 (10.4) 

Fe (%) 59.1 (20.7) 81.8 (10.1) 

CLr (mL/min) 22.3 (47.2) 107 (20.9) 

End Stage Renal Disease (post-dialysis) 

AUC0- (M*hr) 414 (280, 612) 44.5 (29.1, 67.9) 9.32 (6.45, 13.46) 

Cmax ((M) 53.1 (30.7, 91.9) 22.7 (12.5, 41.0) 2.34 (1.39, 3.96) 

CLpred (mL/min) 14.4 (9.77, 21.3) 135 (88.1, 206) 0.11 (0.79, 1.16) 

T1/2 (hr) geo mean (%CV) 15.6 (103.1) 1.79 (13.9) 

End Stage Renal Disease (pre-dialysis) 

AUC0- (M*hr) 78.0 (50.3, 121) 44.5 (29.1, 67.9) 1.76 (1.20, 2.58) 

Cmax ((M) 19.3 (11.2, 33.4) 22.7 (12.5, 41.0) 0.85 (0.50, 1.44) 

CLpred (mL/min) 76.6 (49.4, 119) 135 (88.1, 206) 0.57 (0.39, 0.84) 

T1/2 (hr) geo mean (%CV) 10.5 (100.6) 13.9 
AUC = area under the curve; CI = confidence interval; IMI= imipenem; REL = relebactam; Geo = geometric; PK = pharmacokinetic; fe = fraction of 

dose excreted unchanged in urine; CLr = renal clearance. Patients with end stage renal disease did not have urine collection given the 

limitations of producing urine 
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{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

Table 90. Summary of IMI PK Following Administration of a Single IV Dose of REL (125 mg) 
Coadministered with Imipenem IV (250 mg) in Subjects with Impaired Renal Function 

Renal Impairment/Healthy 
Renal Impairment Geo Healthy Controls Control 
Mean (95% CI) Geo Mean (95% CI) Geo Mean Ratio (90% CI) 

Mild Renal Insufficiency 

AUC0- (M*hr) 77.3 (58.9, 101) 55.0 (43.5, 69.5) 1.41 (1.07, 1.84) 

Cmax ((M) 40.7 (22.7, 73.2) 35.3 (21.3, 58.5) 1.15 (0.65, 2.06) 

CLpred (mL/min) 180 (137, 236) 253 (200, 320) 0.71 (0.54, 0.93) 

T1/2 (hr) geo mean (%CV) 1.54 (15.2) 1.24 (10.8) 

Fe (%) 45.0 (12) 46.5 (25.3) 
CLr (mL/min) 75.0 (14.6) 115 (18.4) 

Moderate Renal Insufficiency 

AUC0- (M*hr) 101 (77.9, 130) 66 (52.2, 83.3) 1.53 (1.17, 1.99) 

Cmax ((M) 45.6 (26.2, 79.5) 42.6 (25.8, 70.4) 1.07 (0.61, 1.89) 

CLpred (mL/min) 138 (107, 179) 211 (167, 266) 0.65 (0.50, 0.85) 
T1/2 (hr) geo mean (%CV) 2.18 (12.8) 1.40 (21.1) 

Fe (%) 28.9 (38.4) 51.0 (14.6) 

CLr (mL/min) 41.1 (23.8) 109 (29.2) 

Severe Renal Insufficiency 

AUC0- (M*hr) 160 (127, 210) 63.8 (51.0, 79.9) 2.51 (1.93, 3.26) 

Cmax ((M) 46.9 (28.7, 76.5) 35.5 (21.9, 57.6) 1.32 (0.75, 2.32) 

CLpred (mL/min) 87.0 (69.4, 109) 218 (174, 273) 0.40 (0.31, 0.52) 

T1/2 (hr) geo mean (%CV) 2.78 (11.9) 1.32 (5.8) 

Fe (%) 20.2 (17.1) 48.9 (11.6) 

CLr (mL/min) 17.4 (44.7) 104 (10.5) 
End Stage Renal Disease (post-dialysis) 

AUC0- (M*hr) 223 (169, 293) 71.8 (53.4, 96.5) 3.10 (2.39, 4.03) 

Cmax ((M) 103 (57.1, 186) 41.8 (22.1, 79.1) 2.46 (1.40, 4.33) 

CLpred (mL/min) 62.5 (47.5, 82.1) 194 (144, 261) 0.32 (0.25, 0.42) 

T1/2 (hr) geo mean (%CV) 3.24 (18.7) 1.21 (13.7) 
End Stage Renal Disease (pre-dialysis) 

AUC0- (M*hr) 71.2 (54.2, 93.6) 71.8 (53.4, 96.5) 0.99 (0.76, 1.29) 

Cmax ((M) 35.9 (19.9, 64.7) 41.8 (22.1, 79.1) 0.86 (0.49, 1.51) 

CLpred (mL/min) 195 (149, 257) 194 (244, 261) 1.01 (0.78, 1.31) 

T1/2 (hr) geo mean (%CV) 3.20 (47.8) 1.21 (13.7) 
AUC = area under the curve; CI = confidence interval; IMI= imipenem; REL = relebactam; Geo = geometric; PK = pharmacokinetic; fe = fraction of 
dose excreted unchanged in urine; CLr = renal clearance. Patients with end stage renal disease did not have urine collection given the 

limitations of producing urine 

Relative to matched healthy controls, the GMRs of AUC0-∞ for IMI vs. REL were similar in 

subjects with mild (1.41 vs. 1.63) and moderate (1.53 vs. 2.19) renal impairment. However, the 
GMRs of AUC0-∞ of imipenem and REL were substantially different in subjects with severe renal 
impairment (i.e., 4.87 for REL vs. 2.51 for IMI, indicating that a fixed dosage adjustment for IMI 

and REL for patients with severe renal impairment may not be able to provide those patients 
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NDA Multi-disciplinary Review and Evaluation {NDA 212819} 
{RECARBRIO (imipenem/cilastatin/relebactam) for injection} 

with comparable exposures of both drugs. The fraction of dose excreted unchanged in urine 
(fe) decreased with degree of renal impairment for both IMI and REL. Both IMI and REL were 
effectively cleared from plasma by HD, with extraction coefficients of 66 % to 87 % for IMI, 46 % to 56 % 
for CIL and 67 % to 87 % for REL. 

There were no serious adverse events (SAEs) and no deaths observed in this study. 

15.4.4 Pharmacometrics Review 

1. Pharmacometrics Review 
1.1. Population PK analyses 
1.1.1. Introduction 

The applicant developed a population pharmacokineticmodel using pooled data from seven 
phase 1 (PN001, PN002, P005, PN007, PN009, PN012 and PN019), two studies (PN003 and 
PN004), one each in cUTI and cIAI and one study (PN013) in imipenem-resistant organisms. The 

҇ЙѳШКҤѧӊШҚ ҇ в ҤѤШ ЌғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ѡΕ ЌҀЌѹӑҚШҚ ӋШҖШ Ҥ҇ѡ 
i. Estimate the population pharmacokinetic parameters of imipenem and relebactam 

following intravenous infusion administration in an adult population, including 

healthy adult volunteers and adult patients with complicated intra-abdominal 
infection (cIAI), complicated urinary tract infection (cUTI) or hospital -acquired / 
ventilator associated bacterial pneumonia (HABP/VABP). 

ii. Evaluate patient demographics and other covariates influencing the population 
pharmacokinetics of imipenem and relebactam, with interest on the impact of CrCL, 
body weight, age, gender and health. 

iii. Determine the probability of target attainment (PTA) using simulations to support 

dose regimen selection in normal and renally impaired patients, using the developed 
population-PK model. 

iv. Derive post hoc individual parameter estimates of patients in the study PN013 to 

facilitate Exposure Response analysis. 
This review will focus on the adequacy of the recommended imipenem and rele bactam dose 
ЌҀФ ӋѤШҤѤШҖ ҤѤШ ѹЌЙШѹѹѧҀњ ѹЌҀњҿЌњШ ѧҚ Қҿғғ҇ҖҤШФ Йӑ ҤѤШ ЌғғѹѧКЌҀҤѥҚ вѧҀФѧҀњҚ ҇ Ҁ ҤѤШ ѧҀвѹҿШҀКШ ҇ в 

intrinsicand extrinsiccovariates on the PK parameters. 
1.1.2. Methods 
Data 

Study PN001 was a single and multiple dose study in healthy young male volunteers. The study 
was conducted in four parts. Part I of the study had two panels and six periods: in period 1, 2, 3, 
and 5, subjects received either a placebo or one of the single ascending doses of relebactam 
(Panel A: 25, 50, 125, 250; panel B: 250, 500, 1000, 1150). In period 4, all subjects received 

imipenem 500 mg while in period 6 subjects received both relebactam and imipenem (Panel A: 
50 mg/500 mg relebactam/imipenem; Panel B; 500 mg/500 mg relebactam/imipenem). Blood 
samples for quantification of relebactam, imipenem and cilastatin plasma concentrations were 

collected pre-dose and at 0-, 5-, 15-, 30-minutes, 1-, 1.5-, 2-, 3-, 4.5-, 6-, 8-, 10-, and 14- hours 
after dose. 
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Part II of the study consisted of four sequential, 7-days dosing panels for imipenem 500 
mg/relebactam. Relebactam (n=6) or matched placebo (n=2) were given in the ascending order 

of 125 mg, 250 mg, 500 mg, and 1000 mg in panel C, D, E, and F respectively. A washout period 
of 7 days was allowed between the panels. 
Part III consisted of three sequential, 7-days dosing panels for imipenem 500 mg/relebactam. 
Relebactam was administered in ascending order of 375 mg, 500 mg, and 625 mg in panel G, H, 

and I respectively. A washout period of 14 days was allowed between the panels. 
In both part II and III imipenem and relebactam were administered every 6 hours daily for 7 
days. Blood samples for quantification of imipenem, relebactam and cilastatin levels were 

collected at pre-dose, 5-, 15-, 30-, 45-minutes, 1-, 1.5-, 2-, 3-, 4.5-, 6-, 8, 12-, and 18-hours post 
dose on day 1. Blood samples were also collected on day 7 at pre -dose, 5-, 15-, 30-, 45­
minutes, 1-, 1.5-. 2-, 3-, 4.5-, 6-, 8-, 10-, and 14-hours post-dose. Additional blood samples were 

collected pre-dose to the first daily infusion on days 2, 4, and 6 in all the panels. 
Part IV consisted of two sequential dosing panel. In both panel 16 subjects were randomized to 
receive either 500 mg/ 500 mg imipenem/relebactam (n = 12) or 500 mg/ 0 mg 

imipenem/relebactam (placebo) every 6 hours daily, for 14 consecutive days. Blood samples for 
quantification of imipenem, relebactam and cilastatin levels were collected at pre -dose, 5-, 15-, 
30-, 45-minutes, 1-, 1.5-, 2-, 3-, 4.5-, and 6-hours post dose on day 1. Blood samples were also 

collected on day 14 at pre-dose, 5-, 15-, 30-, 45- minutes, 1-, 1.5-. 2-, 3-, 4.5-, 6-, 8-, 10-, and 14­
hours post-dose. Additional blood samples were collected pre-dose to the first daily infusion on 
days 4, 8, and 12 in all the panels. 
Study PN002 was a randomized, double blind, placebo-controlled study in healthy elderly male 

(60-75 years of age, panel A), healthy elderly female (60 Ѿ 75 years of age, panel B) and healthy 
young female (18 Ѿ 45 years of age, panel C) subjects. In each panel six subjects received 500 
mg/125 mg of imipenem/relebactam and two subjects received 500 mg imipenem and placebo. 

Blood samples for quantification of relebactam, imipenem and cilastatin plasma concentrations 
were collected pre-dose and at 5-, 15-, 30-, 45- minutes, 1-, 1.5-, 2-, 3-, 4.5-, 6-, 8-, 10-, and 14­
hours after dose 

Study P005 was an open label, single dose study to investigate the effect of varying degree s of 
renal insufficiency on pharmacokinetics of relebactam. In part I, subjects with impaired renal 
function (n = 24) and healthy matched controls (n = 24) received single doses of imipenem 250 

mg/relebactam 125 mg. Blood samples for quantification of relebactam, imipenem and 
cilastatin plasma concentrations were collected pre-dose and at 5-, 15-, 30-, 45- minutes, 1-, 
1.5-, 2-, 3-, 4.5-, 6-, 8-, 10-, and 14- hours after dose. 
Study PN007 was an open label study to evaluate the pharmacokinetics of relebactam and 

imipenem in the lungs after multiple doses in health young male or female subjects. All subjects 
received 5 doses of imipenem 500 mg/relebactam 250 mg administered every 6 hours. After 
the last dose each subject underwent a bronchoscopy with bronchioalveolar lavage to obtain 

epithelial lining fluid and alveolar cells for analysis. Bronchoscopies were performed at pre-dose 
and at 0, 0.5, 1, 1.5, and 3 hours post-last-dose. Blood samples for quantification of relebactam, 
imipenem and cilastatin plasma concentrations were collected prior to dose 1 and dose 5 and 

at bronchoscopy time points. 
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Study PN009 was a single dose, double blind, randomized, placebo and positive controlled 
study to assess QTc interval prolongation potential of relebactam. On 3 different occasions, 

each subject received 1150 mg of relebactam; 400 mg of moxifloxacin; or relebactam matching 
placebo. A washout period of 4 days was allowed between the occasions. Blood samples for 
quantification of relebactam plasma concentrations were collected pre -dose and 0.25, 0.5, 1, 2, 
3, 4, 6, 9, 12, and 24 hours after dose. 

Study PN012 was a randomized, placebo controlled, double-blind, single and multiple 
ascending dose study of imipenem/relebactam in healthy Japanese male subjects. In period 1 
to 3, a set of subjects (n=6) received single escalating doses of 125, 250, and 500 mg of 

relebactam + imipenem 500 mg or placebo (n=2) in each period. In period 4 and 5, another set 
of subjects (n=6) received escalating doses of 250 and 500mg of relebactam + imipenem 500mg 
or placebo (n=2). Blood samples for quantification of relebactam, imipenem and cilastatin 

plasma concentrations were collected pre-dose and at 5-, 15-, 30-, 45- minutes, 1-, 1.5-, 2-, 3-, 
4.5-, 6-, 8-, 10-, and 14- hours after dose. 
Study PN019 was an open label, randomized, 2-period, crossover study in 14 healthy adult 

subjects to examine safety and pharmacokinetic interaction between probenecid and 
relebactam. On day 1 of each period subjects received either a single IV dose of imipenem 500 
mg/ relebactam 250 mg or a single oral dose of probenecid (1000 mg) administered 1 hour 

prior to a single IV dose of relebactam. Blood for relebactam and imipenem pharmacokinetics 
were collected at pre-dose, 0, 0.5, 1, 1.5, 2, 3, 4.5, 6, 8, 10, 12, 16, and 24 hours after dose. 
Study PN003 was a study in patients with complicated urinary tract infections (cUTI). Subjects 
were randomized to one of the following doses: imipenem 500 mg/relebactam 250 mg (n =99); 

imipenem 500 mg/relebactam 125 mg (n =99); and imipenem 500 mg/placebo (n =100). Blood 
samples for quantification of relebactam and imipenem plasma levels were collected at 
screening and at 30 minutes and 4 hours post-dose on day 1 of treatment initiation. For 

subjects who were switched IV therapy due to imipenem resistance development, additional 
blood samples were collected on day 3 (30 minutes and 4 hours post-infusion). 
Study PN004 was a study in patients with complicated intra-abdominal infections (cIAI). 

Subjects were randomized to one of the following doses: imipenem 500 mg/relebactam 250 mg 
(n =117); imipenem 500 mg/relebactam 125 mg (n =114); and imipenem 500 mg/placebo (n 
=116). Blood samples for pharmacokineticevaluations were collected at screening and at pre ­

dose, 30-minutes, and 4 hours post-dose on day 1. For subjects who switched therapy due to 
imipenem resistance or unfavorable clinical response, additional blood samples were collected 
on day 3. 
Study PN013 was a study in patients with multi-drug resistant infections including cUTI, cIAI, 

and HABPV/VABP. Subjects were randomized to two treatment arms and received either 
relebactam or colistin based imipenem/cilastatin treatment. In the relebactam arm (n = 31), 
subjects were administered imipenem 500 mg/ relebactam 250 mg every 6 hours while in the 

colistin arm (n=16), subjects were administered imipenem 500 mg every 6 hours and loading 
dose of colistimethane sodium (CMS) at initiation followed by CMS 300 mg every 12 hours. 
Treatment was for a minimum duration of 5 days for subjects with cUTI and cIAI, and 7 days for 

subjects HABP/VABP. Treatment duration could be extended to a maximum of 21 days. Blood 
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samples for quantification of relebactam and imipenem plasma levels were collected at 
screening and at 30 minutes and 4 hours post-dose on day 1 of treatment initiation. 

Missing data 
Dosing times: Where dosing times were missing, samples were excluded from the analysis.
 
BQL samples: Data below limit of quantification were excluded from the analysis.
 
Observation times: records with missing sampling times were excluded from the analysis.
 
Covariate values: There were no missing categorical covariates. For creatinine clearance (CRCL)
 
and body weight (WT), less than 15% of subjects had missing information and these were
 
imputed by median values.
 
Outliers 
Exploratory pharmacokineticdata plots did not identify sufficiently anomalous concentrations 
to justify exclusion as outliers. However, some subjects with data from PN003 and PN004 were 

identified whose end of infusion concentrations were lower than those observed at 4-hour 
post-dose. These subjects were excluded from the analysis. 
During population PK model development, data points with absolute CWRES > 6 were removed 

to test for sensitivity of PK parameters to those data points. These datapoints were 
subsequently excluded from further analysis. 
Quantifiable pre-dose concentrations were also excluded from the analysis. 

Population PK modeling 
The applicant developed population pharmacokineticmodels for both imipenem and 
relebactam using NONMEM version 7.3.0 and PsN version 4.7.0. Post-processing of NONMEM 
results was done in R version 3.5.1. The models for imipenem and relebactam were developed 

separately through several similar steps. The first step involved development of structural and 
stochastic models using data from phase 1 studies. At the first stage the applicant found that a 
2-compartment model was a best fit for observed imipenem and relebactam pharmacokinetic 

data. Structural model parameters were formulated in terms of clearance from central 
compartment (CL), volume of the central compartment (V1), inter-compartment clearance (Q), 
and volume of the peripheral compartment (V2). Stochastic model parameters included 

between subject variabilities (BSV) on CL, V1, and V3. A proportional residual error structure 
provided a better fit than alternative residual error models. 
The second stage involved identification of covariates influencing different structural model 

parameters. At this stage data from PN003 and PN004 were included in the analysis. The 
applicant employed step-wise covariate model building approach to identify clinically 
meaningful and statistically significant covariates. Forward covariate search included covariates 
that were associated with 6.63 points decrease (at DF = 1) in model objective function value 

(OFV). Backward step removed covariates from the model if OFV increased by less than 10.83 
upon removal of such covariates. Covariates investigated for influence on CL included CRCL, 
WT, health status (HLTH), age, sex, and race. Covariates tested on V1 and V2 were: WT, age, 

sex, and race. WT was tested on Q. CRCL was calculated from serum creatinine using the 
Cockcroft Ѿ Gault equation. After completion of covariate analysis, the applicant included 
covariance structure between CL and V1 leading to further improved fit to observed data for 

both relebactam and imipenem models. 
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The final model was qualified through, diagnosticgoodness of fit plots, bootstrap analysis and 
visual predictive check. 

1.1.3. Results 
Pharmacokineticdata were available from a total of 855 subjects (815 with imipenem levels 
and 649 with relebactam levels) providing 4454 and 4814 quantifiable plasma concentrations of 
imipenem and relebactam respectively. 

Categorical covariates 

shows the descriptive statistics of covariates which were investigated for influence on PK 

parameters. Table 91 shows the final parameter estimates for relebactam and imipenem 
models. Error! Reference source not found. and Figure 21 show the goodness-of-fit plots for 
imipenem and relebactam final models respectively. Figure 23 and Figure 22 show the dose-

normalized visual predictive check of the final models. 

Figure 19. Descriptive statistics of subjects-characteristics investigated for influence on PK 

parameters 

Continuous covariates 
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Categorical covariates 

Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧК ЌҀЌѹӑҚѧҚ ҖШғ҇ҖҤѠ ғЌњШ Ӻӿ ҇в ӹӸӶѢ 
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Table 91. Final Imipenem and Relebactam Model Parameter Estimates 

Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧК ЌҀЌѹӑҚѧҚ ҖШғ҇ҖҤѠ ғЌњШ ӼӶ ҇в ӹӸӶѢ 
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Figure 20. Goodness of fit plots for imipenem's final population PK model 

Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧК ЌҀЌѹӑҚѧҚ ҖШғ҇ҖҤѠ ғЌњШ ӼӺ ҇в ӹӸӶѢ 
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Figure 21; Goodness of fit plots for relebactam’ s final population PK model 

Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧК ЌҀЌѹӑҚѧҚ ҖШғ҇ҖҤѠ ғЌњШ Ӽӻ ҇в ӹӸӶѢ 
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Figure 22.Visual Predictive Check (Dose Normalized) Stratified by Health Status relebactam 

Figure 23. Visual Predictive Check (Dose Normalized) Stratified by Health Status for imipenem 

Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧКҚ ҖШғ҇ҖҤѠ ѡЌњШ ӽӶ ЌҀФ ӽӷ ҇в ӹӸӶ 

Covariate effects on steady state exposure 

The applicant performed a post-hoc analysis to determine if the identified covariates have 
clinically meaningful influence on the steady state exposure of imipenem and relebactam. In 
the post-hoc analysis, steady state AUC0-24h were simulated (using post-hoc parameter 

estimates) and compared between the reference population on one hand and speci fic 
populations on another hand. Specific populations were defined by different body weight 
categories, and renal impairment status. The characteristics of the reference population were: 

70 Ѿ 100 Kg body weight range; 90 Ѿ 150 ml/min creatinine clearance range; and uninfected 
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healthy status (healthy volunteers). Figure 24 is a forest plot showing the fold difference in 
AUC0-24 between different specific populations compared to the reference population. 

Subjects with mild, moderate, and severe renal impairment had 1.37-, 1.57-, and 5.17-fold 
higher imipenem AUC0-24h compared to subjects with normal renal function. Similarly, they 
had 1.54-, 2.17-, and 3.99-fold higher relebactam AUC0-24 compared to subjects with normal 
renal function. 

Figure 24. Impact of intrinsic factors on steady state dose-normalized AUC of imipenem and 
relebactam. Vertical solid lines represent lower and upper clinical bounds. Lower bound is 

threshold AUC0-24 ratio at which 90% of patients would exceed 6.5% Ft>MIC for imipenem 
and 5.2 fAUC0-24/MIC for relebactam. Upper bound is the 90th percentile of the simulated 
AUC0-24 for a dose of 1g Q6H for imipenem and 625 mg Q6H for relebactam. Error bars 

represent 90% confidence intervals of the mean fold change in AUC0-24h. 

Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧК ҖШғ҇ҖҤѠ ғЌњШ ӼӾ ҇в ӹӸӶѢ 

The applicant also performed assessment of covariate effects on steady state exposure using 
stochastic simulation of pharmacokineticparameters. The reference population was patients 

with 70-100 Kg body weight range and 90-150 mL/min CRCL range. Covariance between weight 
and CRCL was considered. Results are as give in Figure 25. 

Figure 25. Stochastic simulation of the Impact of Intrinsic Factors on Simulated Steady State 
AUC0-24hr of Imipenem and Relebactam 
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Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧКҚ ҖШғ҇ҖҤѠ ѡЌњШ ӽӹ ҇в ӹӸӶ 

Pharmacokinetic parameters from simulations 
The applicant used individual concentration-time profiles from stochastic simulations to 
summarize descriptive PK characteristics of imipenem and relebactam in patients with normal 

renal function ( 
Table 92). From the simulations, the median steady-state average concentration of relebactam 
was determined to be 5.7 µg/mL or 4.4 µg/mL when corrected for protein binding (Unbound 

fraction for relebactam is 78%). Geometric mean total volume of distribution (V1 + V2) for 
imipenem and relebactam were 24.3 L and 19 L respectively. 

Table 92. Population Pharmacokinetic Plasma Derived Geometric Mean (CV%) Parameters at 
Steady State in Simulated Patients with Normal Renal Function Dosed with Imipenem and 
Relebactam at 500mg and 250mg, respectively q6h as 30 Minute IV Infusions) 

Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧКҚ ҖШғ҇ҖҤѠ ѡЌњШ Ӿӹ ҇в ӹӸӶ 

Exposure versus safety evaluation for relebactam 
Regarding safety, relebactam 625 mg every 6 hours for 7 days was safe and well tolerated in 

healthy subjects with normal renal function. The safety of the recommended relebactam doses 
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among patients with renal impairment was evaluated through simulations. The safety criteria 
were the 90th percentile of AUC and Cmax for relebactam dose of 625 mg every 6 hours in 

subjects with normal renal function. 
Table 93 shows the simulation results; greater than 95% of subjects remain below the upper 
limit for safety at the recommended relebactam doses. 

Table 93. Percentage of subjects remaining below the upper-limit of safety for relebactam 
and imipenem 

Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧКҚ ҖШғ҇ҖҤѠ ѡЌњШ ӽӿ ҇в ӹӸӶ 

1.1.4. Reviewers comments 
The applicant followed acceptable pharmaco-statistical principles for pharmacokinetic model 
development. However, due to collinearity between body-weight and creatinine clearance, the 

correct effect of renal function on drug-clearances could be obtained by fixing body-weight 
coefficients to 0.75 and 1 for clearance (CL and Q) and volume (V1 and V2) parameters 
respectively. Reviewer applied this alternative modeling strategy. A linear model of CRCL versus 

WT was fitted and used to obtain CRCL value for a typical 70kg person. Individual clearance 
values for a 70Kg person was calculated using Equation 1 below. 
Equation 1. Individualdrug clearance dependence on creatinine clearance and body -weight 
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𝜃𝐶𝑅𝐶𝐿 0.75𝐶𝑅𝐶𝐿𝑖 𝑊𝑇𝑖
𝐶𝐿𝑖 = 𝑇𝑉𝐶𝐿(70𝐾𝑔) × ( ) × ( )

106 70 
The parameter estimates from the reviewer’s alternative model are given in the table below. 

Imipenem Relebactam 

Parameters Estimates (RSE%) 95% Confidence 
interval 

Estimates (RSE%) 95% Confidence 
interval 

CL(L/hr/70Kg) 11.6 (2) 11.1 – 12.0 6.84 (2) 6.5 – 7.5 

V1(L/70Kg) 14.6 (3.4) 13.6 – 15.5 10.3 (2.9) 9.7 – 10.8 

V2(L/70Kg) 5.47 (3.6) 5.1 – 5.8 6.1 (3.4) 5.6 – 6.4 

Q(L/70Kg) 10.4 (6.2) 9.1 – 11.7 9.7 (6.7) 8.4 – 10.9 

Covariates on CL 

CRCL (Power) 0.453 (8.4) 0.389 – 0.527 0.753 (8.6) 0.626 – 0.88 

WT (Power) 0.75 FIXED - 0.75 FIXED -

Covariates on V1 

WT (Power) 1 FIXED - 1 FIXED -

HLTH -0.292 (9.3) -0.346 - -0.238 - -

Random effects 

CV% (Shrinkage) RSE% CV% (Shrinkage) RSE% 

BSV on CL 52 (5) 9.3 45 (16.4) 11.7 

BSV on V1 75 (7.3) 11.7 60 (19.7) 11.6 

BSV on V2 33 (53.5) 45.2 35 (51.2) 39.4 
Corr CL~V1 0.562 12 0.362 12 

Residual errors 

Proportion error 0.16 (19) 6.7 15 (14) 5.7 

The parameter estimates for a 70Kg person estimated from the reviewers’ alternative model are 
comparable to parameter estimates for a 76Kg person estimated from the applicant’s final 
model; However, reviewers’ model estimates lower correlation between clearance and volume 
compared to the correlations estimated by the applicant’s model; 

Due to comparable parameter estimates between the reviewer and the applicant’s models, the 
reviewer concludes that the applicant’s final population pharmacokinetic models for both 
imipenem and relebactam adequately described the observed concentrations in healthy and 

patient populations. Simulations from the applicant’s model provides useful information on 
steady state pharmacokinetic parameters in patients. Furthermore, the simulations show the 
influence of renal impairment on relebactam and imipenem exposure and therefore support the 

applicant’s label recommendation; 
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1.2. Population PKPD analyses 
1.2.1. Introduction 

The applicant performed several experiments to evaluate the utility of relebactam at restoring 
the anti-bacterial activity of imipenem against resistant strains of pseudomonas aeruginosa and 
carbapenemase producing Enterobacteriaceae. The experiments included in-vitro checkerboard 
and hollow-fiber (HF) susceptibility studies and in-vivo murine infection model studies. The data 

generated from each experiment were analyzed individually to generate insight on the 
restorative activity of relebactam. The parameters generated from individual studies were 
integrated in a translational PKPD model and subsequently used to predict probability of cure 

after 7 days imipenem/relebactam treatment. 
The objective of this review is to assess the raw-results, assumptions and parameters derived 
from the different experiments and to perform alternative PKPD analyses and simulations 

based on justifiable conservative assumptions. 
1.2.2. Methods and Results 
1.2.2.1. Modelling in-vitro relebactam concentration-vs-potentiated imipenem MIC 

Data 
The applicant used checker-board assays to generate data on relebactam potentiation of 
imipenem in-vitro antibacterial activity against non-susceptible strains of P. Aeruginosa and 

Enterobacteriaceae. The non-susceptible strains of P. Aeruginosa included 107 clinical isolates 
К҇ҀҤЌѧҀШФ ѧҀ юШҖКѶѥҚ ѿҿѹҤѧ-drug resistant predictor panel which is an expanded panel of 
resistant strains collected from USA, south America and Europe. The non-susceptible strains of 
Enterobacteriaceae included clinical isolates of bacteria expressing Class A and C beta­

lactamases. For each isolate, data was obtained on imipenem MIC when incubated alone (Un ­
potentiated MIC) or with different concentrations of relebactam (Potentiated MICs). The 
experiments were replicated three times. Figure 26 is a scatter plot of potentiated MIC versus 

relebactam concentration from the checker-board experiments. 

Figure 26. Imipenem potentiated MIC versus relebactam concentrations for different P. 

aeruginosa strains assessed in the checker-board experiments 
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Ѩ҇ҿҖКШѡ ҖШӊѧШӋШҖѥҚ ѧҀФШғШҀФШҀҤ ФЌҤЌ ШӐғѹ҇ҖЌҤѧ҇ҀѢ
	

Modeling 
The applicant developed a stochastic inhibitory Imax model to describe the relationship 
between relebactam concentration and potentiated MICs. The stochastic part of the model 

accounted for inter-strain differences in relebactam potentiation of imipenem (decrease MIC). 
Equation 2 shows the inhibitory Imax model used to fit the data. 
Equation 2. Inhibitory Imax model of relationship between relebactam concentration and 

potentiated imipenem MIC 
𝐼𝑚𝑎𝑥 × 𝑅𝐸𝐿 

𝑀𝐼𝐶𝑝 = 𝑀𝐼𝐶0 × (1 , )
𝐼𝐶50 + 𝑅𝐸𝐿

Where: MIC0 is imipenem MIC without relebactam; MICp is relebactam potentiated MIC; Imax is 
maximum fractional decrease of MIC, IC50 is relebactam concentration at which half Imax is 
achieved, REL is relebactam concentration; PROP is proportional residual error. 

Results 
The parameter estimates of the model are given in 
Table 94 . 

Table 94. Parameter estimates of the inhibitory Imax model of relebactam versus potentiated 
MIC 

Parameters Description Estimates 
(RSE) 

Variance 
(RSE) 

Variability 
(CV%) 

Imax Maximum fractional 

decrease of MIC 

0.944 (0.7%) 0.0013 

(52%) 

-

IC50 Concentration at which 
half Imax is achieved 

0.533 (10%) 0.738 
(22.1%) 

-

PROP Proportional residual error 0.0475 (10.2%) - -

Reviewer’s comments 
This analysis was relevant as it enabled prediction of potentiated imipenem-MICs for different 

P. aeruginosa strains in a translational PKPD model. The applicant’s model to describe 
potentiated MIC versus relebactam concentrations is acceptable. The reviewer was able to 
reproduce the model parameter estimates as reported by the applicant. 

1.2.2.2. Determination of relebactam PKPD indices and targets using murine-thigh 
infection model 

Data 
The applicant used murine thigh infection models to generate data on relebactam potentiation 
of imipenem bactericidal and bacteriostatic activities in-vivo. Four non-susceptible strains of P. 

aeruginosa (CLB24266, CLB24227, CLB24228, CLB24354) and two non-susceptible strains of K. 
pneumoniae (6755, 6339) were used for the experiments. Female CD1 mice were rendered 
neutropenicby treatment with cyclophosphamide starting from 4 days before inoculation with 

5106 colon forming units (CFU) of the resistant strains. Treatment was subsequently initiated 
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two hours after infections. One group of mice was treated with different doses of 
imipenem/cilastatin alone to establish dose-response relationship of imipenem. Another group 

was treated with imipenem/cilastatin/relebactam combinations. The 
imipenem/cilastatic/relebactam treatment group was further subdivided into different 
imipenem-dose sub-groups to receive different doses of imipenem. For each imipenem-dose 
sub-group the mice were further subdivided into sub-group to receive different doses of 

relebactam; and hence allow for the development of exposure-responserelationship for 
relebactam in presence of fixed imipenem exposure. Pharmacokinetic information was 
collected to enable determination of exposure metrics for both imipenem and relebactam. 

The exposure metrics for both imipenem and relebactam included area under the 
concentration-time curve (AUC0-24), maximum observed concentration (Cmax), fraction of 
time above critical concentration (%fT>C), and total daily dose (TDD). The applicant did not 

evaluate Cmax/MIC, and fraction of time above MIC (%fT>MIC) as potential PKPD indices. 
Pharmacodynamic information was counts of colony forming units (CFU) 2 hours after infection 
(Baseline, at initiation of treatment) and 24 hours after treatment. Drug effect was determined 

as the 24-hour change from baseline in log10(CFU) (Difference between 24- and 2-hour log10 
transformed CFU (dlogCFU)). 
Modeling 

The applicant applied a deterministicHill model for each strain to describe the observed 
relationships between different exposure metrics and the drug effect. Ordinary least square 
regression method was used to fit the models to the observed data. A model with best fit was 
determined through comparison of respective regression coefficients (R2) 

Determination of PKPD index and target 
The exposure-metricwhose Hill model had the largest R2 was chosen as the appropriate PKPD 
index. The applicant determined PKPD target for stasis, and this was the value of the PKPD 

index at which there was no observable bacteria growth or killing. 
Results 
Table 95 shows the calculated relebactam PKPD targets for different strains of P. aureginosa 

and at different background doses of imipenem. For P. aeruginosa strain CLB 24226, the table 
indicates lower PKPD target for higher background dose of imipenem. Imipenem dose of 15.9 
mg/Kg in mice was considered equivalent to human dose of 500 mg Q6H. Only one strain of P. 

aeruginosa (CLB 24228) was tested at the human equivalent dose; the PKPD target for this 
strain was the AUC of 27.2 mg.hr/L. The applicant calculated AUC/MIC target by simply dividing 
the AUC by strain specificMIC. 
The applicant assumed that the targets for other strains than CLB 24228 could be lower at 

human equivalent doses of imipenem; and therefore, the average of the observed PKPD targets 
was selected as a conservative PKPD target for relebactam (i.e 5.2 fAUC0-24/MIC). 
Table 96 shows the relebactam PKPD targets for resistant strains of both P. aureginosa and 

K.pneumoniae. The table shows a PKPD target of 25.2 fAUC0-24/MIC for K. pneumoniae 6339. 
Table 96 also shows potentiated MICs obtained from checker-board experiments conducted by 
Merck (column 3) compared to those reported by Mavridou et al,.(1) (column4). The values 

from experiments conducted by Merck are on average 8 times higher than those reported by 
Mavridou et al. Merck did not determine potentiated MIC for K. pneumoniae 6755. 
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The applicant performed another analysis to evaluate AUC/MIC targets. In this analysis data 

were pooled from experiments where imipenem dose levels were 8 mg/Kg and 15.9 mg/Kg. 
Results from this analysis are given in Table 97 

Table 95. Relebactam PKPD target in mouse thigh model of infection at different imipenem 

background doses 

Source: !ғғѹѧКЌҀҤѥҚ ѮҖЌҀҚѹЌҤѧ҇ҀЌѹ ѡΕѡD !ҀЌѹӑҚѧҚ ҖШғ҇ҖҤѠ ғЌњШ ӹӷ ҇в ӷӻӿѢ 

Table 96. Relebactam PKPD targets for thigh infection model for both P. aeruginosa and 

K.pneumoniae strains 
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Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ Ҁ҇Ҁ-clinical overview; page 28 of 53 

Table 97. Relebactam PK target from in vivo neutropenic mouse thigh model 

Source: Efficacy information amendment – Response to FDA; page 2 of 5 

Reviewer’s comments 

In the initial submission, the applicant did not assess AUC/MIC as a potential PKPD index. 
Nevertheless, the applicant used AUC/MIC as the relebactam PKPD index for efficacy. The 
applicant determined AUC/MIC targets for stasis by dividing AUC0-24 targets for stasis with 

potentiated MICs for different strains. After the reviewers’ information request to the applicant, 
the applicant evaluated AUC/MIC targets for stasis and 1-log kill targets. However, it was not 
clear as to which was a better PKPD index between AUC and AUC/pMIC. Furthermore, the 

relebactam PKPD target that is based on a wide range of imipenem exposures remained 
unknown. The reviewer fitted the inhibitory Imax model to the observed data to determine a 
better PKPD index between AUC0-24 and AUC0-24/MIC. The analyses in the following sub­
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section assesses inhibitory model-fits between AUC0-24 and dlog10CFU and between AUC0­
24/MIC and dlog10CFU. 

Comparison of model fit between AUC0-24 vs dlog10CFU and between AUC0-24/MIC vs 
dlog10CFU 
Three pseudomonas strains (PA24226, PA24227, PA24354) with different relebactam 
potentiated MIC were used for this assessment. The potentiated MICs for the three strains are 4, 

2, and 16 𝜇g/mL for PA24226, PA24227 and PA24354 respectively. In the murine thigh infection 
model experiments, relebactam was administered at different total daily doses ranging from 0­
384 mg/Kg. In the experiments considered for this assessment, imipenem was administered at a 

dose of 8 mg/Kg for all the 3 strains. Data from separate strain specific experiments were 
pooled. AUC0-24 and AUC0-24/pMIC were calculated. Figure 27 below shows sigmoid inhibitory 
Imax model fit for AUC0-24 vs dlog10CFU and AUC0-24/MIC vs dlog10CFU. PKPD target for 

stasis and 1 log-kill are also indicated in the figure. The results show that AUC/pMIC is a better 
PKPD index compared to AUC. 

Figure 27. AUC0-24 and AUC0-24/MIC versus 24-hour from baseline in log10 CFU. AUC/MIC is 
a better PKPD index compared to AUC0-24 
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AUC/MIC targets determined by individual Murine thigh model experiments. 
For each reported murine thigh model experiment, AUC and AUC/MIC were calculated and used 

to determine AUC/MIC target for individual strains at different imipenem doses. The sub ­
sections below explore model-fit for the inhibitory sigmoid-model to datasets from Murine thigh 
model experiments for different P. aeruginosa strains at different imipenem doses. 
AUC/MIC targets for PA24228 at imipenem dose of 15.9 mg/Kg 

PA24228 has imipenem MIC of 32 mg/L and potentiated imipenem MIC of 8 mg/L. Figure 28 
shows stasis and 1-log kill targets of 4.3 and 5.9 respectively. These targets are higher than 
those observed at a lower imipenem dose of 8 mg/Kg when data from three strains (PA24226, 

PA24227, PA24354) are pooled (See section 2 above). 

Figure 28. AUC0-24/MIC versus 24-hour change from baseline in log10 CFU for PA24228 at 

imipenem TDD of 15.9 mg/Kg 
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AUC/MIC targets for PA24226 at imipenem dose of 8 mg/Kg 

PA24226 has imipenem MIC of 8 mg/L and potentiated imipenem MIC of 4 mg/L. Figure 29 
shows stasis and 1-log kill targets of 3.1 and 3.5 respectively. 

Figure 29. AUC0-24/MIC versus 24-hour change from baseline in log10 CFU for PA24228 at 
imipenem TDD of 8 mg/Kg. 
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AUC/MIC targets for PA24227 at imipenem dose of 8 mg/Kg 
PA24227 has imipenem MIC of 4 mg/L and potentiated imipenem MIC of 2 mg/L. Figure 30 

shows stasis and 1-log kill targets of 3.6 and 4.2 respectively. 

Figure 30. AUC0-24/MIC versus 24-hour change from baseline in log10 CFU for PA24227 at 
imipenem TDD of 8 mg/Kg 

AUC/MIC targets for PA24354 at imipenem dose of 8 mg/Kg 
PA24354 has imipenem MIC of 32 mg/L and potentiated imipenem MIC of 16 mg/L. Figure 31 

shows stasis and 1-log kill targets of 2.6 and 3.3 respectively. 

Figure 31. AUC0-24/MIC versus 24-hour change from baseline in log10 CFU for PA24354 at 

imipenem TDD of 8 mg/Kg 
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AUC/MIC targets for PA24226 at imipenem dose of 4 mg/Kg 
PA24226 has imipenem MIC of 8 and potentiated MIC of 4. Figure 32 shows stasis targets of 15, 
but 1-log kill target is not achieved at the imipenem dose of 4 mg/Kg. 

Figure 32. AUC/MIC vs 24-hour change from baseline of log10 (CFU) for PA24226 at imipenem 
TDD of 4 mg/Kg 

AUC/MIC targets for PA24226 at imipenem dose of 2 mg/Kg 
Figure 33 shows stasis and 1-log kill targets of 8.9 and 17 respectively. These results show that 
1-log kill is achieved at imipenem dose of 2 mg/Kg. 

Figure 33.AUC/MIC vs 24-hour change from baseline of log10 (CFU) for PA24226 at imipenem 
TDD of 2 mg/Kg 
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AUC/MIC targets for PA24226 at imipenem dose of 1 mg/Kg 

Figure 34 shows stasis and 1-log kill targets of 11.3 and 14.7 respectively. These results show 
that 1-log kill is achieved at imipenem dose of 1 mg/Kg. 

Figure 34. AUC/MIC vs 24-hour change from baseline of log10 (CFU) for PA24226 at imipenem 
TDD of 1 mg/Kg 

Analyzing data for pooled experiments for PA24226 regardless of imipenem dose 

Data from experiments at imipenem doses of 1, 2, and 4 mg were pooled to determine 
relebactam PKPD targets at low imipenem exposures. The pooled analysis is justified by the fact 
that PKPD targets for imipenem doses of 1 and 2 mg/Kg were comparable. Furthermore, 
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imipenem doses of 1 and 2 mg/Kg indicated even higher activity (See sections above) compared 
to imipenem dose of 4 mg/kg. 

The analysis of pooled data aimed provide a balanced information regarding 
imipenem/relebactam 1-log kill at low imipenem exposure and hence relebactam 1-log kill 
target at low imipenem exposures. Figure 35 shows stasis and 1-log kill targets of 11.3 and 27 
respectively at low imipenem exposures. 

Figure 35. AUC/MIC vs 24-hour change from baseline of log10 (CFU) for PA24226 at low 
imipenem exposure (pooled data for imipenem TDD of 1, 2, and 4 mg/Kg) 

Analyzing Pooled data for all strains regardless of imipenem doses 
Alternatively, data from all imipenem doses were pooled to determine relebactam PKPD targets 
at wide range of imipenem exposure (sub-therapeutic to therapeutic exposures). An inhibitory 

Imax model was fitted to the data to estimate mean values of the model parameters (Intercept, 
Imax, Index50, and sigmoidity factor). Further-more, non-parametric bootstrap was used to 
estimate lower and upper bound of the 95% confidence intervals (2.5th and 97.5th percentiles) 

of the model parameters. The lower and upper bounds of the 95% confidence intervals of the 
model parameters were used to predict upper and lower bounds of the 95% confidence intervals 
for stasis and 1-log kill targets. 
Figure 36 shows stasis and 1-log kill targets of 4.8 and 7.5 respectively at imipenem exposures 

ranging from 6.25% to 99% of human dose. 

Figure 36. AUC/MIC vs 24-hour change from baseline of log10 (CFU) for all strains and at 

imipenem exposure ranging from 6.25% to 99% of human dose 
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Figure 37 shows stasis and 1-log kill targets of 5.3 and 14.4 respectively based on the lower 
bound of the 95% confidence interval on the model parameters. 

Figure 37. AUC/MIC vs 24-hour change from baseline of log10 (CFU) for all strains and at 
imipenem exposure ranging from 6.25% to 99% of human dose. Red line = median prediction; 

Blue and green lines are predictions from upper and lower bounds of 95% CI of model 
parameters respectively 
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Summary of AUC/MIC targets from different experiments 
The Table 98 below shows a summary of AUC/MIC targets from the analyses in the above 
sections. 

Table 98. AUC/MIC targets for different strains and at different Imipenem doses 

P. 
Aeruginosa 

strains 

Number of 
experiments 

MIC 
(mg/L) 

Potentiated 
MIC (mg/L) 

Imipenem 
Dose 

(mg/Kg) 

Stasis 
Target 

(95%CI) 

1-Log Kill 
target 

(95%CI) 

24226 1 8 4 1 11.3 14.7 

24226 1 8 4 2 8.9 17 

24226 1 8 4 4 15 Inf 

24226 3 8 4 1,2,4 
(pooled) 

11.1 27 

24228 1 32 8 15.9 4.3 5.9 

24227, 
24226, 
24354 

3 4,8,32 2,4,16 8 3.2 3.6 

24227 1 4 2 8 3.6 4.2 

24226 1 8 4 8 3.1 3.5 

24354 1 32 16 8 2.6 3.3 

24226, 

24227, 
24228, 

7 2, 

4,8,32 

2,4,8,16 1,2,4,8,16 

(pooled) 

4.8 (4.5 ­

5.2) 

7.5 (5.3 ­

14.4) 
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P. 
Aeruginosa 
strains 

Number of 
experiments 

MIC 
(mg/L) 

Potentiated 
MIC (mg/L) 

Imipenem 
Dose 
(mg/Kg) 

Stasis 
Target 
(95%CI) 

1-Log Kill 
target 
(95%CI) 

24354 

Relebactam PKPD index and target for KlebsiellaPneumoniae 
Relebactam PKPD index for Klebsiella Pneumoniae was investigated using two strains of k. 
pneumoniae exposed to imipenem doses that were half (8 mg/Kg) of the human equivalent 

dose (16 mg/Kg). These data were chosen to enable assessment of AUC/pMIC as a PKPD index. 
Figure 38 shows the model fit for different relebactam PKPD indices for k. pneumoniae. The 
figure shows that AUC is a better PKPD index. 

Figure 38. Model fit for different PKPD indices versus 24-hour from baseline in log10 CFU. 
AUC0-24 is better PKPD index compared to AUC0-24/MIC 
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Relebactam AUC0-24 targets for k. pneumoniae were investigated using data from an 
experiment that evaluated relebactam activity at imipenem exposure that were equivalent to 
human exposure. These data were chosen because experiments at lower imipenem exposures 
did not achieve 1-log kill at any of the tested relebactam doses. Only one k. pneumoniae strain 

(PK6755) was assessed at human equivalent exposure. 

Figure 39 shows model fit and PKPD targets for the different PKPD indices. The AUC targets for 

stasis (Panel B) and 1-log kill for KP6755 strain are 22 and 40 respectively. The 95% confidence 
interval for 1-log kill target was determined through non-parametric bootstrap analysis and 

ranged between 26 - 70 mg h/L 

Figure 39. Model fit for different PKPD indices versus 24-hour from baseline in log10 CFU. 
AUC0-24 and AUC0-24/MICs are better PKPD index compared to AUC0-24 
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1.2.2.3. Modeling hollow-fiberrelebactam exposure -vs-imipenem bactericidal activity 
Data 
The applicant also used in-vitro hollow-fiber (HF) experiments to evaluate relebactam 

potentiation of imipenem bacteriostaticand bactericidal activities. The hollow fiber system was 
designed such that it would emulate human two-compartment disposition kinetics of imipenem 
and relebactam with an elimination half-life (t1/2) of 1.5 hours for both drugs. The HF system 

simulated the free drug exposure in humans. The central compartment of the hollow-fiber was 
inoculated with approximately 105 CFU and incubated for 4 hours to allow the bacteria 
population to grow to 106 CFU/mL before treatment. The resistant strains used in the HF 

experiment were: Five strains of P. Aeruginosa, six strains of K. Pneumoniae, two strains of E. 
Coli, one strain of S. marcescens, and one strain of K.oxytoca. The un-potentiated and 
relebactam-potentiated imipenem MIC of the tested strains are given in Table 99. The HF 
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systems were treated with imipenem only or imipenem/relebactam combinations for up to 3 
days. The treatment designs for the different HF experiments are given in 

Table 100. In some experiments, samples for quantification of viable bacteria counts were 
collected at 0, 3, 6, 12, 18, 24, 36, 42, 48, 54, 60, 66, and 70 hours for initiation of treatment. In 
other experiments, additional samples were collected at 72, 96, 120, 140, 144, 168, and 196 
hours after initiation of treatment. The HF exposure metrics for both imipenem and 

relebactam were: AUC0-24, AUC0-24/MIC, Cmax, %fT>MIC, and %fT>Ct (Where the tested Ct 
were 1 µg/mL, 2 µg/mL, and 4 µg/mL). 
Modeling 

The applicant applied a deterministic inhibitory Imax model to the pooled data from all 
experiments/strains to describe the observed relationships between different exposure metrics 
and the drug effect. Drug effect was defined as change in log10(CFU) between 0 and 24 hours 

after drug treatment. The exposure-metricwhose model fit had the largest R2 was chosen as 
the appropriate PKPD index and its stasis target was the value at which there was no 
observable growth or killing. 

Table 99. Imipenem-Resistant Strains Evaluated in the Hollow Fiber Infection model and 
included in the translational PKPD model development. 

Organism Isolate Imipenem MIC 
(mg/L) 

Imipenem/REL MIC 
(mg/L) † 

P. aeruginosa CLB 24226 32 4 

P. aeruginosa CLB 24227 8-16 2 

P. aeruginosa CLB 24228 32 8 

P. aeruginosa CLB 24354 64 16 

P. aeruginosa CL 5701 16 2 

Klebsiella pneumoniae CL 6339 64 1 

Klebsiella pneumoniae CL 6569 256 4 

Klebsiella pneumoniae CLB 26410 > 256 8 

Klebsiella pneumoniae CL 5763 32 0.5 

Klebsiella pneumoniae CL 6838 16 0.5 

Escherichia coli IHMA 1224137 8 ё ӶѢӻ 

Escherichia coli IHMA 1231530 4 0.5 

Klebsiella pneumoniae IHMA 516426 16 0.5 

Serratia marcescens IHMA 1203541 8 1 

Klebsiella oxytoca IHMA 1211369 32 0.25 

Klebsiella pneumoniae IHMA 520284 16 0.25 

Table 100. Design Summary of HF Studies 

Experiment P.Aeruginosa Imipenem Freq REL Freq 

HF2012-007 CL5701 0 q6h 0 q6h 

HF2011-005 CL5701 0 q6h 0 q6h 

HF2012-007 CL5701 200 q6h 13 q6h 
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Experiment P.Aeruginosa Imipenem Freq REL Freq 
HF2012-007 CL5701 200 q6h 50 q6h 

HF2012-007 CL5701 200 q6h 200 q6h 

HF2012-007 CL5701 500 q6h 250 q6h 

HF2012-001 CLB24226 0 q6h 0 q6h 

HF2012-002 CLB24226 0 q6h 0 q6h 

HF2012-003 CLB24226 0 q6h 0 q6h 

HF2012-004 CLB24226 0 q6h 0 q6h 

HF2011-008 CLB24226 0 q6h 0 q6h 

HF2012-001 CLB24226 500 q6h 0 q6h 

HF2012-004 CLB24226 200 q6h 62.5 q3h 

HF2012-003 CLB24226 60 q3h 125 q3h 

HF2012-002 CLB24226 200 q6h 125 q6h 

HF2012-003 CLB24226 200 q6h 125 q6h 

HF2012-001 CLB24226 500 q6h 125 q6h 

HF2012-002 CLB24226 200 q6h 250 q6h 

HF2012-004 CLB24226 200 q6h 250 q12h 
HF2012-001 CLB24226 500 q6h 250 q6h 

HF2012-002 CLB24226 500 q6h 250 q6h 

HF2012-003 CLB24226 500 q6h 250 q6h 

HF2012-004 CLB24226 500 q6h 250 q6h 

HF2012-004 CLB24226 200 q6h 500 q24h 

HF2012-005 CLB24227 0 q6h 0 q6h 

HF2012-006 CLB24227 0 q6h 0 q6h 

HF2011-001 CLB24227 0 q6h 0 q6h 

HF2011-004 CLB24227 0 q6h 0 q6h 

HF2011-007 CLB24227 0 q6h 0 q6h 

HF2011-004 CLB24227 500 q6h 0 q6h 

HF2011-007 CLB24227 500 q6h 0 q6h 

HF2012-005 CLB24227 200 q6h 13 q6h 

HF2012-006 CLB24227 200 q6h 13 q6h 

HF2012-005 CLB24227 200 q6h 27 q6h 
HF2012-006 CLB24227 200 q6h 27 q6h 

HF2012-005 CLB24227 200 q6h 50 q6h 

HF2012-006 CLB24227 200 q6h 50 q6h 

HF2012-006 CLB24227 200 q6h 100 q6h 

HF2011-004 CLB24227 500 q6h 125 q6h 

HF2011-007 CLB24227 500 q6h 125 q6h 

HF2012-006 CLB24227 200 q6h 200 q6h 

HF2012-005 CLB24227 500 q6h 250 q6h 

HF2012-006 CLB24227 500 q6h 250 q6h 

HF2011-004 CLB24227 500 q6h 250 q6h 
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Experiment P.Aeruginosa Imipenem Freq REL Freq 
HF2011-007 CLB24227 500 q6h 250 q6h 

HF2011-011 CLB24228 0 q6h 0 q6h 

HF2011-001 CLB24228 0 q6h 0 q6h 

HF2011-008 CLB24228 0 q6h 0 q6h 

HF2011-011 CLB24228 500 q6h 0 q6h 

HF2011-011 CLB24228 500 q6h 125 q6h 

HF2011-011 CLB24228 500 q6h 250 q6h 

HF2011-001 CLB24354 0 q6h 0 q6h 

HF2011-004 CLB24354 0 q6h 0 q6h 

HF2011-004 CLB24354 500 q6h 0 q6h 

HF2011-004 CLB24354 500 q6h 125 q6h 

HF2011-004 CLB24354 500 q6h 250 q6h 

Results 
Figure 40 shows the exploratory relationship between relebactam exposure metrics and 24 

hours change in log10 (CFU) from baseline. The data show an Imax relationship between 
relebactam concentration and change in log10(CFU). Exposure metrics with the best fit are 
fAUC0-24 (r2 = 0.71) and fAUC0-24/pMIC (r2 = 0.71). The figure shows that without imipenem 

treatment, bacteria grows to greater than 3 log10CFU higher compared to baseline. However, 
the figure also shows that with imipenem only treatment there is significant bacteria killing (up 
to greater than 3 log10CFU reduction compared to baseline). The greater killing observed with 

imipenem alone indicate that the tested strains might not be resistant to imipenem. This makes 
the HIFM unsuitable to evaluate the antibacterial potentiating activity of relebactam. PKPD 
targets can be derived from Figure 40. For fAUC0-24/MIC, a PKPD target of about 3 is enough to 
achieve bacterial stasis and a target of 8 for 2-log kill. 

Figure 40. Scatter plots of relebactam exposure metrics versus 24-hour change in log10(CFU) 
from baseline in Hollow - fiberexperiments 
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Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ѮҖЌҀҚѹЌҤѧ҇ҀЌѹ ѡΕѡD !ҀЌѹӑҚѧҚ ҖШғ҇ҖҤѠ ғЌњШ ӸӾ ҇в ӷӻӿѢ 

Reviewer’s comments 
The applicant’s HF experiments shows substantial killing of the resistant P; aeruginosa strains 
even when exposed to imipenem alone. The resistant P. aeruginosa strains that show 

substantial killing by imipenem alone had imipenem MIC that ranges between 8 – 64 mg/L (See 
Table 99 and Table 100). It is not expected for imipenem alone to have such high bactericidal 
activity for these resistant strains; This is the major caveat of the applicant’s HF experiments 
and makes the HF data uninterpretable. 

The applicant’s other analyses utilizing HF data were also unacceptable. The analyzes that were 
based on hollow-fiber data included: 1) assessment of imipenem exposure versus imipenem 

bactericidal activity in presence of relebactam; 2) development of a translational PKPD (TPKPD) 
model which was subsequently used to: determine relebactam Hollow-fiber PKPD driver and 
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index; simulation exposure-vs-bacterialkilling profiles in humans; and predictions of adequate 
relebactam dose in humans. 

The applicant’s strategies for development of the TPKPD model were acceptable. The model 
could have provided a greater understanding of durability of imipenem’s antibacterial activity in 
presence of relebactam while also accounting for development of resistance. However, as stated 
above the applicant’s HF experiments shows substantial killing of the resistant P; aeruginosa 

strains even when exposed to imipenem alone. This is the major caveat of the applicant’s HF 
experiments and makes the HF data uninterpretable. 

1.2.2.4. Simulation of probability of target attainment after Q6H treatment for 1 day 
The applicant performed a probability of target attainment (PTA) simulation using relebactam 
and imipenem PKPD targets determined by experiments described in section 1.2.2.2., and 

section 1.2.2.4. respectively. In these PTA simulations, imipenem and relebactam 
concentrations were simulated using parameter estimates of the population PK models 
described in section 1.1.3. The simulation doses for imipenem and relebactam were based on 

renal function status as given in Table 101. The simulated concentrations were used to 
determine %fT>MIC for imipenem and fAUC0-24/MIC for relebactam. The %fT>MIC was 
defined as percent of time that imipenem concentrations were above the potentiated 

imipenem MIC during the 6-hour dosing interval. The fAUC0-24/MIC was defined as the ratio of 
relebactam fAUC0-24 to potentiated imipenem MIC. A subject was considered to have achieved 
the treatment-target if both PKPD targets for relebactam and imipenem were attained. The 1­
log kill target for relebactam and 2-log kill target for imipenem were 4.3 fAUC0-24/MIC and 

6.5% fT>MIC respectively. The same PKPD targets were applied to P. Aeruginosa and 
Enterobacteriaceae. 

Table 101. Doses of Imipenem and Relebactam Chosen for PTA Simulations 

Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ѡѤЌҖѿЌК҇ѶѧҀШҤѧК ҖШғ҇ҖҤѠ ғЌњШ ӹӹ ҇в ӹӸӶ 

The results from the PTA analyses are given in Figure 41. The results show that for P. 

Aeruginosa breakpoint of 4 µg/mL, the population probability of target attainments was greater 
than 90% regardless of renal functional status. Similarly, for Enterobacteriaceae breakpoints of 
2 µg/mL, the population probability of target attainments was greater than 90% regardless of 

renal functional status. 
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Figure 41. Percentage of patients achieving imipenem and relebactam targets with P. 
aeruginosa and Enterobacteriaceae MIC distributions amongst isolates relevant to the 

proposed indication from phase 2/3 and surveillance data. 

Source: !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧКҚ ҖШғ҇ҖҤѠ ѡЌњШ ӽӾ ҇в ӹӸӶ 

Reviewer’s comments 
The relebactam PKPD target used by the applicant for PTA analysis was acceptable. However,
 
the imipenem PKPD target was not acceptable as it was based on uninterpretable HF data.
 
Because imipenem’s efficacy for susceptible bacteria strains has already been established, it is
	
not necessary to re-evaluate imipenem target-attainment in-vivo.
 
The reviewer performed an independent PT! analysis to determine relebactam’ s probability of
 
target attainment. The target for relebactam was its AUC/pMIC target multiplied by a selected
 
breakpoint. For example, at an imipenem susceptibility breakpoint 2 mg/L, the relebactam
 
target is the selected AUC/MIC target multiplied by 2 mg/L.
 
Imipenem’s breakpoints for P; !eruginosa and Enterobacteriaceae have already been 
established. For P. Aeruginosa the breakpoints of 2-, 4-, and 8-mg/L are used in clinics to identify 
susceptible, intermediately-resistant and resistant strains. For Enterobacteriaceae, the 

corresponding breakpoints for susceptible, intermediate and resistant strains are 1-, 2-, and 2­
mg/L respectively. Therefore, for resistant bacterial strains, choosing imipenem/relebactam 
breakpoint of 2 mg/L for both P. Aeruginosa and Enterobacteriaceae, the relebactam AUC/MIC 

target is multiplied by 2 mg/L to obtain the AUC target. 
The reviewer investigated relebactam’ s probability of attainment of target !UCs at the 
following !UC/MIC targets: The applicant’s determined 1-log kill AUC/MIC target (4.3 mg/L); 

The reviewer’s median (7;5 mg/L) and 97;5th percentile (14.4 mg/L) 1-log kill targets determined 
from pooled murine-thigh models where imipenem dose levels ranged between 6.25% -99% of 
human doses. These AUC/MIC targets were multiplied by the breakpoints of 2 to obtain the 

corresponding AUC targets. 
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Relebactam's AUCs were simulated using the relebactam population PK model and the 
applicant's recommended doses in Table 101. The probability of target attainments at different 

AUC/M/Ctargets and breakpoints of2 and 4 are given in 
Table 102. 

Table 102. Percent of patients achieving relebactam AUC targets at AUC/MIC targets of 4.3, 

7.5, and 14.4 at breakpoints of 2 and 4 mg/L 
Breakpoints 2 4 

L 
4.3 7.5 14.4 4.3 7.5 14.4 

< 15 m min 100 100 100 100 100 100 

15 - 30 ml/min 100 100 100 100 100 99 
30 - 60 ml/min 100 100 100 100 100 99 

60 - 90 ml/min 100 100 100 100 100 99 

90 - 150 ml/min 100 100 100 100 100 97 
150 -180 ml/min 100 100 100 100 100 87 

180 - 210 mL/min 100 100 100 100 100 79 

210 - 250 ml/min 100 100 100 100 100 69 

The results in Table 100 applies to Enterobacteriaceae if the same relebactam PKPD driver and 
target are assumed. The applicant's analysis assumed Enterobacteriaceae to have the same 
relebactam PKPDdriver and target as Pseudomonasaeruginosa. However, as the reviewer's 

analysis indicate, relebactam AUC was a better PKPD driver for Klebsiella pneumoniae, and the 

target was determined for one resistant strain (KP6755) andfound to be 40 mg x h/L (upper 

bound of the 95% confidence interval was 70 mg x h/L) . The probabilities of target attainment in 
patients with different renal functionsfor this Klebsiel/a pneumoniaestrain are given in 
Table 103 below. 

Table 103. Percent of patients achieving relebactam AUC targets for Klebsiella Pneumoniae 

(kp6755) 

AUC target 40 mgx h/ L 70 mgx h/ L 

< lSm min 100 100 
15 - 30 ml/min 100 93 
30- 60m min 100 93 

60 - 90 ml/min 100 94 

90 - 150 mL/min 100 90 

150 - 180 ml/min 99 73 
180 - 210 m min 97 61 
210 - 250 ml/min 93 50 
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1.3. References 

1. Mavridou E, Melchers RJB, van Mil ACHAM, Mangin E, Motyl MR, Mouton JW. 
ѡѤЌҖѿЌК҇ФӑҀЌѿѧКҚ ҇в ΈѿѧғШҀШѿ ѧҀ �҇ѿЙѧҀЌҤѧ҇Ҁ ӋѧҤѤ Ѿ-Lactamase Inhibitor MK7655 in a 
Murine Thigh Model. Antimicrob Agents Chemother. 2015 Feb;59(2):790Ѿ5. 

15.5 Additional Clinical Outcome Assessment Analyses 

There were no additional clinical outcome assessment analyses conducted. 

15.6 Clinical Microbiology Review 

15.6.1 Activity in Vitro 

Relebactam (REL) ѧҚ ЌҀ ѧҀѤѧЙѧҤ҇Җ ҇ в ѿЌҀӑ !ѿЙѹШҖ КѹЌҚҚ ! ЌҀФ � Ѿ-lactamases, but not those of 
class B (metallo-Ѿ-lactamases) and D (OXA). As there are different classifications systems for 

beta-lactamases based on structural and functional characteristics, this classification system 
will not be described as such in the imipenem-relebactam labeling. REL can act synergistically 
with imipenem and reduces the MIC of imipenem for some isolates that are not susceptible 
(intermediate or resistant) to imipenem . REL does not have antibacterial activity on its own 

and does not appear to induce AmpC beta-lactamases. 

Antibacterial activity 
The tables below summarize the in vitro activity against a subset of gram-negative organisms 
associated with the cUTI and cIAI indications. This analysis included the MIC90 and whether the 

organisms were also present in the first list of pathogens and the indications and usage section 
of the imipenem-cilastatin labeling, as REL is being proposed in combination with imipenem 
(IMI) for this NDA Application. The number of organisms, the in vitro antibacterial activity of 

isolates taken from the United States, and the relevance of the isolates to the indication were 
taken into consideration. The information from Study for Monitoring Antimicrobial Resistance 
Trends (SMART) Surveillance Study 2015-2016 combined is shown in the tables below. The 

source of the information for Tables 104 and 105 is from study report PD034-MK7655 and 
PD035-MK7655. The source for the table on anaerobic organisms is from the references 
4.3:04XBMT and 4:3:04XBHW. 
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Table 104: In Vitro Activity of lmipenem-relebactam Against Pathogens Proposed for the 
Applicant's First List for cUTI 

Klebsiel/a y 222 1 0.5 ~0.03-~32 

aerogenes 

yEnterobaeter 522 1 0.25 0.06-1 

cloacae 

Escherichia coli y 2573 ~0.5 0.25 ~0.03-1 

Klebsiel/a y 1398 ~0.5 0.5 ~0.03-4 

pneumoniae 

yPseudomonas 1729 16 2 0.06-~32 

aeruginosa 

*Yes/ No if in t he FDA approved labe lingforimi penem-cilastat in injection products 
Source: Reviewer's table adapted from sources 

Table 105: In Vitro Activity of lmipenem-relebactam Against Aerobic Pathogens Proposed for 

the Appl icant's First Li st for clAI 

yCitrobacter freundii 183 1 0.25 0.06-1 
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Klebsiel/a aerogenes y 222 1 0.5 $0.03-~32 

yEnterobacter cloacae 	 522 1 0.25 0.06-1 

Escherichia coli y 2573 $0.5 0.25 $0.03-1 

Klebsiel/a oxytoca y 337 $0.5 0.25 0.06-1 

Klebsiel/a pneumoniae y 1398 $0.5 0.5 $0.03-4 

Pseudomonas aeruginosa y 1729 16 2 0.06-~32 

*Yes/ No if in t he FDA approved labe lingforimi penem-cilastat in injection products. SSSI is Skin 
and Skin St ructure Infections 
Source: Reviewer's table adapted from sources 

Table 106: In Vitro Activity of lmipenem-relebactam Against Anaerobic Pathogens Proposed 

for the Applicant's First List for clAI 

y 


Baeteroides spp. 


Bacteroides frag ilis 	 y 220 0.5 0.5 $0.06-16 

Baeteroides spp. 

Baeteroides ovatus 	 y 43 1 0.5 0.12-4 

Baeteroides spp. 

Bacteroides stercoris 	 ----- -----

Baeteroides caccae 	 10 0.5 0.5 $0.03->32 

y 


Baeteroides spp. 
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Baeteroides 
thetaiotaomicron 

Bacteroides uniformis 

Baeteroides vulgatus 

Fusobacterium 
nuc/eatum 

Parabacteroides 
distasonis 

y 24 
Baeteroides spp. 

y 

Baeteroides spp. 
10 

y 

Baeteroides spp. 

12 

y 10 

y 24 
Baeteroides spp. 

2 

0.25 

1 

0.06 

1 

1 

0.25 

1 

0.06 

1 

0.125-4 

0.125-.5 

0.06-1 

:::;0.03-0.06 

0.12-4 

(b)(4l 

*Yes/ No if in t he FDA approved labe ling fo r imipenem-cilastat in injection products 
Source: Reviewer's table adapted from sources 

Reviewer's Comment 
(b) (41 

CbH4YC. freundii w ill be recommended on ly for t he clAI indicat ion as the approved label ing for 
(b) (41 imipenem-ci last atin only has C. freundii in t he indications for clAI 

CbH41 The 
--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~---

MIC 90 for this organism was :=::32 mcg/ m l for both imipenem and imipenem -ci lastatin inthe 
SMART Survei llance Study 2015-2016. 

Table 107 shows t he MIC90 data and number of bact eria t ested for the proposed second list . 

The information for gram-posit ive organisms was taken from study report PD056 MK7655. The 
other organisms listed were from the st udy reports as descri bed above 
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Table 107: In Vitro Activity of Imipenem-relebactam Against Indicated Pathogens in the 
!pplicant’s Proposed Second List 

Pathogen* N MIC90 
(mcg/mL) 

Imipenem 

MIC90 
(mcg/mL) 

IMI/REL 

MIC Range 

IMI/REL 

(mcg/mL) 

Staphylococcus aureus (MSSA) 21 0.015-0.03 0.03 ёӶѢӶӶӷ-0.03 

Streptococcus anginosus 30 0.008-0.15 0.03 ёӶѢӶӶӷ-0.03 

Streptococcus constellatus 22 0.008-0.03 0.03 ёӶѢӶӶӷ-0.03 

Achromobacter xylosoxidans 52 ёӹӸ 8 0.5-шӹӸ 

Citrobacter koseri 104 ёӶѢӻ 0.25 0.06-0.5 

Enterobacter asburiae 87 1 0.5 0.06-1 

(b) (4)

11 0.5 0.5 ёӶѢӶӹ-0.5 Eggerthella lenta 
(b) (4)

Parvimonas micra 10 0.06 0.06 ёӶѢӶӹ-0.06 

Peptoniphilus harei 10 ёӶѢӶӹ ёӶѢӶӹ ёӶѢӶӹ 

Peptostreptococcus anaerobius 10 0.06 0.06 ёӶѢӶӹ-0.5 

Fusobacterium necrophorum 10 2 0.5 ёӶѢӶӹ-0.5 

Fusobacterium varium 10 4 4 2-4 

Parabacteroides goldsteinii 10 2 2 0.25-4 

Parabacteroides merdae 10 8 4 0.05-16 

Prevotella bivia 11 0.125 0.125 ёӶѢӶӹ-0.125 

(b) (4)

Veillonella spp.** 10 1 0.5 0.06-.5 

Ѩ҇ҿҖКШѡ ѤШӊѧШӋШҖѥҚ ҤЌЙѹШ ЌФЌғҤШФ вҖ҇ѿ Қ҇ҿҖКШҚ 
*US isolates shown.
 
** V. Parvula is proposed by the Applicant for the second list, but the MIC90 data was provided
 
by the Applicant for Veillonella spp.
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Reviewer’s Comment 

ѮѤШ !ғғѹѧКЌҀҤѥҚ ѧҀ ӊѧҤҖ҇ ФЌҤЌ ҇Ҁ ҤѤШ ЌКҤѧӊѧҤӑ ҇ в ѧѿѧғШҀШѿ-relebactam were evaluated for 
adequacy. The following organisms had sufficient numbers of organisms for inclusion in the 
second list of the labeling in subsection 12.4: C. koseri IMI/REL MIC 0.25mcg/mL (N=104), E. 
asburiae MIC 0.5 mcg/mL (N=87), 

Of those listed, only C. koseri and 

(b) (4)

(b) (4)

E. asburiae had MICs below the breakpoint proposed for imipenem-relebactam for 
Enterobacteriacae and so were recommended for the second list of the labeling. For the 

remainder of the proposed second list organisms in the table above, the organisms were 
recommended for inclusion in the second list of IMI/REL labeling if the MICs were below the 
!њШҀКӑѥҚ ғҖ҇ғ҇ҚШФ ЙҖШЌѶғ҇ѧҀҤҚ ЌҀФ ҤѤШ ҇ҖњЌҀѧҚѿs were included in the approved labeling for 

IMI. In doing this analysis, only (b) (4) was additionally removed from the second 
list. A summary of the labeling recommendations may be found in the clinical microbiology 
recommendations of this review. 

In global surveillance studies of 4597 Enterobacteriaceae, among class A beta-lactamases, CTX-

M-1 was the most frequently encountered (N=2231) followed by CTX-M alleles 2, 8, 27, VEB-1, 
SHV, TEM and KPC-2. GES was the least frequent with 3. Among class C beta-lactamases, AmpC­
types were identified by Polymerase Chain Reaction (PCR). CMYII was the most frequently 
encountered (N=452). Other beta-lactamases encountered were ACT/MIR, DHA, and FOX. 

Among those Enterobacteriaceae producing class B enzymes, IMP and VIM were the most 
prevalent (N=5). NDM was the least frequently encountered (N=2). 

Additionally, in vitro susceptibility from SMART Surveillance Studies (2015-2016) against 471 US 
Enterobacteriaceae isolates that expressed EBSL, KPC or AmpC Enzymes was examined. The 
MIC90 against EBSL-producing isolateswas reportedly ёӶѢӻѿКњѶѿш в҇Җ ѧѿѧғШҀШѿ ЌҀФ ӶѢӸӻ 

mcg/mL for imipenem-ҖШѹШЙЌКҤЌѿѢ F҇Җӻӹ Εѡ� EҀҤШҖ҇ЙЌКҤШҖѧЌКШЌШ ҤѤШ юΈ�ӿӶ ӋЌҚ шӹӸ в҇Җ 
imipenem and 1 for imipenem-relebactam. For 155 AmpC Enterobacteriaceae, the MIC90 was 4 
for imipenem and 0.25 for imipenem-relebactam. Among those producing class D alleles, OXA ­

48 was the most prevalent (N=72). 

Reviewer’s Comment 
The Applicant also included an analysis of imipenem-relebactam enzyme kinetic activity. The 

half-maximal inhibitory concentration (IC50) of REL for beta-lactamases were as follows: KPC-2 
and KPC-3 IC50 was approximately 0.2 µM. IC50 values for TEM-1, SHV-1, and P99 were as 0.03 
µM, 0.03 µM, and 0.13 µM, respectively. IC50 values for PDC-1 were 0.47 µM. Additional 

information on relebactam as an inhibitor is in the mechanism of action section below. 

ѤШӊѧШӋШҖѥҚ �҇ѿѿШҀҤ 

Care was taken to interpret the data and to describe the studies on molecular characterization 
of beta-lactamases in labeling. Factors that aid in evading antimicrobial action such as porin 
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mutations ( OprD), efflux pumps (MexAB), regulatory genes (ampD), and multiple beta 
lactamases including AmpC were considered. In certain cases, REL was an inhibitor for some 

beta-lactamase alleles in an enzyme family, but not others. Additionally, some bacterial 
isolates that contained beta-lactamases were susceptible to imipenem alone. Therefore, 
although REL has been shown to have inhibition for these beta-lactamases in vitro (TEM, SHV, 
CTX-M), the potentiation of REL for imipenem activity in the bacteria was not evident. 

Data was provided by the Applicant to show the in vitro activity of imipenem­
relebactam against Pseudomonas-Derived Cepahalosporinase (PDC)-producing P. aeruginosa. 
PDC is described in the literature as an extended spectrum AmpC (ESAC). It is a mechanism of 

resistance to some beta-lactams including imipenem. This review focuses mainly on the 
genotypiccharacteristics of the bacterial isolates tested. Language is provided in the labeling 
that describes how there may be varying levels of expression, amino acid variations or other 

resistance mechanisms not yet identified among the bacterial isolates tested. 
Relebactam reduced the MIC of imipenem in vitro, but not to levels of susceptibility in 

all cases. In imipenem-relebactam clinical trials P. aeruginosa and Enterobacteriaceae isolates 

were characterized molecularly, including isolates that were characterized genotypically for 
PDC, beta lactamases, and OprD porin status. (b) (4)

(b) (4)

Time Kill 
Time kill analysis was conducted to monitor the in vitro bactericidal activity of imipenem in the 

presence and absence of relebactam. P. aeruginosa strains CL5701 and CLB24228, imipenem 
resistant strains were used. MICs for these isolates were 16 mcg/mL and 32 mcg/mL, 
respectively. The addition of relebactam restored activity of imipenem. 

In vitro hollow fiber PK/PD studies were also used to evaluate the efficacy of the tw o doses 
used in PN003 and PN004 trials against imipenem-resistant P. aeruginosa and K. pneumoniae. A 

study by Hirsch et al.; 2012, described 4 imipenem-nonsusceptible isolates: KPC-2-producing K. 
pneumoniae isolates KP6339 and 3 P. aeruginosa isolates PA24226, PA24227, and PA24228, 
with OprD porin deletions and overexpression of AmpC. The combination of imipenem and 

relebactam reduced the bacterial burden at 24 hours and suppression of bacterial growth was 
observed with the exception of PA24226. In the case of PA24228, sustained suppression was 
only seen after a dose increase to 1000 mg. 

In study PD031, 15 imipenem-resistant Enterobacteriaceae and P. aeruginosa were tested in 
the in vitro PK/PD hollow fiber cell culture system. Activity was tested against the P. aeruginosa 
strains CLB 24227, CLB 24228, and CLB 24226, with imipenem MIC values of 16 to 32 mcg/mL, 

and Enterobacteriaceae strains, including the KPC-producing K. pneumoniae strain CL6339 
(imipenem MIC 64 mcg/mL). An exception was the P. aeruginosa strain CLB 24354 with an 
imipenem MIC value of 64 mcg/mL (imipenem/REL MIC, 16 mcg/mL). For CLB 24354, the 125 

mg q6h dose of REL in combination with imipenem demonstrated initial killing followed by 
regrowth, resulting in suboptimal efficacy. Sustained killing for the full 70-hour incubation 
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period with a 4-log kill was maintained at the 250 mg REL q6h dose in combination with 500 mg 
imipenem q6h. The adequacy of the dose in these studies has been investigated by the FDA 

clinical pharmacology team. See the Clinical Pharmacology review of this document for 
additional information. 

In study PD033, the antibacterial effect if imipenem-relebactam was studied against 

Enterobacteriaceae and P. aeruginosa using the in vitro hollow fiber system for more than 168 
hours. One wild-type E. coli strain (46961, Southmead collection), three K. pneumoniae strains, 
and four strains of P. aeruginosa were used. Imipenem MIC values were determined in the 

presence of 4 mcg/mL REL. Imipenem/REL produced a reduction in viable colony-forming units 
(CFU)/mL for Enterobacteriaceae of 4.23 ± 0.32 and 4.35 ± 0.21 log CFU/mL at 24 hours and 168 
hours, respectively. The Enterobacteriaceae strains were killed, with the wild type E. coli strain 

and K. pneumoniae 42421 (KPC) were eradicated from the model by 6 hours. The other KPC­
producing strain K. pneumoniae 62267 was eliminated by 24 hours and the AmpC- producing 
strain with porin loss (K. pneumoniae 47929) was eradicated by 96 hours. 

Against P. aeruginosa imipenem/RELproduced bacterial killing, eradicating an isogenic 
mutant from the model and suppressing bacterial counts over 168 hours for the other strains. 

The P. aeruginosa strains all demonstrated a 3- to 4-log reduction in bacterial count by 6 hours; 
however, only one strain was eradicated from the model, P. aeruginosa 17286 (an isogenic 
mutant) which was eliminated from the model by 96 hours. For the wild-type strain P. 
aeruginosa 38475 and the P. aeruginosa strains with porin loss (P. aeruginosa 62267) and/or 

AmpC production (P. aeruginosa 47235) bacterial counts increased from 2 log10 at 6 hours to 3 
to 4 log10 at 168 hours. None of this regrowth demonstrated increases in imipenem/RELMIC 
values. An extended (14 day) imipenem/RELsimulation with an AmpC OprD-producing 

P. aeruginosa strain produced some changes in the population profile with changes in 
progeny MIC values. Not all of the isolates recovered at 14 days exhibited increased MIC 
values to imipenem/REL. Addition of a second agent (amikacin) in the 14-day model suppressed 

regrowth. 

Additional isolates used the hollow fiber experiments and a summary of the results are shown 
in Table 108 below: 
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Table 108: Bacterial Isolates Used in Applicant's Hollow Fiber Experiments 

Source: This submission. 

ѤШӊѧШӋШҖѥҚ �҇ѿѿШҀҤ 

Some isolates used in the hollow fiber experiment did not provide evidence of the contribution 
of relebactam to the combination product. E. coli strain IHMA 1231530 and S. marcescens strain 
IHMA 1203541 exhibited the same CFU reductions for REL 250 mg + IMI 500 mg as IMI 500 mg 

alone. K. pneumoniae strain IHMA 516426 exhibited the same CFU reductions for REL 250 mg + 
IMI 500 mg as IMI 500 mg alone. However, relebactam inhibited bacterial regrowth after 24 
hours. It is likely that these strains contained beta-lactamases that were not of the type that 
relebactam has inhibitory activity against. ѨШШ ҤѤШ !њШҀКӑѥҚ КѹѧҀѧКЌѹ ғѤЌҖѿЌК҇ѹ҇њӑ ҖШӊѧШӋ and 

the clinical microbiology summary for additional information. 
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Post-antibioticand Post-inhibitor Effect 
The post-antibioticeffect (PAE) is the ability of an antimicrobial agent to suppress growth of 

target pathogens after a brief in vitro exposure period to supra-inhibitory concentrations of the 
agent followed by its subsequent removal. The Post-inhibitor effect (PIE) is the combined effect 
of continued inhibition of the beta-lactamase after removal and sub-inhibitory concentrations 
of the beta-lactam antibiotic. In study PD016, the PAE and PIE of imipenem-relebactam were 

evaluated against an imipenem-resistant isolate of P. aeruginosa, CL5701. Time-kill analysis 
showed that imipenem was bactericidal at 4-fold and 2-fold the MIC (16 mcg/mL). Imipenem 
was also bactericidal at 0.25-fold the MIC (4 mcg/mL) when combined with 4, 8, or 16 mcg/mL 

REL. 

Following initial exposure at 1-fold, 2-fold, and 4-fold the MIC, imipenem alone resulted in 

PAE from 1 to 3 hours against the evaluated isolate. A similar PIE was also observed with 
initial exposure to imipenem at 0.25-fold the MIC (4 mcg/mL) when combined with 4, 8, or 
16 mcg/mL REL. In contrast, the PAE observed following initial exposure to the sub-inhibitory 

concentration of 4 mcg/mL imipenem alone was similar to the unexposed growth control. 
When cells were maintained in 4 mcg/mL imipenem and pre-exposed to 4, 8, or 16 mcg/mL 
REL, growth was inhibited for 4 to 6 hours relative to controls. In other words, cells unexposed 

to REL but grown in the presence of 4 mcg/mL imipenem. REL was able to result in a prolonged 
PIE and was bactericidal when combined with imipenem at 4 mcg/mL against the evaluated 
imipenem-resistant P. aeruginosa CL 5701. 

In Study PD018, the PAE effect of REL in various combinations with imipenem was evaluated 
against P. aeruginosa CL 5701 with REL (at 2, 4, 8, and 16 mcg/mL) combined with 4 mcg/mL 
imipenem during the exposure period, followed by re -constitution in Cation-adjusted Mueller­

Hinton broth containing sub-inhibitory (4mcg/mL) imipenem. This demonstrated a longer PAE 
(4.7 to 5.3 hours) than re-constitution without imipenem (0.6to 2.6 hours) for all REL 
concentrations tested. The presence of REL during the exposure period had a greater effect 

than sub-inhibitory imipenem alone. 

PAE was also studied in P. aeruginosa CLB 24228, an AmpC-inducible strain. CLB24228 had an 

imipenem MIC of 64 mcg/mL and an Imipenem-relebactam MIC of 16 mcg/mL in the presence 
of 4 mcg/mL REL. For CLB 24228 the differential between incubation with imipenem 
at 4 mcg/mL plus REL at 16, 8, or 4 mcg/mL vs. continuous incubation with imipenem at 4 
mcg/mL yielded PIEvalues of 2.4 hours, 0.1 hours, and 2.0 hours, respectively. The PIE for CL 

5701 was longer than that for CLB 24228. The length of the PAE and PIE may be affected by the 
differences in strains and/or experimental methods. 

15.6.2 Mechanism of Action 

The mechanism of action of imipenem, a carbapenem antibacterial drug, has been described in 
FDA approved labeling for imipenem-cilastatin injection products. The mechanism involves the 
binding and inhibition of certain penicillin binding proteins leading to inhibition of bacterial cell 
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wall synthesis. Relebactam is being proposed by the Applicant for use in combination with 
imipenem as a beta lactamase inhibitor. It is described as a slowly-dissociating inhibitor of 

Ambler class A and class B beta lactamases. It does not have intrinsicactivity for the bacterial 
pathogens tested in the NDA submission. The evidence provided by the Applicant suggests that 
relebactam enhances the activity of imipenem on some imipenem-susceptible bacteria by 
inhibiting certain beta-lactamases. See in vitro activity above for additional information on the 

types of beta-lactamases inhibited by relebactam. The inhibition profile of relebactam and 
comparators is shown in Table 109 below: 

Table 109: Inhibition Profile of Marketed Beta-Lactamase Inhibitors Compared to REL (Half-
Maximal Concentrations) 
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Reportedly, the reaction mechanism of relebactam includes an acylation in the order of 
minutes and a slow deacylation of the enzyme/inhibitor complex. The target engagement time 

is described in the order of greater than 1 hour for KPC and greater than 6 hours for KPC-2. The 
inhibition potency (Ki) for relebactam for PDC (68nM), ADC (37nM), KPC-2 (14 nM), KPC-3 (14 
nM), TEM-1 (4.2 nM) and CTX-M-15 (5.6 nM) were provided and the upper limit of the 
dissociation rate ranged from 10-2 (k2, per sec) with PDC-1 to 10-4 (k2, per sec) for TEM-1. 

Resistance 
There is no known cross-resistance with other classes of non-beta-lactam antimicrobials. 

Resistance mechanisms of beta-lactam drugs in gram-negative bacteria have been described in 
the literature and in FDA-approved labeling for the beta lactam class of drugs to include the 
production of beta-lactamases, up-regulation of efflux pumps, and loss of outer membrane 

porins. During efflux studies, the Applicant did not observe evidence that imipenem and or 
relebactam are subject to efflux. The Applicant also studied imipenem-relebactam activity 
against isolates of P. aeruginosa that over produced efflux pumps in an OprD and MexT mutant 

background. 

Based on results of frequency of resistance testing conducted with varying concentrations of 

imipenem combined with REL against clinical isolates of P. aeruginosa (N=4) and 
K. pneumoniae (N=5), the Applicant stated that the spontaneous resistance against 
imipenem/REL is anticipated to occur at a very low frequency among Pseudomonas species and 
most KPC-expressing Klebsiella species 

To determine the frequency of resistance, and select resistant mutants, an efficiency of plating 
(EOP) was performed. A Luria-Delbruck fluctuation test was also done for one strain to measure 
the rate of resistance per cell generation. Concentrations were based around 4 mcg/mL 

imipenem (the breakpoint at the time). P. aeruginosa isolates CL5701 and CLB 24228 and K. 
pneumoniae (expresses KPC) isolates CL6339 and CL6569 were tested. 
Of the four strains tested in study set 1, only K. pneumoniae CL 6569 (KPC-expressing strain) 
had an average resistance frequency of 2 × 10-7 among the three concentrations tested. The 

resistance frequency did not vary more than 4-fold between the concentrations. When 17 of 
the resultant mutants were analyzed, a majority exhibited both increased MIC values to 
imipenem as well as requiring higher concentrations of REL to synergize to the susceptibility 

breakpoint. For this strain background, all of the selected mutants were synergized to 
imipenem breakpoint by 32 mcg/mL or less (range 8 to 32 mcg/mL) of REL vs. 4 mcg/mL for the 
parent. The mechanism underlying this resistance is unknown; however, no differences 

between the selected mutant and parent strain were observed by the Applicant for beta­
lactamase expression, beta-lactamase induction by imipenem, or REL inhibition of beta-­
lactamase activity in lysates. 

In study set 1, no mutants resistant to the combination of imipenem/REL were obtained for 
three of four isolates tested. For the one isolate where a minor proportion of the mutants 
obtained required > 16 mcg/mL REL to restore susceptibility to imipenem, selection using 
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higher concentrations of REL or at higher concentrations of imipenem in the combination 
yielded no resistant mutants. In the second set of resistance selection experiments (study set 

2), 3 isolates of P. aeruginosa and 4 isolates of K. pneumoniae were examined for resistance 
frequency by EOP methods. One isolate of P. aeruginosa (CL 5701) and one isolate of K. 
pneumoniae (CL 6339) were repeated from study set 1. 

In vitro selection for resistance was conducted in 9 clinical isolates of P. aeruginosa and 
Enterobacteriaceae producing class A or C enzymes, including KPC. In one isolate, a 
K. pneumoniae expressing a KPC-2 with a very high MIC to imipenem, resistant isolates were 

selected but the mechanism of resistance was not confirmed by whole genome sequencing. For 
two other KPC-expressing Enterobacteriaceae, mutants could be selected at 4× the breakpoint 
concentration of imipenem (breakpoint concentration was 1 mcg/mL) combined with 4 mcg/mL 

REL. However, for one of these isolates in hollow fiber studies, no increase in growth was seen 
for up to 72 hours even at concentrations of REL one-half the clinical dose. For other KPC-
expressing Enterobacteriaceae no resistant mutants were selected. Among P. aeruginosa 

isolates mutants arose at a frequency of 3 × 10-9 at 48 hours with one isolate, while with two 
others no mutants arose. 

ѤШӊѧШӋШҖѥҚ �҇ѿѿШҀҤ 
Based on the !ғғѹѧКЌҀҤѥҚ results of studies on resistance, resistance selection against 
imipenem/REL did not occur at a high frequency among most bacterial isolates tested. The 
highest frequency of resistance was for K. pneumoniae CL 6569, a KPC producing strain, at a 

frequency of approximately 2 × 10-7 as an average among three concentration paradigms tested 
including 2 times the MIC of IMI and REL each. 

Susceptibility Test Methods and Interpretive Criteria 
ΈҀ ҤѤШ !ғғѹѧКЌҀҤѥҚ studies, MIC values were generally consistent among different laboratories, 
and the addition of REL appeared to have no effect on the reliability of microbiological test 

methods. Standard methodologies and QC studies were used to identify QC ranges, which 
were approved by the CLSI for both broth microdilution and agar dilution (anaerobes only) 
for a variety of QC organisms. Susceptibility testing was not anticipated to present 

technical issues. 

Effect of Laboratory Testing Conditions on Imipenem-relebactam Activity in Vitro 
Determination of in vitro susceptibility concentration of REL 

The fixed 4 mcg/mL in vitro susceptibility concentration of REL was determined from the 
average concentration (Cavg) of REL when dosed as 250 mg every 6 hours in humans. 
Susceptibility testing for imipenem/RELwas therefore performed with a fixed REL 

concentration of 4 mcg/mL. The 4 mcg/mL concentration was used to distinguish between 
imipenem/REL-susceptible gram-negative isolates that express beta-lactamases inhibited by 
REL from those that are not (i.e., class B and D beta-lactamases). 
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Other manual tests that have been developed for imipenem-relebactam susceptibility testing 
ѧҀКѹҿФШ ѮѤШҖѿ҇вѧҚѤШҖѮҖШѶ ѨШҀҚѧҤѧҤҖШҫ ӿӼӋШѹѹ ғѹЌҤШ ЌҀФ ҤӋ҇ њҖЌФѧШҀҤ ФѧввҿҚѧ҇ҀюΈ� ҚҤҖѧғҚ 

developed by Liofilchem, Inc. Automated MIC testing was by bioMérieux (VITEK® 2), Beckman 
�҇ҿѹҤШҖ ҈юѧКҖ҇ѨКЌҀ҉ ЌҀФ �ШКҤ҇Ҁ DѧКѶѧҀҚ҇Ҁ ҈ѡѤ҇ШҀѧӐҫ҉Ѣ 

Susceptibility Testing Conditions for Imipenem-relebactam 

The effect of standard conditions on imipenem/REL MICs was compared to the impact of 
nonstandard conditions (testing in the presence of serum, altered pH, high/low inoculum, 
varied cation concentration, addition of polysorbate, and incubation in 5% carbon dioxide) . 

Media age was also examined for target pathogens (beta-lactamase producing and 
non-producing E. coli, K. pneumoniae, and P. aeruginosa [Ref. 4.2.1.1: PD013MK7655; 
[Ref. 4.2.1.1: PD015MK7655]. Nearly all of the evaluated parameters had no or minimal 

impact (i.e. MIC values within one-doubling dilution relative to standard conditions) on 
imipenem/RELactivity against E. coli, K. pneumoniae, and P. aeruginosa across the range of 
REL concentrations that were evaluated. The exception was a trend towards increased MIC 

values at low pH. The Applicant reported that this trend was evident for both imipenem alone 
and imipenem/RELand hypothesized that the effect was due to the instability of imipenem at 
low pH. 

Determination of Appropriate Disk Mass 
The ability to determine bacterial susceptibility to imipenem-relebactam using CLSI reference 
methods was evaluated in a series of studies. These studies included the determination of the 

appropriate imipenem-relebactam disk mass for disk diffusion assays, comparison of MICs 
determined by broth microdilution or agar dilution test methods, the effect of modification of 
test parameters on MICs, and the quality control ranges for reference strains used to control 

test methods. 

Positive disk diffusion results were first established with REL applied to manufactured 

imipenem disks. Disk mass was determined in three studies, one with a range of REL 
concentrations (5, 10, 15, 20, 25, and 30 mcg, Report PD012 Ѿ MK-7655) added to commercial 
disks of imipenem (10 mcg); a second study where four disk masses of REL were compared (10, 

15, 20, and 25 mcg, Report PD028 Ѿ MK-7655), and a third study focused on two masses (20 
and 25 mcg, Report PD027 Ѿ MK-7655). The stability of disks was confirmed after short-term 
storage under refrigeration (report PD011-MK7655). For the PN003, PN004 and PN013, disk 
diffusion was also conducted for all pathogens using an imipenem/REL 10/25 mcg disk 

produced by Mast Group Ltd. (Bootle, UK). 

ѤШӊѧШӋШҖѥҚ �҇ѿѿШҀҤ 
ѮѤШ !ғғѹѧКЌҀҤѥҚ ШӊЌѹҿЌҤѧ҇Ҁ ҇ в ѹЌЙ҇ҖЌҤ҇Җӑ К҇ҀФѧҤѧ҇ҀҚ ӋѤѧКѤ ЌввШКҤ ѧѿѧғШҀШѿ-relebactam activity 
in vitro were provided. The effect of activity in urine was not described. Among the conditions 

tested there was consistency of results with the exception of low pH conditions. MAST 
imipenem/REL10/25 mcg disk was used in the clinical trials. 
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Quality Control for Susceptibility Testing 
Studies conducted to establish QC ranges for the in vitro susceptibility testing of imipenem­
relebactam were performed by the Applicant in accordance with guidelines established by CLSI 
(CLSI M23). Tier 2 multi-laboratory studies (9 laboratories) were used to establish quality 

control ranges QC ranges for microbroth dilution. Quality control parameters have been 
accepted by CLSI (2017) for imipenem-relebactam for the following strains (BMD is for broth 
microdilution, and AD for agar dilution below): 

Klebsiella pneumoniae ATCC 700603 (ESBL producer: SHV­
18; BMD only), Klebsiella pneumoniae ATCC BAA-1705 (KPC producer: KPC-2, TEM-1, 

SHV-11; BMD only), Klebsiella pneumoniae ATCC BAA-2814 (B21/KP1074) (KPC 
producer: KPC-3, TEM-1, SHV-11; BMD only), Streptococcus pneumoniae ATCC 49619 
(BMD only), Bacteroides fragilis ATCC 25285 (BMD and AD), Bacteroides 

thetaiotaomicron ATCC 29741 (AD only), and Eggerthella lenta ATCC 43055 (AD only). 

CLSI has published a footnote that data from only one disk manufacturer was used for the 

development of CLSI recommended QC ranges as data from other manufacturers was not 
available at the time. Beta-lactamase producing quality control isolates were used in the 
analysis as well. 

ѤШӊѧШӋШҖѥҚ �҇ѿѿШҀҤ 
The Quality Control tier 2 testing described by the Applicant above was done according to CLSI
 
guidelines and had a high percentage of quality control results that were in range . Quality
 
Control Ranges have been published by the CLSI in M100-S28 for MIC and disk for aerobic
 
bacteria and agar and broth methods for anaerobic bacteria. This reviewer recommends the
 
Quality Control published by the CLSI in M100 and that the published quality control values and
 
isolates are referenced on tѤШ !њШҀКӑѥҚ ЙҖШЌѶғ҇ѧҀҤ ӋШЙҚѧҤШ.
 

Antibacterial Interactions
 
The potential interactions between imipenem-relebactam and other agents (e.g. synergy,
 
antagonism, indifference) were not investigated by the Applicant.
 

15.6.3 Activity in Vivo (Animal Studies) 

Consistent with the in vitro studies, REL has the ability to restore the antibacterial activity of 
imipenem in vivo against isolates that are not susceptible to imipenem. In vivo models also 

suggest that REL penetrates pulmonary ELF. Several animal models of infection in neutropenic 
mice were utilized for determining the in vivo efficacy of REL co-administered with IMI. 
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In preliminary studies [Ref. 4.2.1.1: PD006MK7655], treatment followed shortly after infection 
(disseminated infection with P. aeruginosa or K. pneumoniae and intranasal infection with P. 

aeruginosa). IMI in combination with REL was also studied in a different model which the 
Applicant termed a delayed therapy model of infection with P. aeruginosa. In this model, 
treatment initiated after the infection was established. Further studies also used the organisms 
studied in the delayed-treatment pulmonary infection model [Ref. 4.2.1.1: PD040MK7655]. 

REL demonstrated the ability to restore the antibacterial activity of imipenem against some 
imipenem intermediate or resistant isolates in vivo. Isolates of P. aeruginosa and 

Enterobacteriaceae expressing beta-lactamases that contribute to imipenem resistance were 
rendered susceptible to imipenem. 

ѤШӊѧШӋШҖѥҚ �҇ѿѿШҀҤ 
As the PN013 clinical trial data was minimal for this NDA, information pertaining to the animal 
models were discussed internally at the Agency and a summary of the data was included in 

subsection 12.4 of the labeling. 

The susceptibilities (MIC range) of isolates used in the animal infection models is shown in the 

table below: 

Table 110: Animal Models of Infection Used to Test the Effect of Relebactam on the in Vivo 
Efficacy of Imipenem 

The table above shows some of the virulence factors of the isolates tested. 

ѤШӊѧШӋШҖѥҚ �҇ѿѿШҀҤ 

Two imipenem-resistant clinical strains were used in study PD006: P. aeruginosa strain CLB 
24228 had an imipenem MIC of 32 mcg/mL which is reduced to 8 mcg/mL in the presence of 4 
mcg/mL MK-7655; and K. pneumoniae strain CL 6339 expressed the KPC-2 carbapenemase­

hydrolyzing enzyme and had an imipenem MIC of 64 mcg/mL, which was reduced to 4 mcg/mL 
in the presence of 2 mcg/mL of MK-7655. That P. aeruginosa strain harbors an over-expressed 
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AmpC and lacks the OprD porin. This is described in the literature as a primary mechanism of 
resistance for imipenem in P. aeruginosa. The beta-lactamases produced by the isolates used in 

the animal models is shown in the table above. 

Studies PD006 and PD040 used sub-therapeutic doses of imipenem at 5 mg/kg. See clinical 
pharmacology section of this review for additional information. Study PD017 was an 

exploratory analysis of the relationship between in vitro and in vivo efficacy and is not 
discussed in this section of the review. 

ѤШӊѧШӋШҖѥҚ �҇ѿѿШҀҤ 
While the animal models used for determination of efficacy included lung models which are not 
as relevant for the indications of cUTI and cIAI as other animal models such as the murine 

pyelonephritis model for UTI, the animal models were useful. They provided data for proof of 
concept, evidence of the contribution of the components to the activity of the combination 
product, and some animal models were useful to clinical pharmacology to determine PK/PD 

targets and population PK models. 

Bacterial isolates used in the delayed treatment models are shown in the table below: 

Table 111: Bacterial Isolates Used in Delayed Treatment Models 

Source: This submission. 

15.6.4 Pharmacokinetics/Pharmacodynamics 

PK of REL and imipenem were studied in clinical pharmacology studies and were also 
characterized using a population PK model. The clinical pharmacology team assessed whether 
the joint PTA assessment for REL and imipenem supported the proposed dose/dose 

adjustments for IMI and REL and whether it was adequate to meet PK/PD targets and provide 
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efficacy including for imipenem-resistant bacterial strains. REL exposure-response relationship 
was investigated by simulating the bacterial kill against increasing REL doses, keeping imipenem 

constant at 500 mg every 6 hours in the background. 

PK/PD Models In Vivo 
In vivo neutropenicmice models were used by the Applicant to evaluate the PK/PD driver for 

REL. P. aeruginosa and K. pneumoniae strains were studied. Subtherapeuticdoses of imipenem 
were used (< 500 mg). The Applicant determined that AUC/MIC was the PK/PD driver for REL. 

ѤШӊѧШӋШҖѥҚ �҇ѿѿШҀҤҚ 
ѮѤШ !њШҀКӑѥҚ КѹѧҀѧКЌѹ ғѤЌҖѿЌК҇ѹ҇њӑ ҖШӊѧШӋ ҤШЌѿ ФШҤШҖѿѧҀШФ ҤѤШ !ғғѹѧКЌҀҤѥҚ PTA inadequate to 
support the breakpoints. See clinical pharmacology section for additional information on the 

!њШҀКӑѥҚ ЌҚҚШҚҚѿШҀҤ ҇ в ҤѤШ ѡѮ!Ѣ ѮѤШ !њШҀКӑѥҚ ғҖ҇ғ҇ҚШФ breakpoints are also further discussed 
in the clinical microbiology recommendations section of this review. 
This application relies on a limited clinical program. Non-clinical data and PTA simulations using 

clinical PK data were pivotal in dose selection. REL 250mg was shown to restore the activity of 
imipenem (in isolates that are not susceptible to imipenem) when combined with 500 mg 
imipenem in a hollow fiber infection model (PD031). 

15.6.5 Clinical Microbiology Analyses of Efficacy 

IMI/REL has been studied in three clinical trials, one in subjects with cIAI (PN004), one in 

subjects with cUTI (PN003) and a third clinical trial in subjects with infections caused by isolates 
that are not susceptible to imipenem (PN013). In these trials, microbiological data were 
collected from infected patients. 

Bacterial pathogens isolated from infection sites and blood samples were sent to a central 
microbiology laboratory. The central microbiology laboratory for PN003 and PN004 was 

The central 
microbiology laboratory for the PN013 study was 

(b) (4)

(b) (4)

(b) (4)

Isolates were identified to the species level using 2 methodologies: VITEK® 2 (biochemical 
testing) for identification of bacterial strains received from sites in Eurasia, and Bruker 
Biotyper® (matrix assisted laser desorption/ionization-time-of-flight [MALDI-TOF] mass 

spectrometry) (Bruker Daltronics, Bremen, Germany) for identification of bacterial strains 
received from sites in the Americas and Asia (biochemical testing was also used as a backup 
method of identification). Susceptibility testing was done by broth microdilution according to 

CLSI document M07-A10. 

(b) (4) performed QC testing with one or more QC isolates each day that 

trial isolates were tested. Testing was concurrent with the PN003 and PN004 clinical trials; 
however, QC ranges were not available for imipenem/RELat the time of the concurrent testing. 
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Nearly 100% of quality control values were within current CLSI established ranges [Ref. 5.4: 
04ZX8X]. Six (6) values were out of range using now accepted QC ranges for imipenem/REL. 

Microbiological Evaluations in Clinical Trials (PN003, PN004 and PN013) 

PN003 (cUTI) 

ѣҿЌҀҤѧҤЌҤѧӊШ ҿҖѧҀШ КҿѹҤҿҖШҚ ӋШҖШ ғШҖв҇ҖѿШФ ЌҤ ШЌКѤ ҚѧҤШѥҚ ѹ҇КЌl laboratory within 48 hours 
prior to enrollment. In order to be eligible for participation, presence of pyuria and a positive 
urine culture were required. To support evaluation of microbiological response, additional 

urine cultures were collected at subsequent trial visits; unscheduled samples were also 
collected when there was clinical or laboratory evidence of persistence or progression of 
infection, and at the time of any surgical or drainage procedure (if required). 

Two sets of blood cultures were also collected at the screening visit (within 24 hours of 
enrollment) if the subject was febrile, if the subject had a urinary indwelling catheter or stent, 
or if a blood culture was otherwise clinically indicated. Subjects with identified bacteremia 

(positive blood cultures) had blood cultures collected daily until 2 consecutive cultures 
demonstrated no growth. 

All urine and blood specimens were cultured and in vitro antimicrobial susceptibility testing, 
including susceptibility testing for carbapenems, was performed. All organisms considered to 
be etiologicpathogens by the investigator were sent to the central microbiology laboratory. 
Antimicrobial susceptibility testing was conducted using the CLSI reference BMD method. 

The most commonly isolated pathogens overall were gram-negative aerobic bacilli 
(247 pathogens in 220 subjects), with E. coli being the most commonly isolated pathogen 

(159 pathogens in 143 subjects). Other common pathogens included K. pneumoniae (34 
pathogens in 34 subjects) and P. aeruginosa (16 pathogens in 16 subjects). Additional details 
on pathogen distribution can be found in [Ref. 5.3.5.1: P003-05: Table 10-12]. The Applicant 

reported a total of 25 pathogens were not susceptible to imipenem, all of which were gram­
negative aerobic bacilli. The most commonly isolated pathogen that was not susceptible to 
imipenem was P. aeruginosa (8 pathogens [32%]). 

PN004 (cIAI) 
At screening, samples from the site of infection were collected for culture (aerobicand 
anaerobic) and susceptibility testing. Cultures from the site of infection were obtained within 

24 hours prior to trial entry for subjects enrolled intraoperatively or postoperatively. Subjects 
enrolled preoperatively were required to have cultures obtained within 24 hours following 
trial entry. 

Two sets of blood cultures were also collected at the screening visit (within 24 hours of 
enrollment). Subjects with identified bacteremia (positiveblood cultures) had blood cultures 

collected daily until 2 consecutive cultures demonstrated no growth. All intra-abdominal and 
blood specimens were cultured (aerobicand anaerobic) and in vitro antimicrobial susceptibility 
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testing, including susceptibility testing for carbapenems, was performed by the site's local 
laboratory. All organisms considered to be etiologicpathogens by the investigator were sent to 

the central microbiology laboratory. Antimicrobial susceptibility testing was conducted using 
the CLSI reference broth microdilution method. 

The most commonly isolated pathogens overall were gram-negative aerobic bacilli (337 isolates 

in 223 subjects), with E. coli being the most common (171 pathogens in 165 subjects). Other 
common pathogens included K. pneumoniae (38 pathogens in 34 subjects) and P. aeruginosa 
(37 pathogens in 37 subjects). The Applicant reported that of the 40 isolates that were not 

susceptible (intermediate or resistant) to imipenem alone, there were 33 isolates (5.3% of the 
overall number of isolates) that were not susceptible to imipenem/REL. The most commonly 
isolated pathogen that was not susceptible to imipenem as well as to imipenem/RELwas P. 

mirabilis. 

ѤШӊѧШӋШҖѥҚ �҇ѿѿШҀҤ 

The Applicant provided an explanation for the findings above as P. mirabilis is intrinsically less 
susceptible to imipenem by mechanisms independent of carbapenemase production. 

Integrated analysis of PN002, PN003 and PN013 trials 

ѤШӊѧШӋШҖѥҚ �҇ѿѿШҀҤ 

This reviewer analyzed efficacy data by pathogen and by indication (cUTI and cIAI). The cUTI 
data was pooled from PN003 and PN013 and the cIAI data was pooled from PN004 and PN013. 
Likewise, any reliance on the imipenem-cilastatin labeling was done according to indicated 

ғЌҤѤ҇њШҀѢ ѮѤѧҚ ѧҚ ѧҀ К҇ҀҤҖЌҚҤ Ҥ҇ Қ҇ѿШ ҇в ҤѤШ !ғғѹѧКЌҀҤѥҚ ЌҀЌѹӑҚ is in which data was pooled 
across indications. ѮѤШ !њШҀКӑѥҚ КѹѧҀѧКЌѹ ЌҀФ КѹѧҀѧКЌѹ ѿѧКҖ҇Йѧ҇ѹ҇њӑ ҤШЌѿ ФѧҚКҿҚҚШФ ҤѤШ ҀҿѿЙШҖ 
of bacterial isolates in the PN003, PN004, and PN013 trials for each indication, and whether 

there were sufficient numbers for inclusion in the first list of organisms. For the indication of 
cUTI, there was insufficient number of clinical isolates of (b) (4) K. aerogenes, E. cloacae 
tested in imipenem-relebactam PN003 and PN013 clinical trials. Additionally, C. freundii is 

indicated for cIAI in the imipenem-cilastatin labeling. A sufficient number of clinical isolates 
were analyzed for E. coli, K. pneumoniae, and P. aeruginosa; however, the efficacy was 50% for 
K. pneumoniae. In addition to the clinical data here and the information from in vitro studies, 
the presence of these organism for the same indication in the imipenem-cilastatin labeling will 

provide support for their inclusion in the imipenem-relebactam labeling as well. 

For the indication of cIAI, a sufficient number of clinical isolates was tested for E. coli, K. 

pneumoniae, and P. aeruginosa. For the anaerobes, a sufficient number of Bacteroides was 
provided as a group. 
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Molecular Characterization of Bacterial Isolates from Clinical Studies 
In the imipenem-relebactam clinical studies, isolates of Enterobacteriaceae and P. aeruginosa 

were characterized molecularly. For P. aeruginosa, a prominent beta-lactamase was PDC, an 
AmpC-type beta lactamase which has expanded spectrum activity toward imi penem due to 
mutations associated with the active site. 

ѤШӊѧШӋШҖѥҚ �҇ѿѿШҀҤ 
Relebactam has been described in the literature as having activity against PDC beta lactamases 
and its enzyme inactivation parameters for some PDC alleles have been described, particularly 

with respect to PDC-3. The KD is 23 +/- 3 nM for PDC-31. One publication describes the most 
frequent AmpC variant as PDC-2 with G27D, A97V , T105A and V205L amino acid substitutions1. 
Although the Applicant provided evidence that relebactam can potentiate the activity of 

imipenem for P. aeruginosa isolates (e.g. against an expanded panel of P. aeruginosa that are 
not susceptible to imipenem) that produce PDC alleles, it is also important to note that there 
can be other resistance factors present that may be responsible for elevated imipenem MIC 

besides the presence of PDC beta lactamases and other beta lactamases. 

There is a study report PD043MK7655-IHMA4374-MK7655 in which the Applicant describes 

porin gene analysis from selected isolates in the MK7655 clinical trial. Eighty-eight isolates 
including 55 P. aeruginosa were selected based on pre-established criteria for characterization. 
For P. aeruginosa the data is presented by subject ID, and information was provided on OprD 
(outer membrane porin) analysis, and beta-lactamase content. All of the P. aeruginosa isolates 

produced a PDC beta lactamase allele or plus up to three other identified beta lactamases 
including what is described as a new CTX-M variant. Other beta lactamases found in the isolates 
were from the following beta lactamase families: TEM, CTX-M, and VEB. 

Reviewer’s Comment 
(b) (4)

1 Barnes MD, BethelCR, Alsop J, Becka SA, Rutter JD, Papp-Wallace KM, Bonomo RA.
 
Inactivation of the Pseudomonas-DerivedCephalosporinase-3 (PDC-3) by Relebactam.
 
Antimicrob Agents Chemother. 2018Apr 26;62(5). pii: e02406-17. doi: 10.1128/AAC.02406-17. Print 2018 May.
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15.6.6 Interpretive Criteria 

Provisional Antimicrobial Susceptibility Testing (AST) Interpretive criteria 
Imipenem breakpoints were used as provisional AST interpretive criteria for imipenem ­
relebactam. 

Correlation of Broth MICs to Disk Zone Size 
The performance of commercially manufactured imipenem-relebactam disks was evaluated by 

performing susceptibility testing on target pathogens by broth microdilution and disk diffusion 
using concurrent inocula at a reference testing laboratory. The Applicant used MIC and disk 
correlation studies to propose different disk zone diameter values for Enterobacteriaceae and 

P. aeruginosa from that of approved Imipenem-cilastatin label, although the MIC breakpoints 
for imipenem and those proposed for imipenem-relebactam by the Applicant are the same. See 
analysis below: 

Reviewer’s Comment 
Data provided by the Applicant was displayed in scattergrams (not shown) with zone diameters 
on the x axis and MICs on the y axis. The error rate-bounded method was used to form a table 

with the total number of isolates tested and the number of minor, major, or very major 
discrepancies that were recorded for the isolates. The CLSI guidelines for acceptable 
discrepancy rates are below: 

Table 112: CLSI Guideline forAcceptable Discrepancy Rates for MIC-Disk Correlation Studies 

MIC Range Very Major Major Minor 

шI+2 <2% NA <5% 

I+1 to I-1 <10% <10% <40% 

ё I-2 NA <2% <5% 

Source: Adapted from CLSI document M23-A4. 

Reviewer’s Comment 
The aim of this analysis was to minimize discrepancy rates to best fit within CLSI guidelines. 
Minimizing error rates is important to prevent negative consequences for patients which could 

result from errors such as calling strains susceptible when they are known to be resistant. No 
scattergram analysis is shown for anaerobes as they use different methods for susceptibility 
testing (e.g. agar dilution rather than disk testing). TѤШ !ғғѹѧКЌҀҤѥҚ ғҖ҇ғ҇ҚЌѹҚ в҇Җ ФѧҚѶ ФѧввҿҚѧ҇Ҁ 

have been accepted. 
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Susceptibility test interpretive criteria for imipenem-relebactam 

The Applicant' s proposed breakpoints for imipenem-re lebactam are show in Table 113 below: 


Table 113: Applicant's Proposed Interpretive Criteria for MIC Testing with lmipenem­


Relebactam 


Table 2.5: 2 

Proposed Inte1pretive Criteria for Imipenem/Relebactam (CLSI) 


Broth Microclilution MIC Disk Diffusion Zone Ag:u- Dilution MIC 
Pathogen Jtg/mL Diameter (mm) Jlg/mL 

s I R s I R s I R 
Enterobacteriaceae :S l 2 2::4 2:25 21-24 g o NA NA NA 
P. aer11.ei11osa :S2 4 2::8 2::23 20-22 :S19 NA NA NA 
Anaerobes NA NA NA NA NA NA :S4 8 '.::16 
A. baumannii ::;2 4 2::8 ND ND ND NA NA NA 

I = inte1mediate; MIC = minimium inhibito1y concentration: NA = not applicable; ND = not detennined, broth 
rnicrodilurion/disk con-elation srudies not conducted for A. baumannii; R = resistant; S = susceptible. 

Source: [Ref. 5.4: 04ZX8X] [Ref. 5.3.5.4:PD048MK7655-IHMA3428] 

Source: This submission . 

Rev iewer's Comment 


The Applicant' s proposal for MIC breakpoints for Enterobacteriaceae, P. aeruginosa, and 

anaerobes (agar dilution) matched the breakpoints accepted by FDA and by CLSI for imipenem, 

however, for Enterobacteriaceae and P. aeruginosa, the disk criteria were different. (bH4> 


CbH41 See clinical microbiology 
(b) (41summary and recommendations for detai ls. 

(b)(4) 

The evidence of efficacy in the cl in ical tria ls and joint PTA assessment provide support to 

maintain existing imipenem broth microdilution breakpoints for IMl/REL. In addition, disk 

potency and broth microdi lution correlation studies supported the use of 10/ 25 IMl/REL Kirby­
Bauer disk for testing, which resulted in zone diameters that differentiate susceptible and 
resistant bacterial isolates. 

The Applicant proposes to inst itute new breakpoints for Ki rby -Bauer disk diffusion, employing a 
disk mass of 10 mcg imipenem and 25 mcg REL, based on analysis of the broth microdi lution 

disk zone diameter correlation employing clinical and challenge isolates. The proposed disk 
mass of imipenem and relebactam is acceptable because it gave the best reproducibility. 

Rev iewer's Comment 
The Agency's clinical pharmacology review team found their PK-PDtarget attainment ana lysis 
to be supportive of the breakpoints proposed by the Applicant for imipenem-relebactam. 
Additiona lly, the Agency' s proposed breakpoints were most heav ily based on the clinical 

microbiology in vitro data and re liance on the imipenem-cilastatin labe l ing as the clinical data 
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for the PN003, PN004 and PN013 trials was very limited. The favorable clinical responses shown 
by pathogen during imipenem-relebactam clinical trials are shown in the clinical section of the 

review. 

15.6.7 Final Clinical Microbiology Recommendations 

From a clinical microbiology perspective, the information provided by the Applicant supports 
the efficacy of imipenem relebactam for the treatment of susceptible bacteria for the 
indications of cUTI and cIAI. TѤШ в҇ѹѹ҇ӋѧҀњ ѧҚ Ќ ҚҿѿѿЌҖӑ ҇в ҤѤШ !њШҀКӑѥҚ ғҖ҇ғ҇ҚШФ КѹѧҀѧКЌѹ 

microbiology labeling changes and rationale: 

•	 Subsection 12.4 has been updated in accordance with the FDA documents titled, 
ѨюѧКҖ҇Йѧ҇ѹ҇њӑ DЌҤЌ в҇Җ ѨӑҚҤШѿѧК!ҀҤѧЙЌКҤШҖѧЌѹ DҖҿњҚ-Development, Analysis, and 
ѡҖШҚШҀҤЌҤѧ҇Ҁѡ GҿѧФЌҀКШ в҇Җ ΈҀФҿҚҤҖӑѩ ЌҀФ ѨѨӑҚҤШѿѧК!ҀҤѧЙЌКҤШҖѧЌѹ ЌҀФ !ҀҤѧвҿҀњЌѹ DҖҿњҚѡ 

Susceptibility Test Interpretive Criteria Labeling for NDAs and ANDAs: Guidance for 
ΈҀФҿҚҤҖӑѩѢ 

•	 Quality Control ranges used for susceptibility testing have been accepted by the Clinical 
and Laboratory Standards Institute (CLSI) and are recommended here as published in 

the current CLSI document M100. 

• 

Only well-supported and scientifically factual statements 

(b) (4)

were recommended regarding these resistance factors. 

•	 The first and second lists of organisms were edited according to relevance to the 

indication, and to meet the guidelines stated in the clinical microbiology guidance 
document. The following changes were recommended: 

(b) (4)

o Gram-positive bacteria and anaerobes were included in the second list through 
reliance on approved IMI labeling and recent MIC data. (b) (4)

(b) (4)
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(b) (41 

• 	 The Agency's breakpoint decisions for the organism groups l isted be low were based on 
t he cl inical microbio logy in vit ro dat a, PK/ PD data, and support from t he im ipenem­
ci last atin approval for t he same pathogens for each indication. 

• 	 The Agency's proposed breakpoints are shown in t he table be low . The Applicant' s 
proposal for breakpointsfor Enterobacteriaceae, P. aeruginosa and anaerobes was 
accept ed. CbH4l 

(6)(4} 

CbH4>H is 
--~~~~~~~~~~~~~~~~~~~~~~~~~~--

recommended that a foot not e be incl uded to indicate which pathogens w it hin t he 
Enterobact eriaceae and anaerobes were tested. It is also recommended t hat the table 

reflect the use of 4 mcg/ mL relebactam for MIC susceptibili ty t est ing as w ith other 
approved beta- lactam, bet a- lactamase inhibit or combination products. As internal 

discussions w ithin t he Agency are ongoing, t hese may not represent t he final 

breakpoints. 

Table 114: Susceptibility Interpretive Criteria for lmipenem -Relebactam 

M inimmn Inhibitory 
Concentrations 

(mcg/mL) 

Disk Diffus ion 
(zone diamete r in mm) 

PathoKen s I R s I R 

Enterobacteriaceae a :51/ 4 2/ 4 ~4/4 ~25 21-24 :520 

Pseudomonas 
a e ruginosa :52/ 4 4 / 4 ~8/4 ~23 20-22 :519 

Ana erobes b,c :54/ 4 8 / 4 ~16/4 - - -
S = Susceptible; I= Intermediate; R = Resistant 

For diskdiffusion, usepaperdisks impregnated with imipenem/ relebactamat a concentration oho/ 25 
mcg/ mL 
a Klebsie//a aerogenes, Enterobactercloacae, Escherichia coli, Klebsielfa pneumoniae, Citrobacterfreundii, Klebsiel/a 


oxytoca. 


b Bacteroides caccae, Bacteroides fragilis, Bacteroides ovatus, Bacteroides stercoris, Bacteroides thetaiotaomicron, 


Fusobacterium nuc/eatum, Parabacteroides distasonis. 


c Aga r di I ution method 

Source: Reviewer's Table. 
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	1 Executive Summary 
	1 Executive Summary 
	[Do not insert text here]. 
	1.1 Product Introduction 
	1.1 Product Introduction 
	Imipenem/cilastatin/relebactam (IMI/REL) for injection for intravenous use is a fixed dose combination (FDC) of imipenem/cilastatin with relebactam. Imipenem/cilastatin (IMI) is a combination of imipenem, a carbapenem antibacterial drug, and cilastatin, a renal dehydropeptidaseinhibitor that limitstherenalmetabolism ofimipenem. Imipenem was approved in the US in 1985 and is approved for several indications including urinary tract infections and intra-abdominal infections. 
	Relebactam is a new non-Ѿ-lactam Ѿ-lactamase inhibitor. Relebactam alone does not have antibacterial activity; it prevents degradation of IMI by some Class A and some Class C Ѿ­lactamases. Relebactam has no activity against the Class B metallo-Ѿ-ѹЌКҤЌѿЌҚШҚ҇Җ.ѹЌҚҚD Ѿ­lactamases. Thereis no pharmacokinetic interaction betweenimipenem andrelebactam. The proposed indications for IMI/REL are complicated urinary tract infections (cUTI) including pyelonephritis, and complicated intrabdominal infections (cIAI) caus

	1.2 Conclusions on the Substantial Evidence of Effectiveness 
	1.2 Conclusions on the Substantial Evidence of Effectiveness 
	The Applicant has providedadequateinformationtosupport the effectivenessofIMI/REL for the treatment of cIAI and cUTI in patients with limited or no treatment options. The substantial evidence of effectiveness of IMI/REL relies in part on ҤѤШ FD!ѥҚ previous findings of efficacy for IMI in the treatment of cUTI and cIAI, limited clinical data from studies PN003 (cUTI), PN004 (cIAI), and PN013, and data from in vitro studies and from animal models of infection demonstrating that relebactam restores the activit
	IMI/REL is a combination product and the contribution of the components was required to be assessed per 21 CFR 300.50. As the components of the combination cannot be studied as monotherapy in the clinical condition of interest, contribution of the components was assessed in vitro andinanimalmodelsof infectionasoutlinedinthe guidanceon co-development oftwo ormoreinvestigationaldrugsforuseincombination. Theevaluationofthecontributionof relebactam to the combination relies on findings from in vitro microbiolog
	IMI/REL was studied in two trials, one in cUTI (trial PN003) and another in cIAI (trial PN004), where it was compared with imipenem alone. These trials did not specify enrollment of patientswith infection dueto imipenem nonsusceptibleorganisms only,thus the contribution ofrelebactam couldnot beevaluatedinthesetrials. IMI/REL was alsostudiedina trial that enrolled patients with any of the following infections: hospital-acquired bacterial pneumonia/ ventilator-associated bacterial pneumonia (HABP/VABP), cIAI,
	Efficacy conclusions from the cIAI and cUTI trials were limited because IMI/REL was compared with IMI alone in treating infections caused by imipenem-susceptible pathogens; the contribution of REL to the combination could not be evaluated. Additionally, the analysis population considered (i.e., microbiologically-evaluable rather than microbiological intention-to-treat population), timing of the endpoints, the definition of the endpoints for the cUTI study , and choice of noninferiority (NI) margin limit the
	(see Section 7.3)

	Results from trial PN013 in patients with infections due to IMI nonsusceptible organisms are difficult to interpret. This was a very small trial that was designed as a descriptive trial with no pre-specified plans for hypothesis testing. The point estimates for the clinical response rates in the IMI/REL andthe comparator arm (colistin)were similar,andthe point estimatesforthe overallmortalityrateswerelowerintheIMI/REL arm comparedtothecolistinarm.However, these results are difficult to interpret, given the 

	1.3 Benefit-Risk Assessment 
	1.3 Benefit-Risk Assessment 
	Benefit-RiskSummary and Assessment 
	Benefit-RiskSummary and Assessment 

	In NDA 212819, the Applicant is seeking approval of IMI/REL (RECARBRIO) for the treatment of cUTI including pyelonephritis, and cIAI in patients 18 years or older with limited or no treatment options. 
	IMI/REL is a fixed dose combination of IMI with relebactam. IMI was approved in the US in 1985 and is approved for several indications including urinary tract infections and intra-abdominal infections. Relebactam is a non-Ѿ-lactam Ѿ-lactamase inhibitor that prevents degradation of imipenem by some Class A and some Class C Ѿ-lactamases. Relebactam has no intrinsic antibacterial activity and there is no pharmacokinetic interaction between IMI and relebactam. 
	Efficacy evaluation for IMI/REL relies in part ҇Ҁ ҤѤШ FD!ѥҚ ғҖШӊѧ҇ҿҚ вѧҀФѧҀњҚ ҇в ШввѧКЌКӑ ҇в imipenem in the treatment of cUTI and cIAI. The contribution of relebactam to the combination is supported by in vitro and nonclinical studies demonstrating that relebactam restores activity of imipenem against imipenem-nonsusceptible gram-negative organisms expressing some Class A and some Class C Ѿ-lactamases. Limited clinical data were provided from studies PN003 (cUTI), PN004 (cIAI), and PN013. The cUTI and cIAI
	No new specific safety concerns related to relebactam or to IMI/REL as compared with IMI alone were identified in nonclinical studies or in the clinical trials. In the IMI/REL clinical program, 673 subjects were exposed to any dose of IMI/REL and 304 subjects received the proposed dose of IMI/REL. While the safety database is limited, it is considered adequate for the proposed limited use indications, particularly given the knownsafetyprofileofIMI andthe lackof anyspecificsafetysignalsidentifiedwithrelebact
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	for the treatment ofcUTI including pyelonephritis, and clAI in adults with limited or no treatment options. The safety findings observed in the trials in subjects who received the proposed dose and duration of RECARBRIO will be described in the labeling. Postmarketing requirements include pediatric studies under the Pediatric Research and Equity Act (PREA) and a microbiologysurveillance studyto monitor for development of resistance to IMl/ REL. 
	Dimension Evidence and Uncertainties • Complicated urinary tract infections (cUTI) are defined as UTls with additional compromising factors such as abnormalitiesof the urinary tract or host defense systems. Pyelonephritis is considered a subset of cUTI regardless ofthe presence of underlyingabnormalities ofthe urinary tract. The majority of cUTI is caused by Gram-negative pathogens ofthe family Enterobacteriaceae . • Complicated intra-abdominal infections (clAI), defi ned as infections spreading beyond the 
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	Dimension 
	Dimension 
	Dimension 
	Evidence and Uncertainties 
	Conclusions and Reasons 

	• Antibacterial drugs approved for treatment of cUTI include extended­spectrum penicillins, cephalosporins, ~l actam/~l actamase inhibitor combinations, fluoroquinolones, carbapenems, monobactams, aminoglycosides, tetracyclines and sulfonamides. • Antibacterial drugs approved for treatment of clAI include extended­spectrum penicillins, cephalosporins, ~l actam/~l actamase inhibitor combinations, fluoroquinolones, carbapenems, monobactams, aminoglycosides, tetracyclines, glycylcycl ines, cl indamycin and met
	• Antibacterial drugs approved for treatment of cUTI include extended­spectrum penicillins, cephalosporins, ~l actam/~l actamase inhibitor combinations, fluoroquinolones, carbapenems, monobactams, aminoglycosides, tetracyclines and sulfonamides. • Antibacterial drugs approved for treatment of clAI include extended­spectrum penicillins, cephalosporins, ~l actam/~l actamase inhibitor combinations, fluoroquinolones, carbapenems, monobactams, aminoglycosides, tetracyclines, glycylcycl ines, cl indamycin and met
	-
	-
	-
	-

	There are several classes of antibacterial drugs approved for the treatment of cUTI and clAI . Some recently approved antibacterial drugs may provide options for treatment of infections caused by resistant Gram-negative pathogens. There remains, however, a need for additional options for the treatment of infections, includingclAI and cUTI, caused by CRE. 

	• Efficacy evaluation for I Ml/REL relies in part on the FDA' s previous findings ofefficacy of IMI in the treatment of cUTI and clAI and the Iimited efficacy data from the clAI and cUTI trials. In both these trials, IMl/ REL was compared with IMI alone (regardless of imipenem susceptibility) so the contribution of REL could not be evaluated. •The contribution of relebactam to the combination is demonstrated by in vitro and noncl inical studies demonstrating that relebactam restores activity of imipenem aga
	• Efficacy evaluation for I Ml/REL relies in part on the FDA' s previous findings ofefficacy of IMI in the treatment of cUTI and clAI and the Iimited efficacy data from the clAI and cUTI trials. In both these trials, IMl/ REL was compared with IMI alone (regardless of imipenem susceptibility) so the contribution of REL could not be evaluated. •The contribution of relebactam to the combination is demonstrated by in vitro and noncl inical studies demonstrating that relebactam restores activity of imipenem aga
	-

	The efficacy of imipenem/ relebactam in the treatment of cUTI and clAI is supported in part by the Agency's prior findings ofefficacy of imipenem in the treatment of these infections. The contribution of relebactam to the combination is demonstrated by in vitro and noncli nical studies. 
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	Dimension 
	Dimension 
	Dimension 
	Evidence and Uncertainties 
	Conclusions and Reasons 

	lactamases. 
	lactamases. 

	•No newspecific safety concerns were seen with relebactam alone or IMl/ REL. No serious risks related to I Ml/REL that would necessitate specific risk management strategies have been identified. 
	•No newspecific safety concerns were seen with relebactam alone or IMl/ REL. No serious risks related to I Ml/REL that would necessitate specific risk management strategies have been identified. 
	Labeling and routine pharmacovigilance wi ll be adequate to communicate and monitor safety concerns with IMl/REL at this time. 
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	1.4 Patient Experience Data 
	1.4 Patient Experience Data 
	Patient Experience Data Relevant to this Application (check all that apply) 
	□ 
	□ 
	□ 
	The patient experience data that were submitted as part of the application include: 
	Section of reviewwhere discussed, if applicable 

	TR
	□ 
	Clinical outcome assessment (COA) data, such as 

	TR
	□ 
	Patient reported outcome (PRO) 

	TR
	□ 
	Observer reported outcome (ObsRO) 

	TR
	□x 
	Clinician reported outcome (ClinRO) 
	Section 7.3 discusses relevant endpoints including clinician ascertained clinical response 

	TR
	□ 
	Performance outcome (PerfO) 

	TR
	□ 
	Qualitative studies (e.g., individual patient/caregiver interviews, focus group interviews, expert interviews, Delphi Panel, etc.) 

	TR
	□ 
	Patient-focused drug development or other stakeholder meeting summary reports 

	TR
	□ 
	Observational survey studies designed to capture patient experience data 

	TR
	□ 
	Natural history studies 

	TR
	□ 
	Patient preference studies (e.g., submitted studies or scientific publications) 

	TR
	□ 
	Other: (Please specify): 

	□ 
	□ 
	Patient experience data that were not submitted in the application, but were considered in this review: 

	TR
	□ 
	Input informed from participation in meetings with patient stakeholders 

	TR
	□ 
	Patient-focused drug development or other stakeholder meeting summary reports 

	TR
	□ 
	Observational survey studies designed to capture patient experience data 

	TR
	□ 
	Other: (Please specify): 

	□ 
	□ 
	Patient experience data was not submitted as part of this application. 
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	2 Therapeutic Context 
	2 Therapeutic Context 
	2.1 Analysis of Condition 
	2.1 Analysis of Condition 
	Rising antimicrobial resistance, particularly among gram-negative organisms, is a worldwide threat topublichealth. Complicatedurinarytract infections are definedasUTIswith additional compromising factors such as abnormalities of the urinary tract or host defense systems and are most frequently caused by Gram-negative pathogens.Prevalence of cUTI in the United Statesisestimated atapproximately24.2per1000 hospitaldischarges,accountsfor10.5 millionofficevisits, 2-3millionemergencyroom visitsannually andupto38%
	1 
	1-2
	3
	3-5

	Multidrug resistance in cUTI and cIAI infections, particularly carbapenem resistance, has capturedglobal concern.Carbapenemsare oftenthe last resort antibacterialdrugs forserious infectionscausedbymultidrugresistant(MDR) gram-negativeorganisms. Theincreasing resistance to these last resort antibacterial drugs has prompted the World Health Organization (WHO) topublisha list of prioritypathogensforresearchanddevelopment ofnew antibacterials.Criticalpriority pathogenscited includecarbapenem-resistant Acinetoba
	6
	7-8 

	Carbapenem resistance can occur via carbapenemase producing (CP) or non-carbapenemase producing (non-CP) mechanisms. Non-CP carbapenem-resistant organisms (CRO) use other mechanisms of resistance including porin mutations, efflux pumps or a combination of these along with the production of ESBLs and AmpC Ѿ-lactamases. CP-producing CRO are of concern as they are the primary drivers of carbapenem resistance among gram-negative organisms globally and often associated witha high mortality.Carbapenemasesare aspe
	Carbapenem resistance can occur via carbapenemase producing (CP) or non-carbapenemase producing (non-CP) mechanisms. Non-CP carbapenem-resistant organisms (CRO) use other mechanisms of resistance including porin mutations, efflux pumps or a combination of these along with the production of ESBLs and AmpC Ѿ-lactamases. CP-producing CRO are of concern as they are the primary drivers of carbapenem resistance among gram-negative organisms globally and often associated witha high mortality.Carbapenemasesare aspe
	9-10

	borne metallo-beta-lactamase (VIM) and imipenemase (IMP) types), while Ambler Class D includes the OXA enzymes.The most common mechanism of carbapenem resistance in Pseudomonas aeruginosa are oprD porin mutations, rather than carbapenemases, though carbapenemases especially MBLs can also play a role in carbapenem resistance in this There is also evidence that Pseudomonas-derived cephalosporinases (PDCs), the major inducible AmpC cephalosporinases in P. aeruginosa, exhibit a low-level hydrolysis of carbapene
	11-12 
	organism.
	13 
	em whencombinedwithlossofpermeability.
	13 


	Theseorganismsare capable of causinga numberof infections,includingthetypesof infections represented in the studies submitted in support of NDA 212819. Antibacterial drugs with gram-negative activity that were recently approved by the FDA include omadacycline (2018), plazomicin (2018), eravacycline(2018), meropenem-vaborbactam (2017), ceftazidime­avibactam (2015) andceftolozane-tazobactam (2014).Oftheserecent approvals,four (plazomicin, meropenem-vaborbactam, ceftazidime-avibactam, and ceftolozane-tazobacta
	cussedin furtherdetailin Section 2.2. 


	2.2 Analysis of Current Treatment Options 
	2.2 Analysis of Current Treatment Options 
	cIAI 
	Current classes of antibiotics that are available as treatment options for the proposed indications of cIAI for IMI/REL include extended-spectrum penicillins, cephalosporins, м­ѹЌКҤЌѿѶѾ-lactamase inhibitor combinations, fluoroquinolones, carbapenems, monobactams, aminoglycosides, glycylcyclines, and tetracyclines. Additionally, clindamycin and metronidazole are alsospecificantibioticsthat are used,especially lists some of the currently available treatment options for cIAI by antibacterial class. Treatment o
	forcoverageof anaerobicorganisms. Table 
	1 

	Table 1. Examples of Currently Available Treatment Options for cIAI by Antibacterial Class 
	Generic name 
	Generic name 
	Generic name 
	Trade name 

	Cephalosporins 
	Cephalosporins 

	Cefepime 
	Cefepime 
	Maxipime 
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	Β-lactam/β-lactamase Inhibitor Combinations 
	Β-lactam/β-lactamase Inhibitor Combinations 
	Β-lactam/β-lactamase Inhibitor Combinations 

	Ceftolozane-tazobactam 
	Ceftolozane-tazobactam 
	Zerbaxa 

	Ceftazidime-avibactam 
	Ceftazidime-avibactam 
	Avycaz 

	Fluoroquinolones 
	Fluoroquinolones 

	Ciprofloxacin 
	Ciprofloxacin 
	Cipro 

	Moxifloxacin 
	Moxifloxacin 
	Avelox 

	Carbapenems 
	Carbapenems 

	Imipenem-cilastatin 
	Imipenem-cilastatin 
	Primaxin 

	Meropenem 
	Meropenem 
	Merrem 

	Ertapenem 
	Ertapenem 
	Invanz 


	*Not a comprehensive list of available treatment options 
	cUTI 
	Current classes of antibiotics that are available as treatment options for the proposed indicationsof cIAIforIMI/REL includeextended-ҚғШКҤҖҿѿ ғШҀѧКѧѹѹѧҀҚџ КШғѤЌѹ҇Қғ҇ҖѧҀҚџ м­ѹЌКҤЌѿѶѾ-lactamase inhibitor combinations,fluoroquinolones,carbapenems,monobactams, aminoglycosides, polymyxins, and sulfa drugs. lists some of the currently available treatment options for cUTI by antibacterial class. Recently approved antibacterial drugs for treatment of cUTI include plazomicin (2018), meropenem-vaborbactam (2017), cef
	Table 2 
	14-15 
	cussedin Table 3 

	Table 2. Currently Available Treatment Options for cUTI by Antibacterial Class 
	Generic name 
	Generic name 
	Generic name 
	Trade name 

	Cephalosporins (parenteral 2nd, 3rd, and 4th generation) 
	Cephalosporins (parenteral 2nd, 3rd, and 4th generation) 


	30 
	Version date: October 12, 2018 
	Ceftriaxone 
	Ceftriaxone 
	Ceftriaxone 
	Rocephin 

	Cefepime 
	Cefepime 
	Maxipime 

	Fluoroquinolones 
	Fluoroquinolones 

	Levofloxacin 
	Levofloxacin 
	Levaquin 

	Carbapenems 
	Carbapenems 

	Imipenem-cilastatin 
	Imipenem-cilastatin 
	Primaxin 

	Ertapenem 
	Ertapenem 
	Invanz 

	Monobactams 
	Monobactams 

	Aztreonam 
	Aztreonam 
	Azactam 

	Aminoglycosides 
	Aminoglycosides 

	Plazomicin 
	Plazomicin 
	Zemdri 

	Sulfa 
	Sulfa 

	Trimethoprim-Sulfamethoxazole 
	Trimethoprim-Sulfamethoxazole 
	Bactrim 


	*Not a comprehensive list of available treatment options 
	lists examples of recently approved Ѿ-lactam/Ѿ-lactamase inhibitor combinations for treatment of cUTI, cIAI, or both. 
	Table 3 

	Table 3. Examples of Recently Approved β-lactam/β-lactamase Inhibitor Combinations 
	Generic name 
	Generic name 
	Generic name 
	Trade name 
	Approval Year 
	Relevant Indications 

	Ceftolozane­tazobactam 
	Ceftolozane­tazobactam 
	Zerbaxa 
	2014 
	cIAI and cUTI 

	Ceftazidime-avibactam 
	Ceftazidime-avibactam 
	Avycaz 
	2015 
	cIAI and cUTI 

	Meropenem­vaborbactam 
	Meropenem­vaborbactam 
	Vabomere 
	2017 
	cUTI 




	3 Regulatory Background. 
	3 Regulatory Background. 
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	3.1 U.S. Regulatory Actions and Marketing History 
	3.1 U.S. Regulatory Actions and Marketing History 
	IMI/REL is not marketed in the United States. 

	3.2 Summary of Presubmission/Submission Regulatory Activity 
	3.2 Summary of Presubmission/Submission Regulatory Activity 
	The investigationalnewdrugapplication(IND)wassubmittedonSeptember13, 2010. Since then,the FDAhas hadseveralpre-submissiondiscussionswiththeApplicant,whichare summarized below. Fast Track and Qualified Infectious Disease Products (QIDP) designation for relebactam (MK-7655) was granted on September13, 2013. 
	Table 4. Presubmission/Submission Regulatory History 
	Date 
	Date 
	Date 
	Interaction/Key Discussion Points 

	13 September 2010 
	13 September 2010 
	IND 108754 filed for MK-7655 for the treatment of bacterial infections 

	15 September 2011 
	15 September 2011 
	End of Phase 1 (Type B) Meeting/Agreement on completed and ongoing Phase 1 studies to support planned Phase 2 studies with close follow up for safety signals including hepatic and renal toxicity. 

	13 September 2013 
	13 September 2013 
	Fast Track and Qualified Infectious Disease Products (QIDP) Designation for MK-7655 granted 

	5 December 2013 
	5 December 2013 
	Type C Meeting/Clinical development meeting to gain feedback on acceptability of proposed clinical development program. 

	9 April 2014 
	9 April 2014 
	FDA written responses to proposed Phase 3 trial 

	27 June 2014 
	27 June 2014 
	FDA written responses to 30 May 2014 correspondence from the Applicant regarding two different proposed approaches for Phase 3 clinical development 

	20 April 2015 
	20 April 2015 
	End of Phase 2 (EOP2) Ѿ Type B Meeting 

	17 June 2015 
	17 June 2015 
	Initial Pediatric Study Plan (iPSP) submitted 

	20 August 2015 
	20 August 2015 
	EOP2 CMC Meeting 

	15 May 2017 
	15 May 2017 
	Type C Meeting/Clinical meeting to discuss PN013 cIAI cohort, proposed safety database 

	21 May 2018 
	21 May 2018 
	FDA Conditional Acceptance of Proprietary Name 

	3 April 2018 
	3 April 2018 
	Pre-NDA Meeting Clinical/Nonclinical 

	11 June 2018 
	11 June 2018 
	Pre-NDA Meeting Ѿ CMC 

	16 November 2018 
	16 November 2018 
	NDA is submitted 




	4 Significant Issues from Other Review Disciplines Pertinent to Clinical Conclusions on Efficacy and Safety 
	4 Significant Issues from Other Review Disciplines Pertinent to Clinical Conclusions on Efficacy and Safety 
	[Do not insert text here] 
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	4.1 Office of Scientific Investigations (OSI) 
	4.1 Office of Scientific Investigations (OSI) 
	Sevensiteswereselectedforclinicalinspectionaspart of PDUFA pre -approvalclinical investigation and data validation. The clinical sites for inspection were chosen using the Clinical InvestigatorSiteSelectionTool.TwositeswerechosenforProtocol003 andProtocol013. Three sites were chosen for Protocol 004 including one in site in the United States. At the time of review completion, the final regulatory compliance classification for five of the seven sites is no action indicated (NAI). The preliminary regulatory c
	The site that received the VAI compliance classification was based on randomization of subjects who met one or more of the exclusion criteria. One instance was reported as a protocol deviation and the other instance was not. There were also concomitant medicati ons and adverseeventsomittedfrom eCRFs (two subjectsfor each omission). 
	Overall, the inspections revealed adequate adherence to the regulations and the investigational plan apart from the details noted. There were no Form FDA 483 (Inspectional Observations) issued. The study data derived from these clinical sites, based on the inspections, are consideredreliableinsupport of the proposedindications. 

	4.2 Product Quality 
	4.2 Product Quality 
	This NDA provides for a single strength of a fixed dose combination of cilastatin, imipenem,andrelebactam (500/500/250 mg)asa sterilepowderforinjectionpresented in a single-dose vial. The only excipient in this product is sodium bicarbonate, which functions as a buffer. NDA 212819 references NDA 50587 (Primaxin) for the supporting CMC informationof bothcilastatinandimipenem.ThesupportingCMC informationforthe NME relebactam was submitted to the NDA. The manufacturing process for the drug product 
	employs 
	The NDA, as amended, has provided adequate CMC information to assure the identity, strength, purity, and quality of the proposed drug product. All information requests and review issues have been addressed and there are no pending approvability issues. The manufacturing and testing facilities for thѧҚ яD! ЌҖШ ФШШѿШФ ЌККШғҤЌЙѹШ ЌҀФ ЌҀ ҇ӊШҖЌѹѹ Ѩ!ғғҖ҇ӊШѩ recommendation was entered into Panorama by the Office of Process and Facilities (OPF) on April 15, 2019. Therefore, this NDA is recommended for approval by t
	Novel Excipients: No novel excipients are used for the drug substances or the drug product. The only excipient is sodium bicarbonate 
	Comments on Impurities/Degradants of Concern 
	Drug Substance Impurities: The specifications forthe drugsubstance impuritiesinrelebactam are all below the levels qualified in nonclinical toxicology studies. The specifications for the imipenem/cilastatin drug substance impurities are considered qualified by more than 30 years of clinical use of PRIMAXIN®. 
	Drug Product Degradants: The specificationforthe 
	relebactam drug product degradant, 
	Figure

	Figure
	is below the level qualified in a nonclinical toxicology study 
	conducted for the current NDA application. The specifications for the imipenem/cilastatin drug product degradants are considered qualified by more than 30 years of clinical use of 
	PRIMAXIN®. Also, the specifications 
	of theimipenem/cilastatindrugproduct 
	Figure

	degradants are below the levels qualified in a nonclinical toxicology study conducted for the current NDA application. 
	Residual Solvents: 
	residual solvents are controlled in the drug substance specification, 
	Figure

	Figure
	The acceptance criteria for 
	solvents are at the limits 
	Figure

	specified in the ICH Q3C (R6) Guidance. 
	Elemental Impurities: Analysis of four batches manufactured were less than 30% of the permitted daily exposure identified in the ICH Q3D Guidance. Based on the consistent process experience, and the quality risk assessment, additional testing for elemental impurities is not considered necessary for release of commercial drug substance. 
	Potential Mutagenic Impurities for Relebactam: Evaluation and control of potential mutagenic 
	impurities was conducted according to the guidelines in ICH M7. Impurities identified were evaluated for potential formation of mutagenic impurities. The assessment included 
	in-silico analyses conducted for structural alerts followed by Ames testing and/or fate and purge risk assessment where appropriate. (Q)SAR assessment was performed using two complementary in silico models,expert rule-basedmodelandstatistical model (DEREKNexus, 
	Sarah Nexus, and/or CaseUltra). 
	Figure

	4.3 Clinical Microbiology 
	4.3 Clinical Microbiology 
	Since relebactam by itself does not exhibit antibacterial activity, the review evaluated the contribution of relebactam to IMI/REL. Evidence to support the contribution of REL was primarily from invitrosurveillancestudiesofpathogensrelatedtothe proposedindication sof cUTI and cIAI, in vivo animal models of infection, and from the limited clinical trial information. 
	Althoughthe clinicaldatawere limitedforthisapplication,theredoesappearto be a contribution of relebactam to antibacterial activity of IMI/REL, especially against Enterobacteriaceae that expresstheserinecarbapenemasesKPC-2and -3.From aclinical microbiologyperspective,approvalofthisproduct isrecommended,basedonthe evidence stated above and discussed below. Additional support is provided through assessments by the clinical pharmacology team as well as information on the antibacterial activity of IMI against th
	Summary of Evidence of the Contribution of Relebactam to the Antibacterial Activity of Imipenem-relebactam: 
	Activity in Vitro 
	Activity in Vitro 

	Imipenem and IMI/REL were tested for in vitro antibacterial activity against a subset of gram-negative organisms associated with the cUTI and cIAI indications. 
	For 1729 US isolates of P. aeruginosa, the MIC90 was reduced from 16 mcg/mL to 2 mcg/mL in the presence of REL. REL did not affect the activity of imipenem against anaerobes for the majority of anaerobes tested and therefore anaerobes are not discussed in this summary. 
	ѮѤШ ѧѿѧғШҀШѿ юΈ.ӿӶ в҇Җ ӻӸӹӻ ѲѨ ѧҚ҇ѹЌҤШҚ ҇в EҀҤШҖ҇ЙЌКҤШҖѧЌКШЌШ ӋЌҚ ёӶѢӻ ѿКњѶѿш ЌҀФ ҤѤШ 
	MIC90 for IMI/REL was 0.25 mcg/mL. The MIC90 for ESBL Enterobacteriaceae for imipenem was ёӶѢӻ ѿКњѶѿш ЌҀФ ӋЌҚ ӶѢӸӻ ѿКњѶѿш ӋѧҤѤ ҤѤШ ЌФФѧҤѧ҇Ҁ ҇в REL. The evidence for the contribution of REL was apparent among Enterobacteriaceae isolates that produced Klebsiella pneumoniae Carbapenemases(KPCs).The imipenem MIC90 forKPC-ғҖ҇ФҿКѧҀњ EҀҤШҖ҇ЙЌКҤШҖѧЌКШЌШ ӋЌҚ шӹӸ mcg/mL and was reduced to 1 mcg/mL with the addition of REL. For AmpC beta-lactamase, the MIC for imipenem was 4 mcg/mL and reduced to 0.25 mcg/mL with the 
	Evidence for the contribution of REL to in vitro activity of IMI/REL was also shown for some bacterial isolates in a hollow fiber infection model. The data indicated that REL administered at 
	Evidence for the contribution of REL to in vitro activity of IMI/REL was also shown for some bacterial isolates in a hollow fiber infection model. The data indicated that REL administered at 
	250mg in combination with 500 mg imipenem, restored the antibacterial activity of imipenem among isolates that were not susceptible to imipenem (intermediate or resistant isolates). Results showed a greater than 4-log10 colony forming unit (CFU) reduction with no regrowth for up to 70 hours for the strain of P. aeruginosa, CLB 24227 (that had an imipenem MIC of 16 mcg/mL and an MIC in the presence of 4 mcg/mL of relebactam of 2 mcg/mL). A log10 CFU reduction was also demonstrated for Enterobacteriaceae stra

	Severalanimalmodelsofinfectioninneutropenicmice wereutilizedfordeterminingtheinvivo activity of REL co-administered with IMI. 
	Activity in Vivo 

	The in vivo data demonstrated the ability of relebactam to restore the antibacterial activity of imipenem against some P. aeruginosa and Enterobacteriaceae clinical isolates that were not susceptible to imipenem. Some of these isolates expressed beta-lactamases including AmpC enzymes.Asummaryof the typeof animal modelsandthe beta-lactamasesproducedby the organisms are described in the table below. 
	Table 5: Animal Models of Infection Used to Test the Effect of Relebactam on the in Vivo Efficacy of Imipenem 
	Figure
	Animal Model 
	Animal Model 
	Animal Model 
	Clinical Isolates (N) 
	Beta­lactamase 
	Pathogen 
	MIC Imipenem (mcg/mL) 
	MIC Imipenem/REL (mcg/mL) 

	Murine Delayed Lung 
	Murine Delayed Lung 
	10 
	PDC 1, 3, 5, 8, 16, 35, 36 
	P. aeruginosa 
	16-64 
	4-16 

	Murine Delayed Lung 
	Murine Delayed Lung 
	2 
	KPC-2, KPC­3 
	K. pneumoniae 
	64 
	0.25-0.05 

	Murine Thigh 
	Murine Thigh 
	5 
	PDC 5, 8, 16, 19, 35 
	P. aeruginosa 
	16-64 
	ё1-1 

	Murine Thigh 
	Murine Thigh 
	2 
	KPC-2, KPC­3 
	K. pneumoniae 
	2-64 
	2-16 


	In the animal models of infection, a reduction in total log10 CFU of the bacterial isolates tested was demonstrated in comparing imipenem versus IMI/REL. As different doses of REL were tested,therewasa change inthe log10 CFUwhichindicateda trendtowards adose-dependent effect in the presence of REL. For example, the contribution of REL was shown in the disseminated model of infection with imipenem-resistant P. aeruginosa PATOLA 01-08, where there was a change in log10 CFU in the presence of 5 mg/kg imipenem 
	the addition of REL (40 mg/kg) and a change in loglO CFU of -1.72 with 10 mg/kg REL. Enhanced in vivo efficacy over imipenem alone in the presence of REL was also seen in the pulmonary infection model with i mi penem-resistant P. aeruginosa isolates PATOLA 01-08, PATOLA 02-08 and the disseminated model ofinfection with imipenem-resistantK. pneumoniae isolate KLEBTOA 02-08. The contribution of REL was not clearly demonstrated in delayed therapy P. aeruginosa lung infection models with PATOLA 04-08, PATOLA 05
	Organisms that were used in the delayed treatment pulmonary models that showed a significant reduction of MIC in the presence of REL included the followingexamples: P. aeruginosa CL5701 which had an imipenem and IMl/REL MIC of 16 mcg/mL and 2 mcg/mL respectively. Also, K. pneumoniae isolate 487710 with an imipenem and IMl/REL MIC of 64 mcg/mL and 0.25 mcg/mL respectively; and K. pneumoniae isolate 515744 which had an MIC of 64 mcg/mL for imipenem and 0.5 mcg/mL for IMl/REL. The data for the in vivo efficacy
	is provided in the tables of the cl inical pharmacology appendix ofthis review. 
	Mechanism of Action Other key aspects of the clinical microbiology review included the establishmentofthe mechanism of action of REL as an inhibitorof beta-lactamases. This was done primarily through the review ofdata on enzyme inhibition kinetics of REL on some beta-lactamases such as some membersof the followingenzymefamilies:SHV, TEM, CTX-M, P99, Pseudomonas-derived cephalosporinase (POC) and KPCs. The half-maximal inhibitory concentration (ICso) of REL for AmpC was approximately 0.5 µM; the ICso for KPC
	Susceptibi lity Interpretive Criteria 
	The Applicant's proposal for breakpoints for Enterobacteriaceae, P. aeruginosa and anaerobes 
	was accepted as shown in the table below. The table also reflects the use of 4 mcg/mL REL for 
	MIC susceptibi I ity testing as with other approved beta-lactam, beta-lactamase i nhi bi tor 
	combination products. 
	(6) (41
	C6)(4J were not established forthe following reasons: 
	---~~~------~~~~
	-

	Footnotes wil l list the specificEnterobacteriaceae and anaerobes for which efficacy of IMl/ REL was demonstrated in cl inical trials. 
	37 
	Version date: October12, 2018 
	Reference ID 4463074 
	Table 6: Interpretive Criteria for Imipenem-relebactam 
	Table
	TR
	Minimum Inhibitory Concentrations (m cg/mL) 
	Disk Diffusion (zone diameter in mm) 

	Pathogen 
	Pathogen 
	S 
	I 
	R 
	S 
	I 
	R 

	Enterobacteriaceae a 
	Enterobacteriaceae a 
	≤1/4 
	2/4 
	≥4/4 
	≥25 
	21 -24 
	≤20 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	≤2/4 
	4/4 
	≥8/4 
	≥23 
	20-22 
	≤19 

	Anaerobes b,c 
	Anaerobes b,c 
	≤4/4 
	8/4 
	≥16/4 
	-
	-
	-


	S =Susceptible;I=Intermediate;R = Resistant 
	For disk diffusion, use paperdisks impregnated with imipenem/relebactam at a concentrationof 10/25 mcg/mL. 
	Klebsiella aerogenes, Enterobacter cloacae, Escherichia coli, Klebsiella pneumoniae, Citrobacter freundii, Klebsiella 
	a 

	oxytoca.. Bacteroides caccae, Bacteroides fragilis, Bacteroides ovatus, Bacteroides stercoris, Bacteroides thetaiotaomicron, .Fusobacterium nucleatum, Parabacteroides distasonis.. Agar dilutionmethod. 
	b
	c 


	4.4 Devices and Companion Diagnostic Issues 
	4.4 Devices and Companion Diagnostic Issues 
	There are no devices or companion diagnostics submitted with this NDA. 


	5 Nonclinical Pharmacology/Toxicology 
	5 Nonclinical Pharmacology/Toxicology 
	5.1 Executive Summary 
	5.1 Executive Summary 
	The product label for IMI lists seizure potential as a warning and precaution and indicates renal adverse events in association with the product. Because nonclinical studies with relebactam revealed a potential for CNS toxicity in rats and renal toxicity in monkeys, it may be important todetermineifanadditiveorsynergisticpotentialforthesetoxicities canoccur when imipenem/cilastatin are clinically administered concomitantly with relebactam. 
	In1-and3-monthrepeated-dosetoxicologystudies,relebactam producedonlylimitedtoxicity. Two dose-dependent toxicities with clinical relevance were CNS toxicity primarily in rats and minimal kidney toxicity primarily in monkeys. The CNS toxicity in rats variably manifest as decreased activity, sternal recumbency, unsteady gait, intermittent trembling, gasping, and/or convulsions.TheCNSeffectsappearedtobe dose-dependent,occurringonlywitha high450 mg/kg/day dose of relebactam, but the incidence rates and times to
	In a 7-day exploratory study in rats, no clinical signs were reported in association with repeated daily dosing of intravenous relebactam at a dose of 450 mg/kg/day. In contrast, in the 1-month repeated IV dose study in rats, 2/10 female rats experienced convulsions followed by death after a single high dose of 450 mg/kg relebactam, but none of the other female or male rats in the high-dose group were affected throughout the course of the study. Functional Observational Battery (FOB) measurements on the sur
	No CNS-related clinical signs were reported in the 1-month and 3-month toxicology studies in Rhesus monkeys where high daily doses of relebactam were 225 and 150 mg/kg/day respectively.However,inanexploratoryrising-dosestudywithonemale andone female Rhesusmonkey,thehighdoseof225 mg/kg/day relebactam administeredfor3dayswas associated with transient clinical signs with possible neurological involvement (unsteady gait, trembling, hunched posture, decreased activity, and lateral recumbency) that were observed 
	No CNS-related clinical signs were reported in the 1-month and 3-month toxicology studies in Rhesus monkeys where high daily doses of relebactam were 225 and 150 mg/kg/day respectively.However,inanexploratoryrising-dosestudywithonemale andone female Rhesusmonkey,thehighdoseof225 mg/kg/day relebactam administeredfor3dayswas associated with transient clinical signs with possible neurological involvement (unsteady gait, trembling, hunched posture, decreased activity, and lateral recumbency) that were observed 
	degradant also contributed to the inconsistent CNS toxicity observed in the rat toxicology studies. 

	The underlying factors contributing to the inconsistent incidence of CNS clinical signs associated with relebactam in rats and monkeys are not clear, but one consistent factor is the dose ­dependent nature of the effects. In the rat studies, the 450 mg/kg/day relebactam dose associated with neurological clinical signs produced plasma relebactam exposures approximately 7 times higher than the expected clinical exposures, but NOAEL doses in the rat studies were about 2-fold higher than the expected clinical e
	The primary toxicity in the 1-and 3-month toxicology studies in monkeys was renal toxicity associated with daily IV doses of 150 and 225 mg/kg/day relebactam. In the 1-month study, renal toxicity manifest as increased kidney weights and cytoplasmic granules in renal tubule epithelial cells sometimes accompanied by very slight degeneration of renal tubular epithelium. Complete resolution of the effects was observed after the 1-month recovery period. In the 3­month study which did not include a recovery perio
	No kidney effects were observed in the 1-month toxicology study in rats, but cytoplasmic granularity in renal tubular epithelium without evidence of cell degeneration was observed in the 3-monthtoxicologystudyinrats. Renalcellgranularitywasobservedforall doses(65, 150, and 450/300 mg/kg/day) in this study, but the severity increased with relebactam dose. 
	In a 1-month toxicology study in monkeys, the administration of a combination of 37 mg/kg/day relebactam and 150 mg/kg/day imipenem was associated with crystal formation, and slight, transient increases in urinary protein. Imipenem was considered to have predominantly contributed to these findings in that the urinary crystals have been previously linked to imipenem administration in monkeys. Kidney weights were also increased 18% in the group receiving combination therapy with relebactam and imipenem, but t
	The relebactam-related kidney toxicity in monkeys and rats, like the CNS toxicity in rats, appearstobe dose-related.Inthe 1-monthtoxicology studyinmonkeys,the NOAELdose for tubular epithelium degeneration was associated with plasma exposures 3.2 to 3.5-fold higher thantheexpectedclinicalexposureforrelebactam. Noincreasedsignalsforrelebactam­relatedrenal effectswereobservedinclinicalstudies.Renal adverse events willbe monitored during routine post-marketing surveillance. 
	Innonclinicalpharmacokineticstudies inmice,rats,dogs,and monkeys,IV relebactam plasma exposureincreasedina roughlydose-dependent manner,withaplasmat1/2 of approximately 1 hourwhichissimilartothe clinicalt1/2 forbothimipenem and cilastatin.Like imipenem, 
	Innonclinicalpharmacokineticstudies inmice,rats,dogs,and monkeys,IV relebactam plasma exposureincreasedina roughlydose-dependent manner,withaplasmat1/2 of approximately 1 hourwhichissimilartothe clinicalt1/2 forbothimipenem and cilastatin.Like imipenem, 
	relebactam was weakly bound by plasma proteins, and did not readily inhibit or induce a broad panel of CYP-450 isozymes suggesting a limited capacity for drug-drug interactions. Relebactam did not demonstrate an ability to interfere with the metabolism or excretion of imipenem and cilastatin.Whenadministeredincombinationinaone-monthtoxicologystudy inmonkeys, relebactam,imipenem andcilastatindidnot accumulate withrepeated-dosing,andnoneof the compoundsalteredthe plasmaexposureort1/2 of the other compounds. 

	Relebactam was evaluated in a full battery of nonclinical genotoxicity studies. Relebactam was showntobe negativeformutagenicityand/or clastogeniceffectsinan Amesassay,a chromosomal aberration study, and in vivo in a rat bone marrow micronucleus assay. Similarly, according to the imipenem/cilastatin product label, imipenem, cilastatin, and imipenem/cilastatinwereshowntobe negativeforgenotoxicityin a V79 mammaliancell mutagenesisassay (imipenem,cilastatin),Amestest (imipenem,cilastatin),unscheduledDNA synthe
	According to the imipenem/cilastatin product label, no adverse effects on fertility, reproductive performance, fetal viability, growth, or postnatal development were observed in male and female rats given imipenem/cilastatin at intravenous doses up to 80 mg/kg/day and at a subcutaneous dose of 320 mg/kg/day. In rats, a dose of 320 mg/kg imipenem was equivalent to approximately double the maximum recommended human dose (MRHD) based on body surface area comparison. Slight decreases in live fetal body weight w
	According to the imipenem/cilastatin product label, embryo-fetal studies with imipenem and cilastatinsodium (aloneorincombination)administeredtomice,rats, rabbits,and monkeys duringthe periodoforganogenesisdidnot produce fetalmalformationsat dosesequivalent to exposure margins of 0.4 to 5 times the MRHD based on body surface area comparison. However, imipenem-cilastatin sodium administered to monkeys at an intravenous dose of 40 mg/kg/day (approximately 0.4-fold the MRHD based on surface area comparison) ca
	According to the imipenem/cilastatin product label, embryo-fetal studies with imipenem and cilastatinsodium (aloneorincombination)administeredtomice,rats, rabbits,and monkeys duringthe periodoforganogenesisdidnot produce fetalmalformationsat dosesequivalent to exposure margins of 0.4 to 5 times the MRHD based on body surface area comparison. However, imipenem-cilastatin sodium administered to monkeys at an intravenous dose of 40 mg/kg/day (approximately 0.4-fold the MRHD based on surface area comparison) ca
	increased in the relebactam treatment groups compared to control value with 1/1, 4/4, 3/1, and 5/4 malformed fetuses/litters in the control, low-, mid-, and high-dose groups respectively. Also, the litter incidence of two malformations, cleft palate (15%) and skull bone malformations (15%), in low-dose mice receiving 80 mg/kg/day exceeded the highest litter incidence in the concurrent control group (0% for both cleft palate and skull bone malformation) and in the historical control range (mean of 5.4%; rang

	The nonclinical results for relebactam suggest a low potential for clinically relevant adverse events. Thetwotoxicitiesofconcern,CNStoxicityandslight kidneytoxicity,bothoccurredina dose-dependent manner and overlap with the same broad categories of toxicity associated with clinicaladministrationof imipenem. ThepotentialforadditiveorsynergisticCNSand/orrenal adverseeventsassociatedwithclinicaladministrationof imipenem/cilastatin/ relebactam can bemonitored inroutine postmarketingsurveillance. Inembryo-fetals

	5.2 Referenced NDAs, BLAs, DMFs 
	5.2 Referenced NDAs, BLAs, DMFs 
	NDA 50587 for PRIMAXIN® (cilastatin sodium; imipenem) 

	5.3 Pharmacology 
	5.3 Pharmacology 
	Relebactam off-target activity was assessed in a large panel of 160 standard enzyme and receptorassays. Relebactam didnot demonstrateoff-ҤЌҖњШҤ ЌКҤѧӊѧҤӑџ ФШвѧҀШФ ЌҚ ш ӻӶу ѧҀѤѧЙѧҤѧ҇Ҁ ҇Җ ҚҤѧѿҿѹЌҤѧ҇Ҁ ЌҤ К҇ҀКШҀҤҖЌҤѧ҇ҀҚ ҇в ё ӷӶ mcM. 
	Secondary Pharmacology 

	Safety Pharmacology 
	Safety Pharmacology 

	1.. Study Title: Effect of L-002118412-000Z008 on hERG (IKr), hKCNQ1/hKCNE1 (IKs), and hNav1.5 (INa) Currents Stably Expressed in Mammalian Cells. Exploratory Study conducted with PatchXpress 7000A. (Study No.: TT# 08-3039) 
	Methods: Inthisnon-GLPcompliant study,threecardiacionchannels,hERG, IKsandINa,were stably expressed in separate cell preparations of CHO or HEK293 cells and assays of ion channel 
	functionwere performedusingvoltage-clamptechnologyinthepresenceof vehicle,and3,10,. and 30 mcM concentrations of MK-7655.. Results: MK-7655 at the highest test concentration (30 mcM) had no effect on the IKs potassium .currents or INa sodium currents and hERG potassium channels were inhibited by 2 to 3% with. relative to steady state currents with the vehicle.. 
	2.. Study Title: MK-7655: Electrophysiological Evaluation on hERG Channel Current Stably 
	Expressed in CHO Cells. (Study No.: TT #09-4701) Methods: InthisGLP-compliant study,theeffectsoftwoconcentrationsofMK-7655 (actual concentrations of 32 and 318 mcM) and a positive control (0.03 mcM cisapride) incubated with CHO cellsstablytransfectedwithhERG potassium channelswereassessedusingapatch -clamp technique. Results: Neither test concentration of MK-7655 inhibited hERG postassium currents to a significant degree. In contrast, cisapride produced a 57.6% inhibition of hERG potassium currents. 
	3. Study Title: Ancillary Pharmacology: Effect of MK-7655 on Cardiovascular Function in 
	Anesthetized Dogs. (Study No.: TT #08-5067) Methods: In this non-GLP compliant study, MK-7655 was administered intravenously in increasing doses of 3, 7, and 20 mg/kg in three sequential 30-minute infusions to female mongrel dogs. Vehicle was tested in a separate group of dogs. Cardiovascular parameters including blood flow rate, heart rate, mean arterial pressure, and electrocardiogram parameters including PR, QRS, and QT/QTc intervals were monitored during each infusion period. Results: None of the mean v
	4. Study Title: MK-7655: Intravenous Cardiovascular and Respiratory Telemetry study in 
	Monkeys. (Study No.: TT #09-5601) Methods: In this GLP-compliant study, monkeys received intravenous infusions (30 minutes) of the vehicle (0.9% sodium chloride) and 25, 75, and 225 mg/kg of MK-7655 using an ascending dose regimen.Arterialbloodpressure(systolic,diastolicand meanbloodpressure), heart rate, electrocardiogram parameters (PR, QRS, QT, and QTc), respiratory parameters (rate and depth of respiration), and body temperature were measured for 24 hours after dosing. Results: No MK-7655-related change
	5.. Study title: MK-7655: One Month Intravenous Toxicity Study in Rats with a Functional Observational Battery with a 4-Week Recovery Period. (Study No.: TT #08­9822 
	Methods: A functional observational battery (FOB) was conducted in conjunction with the GLP-compliant, 1-month repeated IV toxicology study in rats. The first six male rats in each group wereevaluated forCNSfunctionapproximately15 minutesafterdosingonDay1. Observations included: homecage observations,hand-heldobservations,openfieldobservations, and 
	stimulus activity responses. Other measured parameters included: forelimb grip strength,. hindlimb grip strength, body temperature, foot splay, and hot plate latency.. Results: NoMK-7655-related findingswereobservedforanyoftheFOBassessments.. 
	5.4 ADME/PK 
	Type of Study 
	Type of Study 
	Type of Study 
	Major Findings 

	Absorption 
	Absorption 

	Pharmacokinetics of MK-
	Pharmacokinetics of MK-
	Plasma clearance was approximately2 times as high in rats as in the other 

	7655 in Mouse, Rat, Dog, 
	7655 in Mouse, Rat, Dog, 
	species whichhad similar clearance. The apparent volume of distribution was 

	and Monkey. (Study No.: 
	and Monkey. (Study No.: 
	similar inall species (0.3-0.4L/kg) andt1/2 values were similar in all groups with a 

	PK001) 
	PK001) 
	range of 0.5 to 1.2 hours. 

	Distribution 
	Distribution 

	7890In vitro Metabolism of MK-7655 in Preclinical Species (Study No.: PK002). 
	7890In vitro Metabolism of MK-7655 in Preclinical Species (Study No.: PK002). 
	[3H]MK-7655 demonstrated a low, 10­20% capacity, plasma­proteinbinding in mouse, rat, monkey, andhumanplasma in vitro andpreferentially distributed to plasma in blood from the same species. 

	Quantitative Whole-Body 
	Quantitative Whole-Body 
	The highest concentrations of radioactivity intissues of male WH rats were 

	Autoradiographyin Male 
	Autoradiographyin Male 
	found in kidney cortex, kidney medulla, urinarybladder, esophagus, blood, non-

	Wistar Hannover and 
	Wistar Hannover and 
	pigmented skin, aorta, oral mucosa, lung, and eye uveal tract. Quantifiable 

	Long-Evans Rats Following 
	Long-Evans Rats Following 
	radioactivity was not detected inbrain, spinal cord, white adipose tissue, and 

	a Single 30-Minute 
	a Single 30-Minute 
	bone. Patterns of distribution inpigmented rats were similar to that 

	Intravenous Infusion 
	Intravenous Infusion 
	observed in albinorats. 

	Administrationof [14C]MK­
	Administrationof [14C]MK­

	7655 and Human 
	7655 and Human 

	Dosimetry Prediction. 
	Dosimetry Prediction. 

	(Study No.: PK005) 
	(Study No.: PK005) 

	Metabolism 
	Metabolism 

	In vitro Metabolism of MK-
	In vitro Metabolism of MK-
	Degradationor metabolism of MK-7655 was ю ӷӶу ЌҀФё ӹу ӋѤШҀ ѧҀКҿЙЌҤШФ 

	7655 in Preclinical Species 
	7655 in Preclinical Species 
	with plasma or hepatocytes respectively from several species including human. 

	(Study No.: PK002). 
	(Study No.: PK002). 
	MK-7655 didnot inhibit the enzyme activity of a full panel of CYP­450 isozymes, inhibit the activity of CYP3A4 ina time-dependent manner, or induce the activity of CYP3A4 andCYP1A2. 

	Excretion 
	Excretion 

	Excretion of Radioactivity 
	Excretion of Radioactivity 
	The majority of radioactivity was excreted in urine averagingapproximately 85% 

	and Plasma Concentration 
	and Plasma Concentration 
	of the administered dose, and a mean value of 8% of the administereddose was 

	vs. Time Profiles in Intact 
	vs. Time Profiles in Intact 
	excreted in feces. 

	Rats After Administration 
	Rats After Administration 

	of a Single Intravenous 
	of a Single Intravenous 

	Dose of [14C]L-002118412 
	Dose of [14C]L-002118412 

	([14C]MK-7655). (Study No.: 
	([14C]MK-7655). (Study No.: 

	PK010) 
	PK010) 

	TK data from general toxicologystudies 
	TK data from general toxicologystudies 
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	Type of Study 
	Type of Study 
	Type of Study 
	Major Findings 

	MK-7655: One-Month Intravenous Toxicity Study in Rats with a Functional Observational Battery with a 4-Week Recovery Period. (Study No.: TT #08-9822) 
	MK-7655: One-Month Intravenous Toxicity Study in Rats with a Functional Observational Battery with a 4-Week Recovery Period. (Study No.: TT #08-9822) 
	Plasma MK-7655 after 5 Weeks of Dosing Sex Differences: No substantialsex differences were observed. T1/2: not reported. Accumulation: Not assessed. Dose proportionality: The Cmax values were greater thandose proportional between the 50 and the 150 mg/kg/day dose groups, but approximately dose proportional between the 150 and the 450 mg/kg/daydose groups. The AUC0­24hr measurements were approximately dose proportional between the 50 and the 150 mg/kg/day dose groups and slightlygreater tha ndose proportiona
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	Type of Study 
	Type of Study 
	Type of Study 
	Major Findings 

	MK-7655: Three-Month Intravenous Toxicity Study in Rats. (Study No.: TT #16­1003) 
	MK-7655: Three-Month Intravenous Toxicity Study in Rats. (Study No.: TT #16­1003) 
	Plasma MK-7655 after 13 Weeks of Dosing Sex Differences: No substantialsex differences. T1/2: not reported. Accumulation: Not conclusivelyassessed. Dose proportionality: Mean systemic exposure (AUC0-24 hr) and Cmax values of MK-7655 were approximately dose proportional between 65 mg/kg/dayand 150 mg/kg/day andless than dose proportional between 150 mg/kg/day and 450/300 mg/kg/day inStudy Week 13. Plasma MK-7655 Toxicokinetic Parameters (mean ± SEM) in Rats Following Dosing of MK-7655 in Week 13. (Table from

	MK-7655: One-month Intravenous Toxicity Study in Monkeys with a 4-week Recovery Period. (Study No.: TT #08-1153) 
	MK-7655: One-month Intravenous Toxicity Study in Monkeys with a 4-week Recovery Period. (Study No.: TT #08-1153) 
	Plasma MK-7655 after 1 Day and 4 Weeks of Dosing Sex Differences: No substantialsex differences were observed. T1/2: not reported. Accumulation: MK-7655 did not accumulate in plasma with repeated-dosing. Dose proportionality: MK-7655 Cmax values increased in a dose-proportional manner on both Day 1 and Week 4, and AUC0-24h values increased in a dose-proportional or slightlygreater than dose-proportional manner. Plasma MK-7655 Toxicokinetic Parameters in Monkeys Following Dosing of MK-7655 on Study Day 1 and
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	Type of Study 
	Type of Study 
	Type of Study 
	Major Findings 

	MK-7655: Three-Month Intravenous Toxicity Study in Rhesus Monkeys. (Study No.: TT #14-1089) 
	MK-7655: Three-Month Intravenous Toxicity Study in Rhesus Monkeys. (Study No.: TT #14-1089) 
	Plasma MK-7655 after 1 Day and 13 Weeks of Dosing Sex Differences: No substantialsex differences were observed. T1/2: not reported. Accumulation: MK-7655 did not accumulate in plasma with repeated daily dosing for 13 weeks. Dose proportionality: The mean AUC0-24 hr and Cmax values for plasma MK-7655 increased inan approximately dose-proportional manner across the three dose groups on both Study Day1 andin StudyWeek 13. Plasma MK-7655 Toxicokinetic Parameters (mean ± SEM) on Day 1 and Week 13 of the 3-Month 
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	Type of Study Major Findings MK-7655: One-Month Intravenous/Subcutaneous Toxicity Study in Rhesus Monkeys. (Study No.: TT #09-1124) Plasma MK-7655, Imipenem, and Cilastatinon Day 1 and Week4 of Dosing Sex Differences: No substantialsex differences were observed for plasma AUC and Cmax measurements of imipenem, cilastatin, andMK-7655. T1/2: not reported. Accumulation: None of the test compounds, imipenem, cilastatin, or MK-7655 accumulated in plasma with repeated daily dosingfor 31 days. Dose proportionality
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	Type of Study 
	Type of Study 
	Type of Study 
	Major Findings 

	MK-7655: Subcutaneous Embryo-Fetal Developmental Toxicity and Toxicokinetic Study in Mice. (Study No.: TT #12­7330) 
	MK-7655: Subcutaneous Embryo-Fetal Developmental Toxicity and Toxicokinetic Study in Mice. (Study No.: TT #12­7330) 
	Plasma MK-7655 Toxicokinetic Parameters (mean ± SEM) for MK-7655 in Pregnant Mice on Gestation Day 13. (Table from the Study Report) 

	MK-7655: Intravenous Embryo-Fetal Developmental Toxicity and Toxicokinetic Study in Rats. (Study No.: TT #12­7320) 
	MK-7655: Intravenous Embryo-Fetal Developmental Toxicity and Toxicokinetic Study in Rats. (Study No.: TT #12­7320) 
	Plasma MK-7655 Toxicokinetic Parameters (mean ± SEM) for MK-7655 in Pregnant Rats on Gestation Day 15. (Table from the Study Report) 

	MK-7655: Intravenous Embryo-Fetal Developmental Toxicity Study in Rabbits. (Study No.: TT #15-7200) 
	MK-7655: Intravenous Embryo-Fetal Developmental Toxicity Study in Rabbits. (Study No.: TT #15-7200) 
	Plasma Toxicokinetic Parameters (mean ± SEM) for MK-7655 in Pregnant Rabbits on GestationDay 15. (Table from the StudyReport) 

	MK-7655: Intravenous Pre-
	MK-7655: Intravenous Pre-
	Plasma Toxicokinetic Parameters (mean ± SEM) for MK-7655 Following IV 

	and Postnatal 
	and Postnatal 
	Dosing to Pregnant Rats on Gestation Day 15 in the Pre-Postnatal Study. (Table 

	Developmental Toxicity 
	Developmental Toxicity 
	from the Study Report) 

	Study in Rats. (Study No.: 
	Study in Rats. (Study No.: 

	TT #15-7050) 
	TT #15-7050) 
	TD
	Figure



	5.5 Toxicology 
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	5.5.1 General Toxicology 
	5.5.1 General Toxicology 
	Imipenem/Cilastatin: Several clinical adverse reactions have been observed to occur with an incidence of ш 0.2% of patients receiving PRIMAXIN® as noted on the 2018 product label. 
	•. 
	•. 
	•. 
	CNS adverse reactions including seizures and other CNS adverse experiences, such as confusionalstatesandmyoclonicactivity,have beenreportedduringtreatment with PRIMAXIN®, especially when recommended dosages were exceeded. These experiences have occurred most commonly in patients with CNS disorders (e.g., brain lesions or history of seizures)and/orcompromisedrenalfunction. Convulsionswerealsoreportedwitha 5.9% incidence with the administration of PRIMAXIN® to neonatal patients and infants up to 3 months of a

	•. 
	•. 
	Renal adverse reactions including oliguria/anuria and polyuria are reported as occurring withanincidenceoflessthan0.2% inpatientsreceivingPRIMAXIN®sinceitsapproval.Also, the label identifies adverse laboratory changes including increased blood urea nitrogen (BUN), creatinine, and the presence of urine protein, urine red blood cells, urine white bloodcells,urinecasts, urinebilirubin,andurineurobilinogen.Inclinicaltrialswithpediatric patients less than 3 months of age, oliguria/anuria was reported with an inc


	Relebactam: repeated-dose toxicology studies with MK-7655 are summarized or reviewed below. 
	Study title/ number: MK-7655: Three-Month Intravenous Toxicity Study in Rats. /TT #16-1003 
	•. 
	•. 
	•. 
	High-dose rats receiving intravenous doses of 450 mg/kg/day MK-7655 exhibited CNS-related clinical signs including decreased activity, sternal recumbency, unsteady gait, convulsion-like activity (rolling), intermittent trembling, gasping, rapid breathing, and red discoloration in ears. After a reduction of the high dose to300 mg/kg/dayontheseconddayofdosing,CNS-relatedclinicalsignsentirely subsided by Day 6. 

	•. 
	•. 
	Cytoplasmicgranularitywasobservedin therenal tubularepithelium at allMK­7655 dose levels. Severity of the cytoplasmic granularity was minimal at 65. mg/kg/day and mild at 150 mg/kg/day and 450/300 mg/kg/day. The cytoplasmic. granularity was characterized by the presence of numerous small, fine, distinct,. round eosinophilicgranulesdistributedwithinthecytoplasm ofrenal tubular. epithelialcellsinthecortex.Noevidenceof renal necroticordegenerative. changes or alterations in urinalysis parameters or blood urea 

	•. 
	•. 
	Because of the CNS effects in the high-dose rats, the NOAEL dose was considered to be the mid-dose of 150 mg/kg/day. 


	Conducting laboratory and location: Safety Assessment and Laboratory Animal Resources, Merck Research Laboratories, Pennsylvania, USA GLP compliance: Yes 
	Methods 
	Methods 
	Methods 

	Dose and frequency of dosing: 
	Dose and frequency of dosing: 
	0 (Group 1), 65 (Group 2), 150 (Group 3), and 

	TR
	450/300 mg/kg/day (Group 4) administered once 

	TR
	per day 

	Route of administration: 
	Route of administration: 
	Intravenous via tail vein 

	Formulation/Vehicle: 
	Formulation/Vehicle: 
	0.9% Sodium Chloride in Water for Injection 

	Species/Strain: 
	Species/Strain: 
	Rat/Wistar Han, Crl:WI(Han) 

	Number/Sex/Group: 
	Number/Sex/Group: 
	12/sex/group for Groups 1-3 and 16/sex/group 

	TR
	for Group 4 

	Age: 
	Age: 
	11 weeks 

	Satellite groups/ unique design: 
	Satellite groups/ unique design: 
	None 

	Deviation from study protocol 
	Deviation from study protocol 
	No 


	affecting interpretation of results: 
	Observations and Results: changes from control 
	Parameters 
	Parameters 
	Parameters 
	Major findings 

	Mortality 
	Mortality 
	On Day 2, one HD female receiving450 mg/kg/daywas found deadprior to dosing. On Day 3 another HD female was euthanized in extremis. Both animals exhibited clinical signs as described below. In response to the first death, the dose level for the high dose group receiving 450 mg/kg/day was reduced to 300 mg/kg/day on Study Days 2 and 3 and from Study Day 6 until studytermination, with a dosing holiday on Study Days 4 and5. 

	Clinical Signs 
	Clinical Signs 
	On Day 1, the HD female that was found dead on Day 2 exhibited clinical signs including decreased activity, sternal recumbency, unsteady gait, convulsion-like activity(rolling), rapidbreathing, andred discolorationin ears. The HD female that was euthanizedin extremis on Day 3 exhibited decreasedactivity, sternal recumbency, red ears and unsteadygate on Day 1, red ears on Day 2, andself-mutilation, intermittent whole-body trembling, convulsion-like activity, and intermittent gasping on Day 3 before euthanasi

	Body Weights 
	Body Weights 
	Body weights were not significantly reducedin any of the MK-7655 dose groups compared to control animals. 

	Ophthalmoscopy 
	Ophthalmoscopy 
	No MK-7655-related ophthalmic findings were observed. 
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	Hematology 
	Hematology 
	Hematology 
	Compared to control meanvalues in StudyWeek 4, hematology changes in the HD female that was euthanizedin extremis on Day 3 consisted of increased reticulocyte counts withincreased mean corpuscular volume and decreased mean cell hemoglobinandmean cell hemoglobin concentration. Increasedactivated partial thromboplastin time was present. Increased white blood cell counts inthis animal was associated with increasedlymphocyte and monocyte counts. However, the hematology changes were observed only in the HD anima

	Clinical Chemistry 
	Clinical Chemistry 
	In the single HD female euthanizedin extremis on Day 3, blood urea nitrogen, creatinine, potassium and phosphorus concentrations were increased as well as aspartate aminotransferase, alanine aminotransferase, and alkaline phosphatase activities comparedto control values in Week 12. However, no significant changes were observed inanyof the surviving HD animals or in animals inthe LD and MD MK-7655 groups. 

	Urinalysis [delete the row if not evaluated] 
	Urinalysis [delete the row if not evaluated] 
	No changes inanyof the urinalysisparameters were observed for any of the MK-7655 dose groups comparedto control values. 

	Gross Pathology 
	Gross Pathology 
	No unusual gross pathology findings were observed. 

	Organ Weights 
	Organ Weights 
	None of the absolute or relative organ weights were significantlychanged in the MK-7655 treatment groups compared to vehicle control values. 

	Histopathology Adequate battery: Yes 
	Histopathology Adequate battery: Yes 
	The only MK-7655­relatedhistopathologyfinding in the high-dose animals that surviveduntil the scheduledtermination date was cytoplasmic granularity observedin the renal tubular epithelium at all MK-7655 dose levels. Severity of the cytoplasmic granularitywas minimal at 65 mg/kg/day and mildat 150 mg/kg/dayand 450/300 mg/kg/day. The cytoplasmic granularity was characterized by the presence of numerous small, fine, distinct, round eosinophilic granules distributed within the cytoplasmof renal tubular epitheli

	[Other evaluations] 
	[Other evaluations] 
	None 


	LD: low dose; MD: mid dose; HD: high dose.. -: indicates reduction in parameters compared to control.. *: [if the answer is “no” explain why the histopath battery is not adequate\..
	Study title/ number: MK-7655: Three-Month Intravenous Toxicity Study in Rhesus Monkeys. / TT #14-1089 
	• 
	• 
	• 
	The only MK-7655-related histopathology finding was the minimal to mild 

	TR
	cytoplasmic nongranularity observed in the renal tubular epithelium of all the 

	TR
	monkeys in the high-dose group (150 mg/kg/day). This was characterized by the 

	TR
	presence of numerous small distinct round eosinophilic granules distributed 

	TR
	within the cytoplasm. There were no associated findings of renal tubular 

	TR
	epithelial degeneration or changes in any renal function parameters in the 

	TR
	urinalysis and serum chemistry evaluations. 

	• 
	• 
	Because the eosinophilic staining in the kidney was not associated with clear 

	TR
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	structural or functional changes indicative of kidney toxicity, the NOAEL was considered to be the high-dose of 150 mg/kg/day. 
	Conducting laboratory and location: Safety Assessment and Laboratory Animal Resources, Merck Research Laboratories, Pennsylvania, 19486 
	GLP compliance: Yes 
	GLP compliance: Yes 
	GLP compliance: Yes 

	Methods 
	Methods 

	Dose and frequency of dosing: 
	Dose and frequency of dosing: 
	0 (Group 1), 25 (Group 2), 50 (Group 3), and 150 

	TR
	mg/kg/day (Group 4) administered once per day 

	Route of administration: 
	Route of administration: 
	Intravenous via the saphenous veins. Each 

	TR
	infusion was delivered over approximately 4 

	TR
	minutes 

	Formulation/Vehicle: 
	Formulation/Vehicle: 
	0.9% Sodium Chloride in Water for Injection, USP 

	Species/Strain: 
	Species/Strain: 
	Monkey/Rhesus 

	Number/Sex/Group: 
	Number/Sex/Group: 
	4/sex/group 

	Age: 
	Age: 
	Males: 2.5 to 4.2 kg; Females: 2.3 to 4.2 kg 

	Satellite groups/ unique design: 
	Satellite groups/ unique design: 
	No satellite groups/ A recovery study was not 

	TR
	included. 

	Deviation from study protocol 
	Deviation from study protocol 
	No 

	affecting interpretation of results: 
	affecting interpretation of results: 


	Observations and Results: changes from control 
	Parameters 
	Parameters 
	Parameters 
	Major findings 

	Mortality 
	Mortality 
	No unscheduleddeaths occurred. 

	Clinical Signs 
	Clinical Signs 
	Intermittent, low incidence, red discoloration at injection sites were observed in all groups includingthe control group, but no MK-7655­related clinical signs were observed. 

	Body Weights 
	Body Weights 
	No MK-7655-related changes in body weights occurred. 

	Ophthalmoscopy 
	Ophthalmoscopy 
	No MK-7655-related ophthalmic changes were observed. 

	ECG [delete the row for rodents] 
	ECG [delete the row for rodents] 
	No MK-7655-related changes in heart rate or ECG intervalswere observed. 

	Hematology 
	Hematology 
	None of the evaluated hematology or coagulation parameters changedin a MK-7655­dependent manner. 

	Clinical Chemistry 
	Clinical Chemistry 
	None of the evaluated serum chemistry parameters were altered in a MK-7655-dependent manner. 

	Urinalysis [delete the row if not evaluated] 
	Urinalysis [delete the row if not evaluated] 
	No MK-7655-related changes occurredinthe measured urinalysis parameters. 

	Gross Pathology 
	Gross Pathology 
	No MK-7655-related gross pathologywas observed. 

	Organ Weights 
	Organ Weights 
	No absolute or relative organ weights were significantly changed compared to negative control values. 
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	Histopathology Adequate battery: Yes 
	Histopathology Adequate battery: Yes 
	Histopathology Adequate battery: Yes 
	The only MK-7655­relatedhistopathologyfinding was the minimal to mild cytoplasmic nongranularityobserved in the renal tubular epithelium of all the monkeys in the HD group (150 mg/kg/day). This was characterized by the presence of numerous smalldistinct roundeosinophilic granules distributed within the cytoplasm. There was noassociated evidence of renal tubular epithelialdegeneration or anyother form of renal injury in high-dose animals. Kidneys of monkeys in the LD and MD groups were not similarly affected

	[Other evaluations] 
	[Other evaluations] 
	None 


	LD: low dose; MD: mid dose; HD: high dose.. -: indicates reduction in parameters compared to control.. *: [if the answer is “no” explain why the histopath battery is not adequate\..
	General toxicology; additional studies 
	1.. MK-7655: One-month intravenous toxicity study in rats with a functional. observational battery with a 4-week recovery period/ TT #08-9822. 
	In a GLP-compliant study, male and female Wistar Hanover Rats (10/sex/group) were administeredvehicle(Group1: 0.9%sodium chloride)or50 (Group2),150 (Group3),and 450 (Group 4) mg/kg/day MK-7655 daily by intravenous administration for 4 weeks. In Groups 1 and 4, the first 9-10 rats/sex/group were used for the Main Study necropsy in Week 5, and the last 4-5 rats/sex/ group were used for the Recovery necropsy in Week 9. For Groups 2 and 3, all rats were necropsied in Week 5 for the Main Study. 
	Methods: 

	Insurvivinganimals,dailyintravenousadministrationofMK-7655 at dosesashighas 450 mg/kg/day did not produce any apparent toxicity in the form of clinical signs, gross pathology, histopathology or altered hematology, clinical chemistry, ophthalmology andorgan weights.However,twofemalesinthe high-dosegroupexperienced convulsions and died following the first dose. The NOAEL for this study was considere d to be 150 mg/kg/day for females and 450 mg/kg/day for males. 
	Results: 

	2.. MK-7655: One-month Intravenous Toxicity Study in Monkeys with a 4-week Recovery Period/ TT #08-1153 
	In a GLP-compliant study, male and female Rhesus Monkeys (3/sex/group) were administeredvehicle(Group1: 0.9%sodium chloride)or25 (Group2),75 (Group3),and225 (Group 4) mg/kg/day MK-7655 daily by intravenous administration for 31 days before necropsy. Additional recovery animals (2/sex/group) in Groups 1 and 4 were dosed for 31 days, then maintained without dosing for an additional 4 weeks before necropsy. 
	Methods: 

	Intravenous administration of MK-7655 for one month resulted in a 36% increase in kidney weight in the high-dose group which correlated with very slight to slight granularity in kidney tubule epithelial cells in 6/6 high-dose animals, and renal tubule epithelial degeneration in 2/6 high-dose animals. The kidney weights and epithelial granularity and degeneration resolved following the recovery period as did slight ҈ё ӷӶу҉ ФШКҖШЌҚШҚ in erythrocyte numbers, 
	Intravenous administration of MK-7655 for one month resulted in a 36% increase in kidney weight in the high-dose group which correlated with very slight to slight granularity in kidney tubule epithelial cells in 6/6 high-dose animals, and renal tubule epithelial degeneration in 2/6 high-dose animals. The kidney weights and epithelial granularity and degeneration resolved following the recovery period as did slight ҈ё ӷӶу҉ ФШКҖШЌҚШҚ in erythrocyte numbers, 
	Results: 

	hemoglobin, and hematocrit in high-dose males and females. One animal in the medium-dose group (75 mg/kg/day) also demonstrated cytoplasmic granularity in renal tubule epithelial cells but without cellulardegeneration.TheNOAEL forthisstudywasconsideredtobe 75 mg/kg/day. 

	3.. MK-7655: Exploratory One-Month Intravenous and Subcutaneous Toxicity Study in Rabbits/ TT #15-7060 
	In this non-GLP study, New Zealand White rabbits (3-4/sex/group) were administered vehicle (0.9% sodium chloride) by the intravenous (IV) route (Group 1) and subcutaneous (SC) route (Group 2) or IV 240 mg/kg/day MK-7655 (Group 3), SC 75 mg/kg/day MK-7655 (Group 4), and SC 240 mg/kg/day MK-7655 (Group 5) for 31 days. All animals were necropsied on Day 32. Only the brain and kidneys were weighed at necropsy and only the kidney was examined for histopathology. 
	Methods: 

	The only MK-7655-related finding was discolored urine with brown and/or white precipitate that was observed in male and female rabbits receiving IV and SC 240 mg/kg/day MK-7655andat alowerincidenceinrabbitsreceivingIV75mg/kg/dayMK-7655. Theapplicant speculatedthat the urineprecipitatesmayhave beenassociatedwithexcretionof aMK-7655 hydrolysis product. No kidney histopathology findings or functional kidney changes were observed suggesting the discolored urine was not toxicologically relevant. The study was de
	Results: 

	4.. MK-7655: One-month intravenous/subcutaneous toxicity study in Rhesus. Monkeys/ TT #09-1124. 
	Rhesus monkeys (3/sex/group) were administered intravenous MK-7655 (37.5 mg/kg/day)plus PRIMAXIN®(imipenem/cilastatin: 30mg/kg/day intravenousplus120 mg/kg/day subcutaneous) for 31 days followed by necropsy on Day 32. 
	Methods: 

	Monkeys demonstrated test article-related changes in physical signs (liquid/unformed feces, discolored urine, and post-dose salivation) as well as urinalysis changes (presence of trichomonas crystalsand slightlyincreasedproteinconcentration).The urinalysischangeswere not accompanied by correlating serum chemistry alterations or histopathology indicative of kidney toxicity. The Applicant reported that crystals similar to those in the current study had previously been observed in a monkey study using PRIMAXIN
	Results: 


	5.5.2 Genetic Toxicology 
	5.5.2 Genetic Toxicology 
	Imipenem/Cilastatin: The 2018 product label for PRIMAXIN® (imipenem and cilastatin) for Injectionincludesthefollowinginformationregardingthegenetictoxicologyof imipenem and КѧѹЌҚҤЌҤѧҀѡ ѨA variety of bacterial and mammalian tests were performed to evaluate genetic 
	toxicity. The tests used were: V79 mammalian cell mutagenesis assay (cilastatin sodium alone. and imipenem alone), Ames test (cilastatin sodium alone and imipenem alone), unscheduled. DNA synthesis assay (imipenem/cilastatin sodium) and in vivo mouse cytogenetics test .(imipenem/cilastatinsodium).Noneofthesetestsshowedany evidenceofgeneticalterations. ѩ..
	Relebactam: Thegenetictoxicologystudieswithrelebactam (MK-7655) arereviewedbelow.. 
	Study title/ number: MK-7655: Microbial Mutagenesis Assay/ TT #09-8003, TT #09-8012, and. TT #09-8016. Key Study Findings:. 
	In Vitro Reverse Mutation Assay in Bacterial Cells (Ames). 

	•. In two separate assays and a repeat assay, MK-ӽӼӻӻ ЌҤ К҇ҀКШҀҤҖЌҤѧ҇ҀҚ ҇в ё ӹӶӶӶ ҏg/plate,withandwithout metabolicactivation,didnot producea 2-foldincrease inthe numberof revertant coloniesora dose-relatedincreaseinthe numberof revertant colonies.Thus,MK-7655 wasnot consideredmutagenicintheAmesassay. 
	GLP compliance: Yes Test system: Salmonella typhimurium: TA1535, TA97a, TA98, and TA100 and Escherichia coli: WP2 uvrA pKM101 
	Study is valid: Yes. The criteria for study validity were not directly addressed in the study report. However,the Sponsorindicatedthat the negativecontrol platesforeachtest strainfellwithin historical ranges, except where noted in the first definitive study (TT #09-8012). Also, 2­aminoanthracene(the positive control) and the diagnosticmutagensconsistentlyproduced2­fold or greater increases in revertant frequency in appropriate strains under appropriate conditions. Therefore, except where noted for assay TT 
	In Vitro Assays in Mammalian Cells 
	In Vitro Assays in Mammalian Cells 

	Study title/ number: MK-7655: Assay for Chromosomal Aberrations In Vitro, in Chinese Hamster Ovary Cells/ TT #09-8604, TT #09-8608, TT #09-8614 Key Study Findings: 
	•. MK-7655, at concentrations as high as 10 mM, was negative for chromosomal 
	aberrations in CHO cells in culture conditions with and without metabolic activation. GLP compliance: Yes Test system: Chinese hamster ovary cells, subclone WBL Study is valid: Yes 
	In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 
	In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

	Study title/ number: MK-7655: Assay for Micronucleus Induction in Rat Bone Marrow from a 1-month Intravenous Toxicity Study/ TT #08-8809 Key Study Findings: 
	•. The assay of MK-7655 for micronucleus induction in bone marrow was negative in female and male rats after daily intravenous treatment with doses of 50, 150, and 450 mg/kg/day for approximately one month. 
	GLP compliance: Yes Test system: Crl:WI(HAN) rats Study is valid: Yes 
	Noothergenetictoxicologystudiesforrelebactam,imipenem, orcilastatinwere submitted with the NDA 212819 application. 
	Other GeneticToxicity Studies 


	5.5.3 Carcinogenicity 
	5.5.3 Carcinogenicity 
	No carcinogenicity studies were conducted. 

	5.5.4 Reproductive and Developmental Toxicology 
	5.5.4 Reproductive and Developmental Toxicology 
	Fertility and Early Embryonic Development 
	Fertility and Early Embryonic Development 

	Imipenem/Cilastatin: Regarding fertility, the information included on the PRIMAXIN® product ѹЌЙШѹ ѧҚ ЌҚ в҇ѹѹ҇ӋҚѡ ѨReproductivetestsinmaleandfemalerats wereperformedwithimipenem­cilastatin sodium at intravenous doses up to 80 mg/kg/day and at a subcutaneous dose of 320 mg/kg/day, 2.1 times the maximum recommended daily human dose of the intramuscular formulation (on a mg/m2 body surface area basis). Slight decreases in live fetal body weight were restricted to the highest dosage level. No other adverse effec
	Relebactam: Study reports for MK-7655 (relebactam) fertility studies in male and female rats are reviewed below. 
	Study title/ number: Intravenous Fertility and Toxicokinetic Study in Male Rats./ TT #12-7410 
	Key Study Findings 
	•. 
	•. 
	•. 
	Other than a transient, MK-7655-related, decrease in mean body weight gain in high-dose males during the premating period, there was no other evidence of general toxicity in this group or in the lower dose groups. 

	•. 
	•. 
	There was no MK-7655-related reproductive toxicity at any dose level as assessed by mating performance, fertility, embryo/fetal survival parameters, and sperm analysis. 

	•. 
	•. 
	The NOAEL for male fertility parameters in rats was considered to be the high dose of 450mg/kg/day whichwasassociatedwithplasmaCmax andAUC valuesof 4680 mcM ЌҀФ ӹӸӷӶ ѿКю҅ѤҖ ҖШҚғШКҤѧӊШѹӑ and an 8.2-fold exposure margin compared to the maximum recommended human dose for relebactam based on AUC comparison. 


	Conducting laboratory and location: .Safety Assessment and Laboratory Animal Resources, Merck Research Laboratories, West Point, Pennsylvania 
	GLP compliance:. Yes 
	Methods 
	Methods 
	Methods 

	Dose and frequency of dosing: 
	Dose and frequency of dosing: 
	0, 50, 150, and 450 mg/kg/day administered 

	TR
	once per day 

	Route of administration: 
	Route of administration: 
	Intravenous via tail vein 

	Formulation/Vehicle: 
	Formulation/Vehicle: 
	0.9% sodium chloride 

	Species/Strain: 
	Species/Strain: 
	Rat/Sprague Dawley, Crl:CD(SD) 

	Number/Sex/Group: 
	Number/Sex/Group: 
	20 males/group 

	Satellite groups: 
	Satellite groups: 
	Toxicokinetic animals: 4 males in the control 

	TR
	group and 8 animals for each of the MK-7655 

	TR
	groups. 

	Study design: 
	Study design: 
	Males were administered vehicle or different 

	TR
	doses of MK-7655 beginning 15 days prior to 

	TR
	cohabitation, during cohabitation, and until 

	TR
	Day 1 prior to the scheduled sacrifice for a total 

	TR
	of approximately 6 weeks of dosing. For mating 

	TR
	and fertility assessments, males were housed 

	TR
	with untreated females following 15 days of 

	TR
	treatment. The cohabitation interval was 

	TR
	limited to a maximum of 10 nights. Mating was 

	TR
	confirmed by daily examination of females for 

	TR
	copulatory plugs. The day of confirmed mating 

	TR
	was considered to be gestation day (GD)0. 

	TR
	Between GD15 and 17, all pregnant females 

	TR
	were euthanized and uterine contents were 

	TR
	examined. Plasma MK-7655 concentrations 

	TR
	were determined after a single dose in non-

	TR
	fasted control and MK-7655-treated males. 

	Deviation from study protocol 
	Deviation from study protocol 
	No 

	affecting interpretation of results: 
	affecting interpretation of results: 


	Reviewer Comment: The period of dosing before mating for males was shorter than is recommended by the ICH S5A Guidance which recommends dosing for at least 4 weeks in the premating period for males. It is not clear if the reduced duration of dosing in males altered the spermatogenesisresultsorotherfertility parameters. 
	Observations and Results 
	Parameters 
	Parameters 
	Parameters 
	Major findings 

	Mortality 
	Mortality 
	No premature animal deaths occurred. 

	ClinicalSigns 
	ClinicalSigns 
	No clinicalsigns were observed in male rats. 

	Body Weights 
	Body Weights 
	In high-dose males, there was a transient MK-7655-related decrease in mean body weight gaininthe premating periodbetween Study Weeks 1 and 3 (26% below control). Thereafter, mean bodyweight gains inthe 450 mg/kg/daygroup were comparable to concurrent control. 
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	Necropsyfindings [Mating/FertilityIndex, Corpora Lutea, Preimplantation Loss, etc] 
	Necropsyfindings [Mating/FertilityIndex, Corpora Lutea, Preimplantation Loss, etc] 
	Necropsyfindings [Mating/FertilityIndex, Corpora Lutea, Preimplantation Loss, etc] 
	There were no MK-7655-related effects on mating performance and fertility. In the MK-7655 groups, mean values for matingindex (percent of mated females/females cohabited), fecundity index (percent of pregnant females/mated females), andfertility index (percent of pregnant females/females cohabited)were similar to those seeninthe control group. Epididymal sperm analysis did not reveal anyMK-7655­related changes in sperm counts or sperm motility. 


	LD: low dose; MD: mid dose; HD: high dose 
	Study title/ number: MK-7655: Intravenous Fertility and Toxicokinetic Study in Female Rats/ TT #12-7400 
	Key Study Findings 
	•. 
	•. 
	•. 
	There was no MK-7655-related reproductive toxicity as assessed by mating. performance, fertility, and embryonic-fetal survival parameters.. 

	•. 
	•. 
	The NOAEL for rat female fertility parameters was considered to be the high dose of 450 mg/kg/day whichwasassociatedwithplasmaCmax andAUC valuesof5680 mcMand 2ӽӾӶ ѿКю҅ѤҖ ҖШҚғШКҤѧӊШѹӑ ЌҀФ Ќ ӽѢӷ-fold exposure margin compared to the maximum recommended human dose for relebactam based on AUC comparison. 


	Conducting laboratory and location: GLP compliance: 
	Conducting laboratory and location: GLP compliance: 
	Conducting laboratory and location: GLP compliance: 
	Safety Assessment and Laboratory Animal Resources, Merck Research Laboratories, West Point, Pennsylvania Yes 

	Methods Dose and frequency of dosing: Route of administration: Formulation/Vehicle: Species/Strain: Number/Sex/Group: Satellite groups: Study design: 
	Methods Dose and frequency of dosing: Route of administration: Formulation/Vehicle: Species/Strain: Number/Sex/Group: Satellite groups: Study design: 
	0, 50, 150, and 450 mg/kg/day administered once daily Intravenous via tail vein 0.9% sodium chloride injection Rat/Sprague-Dawley, Crl:CD(SD) 20 females/group 4 females in the control group and 8 females/MK-7655 treatment group were designated for toxicokinetic analysis. Females received intravenous injections of vehicle or MK-7655 (50, 150, and 450 mg/kg/day) beginning 15 days prior to cohabitation, during cohabitation, and through gestation day (GD) 7. Each female was housed with 1 untreated male of the s


	performed in toxicokinetic females (non-fasted 
	performed in toxicokinetic females (non-fasted 
	performed in toxicokinetic females (non-fasted 

	and non-pregnant) after a single dose of vehicle 
	and non-pregnant) after a single dose of vehicle 

	or test item. 
	or test item. 

	Deviation from study protocol 
	Deviation from study protocol 
	No 

	affecting interpretation of results: 
	affecting interpretation of results: 

	Observations and Results 
	Observations and Results 


	Parameters 
	Parameters 
	Parameters 
	Major findings 

	Mortality 
	Mortality 
	All MK-7655-treated animals survived until the scheduled termination. One control female was founddead on PMD8 immediately after dosing. The cause of death was not determined. 

	ClinicalSigns 
	ClinicalSigns 
	No MK-7655-related clinical signs were observed. 

	Body Weights 
	Body Weights 
	No MK-7655-related changes in body weight were observed. 

	Necropsyfindings [Mating/FertilityIndex, Corpora Lutea, Preimplantation Loss, etc] 
	Necropsyfindings [Mating/FertilityIndex, Corpora Lutea, Preimplantation Loss, etc] 
	Mating performance and fertility were not affectedby MK-7655 at any dose. The number of pregnant females, and matings per 4-dayperiods of cohabitation, andthe mating, fecundity andfertility indexes were similar in all groups. Also, no MK­7655­relatedchanges inany of the Caesarean sectiondata including the number of corpora lutea, implantations, resorptions, andlive fetuses per female were observed. 


	LD: low dose; MD: mid dose; HD: high dose 
	Embryo-Fetal Development 
	Embryo-Fetal Development 

	Imipenem/Cilastatin: Regarding embryo-fetal effects the information included on the 2018 ѡѤΈю!҃ΈяҪ ғҖ҇ФҿКҤ ѹЌЙШѹ ѧҚ ЌҚ в҇ѹѹ҇ӋҚѡ ѨReproductive toxicity studies with imipenem and cilastatin (alone or in combination) administered to mice, rats, and rabbits showed no evidence of effects on embryofetal (mice, rats and rabbits) or pre/postnatal (rats) development. 
	Imipenem was administered intravenously to rats (gestation days (GD) 7 to 17) and rabbits (GD 6 to 18) at doses up to 900 and 60 mg/kg/day, respectively, approximately 2.9 and 0.4 times the RHD (based on body surface area). 
	Cilastatin was administered subcutaneously to rats (GD 6 to 17) and intravenously to rabbits (GD 6 to 18) at doses up to 1000 and 300 mg/kg/day, respectively, approximately 3.2 and 1.9 times the RHD (based on body surface area). 
	Imipenem/cilastatin was administered intravenously to mice at doses up to 320 mg/kg/day (GD 6 to 15). In two separate studies, imipenem/cilastatin was administered to rats (GD 6 to 17 and GD 15 to day 21 postpartum) both intravenously at doses up to 80 mg/kg/day and subcutaneously at 320 mg/kg/day. The higher dose is approximately equal to the RHD (based on body surface area). 
	Imipenem/cilastatin administered intravenously to pregnant cynomolgus monkeys during organogenesis at 100 mg/kg/day, approximately 0.6 times the RHD (based on body surface area), at an infusion rate mimicking human clinical use, was not associated with fetal malformations,but therewas anincreaseinembryoniclossrelativetocontrols. 
	Imipenem/cilastatin administered to pregnant cynomolgus monkeys during organogenesis at 40 mg/kg/day by bolus intravenous injection caused significant maternal toxicity including death and embryofetal loss.ѩ 
	Relebactam: Study reports for MK-7655 (relebactam) definitive embryo-fetal studies in mice, rats, and rabbits are reviewed below. 
	Study title/ number: MK-7655: Subcutaneous Embryo-Fetal Developmental Toxicity and Toxicokinetic Study in Mice/ TT #12-7330 
	Key Study Findings 
	•. 
	•. 
	•. 
	MK-7655 was administered subcutaneously to female mice at doses of 0, 80, 200, or 450 mg/kg/dayoncedailyfrom GD6through17. Subcutaneousdosingresultedinreduced plasma Cmax and AUC exposure in mice compared to intravenous dosing in rats and rabbits. 

	•. 
	•. 
	There wasnoevidenceofmaternal ordevelopmentaltoxicityintheMK-7655-treated groups except for an increased litter incidence of skull bone and vertebral malformations in high-dose fetuses and an increased litter incidence of cleft palate and skullbonemalformationsin low-dosefetuses andhigh-dosefetuses comparedto control values. 

	•. 
	•. 
	Based on the results of this study, a NOAEL dose for developmental toxicity could not be determined. The LOAEL dose was considered to be the low dose, 80 mg/kg/day, which was associated with plasma Cmax ЌҀФ !Ѳ. ӊЌѹҿШҚ ҇в Ӹӿӽ ѿКю ЌҀФ Ӻӿӹ ѿКю҅ѤҖ respectivelyanda1.3-foldexposuremargincomparedto themaximum recommended human dose for relebactam based on AUC comparison. 


	Conducting laboratory and location: GLP compliance: 
	Conducting laboratory and location: GLP compliance: 
	Conducting laboratory and location: GLP compliance: 
	Merck Research Laboratories, West Point, Pennsylvania, U.S.A. Yes 

	Methods Dose and frequency of dosing: Route of administration: Formulation/Vehicle: Species/Strain: Number/Sex/Group: Satellite groups: Study design: 
	Methods Dose and frequency of dosing: Route of administration: Formulation/Vehicle: Species/Strain: Number/Sex/Group: Satellite groups: Study design: 
	0 (vehicle, Group 1), 80 mg/kg/day (Group 2), 200 mg/kg/day (Group 3), and 450 mg/kg/day (Group 4) administered once per day. subcutaneous 0.9% sodium chloride Mouse/ Crl:CD1(ICR) 20 females/group Toxicokinetic animals: 4 females in Group 1, 8 females in Groups 2-4. Pregnant females scheduled for cesarean section were dosed from Gestation Day (GD) 6 through 17 before cesarean section on GD 18. Toxicokinetic females were dosed from GD 6 
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	through GD 13 before euthanasia on GD 13. 
	through GD 13 before euthanasia on GD 13. 
	through GD 13 before euthanasia on GD 13. 

	Deviation from study protocol 
	Deviation from study protocol 
	No 

	affecting interpretation of results: 
	affecting interpretation of results: 


	Observations and Results 
	Parameters 
	Parameters 
	Parameters 
	Major findings 

	Mortality 
	Mortality 
	All animals surviveduntil their scheduledtermination. 

	ClinicalSigns 
	ClinicalSigns 
	No MK-7655-related clinical signs were observed. 

	Body Weights 
	Body Weights 
	MK-7655 administrationdid not alter maternal bodyweights. 

	Necropsyfindings CesareanSectionData 
	Necropsyfindings CesareanSectionData 
	There were no MK-7655-related effects on Cesareansectiondata. Embryonic/fetal survival as assessedby the numbers of corpora lutea, implantations, andlive fetuses per female andthe derived peri­and post implantation loss calculations were similar inall groups and unaffected by MK-7655 treatment. Also, live fetal weights were not altered by treatment with MK-7655. 

	Necropsyfindings Offspring 
	Necropsyfindings Offspring 
	There were no MK-7655-related increases invisceral malformations or variations. No fetal coronal malformations or variations were observed in any group anddelayed ossifications were not increasedinany group. Individual skeletal malformations and variations were also not increased in a MK-7655 dose-related manner. Onlyzero or one fetus with each recorded malformationtype (skull bone malformation, cervical vertebra malformation, lumbar vertebra malformation, axial skeletal malformation, and absent andextra ve


	LD: low dose; MD: mid dose; HD: high dose 
	Study title/ number: MK-7655: Intravenous Embryo-Fetal Developmental Toxicity and Toxicokinetic Study in Rats/ TT #12-7320 
	62 
	Version date: October 12, 2018 
	Reference ID: 4463074 
	Key Study Findings 
	•. 
	•. 
	•. 
	There was no evidence of maternal or developmental toxicity at any MK-7655 dose level. 

	•. 
	•. 
	The NOAEL for both maternal and developmental toxicity was considered to be the high doseof 450 mg/kg/day whichwasassociatedwithplasmaCmax andAUC valuesof5440 ѿКю ЌҀФ ӸӾӶӶ ѿКю҅ѤҖ ҖШҚғШКҤѧӊШѹӑ ЌҀФ Ќ ӽѢӸ-fold exposure margin compared to the maximum recommended human dose for relebactam based on AUC comparison. 


	Conducting laboratory and location:. Safety Assessment and Laboratory Animal Resources, Merck Research Laboratories, West Point, Pennsylvania, U.S.A. 
	GLP compliance:. Yes 
	Methods 
	Methods 

	Dose and frequency of dosing:. 0 (Group 1), 50 mg/kg/day (Group 2), 150 mg/kg/day (Group 3), 450 mg/kg/day (Group 4) administered once per day 
	Route of administration:. Intravenous via tail vein 
	Formulation/Vehicle:. 0.9% sodium chloride 
	Species/Strain:. Rat, Sprague-Dawley, Crl:D(SD) 
	Number/Sex/Group:. Main Study: 20 females/Group 
	Satellitegroups:. Toxicokineticanimals: 4femalesinGroup1,and 8 females/group in Groups 2-4. 
	Study design:. Pregnant females scheduled for Cesarean section were dosed from Gestation Day (GD) 6 through GD 20 before Cesarean section on GD 
	21. Toxicokineticfemalesweredosedfrom GD 6 
	through GD 15 before euthanasia on GD 15. Deviation from study protocol No affecting interpretation of results: 
	Observations and Results 
	Parameters 
	Parameters 
	Parameters 
	Major findings 

	Mortality 
	Mortality 
	No MK-7655 related mortality was observed 

	ClinicalSigns 
	ClinicalSigns 
	No MK-7655-related clinicalsigns were observed 

	Body Weights 
	Body Weights 
	There were no MK-7655-related changes in meanmaternalbody weight gain or meanbodyweight gain adjusted for total fetal weight. 

	Necropsyfindings CesareanSectionData 
	Necropsyfindings CesareanSectionData 
	Embryo-fetal survival inthe MK-7655 treatment groups was similar to control values for the numbers of corpora lutea, implantations, live fetuses per female, and the derived pre­and postimplantation loss. In addition, sex ratios andfetal weights were not altered by MK­7655 administrationat any dose. 

	Necropsyfindings Offspring 
	Necropsyfindings Offspring 
	No MK-7655-related increases in external, visceral, coronal, or skeletal malformations or variations were observed. Incomplete ossificationof 
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	fetal bones was not significantly increased in any of the MK-7655 dose groups. LD: low dose; MD: mid dose; HD: high dose 
	Study title/ number: MK-7655: Intravenous Embryo-Fetal Developmental Toxicity Study in Rabbits/ TT #15-7200 
	Key Study Findings 
	•. 
	•. 
	•. 
	There were no MK-7655-related deaths, changes in maternal body weight or food consumption, or maternal gross observations at any dose level. The only clinical sign wasdiscolored(orange)urineinalltheanimalsadministeredMK-7655 withdose­related incidence. 

	•. 
	•. 
	Fetalexternal,visceral,andcoronal malformationsand variationswerenot increasedin any of the MK-7655 treatment groups compared to control values, but the combined fetal/litter incidence of skeletal hyoid bone malformations and variations (hyoid bone anomalies) was increased in the high-dose group compared to concurrent control values.However,the litterincidenceofhyoidbone anomaliesinthe high-dosegroup (28%)wassimilartotheupperrange oflitterincidencesforhyoidboneanomaliesin comparable historical control datab

	•. 
	•. 
	The NOAEL for developmental toxicity was considered to be 450 mg/kg/day which was associated with plasma Cmax and AUC values of 7200 mcM and 9490 ѿКю҅ѤҖ respectively and a 24-fold exposure margin compared to the maximum recommended human dose for relebactam based on AUC comparison. 


	Conducting laboratory and location: Merck Research Laboratories, West Point, Pennslyvania, USA. GLP compliance: Yes 
	Methods 
	Methods 

	Dose and frequency of dosing:. 0 (Group 1), 35 (Group 2), 275 (Group 3), and 450 (Group 4) mg/kg/day administered once per day. 
	Route of administration:. Intravenous via the ear vein with an injection 
	rate of 5 ml/min and a dose volume of 10 ml/kg Formulation/Vehicle: 0.9% sodium chloride in water for injection, USP Species/Strain: Rabbit, New Zealand White Number/Sex/Group: Females designated for Cesarean section: 
	19/sex/group. Satellitegroups: Toxicokineticanimals: 4/sex/group Study design: From GD 7 through 20, females received 0 (0.9% 
	Sodium Chloride) 35, 275, or450 mg/kg/dayof MK-7655 once daily intravenously via the ear vein. Toxicokineticblood samples were obtained 
	on GD 15. On GD28, all surviving females were 
	on GD 15. On GD28, all surviving females were 
	on GD 15. On GD28, all surviving females were 

	euthanized and uterine contents were 
	euthanized and uterine contents were 

	examined. 
	examined. 

	Deviation from study protocol 
	Deviation from study protocol 
	No 

	affecting interpretation of results: 
	affecting interpretation of results: 


	Observations and Results 
	Parameters 
	Parameters 
	Parameters 
	Major findings 

	Mortality 
	Mortality 
	No MK-7655-related deaths occurred. 

	ClinicalSigns 
	ClinicalSigns 
	Rabbits treatedwith MK-7655 exhibited orange discolored urine in a dose-related manner for incidence. 

	Body Weights 
	Body Weights 
	No MK-7655-related changes in maternal body weight were observed. 

	Necropsyfindings CesareanSectionData 
	Necropsyfindings CesareanSectionData 
	There were no MK-7655-related effects on embryonic/fetal survival. The number of corpora lutea, implantations, andlive fetuses per female were similar inall groups as were fetal sex ratios, andfetal weights for male and female offspring. Placenta morphology was normal for most placentasinmost groups with 2/158, 0/174, 1/157, 0/170 abnormalplacentas observedin the vehicle control, LD, MD, andHD groups. 

	Necropsyfindings Offspring 
	Necropsyfindings Offspring 
	No MK-7655-related increases in fetal external, visceral, or coronal malformations or variations were observed. Also, the incidence of fetuses and litters withskeletal malformations and variations in the torso, limbarea, and head were similar in all groups. However, the total number of hyoidbone malformations and variations was increasedinthe MK-7655 HD group compared to control values. The fetal/litter incidence of hyoidbone malformations was increasedinthe HD group (3/3) compared to the control group (1/1


	LD: low dose; MD: mid dose; HD: high dose 
	Prenatal and Postnatal Development 
	Prenatal and Postnatal Development 

	Imipenem/Cilastatin: The information on the 2018 PRIMAXIN® product label describing the pre-postnatal ШввШКҤҚ ҇в ѧѿѧғШҀШѿ ЌҀФ КѧѹЌҚҤЌҤѧҀ ѧҚ ЌҚ в҇ѹѹ҇ӋҚѡ ѨNo adverse effects on the fetus or on lactation were observed when imipenem-cilastatin sodium was administered 
	Imipenem/Cilastatin: The information on the 2018 PRIMAXIN® product label describing the pre-postnatal ШввШКҤҚ ҇в ѧѿѧғШҀШѿ ЌҀФ КѧѹЌҚҤЌҤѧҀ ѧҚ ЌҚ в҇ѹѹ҇ӋҚѡ ѨNo adverse effects on the fetus or on lactation were observed when imipenem-cilastatin sodium was administered 
	subcutaneouslytoratslateingestationat dosagesupto320 mg/kg/day,2.1timesthe maximum recommendeddailyhuman dose(onamg/mbodysurface area basis).ѩ 
	2 


	Relebactam: The study report for a MK-7655 (relebactam) pre-postnatal study in rats is reviewed below. 
	Study title/ number: MK-7655: Intravenous Pre-and Postnatal Developmental Toxicity Study in Rats/ TT #15-7050 Key Study Findings 
	•. 
	•. 
	•. 
	There were no MK-7655-related deaths, changes in maternal body weight or food consumption, or maternal gross observations at any dose level. 

	•. 
	•. 
	There was no evidence of developmental toxicity at any dose level. 

	•. 
	•. 
	The NOAEL for maternal and embryo-fetal toxicity was considered to be the high dose of 450mg/kg/day whichwasassociatedwithplasmaCmax andAUC valuesof5380 mcM ЌҀФ ӹӶӸӶ ѿКю҅ѤҖ ҖШҚғШКҤѧӊШѹӑ and a 7.7-fold exposure margin compared to the maximum recommended human dose for relebactam based on AUC comparison. 


	Conducting laboratory and location: GLP compliance: 
	Conducting laboratory and location: GLP compliance: 
	Conducting laboratory and location: GLP compliance: 
	Merck Research Laboratories, West Point, Pennsylvania. Yes 

	Methods Dose and frequency of dosing: Route of administration: Formulation/Vehicle: Species/Strain: Number/Sex/Group: Satellite groups: Study design: 
	Methods Dose and frequency of dosing: Route of administration: Formulation/Vehicle: Species/Strain: Number/Sex/Group: Satellite groups: Study design: 
	0 (Group 1, vehicle control), 65 (Group 2), 200 (Group 3), and 450 (Group 4) mg/kg/day administered once per day. Intravenous via tail vein 0.9% Sodium Chloride in Water for Injection Rat, Sprague-Dawley Main Study (females designated for parturition): 20 females/group Toxicokinetic animals: 4 females/group Pregnant females in the Main Study were dosed from GD 6 through LD 20 before the scheduled euthanasia on LD 21. Pregnant Toxicokinetic females were dosed from GD 6 until GD 15 before toxicokinetic sampli
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	If there was no gross evidence of pregnancy, 
	If there was no gross evidence of pregnancy, 
	If there was no gross evidence of pregnancy, 

	the uterus was stained to visualize implantation 
	the uterus was stained to visualize implantation 

	sites. Corpora lutea were counted as were 
	sites. Corpora lutea were counted as were 

	uterine implants which were classified as live 
	uterine implants which were classified as live 

	fetus, dead fetus, or resorption and live fetuses 
	fetus, dead fetus, or resorption and live fetuses 

	were euthanized. 
	were euthanized. 

	Deviation from study protocol 
	Deviation from study protocol 
	No 

	affecting interpretation of results: 
	affecting interpretation of results: 


	Observations and Results 
	Generation 
	Generation 
	Generation 
	Major Findings 

	F0 Dams 
	F0 Dams 
	No MK-7655-related maternaldeaths, clinical signs or gross pathologywere observed. Uterine Content: The mean number of females with live pups andthe mean length of gestationwere similar in all groups. There were no external malformations or variations or altered sex ratios inF1 pups in any of the MK-7655 groups. 

	F1 Generation 
	F1 Generation 
	No MK-7655-related deaths, clinical signs, or changes in body weight were observed during the preweaning or postweaning periods. Physical Development: There were no MK-7655-related effects on the mean dayof occurrence for vaginal opening or preputial separation. NeurologicalAssessment: There were no MK-7655­related effects on passive avoidance, auditory startle habituation, or open-fieldmotor activity. Reproduction: There were no MK-7655-related effects on mating performance and fertility. Also, on GD 15, t

	F2 Generation 
	F2 Generation 
	F2 generation offspring were not assessed except for fetal survival on GD 15 (as noted above) which was not changed in any of the MK-7655 groups compared to control values. 



	5.5.5 Other Toxicology Studies 
	5.5.5 Other Toxicology Studies 
	MK-7655: Subcutaneous and Intravenous Toxicity and Toxicokinetic Study in Juvenile Rats. 
	(Study No.: TT #16-7090) Methods: In this GLP-compliant study, juvenile rats were administered vehicle or 65, 200, and 450 mg/kg/day MK-7655 once daily by bolus SC injection from postnatal day (PND) 14 to PND 34 and by IV injection via tail vein over a period of two minutes per animal through PND 56 or 
	57. Each dose group consisted of 3 (control) or 5 (test article-treated) litters with 4 fostered pups/sex/litter. Each dose group litter was composed of pups from different litters and had no 
	57. Each dose group consisted of 3 (control) or 5 (test article-treated) litters with 4 fostered pups/sex/litter. Each dose group litter was composed of pups from different litters and had no 
	littermates of the same sex. All pups in a given litter received the same dose level or vehicle only. The rats were weaned on PND 21. Twelve animals/sex/group were necropsied on PND 56 or 57 (Main Study necropsy) at the end of the dosing period in postnatal week (PNW) 8, and eight animals/sex in the control and 450 mg/kg/day groups were necropsied on PND 85 (PNW 12) (Recovery necropsy) following a 4-week treatment-free period. Results: There was no evidence of MK-7655-related toxicity based on clinical sign

	Table 3: Mean (± SE) Plasma MK-7655 Toxicokinetic Parameters in Juvenile Rats Following Dosing of MK-7655: Postnatal Day 56/57. (Table from the Study Report) 
	Figure
	Study Title: Bovine Corneal Opacity and Permeability Test (BCOP). (Study No.: TT #13-7802) 
	Methods: This GLP-compliant study was conducted in 2013 
	Figure
	Figure
	IsolatedbovineeyesimmersedinHanksBalanced Salt Solutionin a refrigerat ed 
	container were obtained on the experimental start date. Seven intact, unblemished corneas were dissected free from the eyes were mounted in holders that were separated into anterior andposteriorchambersthat werefilledseparatelywereMinimalEssenti alMedium MEM, and beforethe corneaswereallowedtoequilibratefor1-2 hoursat 32°C. Beforedosing,apre­exposuredeterminationofopacitywasmade foreachcontrol cornea (2corneas) andMK -7655­test cornea (5 corneas). Subsequently the anterior chambers were filled with MEM (con
	container were obtained on the experimental start date. Seven intact, unblemished corneas were dissected free from the eyes were mounted in holders that were separated into anterior andposteriorchambersthat werefilledseparatelywereMinimalEssenti alMedium MEM, and beforethe corneaswereallowedtoequilibratefor1-2 hoursat 32°C. Beforedosing,apre­exposuredeterminationofopacitywasmade foreachcontrol cornea (2corneas) andMK -7655­test cornea (5 corneas). Subsequently the anterior chambers were filled with MEM (con
	passed through the cornea. Opacity and permeability (optical density) scores were calculated for each cornea according to predetermined scales and a combined In Vitro score was calculated Results: The mean optical density scores for the control and treated corneas were 0.025 and 

	0.057 respectively. The opacity score for control and treated corneas averaged 0 and -0.06 respectively. The calculated mean In Vitro score for the treated corneas was -0.12 which is consistent with a non-irritant classification. 
	1

	Southee JA, 1998: Evaluation of the Prevalidation Process, Part 2, final report, Volume 2, The Bovine Corneal Opacity and Permeability (BCOP) Assay. European Community Contract No.: 11279-95-10F IED ISP GB. 
	1 

	Study Title: Acute Dermal Irritation/Corrosion in Rabbits. (Study No.: TT # 13-7803) 
	Methods: This GLP-compliant study was conducted 
	Figure
	Figure
	in 2013. Healthy New Zealand White rabbits (2 males -1 female) received a single 
	dermal (topical) dose of 500 mg L-002118412-002D021 (MK-7655, lot No.: L-002119412­002D021) at asinglesitewhichwassubsequentlywrappedwithsemi -occlusivedressing.After 4 hours,thewrappingswereremoved,anderythemaandedemawerescoredat 1,24, 48and72 hours following patch removal. Skin at the exposure site was also evaluated for ulceration and necrosis or any evidence of tissue destruction at the same timepoints. Based on the mean scores for erythema/eschar and edema, a Modified Primary Irritation Index was calcu
	Study Title: Local Lymph Node Assay in Mice (LLNA). (Study No.: TT #13-7804) 
	Methods: This GLP-compliant study was conducted 
	Figure
	Figure
	in 2013. Five groups of healthy female CBA/J mice (5 mice/group) were topically 
	treated with vehicle (DMSO), the positive control agent (25% hexylcinnamaldehyde in DMSO) or 5%, 10% and 25% MK-7655 dissolved in DMSO. Solutions were applied topically to the dorsum of each ear once daily for three consecutive days. Ear thickness measurements were used as a measurement of skin irritation, and measurements were performed on Days 1 and 3 before dosing, and on Day 6 before animal euthanasia. Subsequently mice were administered an intraperitoneal injection of the thymidine analog, 5-bromo-Ӹѥ-d
	Results: None of the tested MK-7655 concentrations resulted in increased ear thicknesses compared to vehicle control values on either Day 3 or 6. In contrast, On Day 6, the positive control agent, 25% HCA, produced a 35% increase in ear thickness compared to pretest values and a 133% greater increase in ear thickness compared to the increase in ear thickness experienced by vehicle control animals. 



	6 Clinical Pharmacology 
	6 Clinical Pharmacology 
	6.1 Executive Summary 
	6.1 Executive Summary 
	TheOfficeofClinicalPharmacologyreviewedtheinformationcontainedinNDA212819. The clinical pharmacology information submitted in the application supports the approval of RECARBRIO (imipenem/cilastatin/relebactam; herein referred to as IMI/REL) for injection (for intravenoususe)forthetreatment of cUTI and cIAIinpatients18yearsofageandolder with limitedornoalternativetherapiesavailablefora summaryof clinical pharmacology-related recommendations and comments on key review issues. 
	.See Table 7

	Table 7. Summary of OCP Recommendations and Comments on Key Review Issues 
	Review Issue 
	Review Issue 
	Review Issue 
	Recommendations and Comments 

	Pivotal or supportive evidence of effectiveness 
	Pivotal or supportive evidence of effectiveness 
	The evidence of effectiveness of IMI/REL in patients with cUTI and cIAI was provided in part Йӑ ҤѤШ !њШҀКӑѥҚ ғҖШӊѧ҇ҿҚ вѧҀФѧҀњ ҇в safety and effectiveness of imipenem, nonclinical PK/PD analyses and probability of target attainment (PTA) simulations using clinical PK data. 

	General dosing instructions 
	General dosing instructions 
	The recommended dosing regimen is 500 mg imipenem, 500 mg cilastatin, 250 mg relebactam by intravenous (IV) infusion over 30 minutes every 6 hours in patients 18 years of age and older with creatinine clearance (CLCr) 90 mL/min or greater. 

	Dosing in patient subgroups (intrinsic and extrinsic factors) 
	Dosing in patient subgroups (intrinsic and extrinsic factors) 
	Dose reductions are recommended in patients with renal impairment (See Section 6.2.2). 

	Labeling 
	Labeling 
	Recommendations were communicated to the Applicant. 



	6.2 Summary of Clinical Pharmacology Assessment 
	6.2 Summary of Clinical Pharmacology Assessment 
	6.2.1 Pharmacology and Clinical Pharmacokinetics 
	6.2.1 Pharmacology and Clinical Pharmacokinetics 
	provides a summary of the clinical pharmacology characteristics of IMI/REL. 
	Table 8 

	Cilastatin (CIL) does not possess antibacterial activity and is coadministered to prevent metabolism of IMI by renal dehydropeptidase. Thus, any clinically meaningful change in CIL PK would also manifest as a clinically meaningful change in IMI PK. 
	In Study PN001, it was demonstrated that there is no clinically relevant DDI between REL and CIL. Therefore,co-administering IMIandREL as a fixeddrugcombination(FDC) isexpectedto have no effect on the PK of CIL. Considering this rationale, the evaluation of CIL PK through a population PK (popPK) model was not pursued in this review. 
	Table 8. Clinical Pharmacology Characteristics of Imipenem/Relebactam 
	Distribution 
	Distribution 
	Distribution 
	The binding of REL to human plasma proteins is approximately 22% and is independent of concentration at a range of ӻ ЌҀФ ӻӶ ҏюѢ The binding of IMI to human plasma proteins is approximately 20%. The median steady state volume of distribution of REL and IMI is 19 L and 24.3 L, respectively a . 

	Elimination 
	Elimination 
	The mean terminal half-life of REL and IMI is approximately 1.2 hours and 1.0 hour, respectively a . 

	Metabolism REL is not significantly metabolized (<10% of the dose). Post-excretory metabolism of IMI is mediated by renal dehydropeptidase, which is inhibited by CIL. 
	Metabolism REL is not significantly metabolized (<10% of the dose). Post-excretory metabolism of IMI is mediated by renal dehydropeptidase, which is inhibited by CIL. 

	Excretion Both IMI and REL are primarily excreted by the kidneys through glomerular filtration and active tubular secretion. The % of unchanged drug excreted in urine (fe) is 63% for IMI and >90% for REL b . 
	Excretion Both IMI and REL are primarily excreted by the kidneys through glomerular filtration and active tubular secretion. The % of unchanged drug excreted in urine (fe) is 63% for IMI and >90% for REL b . 


	Volumeof Distributionandt1/2 for IMI andRELaretaken frompopPK analyses Followingadministrationof 500mg IMI co-administeredwith250mgRELtohealthysubjects every6hoursdaily for 7 days 
	a 
	b


	6.2.2 General Dosing and Therapeutic Individualization 
	6.2.2 General Dosing and Therapeutic Individualization 
	General Dosing 
	ѮѤШ !ғғѹѧКЌҀҤѥҚ ғҖ҇ғ҇ҚШФ Ф҇ҚЌњШ ҖШњѧѿШҀ ҇в RECARBRIO is 1.25 grams (imipenem 500 mg, cilastatin 500 mg, and relebactam 250 mg) administered by IV infusion over 30 minutes every 6 hours in patients 18 years of age and older with creatinine clearance (CLCr) 90 mL/min or greater. The total duration of treatment is 4 to 14 days. 
	Therapeutic Individualization 
	No clinically significant differences in the pharmacokinetics of IMI, CIL, or REL were observed based on age, gender, or race/ethnicity. The effect of hepatic impairment has not been studied; however, REL, as well as CIL are almost entirely excreted unchanged in urine and no clinically relevant metabolism occurs. IMI is partly metabolized in the kidney by dehydropeptidases.Thus, hepaticimpairment isnot expected tohave an effect onthePKof IMI or REL. 
	However, both IMI and REL exposure in plasma increased with decreasing renal function in a dedicated renal impairment study (Study P005). The fraction of dose excreted unchanged in urine (fe) also decreased progressively from mild to severe renal impairment and was low er in subjects with renal impairment as compared to subjects with normal renal function for both IMI andREL. Further, theeffect ofrenalimpairment,asmeasuredbyCLCr,onREL and IMIPKwas identified as a significant covariate in popPK analysis usin
	in Table 9. We also recommend IMI/REL be administered 

	Patients with Renal Impairment 
	REL is primarily eliminated (~90%) by renal excretion. As expected for a drug primarily eliminated by the kidneys, REL exposures increase with decreasing renal function. The exposure increase is clinically meaningful, so dose reduction in patients with renal impairment is recommended . 
	(Table 9)

	Table 9. Dosage of IMI/REL According to Renal Function 
	Creatinine Clearance (mL/min) 1 
	Creatinine Clearance (mL/min) 1 
	Creatinine Clearance (mL/min) 1 
	IMI/REL 2 

	>90 
	>90 
	500/250 mg every 6 hours 

	89 to 60 
	89 to 60 
	400/200 every 6 hours 

	30 to 59 
	30 to 59 
	300/150 every 6 hours 

	15 to 29 
	15 to 29 
	200/100 mg every 6 hours 

	ESRD on hemodialysis 
	ESRD on hemodialysis 
	200/100 mg every 6 hours 3 


	As calculatedusingtheCockroft-Gaultformula Infused over30 minutes Administrationshouldbetimed followinghemodialysis 
	1 
	2 
	3 

	Outstanding Issues None. 


	6.3 Comprehensive Clinical Pharmacology Review 
	6.3 Comprehensive Clinical Pharmacology Review 
	6.3.1 General Pharmacology and Pharmacokinetic Characteristics 
	Pharmacology 
	Pharmacology 
	Pharmacology 

	Mechanism of 
	Mechanism of 
	IMI is a bactericidal carbapenem antibacterial that inhibits eel I wal l synthesis by 

	Action 
	Action 
	inhibition of penicillin bindingproteins (PBPs). Cl Lis a renal dehydropeptidase-1 inhibitorthat limits the renal metabol ism of imipenem and does not have antibacterial activit y. REL is a diazabicyclooctane (DABCO) beta-lactamase inhibitorof some Ambler class A and C beta-lactamases. Relebactam has no intrinsicantibacterial activity. 

	Active Moieties 
	Active Moieties 
	lmipenem (IMI) and Relebactam (REL) 

	QT Prolongation 
	QT Prolongation 
	At a single intravenous dose of 1150 mg (4.6 times the recommended dose), REL does not prolongthe QT interval to any cl inically relevantextent (Study MK7655­009). lmipenem is not known to cause QT prolongation cl inically. 

	General Information 
	General Information 

	Bioanalysis 
	Bioanalysis 
	Multiple validated HPLC-MS/ MS assays were used to determine concentrations of REL, CILand IMI in human plasma, human urine, human dialysate, mouse blood, and the extracapillary space of hollowfibercartridges in hol low fiber infection (HFIM) experiments. All bioanalytical assays met the requirements for specificity, sensitivity, accuracy, and precision. 

	Healthy vs. Patients 
	Healthy vs. Patients 
	Overal I, the effect of active bacterial infection on I Ml PK is not expected to be clinically meaningful consideri ngthe modesteffecton exposures still results in >900/o PTA in patients with active bacterial infection in all renal function categories. 

	Drug Exposure at steady state following the therapeutic dosing regimen 
	Drug Exposure at steady state following the therapeutic dosing regimen 
	The steady state PK of IMl/REL fol lowing 7-day admi nistration of 500 mg IMI + 250 mg REL to healthy subjects is shown below: IMI REL Mean± SD AUC0-6hr 140 ± 23.1 82.7 ± 13.8 (µM*hr) Cmax (µM) 109 ± 25.9 49.4 ± 11.0 AUCo-6hr=area under theconcentration time curve from 0 to 6 hours; Cmax=Concentration at end of infusion 
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	Table
	TR
	The popPK model based steady-state Geometric Mean (% Geometric Co-efficient of Variation) plasma PK of IMI/REL following multiple IV infusions of 500 mg IMI + 250 mg REL /every 6 Hours in patients with CLcr 90 mL/min or greater is shown below: IMI REL Mean ± SD AUC0-24hr (µM*hr) 573.9 ± 321.2 427.3 ± 190.3 Cmax (µM) 104.3 ± (61.4) 64.0 ± (27.3) AUC0-24hr=area under the concentration time curve from 0 to 24 hours; Cmax=Concentration at end of infusion 

	Range of effective 
	Range of effective 
	The determination of efficacy of IMI/REL relies in part ҇Ҁ ҤѤШ FD!ѥҚ ғҖШӊѧ҇ҿҚ 

	dose or exposure 
	dose or exposure 
	findings of the effectiveness of imipenem in the treatment of cUTI and cIAI, in vitro and animal data demonstrating that REL restores activity of IMI against IMI­nonsusceptible gram-negative organisms expressing some Class A and some Class C Ѿ-lactamases, and by the probability of target attainment (PTA) analyses for REL conducted by the FDA. 

	Maximally tolerated dose (MTD) or exposure 
	Maximally tolerated dose (MTD) or exposure 
	Subjects tolerated REL as single doses up to 1150 mg, multiple doses up to 625 mg every 6 hours for 7 days, or multiple doses up to 500 mg every 6 hours for 14 days (Study P001V01MK7655). Higher doses were not evaluated. 

	Dose proportionality 
	Dose proportionality 
	REL AUC0-∞ and Cmax increased in an approximately dose-proportional manner following single doses of REL ranging from 25 mg to 1150 mg. REL AUC0-6hr and Cmax also increased in an approximately dose proportional manner when 50 to 625 mg REL were coadministered with 500 mg IMI q6h for 7 days (Study P001V01MK7655). 

	Accumulation 
	Accumulation 
	The accumulation ratio for the dosing regimen of 250 mg REL coadministered with 500 mg IMI q6h x 7 days was approximately 1.0 for both REL and IMI (Study P001V01MK7655). 

	Variability 
	Variability 
	The between-subject variability (BSV) of REL clearance (CL) and volume of distribution (VD), as estimated in a population pharmacokinetic analysis of patients and healthy subjects, were 45% and 60%, respectively. The between subject variability (BSV) of IMI CL and VD were 52% and 74%, respectively. 

	Volume of Distribution 
	Volume of Distribution 
	The mean steady state volume of distribution of REL is 19.0 L. 
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	Plasma Protein Binding 
	Plasma Protein Binding 
	Plasma Protein Binding 
	The bindingof REL to human plasma proteins is approxi mately22% and is independent ofconcentration at a range of 5 to 50 µM. The binding of IMI to human plasma proteins is approximately 200/o . 

	Substrate of transporter systems 
	Substrate of transporter systems 
	In vitro, REL is a substrate of renal t ransporters, OAT3 and OAT4, and multi drug and toxin extrusion protein 1 and 2K (MATEl and MATE2K). However,the contribution of active renal secretion to the renal clearance of REL was <30% (see Section 18.4.1) and, thus, the maximum increase in AUC of REL by the transporter inhibitors would be <1.5 fold, which is not considered to be cl inically meaningful (St udies PK004MK7655, PK006MK7655, PK009MK7655, PK012MK7655). A clinical DOI trial demonstrated that REL exposu

	Half-life 
	Half-life 
	The mean terminal half-life of REL is approximately 1.2 hours. The mean termi nal half-life of IMI is approxi mately 1.0 hour. 

	Metabolism 
	Metabolism 

	Fraction metabolized (% dose) 
	Fraction metabolized (% dose) 
	REL is not significantly metabol ized ( <100/o of the dose). Post-excretory metabolism of IMI is mediated by renal dehydropeptidase, w hich is inhi bited byCIL. 

	Excretion 
	Excretion 

	Primary excretion pathways 
	Primary excretion pathways 
	The major route of elimination for both IMI and REL is glomerularfi ltration and active tubular secretion. Active tubular secretion accounts for approximately 30% of the total body clearance of REL Following administration of500 mg IMI co-administered with 250 mg REL to healthy subjects every 6 hours dailyfor 7 days, 63% of IMI and >90% REL is excreted unchanged in urine (Study PNOOl). 

	Drug-drug Interactions 
	Drug-drug Interactions 

	Inhibition/Induction of metabolism 
	Inhibition/Induction of metabolism 
	Results from in vitro studies suggest REL does not inhibit CYP1A2, 2B6, 2C8, 2C9, 2C19, 206, or 3A4 at cl inically relevantconcentrations (Study PK002MK7655). Results from in vitro studies suggest REL does not induce CYP1A2, 2B6, or 3A4 at dinical ly relevant concentrations (Studies PK002MK7655, PK007MK7655). 

	Inhibition/Induction oftransporter systems 
	Inhibition/Induction oftransporter systems 
	REL was not an inhi bitor ofthe followingtransportersat clinically relevant concentrations: P-gp, OATP1B1-, OATP1B3-, OATl-, OAT3-, OCT2, MATEl-, MATE2K-, BCRP-, and BSEP (Studies PK006MK7655, PK008MK7655, PK009MK7655) . 

	Interaction between components of the fixed dose combination 
	Interaction between components of the fixed dose combination 
	There are no interactions among the individual components in the fixed dose combination (FDC) (Study P001V01MK7655). 
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	6.3.2 Clinical Pharmacology Questions 
	6.3.2 Clinical Pharmacology Questions 
	Does the clinical pharmacology program provide supportive evidence of effectiveness? 
	The evidence of effectiveness of IMI/REL for the treatment of adult patients with cUTI or cIAI is reliant in part on ҤѤШ !њШҀКӑѥҚ ғҖШӊѧ҇ҿҚ вѧҀФѧҀњ ҇в ҤѤШ ҚЌвШҤӑ ЌҀФ ШввШКҤѧӊШҀШҚҚ ҇в ΈюΈџ in vitro and animal data demonstrating that REL restores activity of IMI against IMI-nonsusceptible Gram-negative organisms expressing some Class A and some Class C Ѿ-lactamases, and PTA analyses for REL conducted by the FDA. 
	Both IMI and REL PK/PD targets were derived using IMI MICs in the presence of a fixed К҇ҀКШҀҤҖЌҤѧ҇Ҁ ҇в Ӻ ҏњѶѿш ѤEшѢ The average concentration (Cavg) of REL administered at 250 mg ШӊШҖӑ Ӽ Ѥ҇ҿҖҚ ѧҀ ѤШЌѹҤѤӑ ӊ҇ѹҿҀҤШШҖҚ ӋЌҚ ӹѢӽӻ ҏњѶѿшѢ ѮѤШ ѿШЌҀ ҿҀЙ҇ҿҀФ ҈вҖШШ҉ .avg in patients as predicted by popPK modeling was ӺѢӺ ҏњѶѿшѢ The Ӻ ҏњѶѿш К҇ҀКШҀҤҖЌҤѧ҇Ҁ ѧҚ ғҖШҚҿѿШФ Ҥ҇ correlate with beta-lactamaseexpressionanddistinguishbetweenIMI/RELsusceptibleGram­negative isolates which express beta-lactamases susceptible to inhibit
	The rationale to use the beta-lactam (BL) MIC for the PK/PD index of the beta-lactamase inhibitor(BLI)has beendiscussedinpreviousreviewsofBL/BLI combinationproducts. Briefly, the rationale assumes that the expression levels of the beta-lactamase is correlated with the MIC of the BL at BLI concentrations that are presumed to be sufficient to restore the bactericidal activity of the BL in bacteria expressing a high level of beta-lactamase enzymes. The BLI exposure(e.g.,AUC) required torestore bactericidalacti
	The Applicant used a REL bacteriostatic PK/PD target (i.e., AUC/MIC of REL required to restore IMI activity to net-stasis of CFU from baseline for beta-lactamase-expressing (IMI-resistant) isolates) derivedfrom neutropenicmousethigh infectionmodel data (fAUC0-24hr/MIC = 5.2). The Applicant used an IMI PK/PD target for 2-log reduction of CFU from baseline of 6.5% fT>MIC (i.e., % time to dosing interval for free drug concentration to exceed MIC) , where MIC is changedasafunctionof REL concentration(seeSection
	The Applicant used a REL bacteriostatic PK/PD target (i.e., AUC/MIC of REL required to restore IMI activity to net-stasis of CFU from baseline for beta-lactamase-expressing (IMI-resistant) isolates) derivedfrom neutropenicmousethigh infectionmodel data (fAUC0-24hr/MIC = 5.2). The Applicant used an IMI PK/PD target for 2-log reduction of CFU from baseline of 6.5% fT>MIC (i.e., % time to dosing interval for free drug concentration to exceed MIC) , where MIC is changedasafunctionof REL concentration(seeSection
	beta-lactamase-expressing) pathogens as long as REL completely inhibits the beta-lactamase enzymes, (c) the PK/PD target of IMI alone has already been established and the approved dosesare sufficient toattainthePK/PDtarget,(d)the proposed IMI dose inIMI/REL is the same as the approved IMI alone dose, (e) the proposed susceptibility breakpoints for IMI/REL are numerically the sameasthosefor IMI alone, and (f) REL hasnointrinsicantibacterialactivity. 

	The Clinical Pharmacology review team conducted an independent PTA analysis for REL. We determined the REL AUC/MIC targets using pooled data from all mouse thigh infection experiments (see . The REL AUC/MIC targets in these experiments varied with the IMI dose (e.g., high REL target for low doses of IMI). The REL 1-log kill AUC/MIC targets (i.e., AUC/MIC of REL required to restore IMI activity to 1-log reduction of CFU from baseline for beta-lactamase-expressing isolates) from our analysis were 7.5 and 14.4
	Section 15.4.2)
	th 
	Section 15.4.2)

	Is the proposed dosing regimen appropriate for the general patient population for which the indication is being sought? 
	ѮѤШ !ғғѹѧКЌҀҤѥҚ ғҖ҇ғ҇ҚШФ Ф҇ҚѧҀњ ҖШњѧѿШҀ ѧҚ Қҿғғ҇ҖҤШФ Йӑ the results of our PK/PD target attainment analyses asdiscussedabove. 
	Is an alternative dosing regimen or management strategy required for subpopulations based on intrinsic patient factors? 
	No clinically significant differences in the pharmacokinetics of IMI, CIL, or REL were observed based on age, gender, or race/ethnicity. Hepatic impairment is also not expected to have an effect on the PK of IMI or REL. However, both IMI and REL exposure in plasma increase with decreasingrenal function.Thus,we recommenddosage ofIMI/REL inpatientswithrenal impairment be adjusted as We also recommend IMI/REL be administered following dialysis for patients maintained on hemodialysis. 
	presented in Table 9. 

	Renal Impairment 
	The results of the dedicated renal impairment study (Study P005) showed that the AUCs of REL and IMI increased with the degree of renal impairment. However, the effect of renal impairment on REL PK was larger than that on IMI PK due to a higher fe of REL compared to IMI (see S. Following a 125 mg dose of REL co-infused with 250 mg IMI, geometric mean AUC0-∞ increased approximately 1.63-fold, 2.19-fold, and 4.87-fold for REL and by approximately 1.41-fold, 1.53-fold, and 2.51-fold for IMI in subjects with mi
	The results of the dedicated renal impairment study (Study P005) showed that the AUCs of REL and IMI increased with the degree of renal impairment. However, the effect of renal impairment on REL PK was larger than that on IMI PK due to a higher fe of REL compared to IMI (see S. Following a 125 mg dose of REL co-infused with 250 mg IMI, geometric mean AUC0-∞ increased approximately 1.63-fold, 2.19-fold, and 4.87-fold for REL and by approximately 1.41-fold, 1.53-fold, and 2.51-fold for IMI in subjects with mi
	ection 15.4.3)
	2
	2
	2

	subjects with normal renal function. IMI/REL appeared to be well tolerated in Study P005. However, this study only included a single 125 mg IV dose of REL administered to a limited number of subjects (n=6 per group). 

	The !ғғѹѧКЌҀҤѥҚ ғҖ҇ғ҇ҚШФ dose adjustments of IMI/REL for patients with renal impairment are the same as those recommended in the Primaxin (IMI) label, with REL following the same dose reduction ratio as IMI/CIL. REL is almost exclusively excreted by the kidneys. IMI is also mainly excreted by the kidneys, but to a somewhat lower extent (53-71%). Because the effect of renal impairment on REL is greater, the proposed dose adjustments result in a higher REL exposure in patientswithrenalimpairment thanthat inpa
	As expected from higher REL exposure in patients with renal impairment than that in patients with normal renal function, a PTA of >90% is maintained in patients with renal impairment receiving the proposed dose adjustments . 
	(See Section 15.4.4)

	Collectively, the ApplicЌҀҤѥҚ ғҖ҇ғ҇ҚШФ Ф҇ҚШ ЌФѳҿҚҤѿШҀҤҚ for patients with renal impairment following the current IMI/CIL labeling are acceptable (See Section 6.2.2). 
	Are there clinically relevant food-drug or drug-drug interactions, and what is the appropriate management strategy? 
	REL has a low drug-drug interaction (DDI) risk either as a victim or a perpetrator. Evaluation of the effect of inhibition of organic anion transporters (OATs) by probenecid demonstrate d no clinically relevant effect on IMI and REL PK. There are no DDIs among the individual components in the FDC . 
	(See Section 6.3.1)
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	Sources of Clinical Data and Review Strategy 
	Sources of Clinical Data and Review Strategy 
	7.1 Table of Clinical Studies 
	7.1 Table of Clinical Studies 
	Three trials were submitted in the NDA (. PN003 and PN004 were dose ranging, active-controlled trials in the treatment of cUTI and cIAI, respectively. The trials compared two doses of relebactam (125 mg and 250 mg, given concomitantly with 500 mg IMI) with IMI plus placebo. Neither trial wasdesignedtodemonstrate theaddedbenefit ofREL to the combination of IMI/REL as most of the baseline pathogens in the trials were susceptible to imipenem. 
	Table 10)

	Trial PN013 was a double-blind, comparator-controlled trial in the treatment of infections caused by imipenem-nonsusceptible gram-negative pathogens, including HABP/VABP, cIAI, and cUTI. In this trial IMI/REL was compared with the combination of imipenem and colistimethate sodium. 
	Table 10. Listing of Clinical Trials Reviewed in Imipenem/Relebactam NDA 
	Table 10. Listing of Clinical Trials Reviewed in Imipenem/Relebactam NDA 
	Table 10. Listing of Clinical Trials Reviewed in Imipenem/Relebactam NDA 

	Trial 
	Trial 
	Trial Design 
	Regimen/ schedule/ route 
	Study Endpoints 
	Treatment Duration/ Follow Up 
	No. of patients randomized 
	Study Population 
	No. of Centers and Countries 

	PN003 
	PN003 
	Multicenter, double-blind randomized, active-controlled, dose ranging, trial in patients with cUTI 
	IMI/REL (250 mg) q 6 hours IMI/REL (125 mg) q 6 hours IMI/placebo q 6 hours Imipenem dose 500 mg in all 3 arms Intravenous (IV) or IV+oral. Switch from IV treatment to oral ciprofloxacinpermitted following the minimum duration of 4 days of IV treatment 
	Microbiological response and clinical response at the discontinuation of IV treatment (DCIV) visit, early follow-up visit (EFU, 5 to 9 days post-antibiotic therapy), and late follow-up visit (LFU, 28-42 days post-antibiotic therapy) 
	4 to14 days/ 28-42 days post-antibiotic therapy 
	Randomized 250mg:101 125mg:101 Placebo:100 
	Adult patients with a cUTI or acute pyelonephritis judged by the investigator to be serious (requiring hospitalization and treatment with IV antibacterial therapy) 
	35 centers and 11 countries enrolled subjects 

	PN004 
	PN004 
	Multicenter, double-blind, randomized, active-controlled, dose ranging, trial in patients with cIAI 
	IMI/REL (250 mg) q 6 hours IV IMI/REL (125 mg) q 6 hours IV IMI/Placebo q 6 hours IV Imipenem dose 500 mg in all 3 arms 
	Clinical response at the DCIV, EFU, and LFU Visits 
	4 to 14 days (IV only; no oral switch allowed)/ 28-42 days after IV therapy 
	250mg: 118 125mg: 116 Placebo: 117 
	Subjects with cIAI that required hospitalization and treatment with IV antibacterial therapy 
	46 centers and 20 countries enrolled subjects 

	PN013 
	PN013 
	Multicenter, double-blind, randomized, active-controlled trial inadults with imipenem non-susceptible bacterial infections, including HABP/VABP, cIAI, and cUTI (with an additional non-randomized, open-label group) 
	IMI/REL q 6 hours+ (placebofor CMS q 12 hours) IV IMI q 6 hours+CMS q 12 hours IV IMI/REL (non-randomized) q 6 hours IV Relebactam dose: 250 mg Imipenem Dose: 500 mg 
	Favorable overall response basedon survival (HABP/VABP), composite clinical and microbiologicalresponse (cUTI) and clinical response only (cIAI) 
	5 (cUTI/cIAI) or 7 (HABP/ VABP) to 21 days/ 28 days 
	Enrolled: IMI/REL:31 IMI+CMS:16 IMI/REL (open label): 3 
	Adults patients who required hospitalization and treatment with IV antibacterial therapy for a new, persistent, or progressing HABP/VABP, cIAI, cUTI 
	16 centers and 11 countries enrolled subjects 


	IMI: imipenem/cilastatin;REL:relebactam(MK-7655);IMI/REL:fixed-dosecombinationof imipenem/cilastatin/relebactam;CMS:colistimethatesodium(total maximumdailymaintenancedose:300mgcolistinbaseactivity. Loadingdosefollowed after 12 hoursbymaintenancedoseevery12hours); HABP/VABP: hospital-acquired/ventilator-associated pneumonia. 
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	7.2 Review Strategy 
	7.2 Review Strategy 
	Data Sources 
	This NDA was submitted in eCTD format. Data sources include study protocols, reporting and statistical analysis plans, clinical study reports, integrated summaries of efficacy and safety, and data sets (in both Study Data Tabulation Module (SDTM) and Analysis Data Model (ADaM) formats). Data sets and software code are available at . 
	\\Cdsesub1\evsprod\NDA212819\0000\m5\datasets

	Data and Analysis Quality 
	Overall, the quality of datasets and analysis was adequate. It was possible to reproduce the primary analyses from the original data source. Blinding/un-blinding procedures were generally well documented. Quality control/assurance procedures were documented. Statistical analysis planswerefinalizedbeforeunblinding. Thequalityofthe eCTDsubmissionwasalsoadequate. Documents and datasets were generally located in the appropriate place and submitted in the proper format. However, for the cUTI and cIAI trials, PN0

	7.3 Review of Relevant Individual Trials 
	7.3 Review of Relevant Individual Trials 
	7.3.1 Study PN003 (cUTI) 
	7.3.1 Study PN003 (cUTI) 
	Trial Objectives 
	The primary objective of this trial was to evaluate the safety, tolerability, and efficacy of REL (at 2 doses) plus IMI versus IMI alone with respect to the microbiological response in the treatment of cUTI, including acute pyelonephritis, in adult patients, at completion of IV study therapy (or discontinuation of IV study therapy [DCIV]). 
	Secondary objectives included: 
	To evaluate the efficacy of 2 doses of REL (250 mg and 125 mg) plus IMI with respect to 
	1.. 
	1.. 
	1.. 
	themicrobiologicresponseinthetreatment ofadult patientswithimipenem-resistant Gram-negative cUTI at the DCIV visit. 

	2.. 
	2.. 
	the microbiological response in the treatment of adult patients with cUTI as compared toIMI alone at the 5-to 9-daypost-antibiotictherapy(earlyfollow-up[EFU])visit. 

	3.. 
	3.. 
	the clinical response in the treatment of patients with cUTI as compared to the IMI alone group at the DCIV visit. 

	4.. 
	4.. 
	the clinical response in the treatment of patients with cUTI as compared to the IMI alone group at the EFU visit. 

	5.. 
	5.. 
	the proportion of patients with sustained microbiological response and sustained clinical response in the treatment of patients with cUTI as compared to the IMI alone group, measuredat the28-to42-daypost-antibiotictherapy(latefollow-up[LFU])visit. 


	Trial Design and Endpoints 
	PN003 was a multi-center, randomized, double-blind, parallel-group, dose ranging, active-controlled trial. Eligible subjects were randomized 1:1:1 to the following groups: 
	1.. 
	1.. 
	1.. 
	REL 250 mg plus IMI 500 mg every 6 hours (q6h) 

	2.. 
	2.. 
	REL 125 mg plus IMI 500 mg q6h 

	3.. 
	3.. 
	Placebo (normal saline) plus IMI 500 mg q6h 


	The dose or frequency of IV study therapy was adjusted for subjects with renal insufficiency and/or for subjects who weighed <70 kg. 
	Figure
	Source:Table3-2 of studyreport. MK-7655:REL 
	Oral ciprofloxacin could be used following the minimum duration (96 hours) of IV study therapy in subjectswithadequate responsetotherapyat thediscretionofthe investigator.Adequate response wasdefinedas clinicalimprovement inpre-studysymptoms,feverresolvedforat least 24 hours,andat least onefollow-upurineculturehadshowneradication(definedasa uropathogen colony count of <10colony forming units [CFU]/mL). 
	4 

	The total duration of antibacterial therapy (IV and subsequent oral ciprofloxacin) did not exceed 14 days. If therapy was needed for longer, IV study therapy was discontinued, and other non-study medication could be administered. 
	There was an option to switch to the 250-mg REL dose in the study. If after at least 72 hours (up to an additional 48 hours) of initial IV study therapy, the identified pathogen(s) was/we re resistant to IMI but may be susceptible to IMI/REL, and the subject did not achieve a favorable clinical response to IV study therapy, the subject could be switched to 250-mg REL (or remain on 250-mg REL for subjects assigned to this group) if requested by the investigator. These subjects would be considered to have unf
	Thisstudywasdouble-blind,except for anunblindedstudypharmacist (or qualifieddesignee) at each study center who was not involved in any management or evaluation of safety and efficacy of the subject. 
	Subjects were evaluated daily for safety and tolerability while on IV therapy. Microbiological response, clinical response, and safety were evaluated at the DCIV, EFU (5-9 days post therapy) and LFU (28 to 42 days post therapy) visits. 
	ForIV test drugsthat are followedbyadifferent oraltherapy,the cUTI guidance recommends an early assessment (end of IV therapy), prior to the use of the oral therapy, along with the assessment at EFU. This allows for the assessment of the effect of the IV test drug alone and the effect of the IV to oral regimen. The DCIV visit and EFU visit closely match these recommended time points. However, the timings of the visits were based on the duration of IV treatment or total treatment, which can be associated wit
	The !ғғѹѧКЌҀҤѥҚ primaryefficacyendpoint wasmicrobiologicalresponseat theDCIVvisit. It was assessed as favorable (eradication) or unfavorable (persistence or persistence with acquisition of resistance) for each subject. This was assessed separately for each pathogen identified at admission. For a favorable overall microbiological assessment, all bacterial uropathogens identified at baseline needed to be ѨШҖЌФѧКЌҤШФѩ ѧҀ ҤѤШ ҿҖѧҀШ КҿѹҤҿҖШ К҇ѹѹШКҤШФ ЌҤ ҤѤШ D.Έѽ visit (andmust not have beenpresent inblood). Defi
	Microbiological Response Response Definition 
	Table 11. Study PN003: Definition of Microbiologic Response at the DCIV Visit 
	Table 11. Study PN003: Definition of Microbiologic Response at the DCIV Visit 


	Eradication 
	Eradication 
	Eradication 
	A urine culture taken at the DCIV visit (or, if not available at DCIV, from the last available urine culture after at least 48 hours of IV study therapy), shows that a uropathogen found at study entry at шӷӶ5 CFU/mL is reduced to <104 CFU/mL. 

	Persistence 
	Persistence 
	A urine culture taken at the DCIV visit (or, if not available at DCIV, from the last available urine culture after at least 48 hours of IV study therapy) grows шӷӶ4 CFU/mL of an original uropathogen. 

	Persistence with acquisition of resistance 
	Persistence with acquisition of resistance 
	A urine culture at the DCIV visit (or, if not available at DCIV, from the last available urine culture after at least 48 hours of IV study therapy) grows шӷӶ4 CFU/mL of any uropathogen species that was previously susceptible to imipenem but now has documented resistance to imipenem. 

	Superinfection 
	Superinfection 
	A urine culture grows шӷӶ5 CFU/mL of a uropathogen other than a baseline pathogen during the course of IV study therapy OR emergence during IV study therapy of a new pathogen at a distant site along with worsening signs and symptoms of infection. 

	Indeterminate 
	Indeterminate 
	a) Follow-up cultures are not available due to subject death or withdrawal from study, OR b) Microbiological data are incomplete, OR c) Assessment not possible due to protocol violation, OR d) Any other circumstance which makes it impossible to define the microbiological response. 

	DCIV=discontinuation of IV study therapy; IV=intravenous; CFU=colony forming units 
	DCIV=discontinuation of IV study therapy; IV=intravenous; CFU=colony forming units 

	Table 12. Study PN003: Definition of Microbiologic Response at the EFU and LFU Visits 
	Table 12. Study PN003: Definition of Microbiologic Response at the EFU and LFU Visits 


	Source:Table9-3 of Study Report 
	For follow-up visits, the definitions of microbiological response are included in the following table. 
	Microbiological Response 
	Microbiological Response 
	Microbiological Response 
	Response Definition 

	Sustained eradication 
	Sustained eradication 
	A urine culture taken at the respective follow-up visit shows that all ҿҖ҇ғЌҤѤ҇њШҀҚ в҇ҿҀФ ЌҤ ҚҤҿФӑ ШҀҤҖӑ ЌҤ шӷӶ5 CFU/mL are still reduced to <104 CFU/mL. 

	Persistence 
	Persistence 
	The urine culture taken at the DCIV visit (or, if not available at DCIV, from the last available urine culture after at least 48 hours of IV study therapy) grows шӷӶ4 CFU/mL of an original uropathogen. These subjects are carried forward with this status to the 2 follow-up visits. 

	Persistence with acquisition of resistance 
	Persistence with acquisition of resistance 
	The urine culture at the DCIV visit (or, if not available at DCIV, from the last ЌӊЌѧѹЌЙѹШ ҿҖѧҀШ КҿѹҤҿҖШ ЌвҤШҖ ЌҤ ѹШЌҚҤ ӺӾ Ѥ҇ҿҖҚ ҇в Έѽ ҚҤҿФӑ ҤѤШҖЌғӑ҉ њҖ҇ӋҚ шӷӶ4 CFU/mL of any uropathogen species that was previously susceptible to imipenem but now has documented resistance to imipenem. These subjects are carried forward with this status to the 2 follow-up visits. 

	New infection 
	New infection 
	A pathogen, other than an original microorganism found at baseline at a level 
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	шӷӶ5 CFU/mL, is present in the urine at Ќ ѹШӊШѹ ш105 CFU/mL any time after IV study therapy is finished. If a pathogen is isolated from a site distant to the primary infection after IV study therapy has been completed, then this will also be designated as a new infection. A new infection identified at the EFU will be carried forward to the LFU visit. 

	Recurrence 
	Recurrence 
	! ҿҖѧҀШ КҿѹҤҿҖШ њҖ҇ӋҚ шӷӶ4 CFU/mL of an original uropathogen taken any time after documented eradication at DCIV visit. Recurrence identified at the EFU will be carried forward to the LFU visit. 

	Recurrence with 
	Recurrence with 
	A urine culture, taken any time after documented eradication at the DCIV 

	acquisition of 
	acquisition of 
	ӊѧҚѧҤџ њҖ҇ӋҚ шӷӶ4 CFU/mL of an original uropathogen and has documented 

	resistance 
	resistance 
	resistance to imipenem. Recurrence with acquisition of resistance identified at the EFU will be carried forward to the LFU visit. 

	Indeterminate 
	Indeterminate 
	a) Follow-up cultures are not available due to subject death or withdrawal from study, OR b) Microbiological data are incomplete, OR c) Assessment not possible due to protocol violation, OR d) Any other circumstance which makes it impossible to define the microbiological response 


	Source:Table9-3 of Study Report 
	We assessed a combined clinical and microbiologic efficacy endpoint (resolution of the symptomsofcUTI at trialentry[andnonewsymptoms])and microbiologicresponse(<10colonyformingunits[CFU]/mL),consistent withtheapproachwithrecent cUTItrials. Notethat this endpoint was defined by the Applicant only for the EFU visit as an exploratory endpoint and at the LFU visit as a secondary endpoint. 
	3 

	Secondary endpoints included clinical response. Clinical signs and symptoms of cUTI or acute pyelonephritis,includingfever(orhistoryof fever),chillsorrigors(accompaniedbyfever),flank pain, costovertebral angle (CVA) tenderness on physical examination, dysuria, urinary urgency, urinaryfrequency,suprapubicorpelvicpain,nausea, orvomitingwere determined at study entryandplannedvisits. Signsandsymptomsweregradedforintensitybytheinvestigatoras Ѩnoneѩ, Ѩmildѩ, Ѩmoderateѩ, or Ѩsevereѩ. At the DCIV visit, the invest
	Table 13. Study PN003: Definition of Clinical Response at the DCIV Visit 
	Table 13. Study PN003: Definition of Clinical Response at the DCIV Visit 
	Table 13. Study PN003: Definition of Clinical Response at the DCIV Visit 

	Clinical Response 
	Clinical Response 
	Response Definition 

	Cure 
	Cure 
	All pretherapy signs and symptoms of the index infection have ҖШҚ҇ѹӊШФ ҈҇Җ ҖШҤҿҖҀШФ Ҥ҇ ѨғҖШѧҀвШКҤѧ҇Ҁ ҚҤЌҤҿҚѩ҉ !яD Ҁ҇ ЌФФѧҤѧ҇ҀЌѹ Έѽ antibiotic therapy is required. 

	Improved 
	Improved 
	All or most pretherapy signs and symptoms of the index infection have ѧѿғҖ҇ӊШФ ҇Җ ҖШҚ҇ѹӊШФ ҈҇Җ ҖШҤҿҖҀШФ Ҥ҇ ѨғҖШѧҀвШКҤѧ҇Ҁ ҚҤЌҤҿҚѩ҉ AND no additional IV antibiotic therapy is required. 

	Failure 
	Failure 
	No apparent response to IV study therapy in prestudy signs and 
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	symptoms: persistence or progression of most or all pretherapy signs and symptoms 

	Indeterminate 
	Indeterminate 
	Study data are not available for evaluation of clinical response for any reasons at the DCIV visit, including: a) Complication related to underlying medical condition, OR b) Subject was withdrawn for any reason before sufficient data had been obtained to permit evaluation for any reason, OR c) ExtШҀҿЌҤѧҀњ КѧҖКҿѿҚҤЌҀКШҚ ғҖШКѹҿФШ КѹЌҚҚѧвѧКЌҤѧ҇Ҁ ЌҚ ѨКҿҖШџѩ ѨѧѿғҖ҇ӊШФџѩ ҇Җ ѨвЌѧѹҿҖШѩ ѕѤ d) Death occurred during the study period and the index infection was clearly noncontributory. 


	Source:Table9-5 of Study Report 
	At the EFU visit, clinical response incluФШФ ѨКҿҖШѩџ ѨвЌѧѹҿҖШѩџ ЌҀФ ѨѧҀФШҤШҖѿѧҀЌҤШѩѢ !Ҥ ҤѤШ шFѲ ӊѧҚѧҤџ КѹѧҀѧКЌѹ ҖШҚғ҇ҀҚШ ѧҀКѹҿФШФ ѨҚҿҚҤЌѧҀШФ КҿҖШѩџ ѨвЌѧѹҿҖШѩџ ѨҖШѹЌғҚШѩџ ѨѧҀФШҤШҖѿѧҀЌҤШѩџ ӋѤШҖШ ѨҚҿҚҤЌѧҀШФ КҿҖШѩ ӋЌҚ ФШвѧҀШФ ЌҚ all or most pretherapy signs and symptoms of the index infection resolvШФ҈҇ҖҖШҤҿҖҀШФҤ҇ ѨғҖШѧҀвШКҤѧ҇ҀҚҤЌҤҿҚѩ҉ӋѧҤѤҀ҇ ШӊѧФШҀКШ҇в resurgence and no additionalantibacterial therapy(beyondIVstudytherapy andoral ciprofloxacin)wasrequired. Failure at the LFU visit was carried forward from the E
	Reviewers’ comment: The Agency had noted the scientific issues with interpreting as an appropriately designed NI trial and had recommended modifications to the trial design. The Applicant preferred toretain theirproposal.Thelimitationsinthedesignofthesestudiesimpair their ability to provide results on which reliable conclusions can be drawn. As designed th is is not an adequate and well-controlled trial and is being evaluated for descriptive purposes only. 
	Key Inclusion and Exclusion Criteria 

	Inclusion criteria 
	Inclusion criteria 
	Inclusion criteria included: 
	1.. 
	1.. 
	1.. 
	ѡЌҤѧШҀҤ ӋЌҚ шӷӾ ӑШЌҖҚ ҇в ЌњШ. 

	2.. 
	2.. 
	Sexually active females of childbearing potential with a negative urine pregnancy test wereeligibleforenrollment;however,thismust have beenfollowedupwitha confirmed negative ҚШҖҿѿ ғҖШњҀЌҀКӑ ҤШҚҤ ҈Ѿ-HCG) as soon as possible (within 48 hours of the screening visit). 


	A patient who was of reproductive potential agreed to remain abstinent or use (or have theirpartner use)amedicallyacceptableeffectivemethodofbirthcontrol untilstudy completion. 
	pyelonephritisjudgedbytheinvestigatortobe serious(requiringhospitalizationand treatment with IV antibacterial therapy) according to the following disease definitions: 
	a). Acute pyelonephritis wasdefinedasasystemic,ascendingurinarytract infectionin a patient with normal urinary tract anatomy, clinically manifested by meeting at least 2 of the following criteria: 
	•. 
	•. 
	•. 
	FШӊШҖ ҈ФШвѧҀШФ ЌҚ шӹӾѢӶҭ. ҊшӷӶӶѢӺҭFҋ ҇ҖЌѹѹӑ ѕѤ ЌҀ ҇ҖЌѹ ШҕҿѧӊЌѹШҀҤ ҊшӹӾѢӻҭ. ҈шӷӶӷѢӹҭF҉ Йӑ ҤӑѿғЌҀѧК ҇Җ ҖШКҤЌѹ ѿeasurement]) 

	•. 
	•. 
	Flank pain 

	•. 
	•. 
	CVA tenderness on physical examination 

	•. 
	•. 
	Nausea or vomiting 


	NOTE: Symptoms of lower UTI (e.g. dysuria, urinary frequency, or urinary urgency) 
	may or may not have been present in acute pyelonephritis. 
	b). Complicated UTI was defined as a clinical syndrome in men or women characterized bythe development ofat least 2 of the followinglocalorsystemicsignsand symptoms: 
	•. 
	•. 
	•. 
	Local signsandsymptoms: Dysuria,urinaryfrequency,suprapubicorpelvic pain, or urinary urgency 

	•. 
	•. 
	Systemicsigns and symptoms: Fever(as definedabove),chillsorrigors (accompanied by fever), flank pain, or CVA tenderness on physical examination 


	The above symptoms must have also occurred in the presence of at least 1 of the 
	following conditions, which increased the risk of developing an infection: 
	•. 
	•. 
	•. 
	Presence of indwelling urinary catheter or other urinary bladder instrumentation 

	•. 
	•. 
	Any functional or anatomical abnormality of the urogenital tract (including anatomicmalformationsor neurogenicbladder)withvoidingdisturbance resulting in at least 100 mL of residual urine 

	•. 
	•. 
	Current obstructive uropathy (nephrolithiasis or fibrosis) that was scheduled to be medically or surgically relieved during IV study therapy 

	•. 
	•. 
	Males with documented history of urinary retention (i.e., due to benign prostatic hypertrophy) 


	3.. 
	3.. 
	3.. 
	3.. 
	Patient hadpyuria,determinedbyamidstream clean-catch(MSCC)orcatheterized ҈ѧҀФӋШѹѹѧҀњ ҇Җ ҚҤҖЌѧњѤҤ КЌҤѤШҤШҖ҉ ҿҖѧҀШ ҚғШКѧѿШҀ ӋѧҤѤ шӷӶ Ѿ..Қ ғШҖ ѤѧњѤ-power field on standard examination of urine sedimeҀҤ ҇Җ шӷӶ Ѿ..ҚѶѿѿin unspun urine. 
	3 


	NOTE: If pyuria could not be determined by urinalysis in a clinically relevant timeframe, a urine dipstick may have been employed as a rapid diagnostic aid. If urine dipstick was used,a positivetest forleukocyteesterasewasthepreferredindicatorforthe presence of pyuria. A positive nitrite test was an acceptable indicator of infection. 

	4.. 
	4.. 
	4.. 
	Patient had one positive urine culture within 48 hours of enrollment, as defined below: 

	•. 
	•. 
	•. 
	шӷӶCFU/mL of uropathogen either from a MSCC or indwelling catheter urine specimen, OR 
	5 


	•. 
	•. 
	шӷӶCFU/mL of uropathogen either from a MSCC or indwelling catheter urine specimen if blood culture is also positive, OR 
	4 


	•. 
	•. 
	шӷӶCFU/mL of uropathogen from a straight catheter specimen 
	2 





	NOTE: If more than one pathogen was identified, each should have been present at the colony counts noted above to be considered pathogens. In general, if more than 2 bacterial pathogens were identified in an admission urine culture at the predefined colony counts, the sample should have been considered contaminated (unl ess one of the pathogens was also identified in a blood culture). 
	NOTE: A patient may have been enrolled before the urine culture results were available if it was likely to be positive (based on clinical findings and urinalysis). As described in Patient Exclusion Criteria, culture results must have been available prior to enrollment forthose patientsreceivingprophylacticantibiotics. 

	Exclusion criteria 
	Exclusion criteria 
	Exclusion criteria included: 
	1.. 
	1.. 
	1.. 
	Patient hadcompleteobstructionofanyportionoftheurinarytract (requiringa permanent indwellingurinarycatheteror instrumentation),hada knownilealloop,or had intractable vesico-ureteral reflux. 

	2.. 
	2.. 
	2.. 
	Patient had a cUTI in whom a temporary indwelling urinary catheter was in place and couldnot be removedat studyentry. 

	NOTE: All indwelling urinary catheters must have been removed prior to the start of IV study therapy. Unless medically necessary, it was recommended that an indwelling urinarycatheternot be reinsertedduringthe study(at least whileonIVstudytherap y). 

	3.. 
	3.. 
	Patient hadaperinephricorintrarenalabscessorknownorsuspectedprostatitis. 

	4.. 
	4.. 
	Patient had an uncomplicated UTI (e.g., a female patient with urinary frequency, urgency or pain/discomfort without any risk factors for infection as outlined in Inclusi on Criteria #4b). 

	5.. 
	5.. 
	5.. 
	Patient hadreceivedanyamount ofeffectiveantibacterial therapy(definedastherapy known to be active against the identified uropathogen) after obtaining the urine culture for admission to this study (admission urine culture) and prior to the administration of the first dose of IV study therapy. Patient had received any amount of effective 

	antibiotictherapy(definedastherapyknownto beactive against the identified uropathogen) after obtaining the urine culture for admission to this study (admission urine culture) and prior to the administration of the first dose of IV study therapy. 

	6.. 
	6.. 
	Patient hadaninfectionwhichhadbeentreatedwith>24hoursofsystemicantibiotic therapyknownto be effectiveagainst thepresumedordocumentedetiologic pathogen(s) within the 72-hour period immediately prior to consideration for entry into the study(onlypatientswitha urineculture positiveforthe presenceofat least 1gram­negativeenteric[s]and/oranaerobicpathogen[s]commonlyisolatedinUTI were considered microbiologically evaluable). 


	NOTE: Patientsonprophylacticantibiotictherapywere enrolledonlyiftheiradmission culture wasconfirmedtobe positiveforat least 1 gram-negativeenteric(s)and/or anaerobic pathogen(s) commonly isolated in UTI. Culture results must have been available from those patients on prophylactic antibiotics prior to enrollment. 
	NOTE: Ifa patient had received>24hoursof systemicantimicrobialtherapy,theremust have been clear evidence that the patient had failed this regimen or developed the cUTI whileon thepreviousantibioticregimen.Such evidencewouldhaveincludednewor continuedfeveror persistenceorworseningof symptomsrelatedtothe indexinfection and persistent positive cultures and persistent laboratory or radiographic changes (if previously present). These measures were confirmed prior to study entry. 
	7.. Patient had a history of serious allergy, hypersensitivity (e.g., anaphylaxis), or any serious reaction to carbapenem antibiotics, ЌҀӑ КШғѤЌѹ҇Қғ҇ҖѧҀҚџғШҀѧКѧѹѹѧҀҚџ҇Җ҇ҤѤШҖѾ­lactam agents. 
	яѕѮEѡ ѡЌҤѧШҀҤҚӋѧҤѤѤѧҚҤ҇Җӑ҇в ѿѧѹФҖЌҚѤҤ҇ ғШҀѧКѧѹѹѧҀҚ҇Җ҇ҤѤШҖѾ-lactams may have been enrolled and closely monitored. 
	8.. 
	8.. 
	8.. 
	8.. 
	Patient hadahistoryofseriousallergy,hypersensitivity(e.g.,anaphylaxis),orany ҚШҖѧ҇ҿҚ ҖШЌКҤѧ҇Ҁ Ҥ҇ ҇ҤѤШҖ Ѿ-lactamase inhibitors (e.g., tazobactam, sulbactam, clavulanic acid). 

	яѕѮEѡ ѡЌҤѧШҀҤҚ ӋѧҤѤ ѤѧҚҤ҇Җӑ ҇в ѿѧѹФ ҖЌҚѤ Ҥ҇ ҇ҤѤШҖ Ѿ-lactamase inhibitors may have been enrolled and closely monitored. 

	9.. 
	9.. 
	Patient hadahistoryofaseizuredisorder. 

	10. 
	10. 
	Patient was currently being treated with valproic acid or had received treatment with valproic acid in the 2 weeks prior to screening. 

	11. 
	11. 
	Patient had a rapidly progressive or terminal illness (unlikely to survive the. approximately 6-to 8-week study period).. 

	12. 
	12. 
	Patient was pregnant or expecting to conceive, was breast feeding, or planned to breast feed during participation in the study. 

	13. 
	13. 
	Patient in whom a response to all study therapy (IV study therapy or subsequent oral ciprofloxacin) within the timeframe of treatment specified in this protocol was considered unlikely. 

	14. 
	14. 
	Patient had a concurrent infection that would have interfered with evaluation of. responsetothe studyantibiotics(IMI withor without MK-7655).. 

	15. 
	15. 
	15. 
	Patient hadaneedforconcomitant systemicantimicrobialagentsinadditiontothose designated in the various study treatment groups. 

	NOTE: Use of IV vancomycinto treat confirmedor suspectedmethicillin-resistant S. aureus(MRSA) infectionor useof daptomycinor linezolidtotreat confirmedor suspected MRSA or vancomycin-resistant Enterococcus spp. (VRE) infection was allowed. 

	16. 
	16. 
	16. 
	Patient had a cUTI due to a confirmed fungal pathogen. 

	NOTE: Use of antifungal therapy for treatment of mucocutaneous infections (e.g., vaginal candidiasis onychomycosis) was allowed. 

	17. 
	17. 
	Patient wascurrentlyreceivingimmunosuppressivetherapy,includinguseofhigh-dose corticosteroids (i.e., >40 mg prednisone or prednisone equivalent per day). 


	NOTE: Prior short-ҤШҖѿ ҿҚШ ҈ёӻ ФЌӑҚ҉ ҇в ҚҤШҖ҇ѧФ ҤѤШҖЌғӑ ѧҀ ҤѤШ ӹӶ ФЌӑҚ prior to study entry was allowed. 
	18. 
	18. 
	18. 
	Patient was a prior recipient of a renal transplantation. 

	19. 
	19. 
	ѡЌҤѧШҀҤ ѤЌФ ШҚҤѧѿЌҤШФ ҇Җ ЌКҤҿЌѹ КҖШЌҤѧҀѧҀШ КѹШЌҖЌҀКШ ҇в ёӻ ѿшѶѿѧҀџ ҇Җ ӋЌҚ КҿҖҖШҀҤѹӑ undergoing hemodialysis. 

	20. 
	20. 
	20. 
	The patient had any of the following laboratory abnormalities at the time of screening: 

	• 
	• 
	• 
	!шѮ ӊЌѹҿШҚ ш ӹ ҤѧѿШҚ ҤѤШ upperlimit of normal (ULN) 

	• 
	• 
	!ѨѮ ӊЌѹҿШҚ ш ӹ ҤѧѿШҚ Ѳшя 

	• 
	• 
	!шѮ ҇Җ!ѨѮш 2 times ULN accompanied by total bilirubin (BILI) >ULN 

	• 
	• 
	Ѯ҇ҤЌѹ .ΈшΈ ӊЌѹҿШ ш Ӹ ҤѧѿШҚ Ѳшя 




	NOTE: Patients with acute hepatic failure or acute decompensation of chronic hepatic failure were also excluded. 
	Statistical Analysis Plan 

	Analysis Populations 
	Analysis Populations 
	Microbiological intention-to-treat (MITT) Population: The MITT population included those subjects who met both of the following two conditions: 
	1.. 
	1.. 
	1.. 
	The subject received at least one dose of IV study therapy. 

	2.. 
	2.. 
	The pre-study urine culture grew a gram-negative and/or anaerobic pathogen at any quantity, regardless of the susceptibility of the uropathogen. 


	This population was used by the Applicant in a supportive analysis of the primary efficacy endpoint. The MITT population will be considered as the primary analysis population. Additionally, we have considered susceptibility to the control, IMI, in defining the MITT population as discussed in the results section below. 
	Microbiologically-evaluable (ME) Population: This population excluded subjects due to important deviations from the protocol that may have substantially affected the results of the primaryefficacyendpoint. Reasonsfor exclusionfrom the ME populationincludedthe following: 
	1.. 
	1.. 
	1.. 
	The subject failed to meet the protocol definition of cUTI. 

	2.. 
	2.. 
	The subject's pre-study urine culture failed to grow a gram-negative and/or anaerobic pathogenat sufficient quantityspecifiedintheInclusionCriteria(i.e.,growthat <10CFU/mL of uropathogenforaMSCC or indwellingcatheterurinespecimenOR<10CFU/mL of uropathogen if blood culture is also positive OR <10CFU/mL of uropathogen for a straight catheter specimen). 
	5 
	4 
	2 


	3.. 
	3.. 
	The subject had significant violations of inclusion/exclusion criteria that could impact on the efficacyassessment (e.g.,receipt ofpreviousorconcurrent systemicantibacterial therapy beyond those allowed per protocol). 

	4.. 
	4.. 
	The subject received less than 96 hours of IV study therapy (16 infusions if q6h dosing or 12 infusions if q8h dosing), except for subjects who switched IV therapy due to unfavorable clinical and microbiological responses after at least 72 hours of IV study therapy. 


	Additionally, subjects with indeterminate results were excluded from the analysis of the ME population. The ME population was used by the Applicant for the primary efficacy analysis. Using this analysis population for the primary analysis is not acceptable because of the 
	Additionally, subjects with indeterminate results were excluded from the analysis of the ME population. The ME population was used by the Applicant for the primary efficacy analysis. Using this analysis population for the primary analysis is not acceptable because of the 
	exclusion of subjects based on post-randomization information (such as duration of IV therapy, indeterminate response) which might be related to treatment. 


	Analysis Methods 
	Analysis Methods 
	Sample Size Calculation: With100 subjectsrandomizedintoeachgroup,thestatisticalpower was0.87, usinganoverallone-sided2.5%alphalevel,anoninferiority (NI) marginof -15%(REL minus control), an underlying response rate of 95% for the control regimen and the investigational regimen, a microbiological evaluability rate (in the ME population) of 60%, and an asymptotic method proposed by Miettinenand Nurminen. 
	Primary Efficacy Analysis: Fortheprimaryefficacyanalysis, 95% confidenceintervals(CIs)of between-treatment differences (REL minus control) and p-values were calculated using the Miettinen and Nurminen method. The study was designed with an NI margin of 15%. If NI for either dose group of REL relative to control was established, then a subsequent test was performedtodeterminewhetherornot that doselevelof REL was superiortothe control regimen. Note that the cUTI guidance considers a 10% NI margin acceptable f
	The Type I error rate over the multiple treatment comparisons was controlled by the pre­specified closed testing procedure, comparing the REL 250-mg regimen to control first, followed by comparison of the REL 125-mg regimen to control. 
	The efficacy analysis in the MITT population considered ҚҿЙѳШКҤҚ ӋѧҤѤ ѨѧҀФШҤШҖѿѧҀЌҤШѩ assessments as having an unfavorable response. 
	Three interim analyses were conducted to evaluate the safety and tolerability of the investigational drug. No efficacy analyses were conducted at any of the interim analyses; however,protocol-specificsummarystatisticsfor key efficacyendpointswereprovidedto help in the assessment of benefit-to-risk. 
	Protocol Amendments 
	Six amendments were made. The changes included removal of future biomedical research information and procedures in Brazil, revision and subsequent removal of inclusion criterion #3 (presence of at least 1 of 3 risk factors for infection with an antibacterial -resistant organism). These changes were not expected to affect assessment of efficacy. 
	Compliance with Good Clinical Practices 
	This study was performed in compliance with Good Clinical Practices. 
	Financial Disclosure 
	No financial interests were disclosed in the submission. 
	Patient Disposition 
	The study was conducted between December 2012 and July 2015, with subjects enrolled at 35 centers in 11 countries (Bulgaria, Greece, Korea, Latvia, Peru, Poland, Romania, Russia, Turkey, Ukraine, and United States). A total of 302 subjects from 34 centers were randomized 1:1:1 into one of the three treatment groups. The patient disposition information is presented in the followingtable. Foursubjectswererandomizedbut not treated: twointhe250-mggroup ҈ғѤӑҚѧКѧЌҀѥҚ ФШКѧҚѧ҇Ҁ ҇Җ ӋѧҤѤФҖЌӋЌѹ Йӑ ҚҿЙѳШКҤ҉ ЌҀФ ҤӋ҇ ѧҀ 
	Table 14. Study PN003: Study Disposition 
	Table 14. Study PN003: Study Disposition 
	Table 14. Study PN003: Study Disposition 

	TR
	IMI/REL 250 mg n (%) 
	IMI/REL 125 mg n (%) 
	IMI/Placebo n (%) 
	Total n (%) 

	Randomized 
	Randomized 
	101 (100) 
	101 (100) 
	100 (100) 
	302 (100) 

	Randomized but not treated 
	Randomized but not treated 
	2 (2) 
	2 (2) 
	0 
	4 (1.3) 

	Treated with any study therapy 
	Treated with any study therapy 
	99 (98) 
	99 (98) 
	100 (100) 
	298 (98.7) 

	Switched to high dose 
	Switched to high dose 
	1(1) 
	2(2) 
	1 (1) 
	4 (1.3) 

	Completed study medication 
	Completed study medication 
	94 (93.1) 
	94 (93.1) 
	95 (95) 
	283 (93.7) 

	Discontinued study medication 
	Discontinued study medication 
	5 (5) 
	5 (5) 
	4 (4) 
	14 (4.6) 

	Adverse event 
	Adverse event 
	3 (3) 
	1 (1) 
	2 (2) 
	6 (2) 

	Physician decision 
	Physician decision 
	0 (0) 
	1 (1) 
	0 
	1 (0.3) 

	ѮШКѤҀѧКЌѹ ғҖ҇ЙѹШѿҚҙ 
	ѮШКѤҀѧКЌѹ ғҖ҇ЙѹШѿҚҙ 
	1 (1) 
	2 (2) 
	1 (1) 
	4 (1.3) 

	Withdrawal by subject 
	Withdrawal by subject 
	1 (1) 
	1 (1) 
	1 (1) 
	3 (1) 

	Completed study 
	Completed study 
	92 (91.1) 
	91 (90.1) 
	94 (94) 
	277 (91.7) 

	Discontinuation from study 
	Discontinuation from study 
	9 (8.9) 
	10 (9.9) 
	5 (5)Қ 
	24 (7.9) 

	Adverse event 
	Adverse event 
	1 (1) 
	0 (0) 
	0 
	1 (0.3) 

	Death 
	Death 
	1 (1) 
	0 (0) 
	0 
	1 (0.3) 

	Loss to follow-up 
	Loss to follow-up 
	1 (1) 
	4 (4) 
	4 (4) 
	9 (3) 

	Physician decision 
	Physician decision 
	1 (1) 
	1 (1) 
	0 
	2 (0.7) 

	Protocol violation 
	Protocol violation 
	2 (2) 
	0 (0) 
	0 
	2 (0.7) 

	Technical problemsҙ 
	Technical problemsҙ 
	1 (1) 
	0 
	0 
	1 (0.3) 

	Withdrawal by subject 
	Withdrawal by subject 
	2 (2) 
	5 (5) 
	1 (1) 
	8 (2.6) 

	MITT Population§ 
	MITT Population§ 
	74 (73.3) 
	82 (81.2) 
	81 (81) 
	237 (78.5) 

	Exclusion from MITT 
	Exclusion from MITT 
	27 (26.7) 
	19 (18.8) 
	19 (19) 
	65 (21.5) 

	Reasons for exclusion 
	Reasons for exclusion 
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	Baseline culture not meeting protocol-specific requirements 
	Baseline culture not meeting protocol-specific requirements 
	Baseline culture not meeting protocol-specific requirements 
	25 (24.8) 
	17 (16.8) 
	19 (19) 
	61 (20.2) 

	Not receiving IV study therapy 
	Not receiving IV study therapy 
	2 (2) 
	2 (2) 
	0 
	4 (1.3) 

	ME population at DCIV 
	ME population at DCIV 
	67 (66.3) 
	71 (70.3) 
	75 (75) 
	213 (70.5) 

	MITT subjects exclued from ME at DCIV 
	MITT subjects exclued from ME at DCIV 
	7 (6.9) 
	11 (10.9) 
	6 (6) 
	24 (7.9) 

	Reasons for exclusion 
	Reasons for exclusion 

	Inadequate duration of IV study therapy 
	Inadequate duration of IV study therapy 
	2 (2) 
	2 (2) 
	1 (1) 
	5 (1.7) 

	Incorrect IV study therapy 
	Incorrect IV study therapy 
	1 (1) 
	1 (1) 
	0 
	2 (0.7) 

	Subjects with indeterminate response at DCIV* 
	Subjects with indeterminate response at DCIV* 
	4 (4) 
	8 (7.9) 
	5 (5) 
	17 (5.6) 


	Note:Percentages were basedonnumberof subjectsrandomized. 
	*The numbers of subjectsin theMEpopulationfortheanalysisof EFUwere65, 72,and71 andfortheanalysisof .LFUwere63,69,and72,forthethreetreatmentgroups. Thedifferencesinsamplesizewereduetodifferent. numbers of subjectswithindeterminateresultsatEFUandLFU.. Қ One subject (ID: , IMI+Placebo group)completedtheEFUvisit,butnottheLFUvisit,andshouldhave. 
	Figure

	beenlistedas a discontinuation.. Subjects discontinuedduetoinsufficientsupplyof studydrugatsite.. An additional 10and6subjectswithresistancetothecontrol (IMI)wereexcludedfromtheMITTpopulationfrom. 
	+
	§

	theREL250mgarmandcontrol armfor NItesting.. 
	A total of 78.5% and 76.2% of randomized subjects were included in the MITT and ME populations, respectively. The majority (61/65 or 94%) of the exclusions from the MITT poғҿѹЌҤѧ҇Ҁ ӋШҖШ ФҿШ Ҥ҇ ҚҿЙѳШКҤѥҚ ЙЌҚШѹѧҀШ КҿѹҤҿҖШ Ҁ҇Ҥ ѿШШҤѧҀњ protocol-specified requirements. Ahigherproportionofsubjectsinthe250-mg groupwereexcludedforthisreasonthaninother twogroups.Among 24 MITT subjectsexcludedfrom theMEpopulation,thereasonsfor exclusions were similar. 
	The following table reports the duration of IV therapy and total therapy. The REL 250-mg group had the shortest treatment duration of the three groups. Note that 49 subjects (16%) switched to oral therapy and the numbers were balanced across the three arms. 
	Table 15. Study PN003: Treatment Duration (All Treated Subjects) 
	Table 15. Study PN003: Treatment Duration (All Treated Subjects) 
	Table 15. Study PN003: Treatment Duration (All Treated Subjects) 

	TR
	IMI/REL 250 mg N=99 n (%) 
	IMI/REL 125 mg N=99 n (%) 
	IMI/Placebo N=100 n (%) 
	Total N=298 n (%) 

	IV therapy duration (days) 
	IV therapy duration (days) 

	Mean 
	Mean 
	7.43 
	8.29 
	8.23 
	7.98 

	SD 
	SD 
	2.63 
	2.95 
	2.8 
	2.82 

	Median 
	Median 
	6.8 
	7.8 
	7.8 
	7.7 

	Range 
	Range 
	1.7, 13.8 
	0.5, 13.8 
	1.5, 13.8 
	0.5, 13.8 

	All therapy duration (days) 
	All therapy duration (days) 

	Mean 
	Mean 
	8.28 
	9.09 
	8.93 
	8.77 

	SD 
	SD 
	2.95 
	3.01 
	2.96 
	2.98 

	Median 
	Median 
	7.8 
	8.8 
	8.5 
	8.5 
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	Range 1.7, 13.8 0.5, 13.9 1.5, 16.5 0.5, 16.5 
	A summary of the timing of visits since first treatment is shown in the following table. The majority of subjects (98.7%) completed the DCIV visit. The mean time of the DCIV visit was 8.4 days with subjects on the REL 250-mg arm having an assessment almost 1 day on average earlier than the other two arms. The mean time of the EFU visit was 16.3 days and was also slightly earlier in the REL 250-mg arm. 
	Table 16. Study PN003: Timing of Visits in Days from the First Treatment in the MITT Population 
	Table 16. Study PN003: Timing of Visits in Days from the First Treatment in the MITT Population 
	Table 16. Study PN003: Timing of Visits in Days from the First Treatment in the MITT Population 

	Visit 
	Visit 
	IMI/REL 250 mg N=74 n (%) 
	IMI/REL 125 mg N=82 n (%) 
	IMI/Placebo N=81 n (%) 
	Total N=237 n (%) 

	DCIV 
	DCIV 
	N (%) 
	72 (97.3) 
	81 (98.8) 
	81 (100) 
	234 (98.7) 

	TR
	Mean 
	7.8 
	8.6 
	8.6 
	8.4 

	TR
	SD 
	2.4 
	2.8 
	2.7 
	2.6 

	TR
	Median 
	7.0 
	8.0 
	8.0 
	8.0 

	TR
	Range 
	4.0, 14.0 
	4.0, 14.0 
	4.0, 14.0 
	4.0, 14.0 

	EFU 
	EFU 
	N (%) 
	72 (97.3) 
	79 (96.3) 
	80 (98.8) 
	231 (97.5) 

	TR
	Mean 
	16.0 
	16.3 
	16.5 
	16.3 

	TR
	SD 
	3.4 
	3.5 
	3.7 
	3.5 

	TR
	Median 
	15.0 
	16.0 
	16.0 
	16.0 

	TR
	Range 
	9.0, 30.0 
	10.0, 25.0 
	12.0, 35.0 
	9.0, 35.0 

	LFU 
	LFU 
	N (%) 
	71 (95.9) 
	75 (91.5) 
	78 (96.3) 
	224 (94.5) 

	TR
	Mean 
	42.5 
	42.0 
	43.8 
	42.8 

	TR
	SD 
	5.2 
	5.5 
	6.1 
	5.6 

	TR
	Median 
	41.0 
	41.0 
	42.0 
	42.0 

	TR
	Range 
	35.0, 54.0 
	30.0, 57.0 
	33.0, 70.0 
	30.0, 70.0 


	Protocol Violations/Deviations 
	Overall, 45 (14.9%) subjects in the MITT population had protocol deviations. These appeared to be mostly minor deviations which were fairly balanced across the arms. 
	Demographic Characteristics 
	In the MITT population, slightly more females were in the REL groups than males, to the contrary of the placebo control group. The majority of subjects were white and about 40% of subjects were 65 years old or older. Most of the subjects (91.1%) were from Europe. 
	Table 17. Study PN003: Demographic Characteristics in the MITT Population 
	Table 17. Study PN003: Demographic Characteristics in the MITT Population 
	Table 17. Study PN003: Demographic Characteristics in the MITT Population 

	TR
	IMI/REL 250 mg N=74 n (%) 
	IMI/REL 125 mg N=82 n (%) 
	IMI/Placebo N=81 n (%) 
	Total N=237 n (%) 

	Gender 
	Gender 
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	Male 
	Male 
	Male 
	35 (47.3) 
	35 (42.7) 
	44 (54.3) 
	114 (48.1) 

	Female 
	Female 
	39 (52.7) 
	47 (57.3) 
	37 (45.7) 
	123 (51.9) 

	Race 
	Race 

	American Indian or Alaska Native 
	American Indian or Alaska Native 
	2 (2.7) 
	3 (3.7) 
	0 
	5 (2.1) 

	Asian 
	Asian 
	1 (1.4) 
	5 (6.1) 
	1 (1.2) 
	7 (3.0) 

	Multi-racial 
	Multi-racial 
	3 (4.1) 
	3 (3.7) 
	4 (4.9) 
	10 (4.2) 

	White 
	White 
	68 (91.9) 
	71 (86.6) 
	76 (93.8) 
	215 (90.7) 

	Age group (years) 
	Age group (years) 

	<65 
	<65 
	47 (63.5) 
	50 (61.0) 
	46 (56.8) 
	143 (60.3) 

	шӼӻ 
	шӼӻ 
	27 (36.5) 
	32 (39.0) 
	35 (43.2) 
	94 (39.7) 

	Age group (years) 
	Age group (years) 

	18 to 40 
	18 to 40 
	14 (18.9) 
	15 (18.3) 
	21 (25.9) 
	50 (21.1) 

	41 to 64 
	41 to 64 
	33 (44.6) 
	35 (42.7) 
	25 (30.9) 
	93 (39.2) 

	65 to 74 
	65 to 74 
	19 (25.7) 
	18 (22.0) 
	21 (25.9) 
	58 (24.5) 

	шӽӻ 
	шӽӻ 
	8 (10.8) 
	14 (17.1) 
	14 (17.3) 
	36 (15.2) 

	Age (years) 
	Age (years) 

	Mean (SD) 
	Mean (SD) 
	55.7 (17.2) 
	57.2 (17.1) 
	55.3 (19.7) 
	56.1 (18.0) 

	Median 
	Median 
	58.5 
	60.0 
	61.0 
	59.0 

	Range 
	Range 
	18, 90 
	19, 84 
	18, 86 
	18, 90 

	Weight (kg) 
	Weight (kg) 

	<70 
	<70 
	24 (32.4) 
	29 (35.4) 
	23 (28.4) 
	76 (32.1) 

	ш70 
	ш70 
	49 (66.2) 
	52 (63.4) 
	58 (71.6) 
	159 (67.1) 

	Missing 
	Missing 
	1 (1.4) 
	1 (1.2) 
	0 
	2 (0.8) 

	Weight (kg) 
	Weight (kg) 

	N 
	N 
	73 
	81 
	81 
	235 

	Mean (SD) 
	Mean (SD) 
	75.6 (13.5) 
	76.2 (17.0) 
	76.0 (14.6) 
	75.9 (15.1) 

	Median 
	Median 
	75.6 
	78.0 
	75.6 
	76.0 

	Range 
	Range 
	50.5, 113.4 
	47.0, 155.0 
	38.0, 110.0 
	38.0, 155.0 

	Region 
	Region 

	Asia Pacific 
	Asia Pacific 
	1 (1.4) 
	2 (2.4) 
	1 (1.2) 
	4 (1.7) 

	Europe 
	Europe 
	66 (89.2) 
	74 (90.2) 
	76 (93.8) 
	216 (91.1) 

	North America 
	North America 
	2 (2.7) 
	0 
	0 
	2 (0.8) 

	South America 
	South America 
	5 (6.8) 
	6 (7.3) 
	4 (4.9) 
	15 (6.3) 


	Other Baseline Characteristics 
	The following table shows other baseline characteristics. Only a few subjects had indwelling catherization (4 with Foley catheter and 3 with other). The most common urinary tract abnormalitieswereresidualurine(17.7%) and nephrolithiasis (14.3%). Acute pyelonephritis and cUTI were almost evenly distributed across the treatment groups. Only 6.3% of the subjects had bacteremia. 
	Table 18. Study PN003: Baseline Disease Characteristics in the MITT Population 
	Table 18. Study PN003: Baseline Disease Characteristics in the MITT Population 
	Table 18. Study PN003: Baseline Disease Characteristics in the MITT Population 

	TR
	IMI/REL 250 mg N=74 n (%) 
	IMI/REL 125 mg N=82 n (%) 
	IMI/Placebo N=81 n (%) 
	Total N=237 n (%) 
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	Baseline pathogen* 
	Baseline pathogen* 
	Baseline pathogen* 

	Citrobacter freundii 
	Citrobacter freundii 
	1 (1.4) 
	0 (0) 
	2 (2.5) 
	3 (1.3) 

	Enterobacter aerogenes 
	Enterobacter aerogenes 
	1 (1.4) 
	0 (0) 
	0 (0) 
	1 (0.4) 

	Enterobacter cloacae 
	Enterobacter cloacae 
	3 (4.1) 
	3 (3.7) 
	3 (3.7) 
	9 (3.8) 

	Escherichia coli 
	Escherichia coli 
	51 (68.9) 
	60 (73.2) 
	52 (64.2) 
	163 (68.8) 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	8 (10.8) 
	11 (13.4) 
	17 (21.0) 
	36 (15.2) 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	5 (6.8) 
	7 (8.5) 
	5 (6.2) 
	17 (7.2) 

	Other 
	Other 
	14 (18.9) 
	11 (13.4) 
	15 (18.5) 
	40 (16.9) 

	Indwelling catheterization 
	Indwelling catheterization 

	Foley catheter 
	Foley catheter 
	0 
	1 (1.2) 
	3 (3.7) 
	4 (1.7) 

	Other 
	Other 
	1 (1.4) 
	1 (1.2) 
	1 (1.2) 
	3 (1.3) 

	Intermittent catheter 
	Intermittent catheter 

	Acute 
	Acute 
	1 (1.4) 
	1 (1.2) 
	1 (1.2) 
	3 (1.3) 

	Chronic 
	Chronic 
	0 
	0 
	1 (1.2) 
	1 (0.4) 

	Urinary tract abnormalities 
	Urinary tract abnormalities 

	Cystocele 
	Cystocele 
	0 
	2 (2.4) 
	0 
	2 (0.8) 

	Hydronephrosis 
	Hydronephrosis 
	3 (4.1) 
	5 (6.1) 
	3 (3.7) 
	11 (4.6) 

	Nephrolithiasis 
	Nephrolithiasis 
	7 (9.5) 
	13 (15.9) 
	14 (17.3) 
	34 (14.3) 

	Neurogenic bladder 
	Neurogenic bladder 
	6 (8.1) 
	2 (2.4) 
	2 (2.5) 
	10 (4.2) 

	Other 
	Other 
	11 (15.5) 
	6 (7.3) 
	11 (13.6) 
	28 (11.8) 

	Residual urine 
	Residual urine 
	11 (15.5) 
	12 (14.6) 
	19 (23.4) 
	42 (17.7) 

	Vesicoureteral reflux 
	Vesicoureteral reflux 
	1 (1.4) 
	0 (0) 
	3 (3.7) 
	4 (1.7) 

	Ureteropelvic junction obstruction 
	Ureteropelvic junction obstruction 
	0 
	1 (1.2) 
	0 
	1 (0.4) 

	Primary diagnosis 
	Primary diagnosis 

	cUTI 
	cUTI 
	37 (50.0) 
	40 (48.8) 
	43 (53.1) 
	120 (50.6) 

	Acute pyelonephritis 
	Acute pyelonephritis 
	37 (50.0) 
	42 (51.2) 
	38 (46.9) 
	117 (49.4) 

	Bacteremia 
	Bacteremia 

	Yes 
	Yes 
	4 (5.4) 
	7 (8.5) 
	4 (4.9) 
	15 (6.3) 

	No 
	No 
	70 (94.6) 
	75 (91.5) 
	77 (95.1) 
	222 (93.7) 

	Resistance to imipenem 
	Resistance to imipenem 

	Yes 
	Yes 
	10 (13.5) 
	9 (11) 
	6 (7.4) 
	25 (10.5) 

	No 
	No 
	64 (86.5) 
	73 (89) 
	75 (92.6) 
	212 (89.5) 


	*One subject may have more than one baseline pathogen 
	Reviewer comment: The demographic characteristics were well-balanced between the different treatment groups with the exception of racial and geographic diversity. The majority of patients were whiteandfromEurope,whichis not representativeof thetarget populationinth e United States. There were more female subjects overall, which is consistent with the expected population of cUTI. Demographic characteristics were similar between the ME and MITT populations. The proportion of subjects with urinary tract abnorm
	Treatment Compliance and Concomitant Medications 
	Compliance was measured by comparing the number of completed study medication doses (IV and oral) to the number of expected. The mean compliance percentages for both IV and oral doseswerehigherthan93% ineachtreatment group. Overall,83.6%ofthetreatedpatients completed the treatment with IV doses only and 16.4% continued with oral ciprofloxacin. All groups had similar compliance percentages. 
	Concomitant Therapy 
	Overall, 57%ofthesubjectsinthe MITT populationreceivedspecificconcomitant therapies. The most common concomitant therapies were for the nervous system, the cardiovascular system, and the alimentary tract and metabolism. The following table shows the number (%) of subjectswithspecificanti-infectivetherapies. Ahigherproportionofthesubjectsinthe250­mg group received concomitant antibacterial therapy. The review team evaluated the impact this use might have had on the clinical and microbiological response by re
	Table 19. Study PN003: Concomitant Antibacterial Therapies in the MITT Population 
	Table 19. Study PN003: Concomitant Antibacterial Therapies in the MITT Population 
	Table 19. Study PN003: Concomitant Antibacterial Therapies in the MITT Population 

	TR
	IMI/REL 250 mg N=99 n (%) 
	IMI/REL 125 mg N=99 n (%) 
	IMI/Placebo N=100 n (%) 
	Total N=298 n (%) 

	Subjects with no systemic anti-infective concomitant therapy 
	Subjects with no systemic anti-infective concomitant therapy 
	88 (88.9) 
	96 (97.0) 
	97 (97.0) 
	281 (94.3) 

	Subjects with anti-infectives for systemic use 
	Subjects with anti-infectives for systemic use 
	11 (11.1) 
	3 (3.0) 
	3 (3.0) 
	17 (5.7) 

	Amikacin 
	Amikacin 
	1 (1.4) 
	1 (1.3) 
	1 (1.3) 
	3 (1.3) 

	Ceftazidime 
	Ceftazidime 
	0 
	1 (1.3) 
	0 
	1 (0.4) 

	Ceftriaxone sodium 
	Ceftriaxone sodium 
	0 
	1 (1.3) 
	0 
	1 (0.4) 

	Ciprofloxacin 
	Ciprofloxacin 
	2 (2.8) 
	0 
	0 
	2 (0.9) 

	Fosfomycin tromethamine 
	Fosfomycin tromethamine 
	1 (1.4) 
	0 
	0 
	1 (0.4) 

	Gentamicin 
	Gentamicin 
	1 (1.4) 
	0 
	1 (1.3) 
	2 (0.9) 

	Imipenem 
	Imipenem 
	2 (2.8) 
	0 
	0 
	2 (0.9) 

	Levofloxacin 
	Levofloxacin 
	2 (2.8) 
	0 
	0 
	2 (0.9) 

	Metronidazole 
	Metronidazole 
	1 (1.4) 
	0 
	0 
	1 (0.4) 

	Nitrofurantoin 
	Nitrofurantoin 
	0 
	1 (1.3) 
	0 
	1 (0.4) 

	Sulfamethoxazole (+) trimethoprim 
	Sulfamethoxazole (+) trimethoprim 
	1 (1.4) 
	0 
	0 
	1 (0.4) 

	Vancomycin 
	Vancomycin 
	0 
	0 
	1 (1.3) 
	1 (0.4) 
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	One subject in the second group took two drugs. 
	Efficacy Results 

	FD!’s !nalysis Clinical-MicrobiologicalResponseinMITT Population 
	FD!’s !nalysis Clinical-MicrobiologicalResponseinMITT Population 
	The following table shows the results for the MITT population at the three assessment time points. The 250-mg REL group had an 85.1% favorable proportion compared to 92.6% on control at the DCIV visit. The results did show a lower success proportion at both the DCIV and EFU visit, but similar proportions at the LFU visit for the REL 250-mg group compared to control. 
	Table 20. Study PN003: Favorable Clinical-Microbiological Response by Visit in the MITT Population 
	Table 20. Study PN003: Favorable Clinical-Microbiological Response by Visit in the MITT Population 
	Table 20. Study PN003: Favorable Clinical-Microbiological Response by Visit in the MITT Population 

	Visit 
	Visit 
	IMI/REL 250 mg N=74 n (%) 
	IMI/REL 125 mg N=82 n (%) 
	IMI/Placebo N=81 n (%) 
	Difference (95% CI) (%) REL 250 mg – Placebo REL 125 mg –Placebo 

	DCIV 
	DCIV 
	63 (85.1) 
	71 (86.6) 
	75 (92.6) 
	-7.5 (-18.3, 2.6) -6 (-16.1, 3.7) 

	EFU 
	EFU 
	40 (54.1) 
	49 (59.8) 
	50 (61.7) 
	-7.7 (-22.9, 7.9) -2.0 (-16.8, 13.0) 

	LFU 
	LFU 
	40 (54.1) 
	44 (53.7) 
	44 (54.3) 
	-0.3 (-15.8, 15.3) -0.7 (-15.8, 14.5) 


	95% CIs of between-treatment differences were based on unconditional asymptotic Miettinen and Nurminen method. 
	For an NI assessment of IMI/REL 250 mg, we excluded 16 subjects (10 in the test arm and 6 in the control arm) whose baseline isolates were resistant to imipenem. The baseline pathogens were Morganella morganii (4), Proteus mirabilis (2), Proteus vulgaris (1), Providencia rettgeri (1), and Pseudomonas aeruginosa (2) in the 250-mg group; Acinetobacter baumanniicomplex (2), Klebsiella pneumoniae (1), Proteus mirabilis (1), and Pseudomonas aeruginosa (2) in the placebo group. The 250-mg REL group had an 83% fav
	An analysis using 10CFU/mL would only change the microbiological results for two subjects in the placebo group (each at the EFU or LFU visits) and does not change the overall conclusions of the analysis. 
	3 


	Applicant’s Primary Analysis: Microbiological Response in ME Population 
	Applicant’s Primary Analysis: Microbiological Response in ME Population 
	The Applicant' sprimary efficacy analysis of microbiological response at the DCIV visit in the ME 
	population is shown in the followingtable. All subjects with missing/indeterminate assessment were excluded from the analysis. We do not agree with this analysis, due to the use of the ME population and the exclusion of subjects with missing/ indeterminate assessment. 
	Table 21. Study PN003: Microbiological Favorable Response by Visit in the ME population 
	Difference (95% Cl) REL 250 mg-Placebo REL 125 mg-Placebo 
	DCIV 
	DCIV 
	DCIV 
	Visit 

	IMI/REL 250 mg 

	IMl/REL 125 mg 
	IMl/Placebo 
	-3.1 (-11.2, 3.2) -0.1 (-6.4, 5.9) EFU 
	64/ 67 (95.5) 
	70/ 71 (98.6) 
	7 4/75 ( 98. 7) 
	-8.9 (-24.6, 7.1) -2.4 (-17.4, 12.8) LFU 
	40/ 65 ( 61.5) 
	49/ 72 (68.1) 
	50/ 71 {70.4) 
	5.8 (-10.4, 21.5) 
	43/ 63 (68.3) 
	45/ 69 (65.2) 
	45/ 72 ( 62.5) 
	2.7 (-13.1, 18.4) 
	.. 
	95% Cls of between-treatment differences were based on uncond1t1onal asymptotic M1ettmen and 
	Nurminen method. .The exact 95% Cl for the difference between the 250-mg group and the placebo at the DCIV visit w as [­11.3%, 3.4%); and between the 125-mg group and the placebo was [-6.2%, 6.4%), calculated by the .reviewer due to the small number of failures at the DCIV and EFU visits. .
	MicrobiologicalResponse by Visitin the MITT Population 
	The following table shows the proportion of favorable microbiological responses using a 104 CFU/mL cut-off point for eradication, as defined in the protocol, in subjects in the MITT population. As with the results above, the microbiological response rates were slightly lower in the REL groups than in the control group at both the DCIV and EFU visits. 
	Table 22. Study PN003: Favorable Microbiological Response by Visit in the MITT Population 
	Table 22. Study PN003: Favorable Microbiological Response by Visit in the MITT Population 
	Table 22. Study PN003: Favorable Microbiological Response by Visit in the MITT Population 

	Visit 
	Visit 
	Resp onse 
	IMl/ REL 250mg N=74 
	IMl/ REL 125mg N=82 
	IMl/ Placebo N=Sl 
	Difference (95% Cl) REL250mg-Placebo REL 125 mg ­Placebo 

	DCI V 
	DCI V 
	Favorable 
	65 (87.8) 
	72 (87.8) 
	75 (92.6) 
	-4.8 (-15.1, 4.9) -4.8 (-14.7, 4.7) 

	TR
	Unfavorable 
	3 (4.1) 
	1 (1.2) 
	1 (1.2) 

	TR
	Indeterminate 
	6 (8.1) 
	9 (11.0) 
	5 (6.2) 

	EFU 
	EFU 
	Favorable 
	41 (55.4) 
	51 (62.2) 
	51 (63.0) 
	-7.6 (-22.8, 7.9) -0.8 (-15.5, 14.0) 

	TR
	Unfavorable 
	24 (32.4) 
	21 (25.6) 
	20 (24. 7) 

	TR
	Indeterminate 
	9 (12.2) 
	10 (12.2) 
	10 (12.3) 

	LFU 
	LFU 
	Favorable 
	44 (59.5) 
	46 (56.1) 
	46 (56.8) 
	2.7 (-12.8, 18.0) -0. 7 (-15.8, 14.4) 

	TR
	Unfavorable 
	21 (28.4) 
	23 (28.0) 
	26 (32.1) 

	TR
	Indeterminate 
	9 (12.2) 
	13 (15.9) 
	9 (11.1) 


	95%Cls or oetween-treatment dmerences were oasea on unconmt1ona1 asymptot1cM1ettinen and Nurmmen method. 
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	ClinicalResponse by Visit in the MITT Population 
	The cure proportions in clinical response were comparable (90.5% to 92.7%) in the three treatment groups at the OCIV visit. The 250-mg REL group was numerically lowerthan the control group at the EFU visit and LFU visit. 
	Table 23. Study PN003: Clinical Response by Visitin the MITT Population 
	Table 23. Study PN003: Clinical Response by Visitin the MITT Population 
	Table 23. Study PN003: Clinical Response by Visitin the MITT Population 

	Visit 
	Visit 
	IMl/ REL250 mg 
	IMl/ REL 125 mg 
	IMl/ Placebo 
	Difference (95% Cl) 

	TR
	N=74 
	N=82 
	N=81 
	REL 250mg -Placebo 

	TR
	n (%) 
	n (%) 
	n (%) 
	REL 125mg -Placebo 

	DCIV 
	DCIV 
	Cure 
	67 (90.5) 
	74 (90.2) 
	76 (92. 7) 
	-3.3 (-13.0, 5.6) 

	TR
	-3.6 (-12.8, 5.3) 

	TR
	Improved 
	3 (4.1) 
	6 (7.3) 
	5 (6.1) 

	TR
	Failure 
	1 (1.4) 
	0 
	0 

	TR
	M issing 
	2 (2. 7) 
	1 (1.2) 
	0 

	TR
	Indet erminat e 
	1 (1.4) 
	1 (1.2) 
	0 

	EFU 
	EFU 
	Cure 
	60 (81.1) 
	69 (84.1) 
	72 (88.9) 
	-7.8 (-19.4, 3.5) 

	TR
	-4.7 (-15.7, 6.1) 

	TR
	Failure 
	6 (8.1) 
	6 (7.3) 
	4 (4.9) 

	TR
	M issing 
	3 (4.1) 
	3 (3. 7) 
	1 (1. 2) 

	TR
	Indet erminat e 
	5 (6.8) 
	4 (4.9) 
	4 (4.9) 

	LFU 
	LFU 
	Sust ained Cure 
	59 (79. 7) 
	65 (79.3) 
	69 (85.2) 
	-5. 5 (-17.9, 6.7) 

	TR
	-5.9 (-17.9, 6.0) 

	TR
	Failure 
	5 (6.8) 
	2 (2.4) 
	3 (3. 7) 

	TR
	M issing 
	3 (4.1) 
	7 (8.5) 
	3 (3. 7) 

	TR
	Indet erminat e 
	6 (8.1) 
	2 (2.4) 
	1 (1. 2) 

	TR
	Relapse 
	1 (1.4) 
	6 (7.3) 
	5 (6. 2) 

	TR
	..


	95%Cls of between-treatment differences were based on uncond1t1onal asymptotic M1ett1 nen and Nurmmen 
	method. 
	Findings in Special/Subgroup Populations or Additional Analyses Conducted on the Individual Trial 
	Gender, Race, Age, Weight, Country, and Baseline Disease Characteristics 
	The following table shows FOA's clinical and microbiological outcome at the OCIVvisit by base I ine variables in the MITI population. Males had a lower proportion of favorable outcome in the 250-mg group than in the placebo group; while females had a similarresponse in the 250-mg group and in the placebo group. In general, when the sample size was large enough, the 250-mg group had a poorer outcome, consistent with the trend for all MITI subjects. Prior effective antibacterial therapy did not appear to impa
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	Table 24. Study PN003: Subgroup Analysis of Favorable Clinical and Microbiological Response at DCIV in the MITT Population 
	Table
	TR
	IMI/REL 250 mg N=74 n (%) 
	IMI/REL 125 mg N=82 n (%) 
	IMI/Placebo N=81 n (%) 

	All subjects 
	All subjects 
	63 (85.1) 
	71 (86.6) 
	75 (92.6) 

	Gender 
	Gender 

	Male 
	Male 
	28/35 (80.0) 
	31/35 (88.6) 
	42/44 (95.5) 

	Female 
	Female 
	35/39 (89.7) 
	40/47 (85.1) 
	33/37 (89.2) 

	Race 
	Race 

	American Indian or Alaska Native 
	American Indian or Alaska Native 
	1/2 (1) 
	3/3 (100) 
	0 

	Asian 
	Asian 
	1/1 (100) 
	4/5 (80) 
	0/1 (0) 

	Multi-racial 
	Multi-racial 
	1/3 (1) 
	2/3 (66.7) 
	3/4 (75) 

	White 
	White 
	60/68 (60) 
	62/71 (87.3) 
	72/76 (94.7) 

	Age (years) 
	Age (years) 

	<65 
	<65 
	40/47 (85.1 
	44/50 (88) 
	42/46 (91.3) 

	шӼӻ 
	шӼӻ 
	23/27 (85.2) 
	27/32 (84.4) 
	33/35 (94.3) 

	Region 
	Region 

	Asia & Pacific 
	Asia & Pacific 
	1/1 (100) 
	1/2 (50) 
	0/1 (0) 

	Europe 
	Europe 
	59/66 (89.4) 
	65/74 (87.8) 
	72/76 (94.7) 

	South America 
	South America 
	2/5 (40) 
	5/6 (83.3) 
	3/4 (75) 

	US/Canada 
	US/Canada 
	1/2 (50) 
	0 
	0 

	Primary diagnosis 
	Primary diagnosis 

	Pyelonephritis 
	Pyelonephritis 
	31/37 (83.8) 
	37/42 (88.1) 
	34/38 (89.5) 

	cUTI 
	cUTI 
	32/37 (86.5) 
	34/40 (85) 
	41/43 (95.3) 

	Bacteremia 
	Bacteremia 

	Yes 
	Yes 
	3/4 (75) 
	6/7 (85.7) 
	3/4 (75) 

	No 
	No 
	60/70 (85.7) 
	65/75 (86.7) 
	72/77 (93.5) 

	Resistance to imipenem 
	Resistance to imipenem 

	Yes 
	Yes 
	10/10 (100) 
	7/9 (77.8) 
	6/6 (100) 

	Noҙ 
	Noҙ 
	53/64 (82.8) 
	64/73 (87.7) 
	69/75 (92) 

	Prior systemic anti-infective use 
	Prior systemic anti-infective use 

	Yes 
	Yes 
	4/5 (80) 
	5/7 (71.4) 
	5/6 (83.3) 

	No 
	No 
	59/69 (85.5) 
	66/75 (88) 
	70/75 (93.3) 

	Table 25. Study PN003: Favorable Clinical and Microbiological Response by Baseline Pathogen in the MITT Population 
	Table 25. Study PN003: Favorable Clinical and Microbiological Response by Baseline Pathogen in the MITT Population 


	ҙThe difference and its 95% CI between the REL 250-mg group and placebo group in the imipenem­susceptible subjects were -9.2% [-21.3%, 1.9%], based on unconditional asymptotic Miettinen and Nurminen method. 
	Table
	TR
	IMI/REL 250 mg 
	IMI/REL 125 mg 
	IMI/Placebo 

	TR
	N=74 
	N=82 
	N=81 

	TR
	n (%) 
	n (%) 
	n (%) 

	DCIV 
	DCIV 
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	Citrobacter freundii 
	Citrobacter freundii 
	Citrobacter freundii 
	1/1 (100) 
	0 
	2/2 (100) 

	Enterobacter aerogenes 
	Enterobacter aerogenes 
	1/1 (100) 
	0 
	0 

	Enterobacter cloacae 
	Enterobacter cloacae 
	3/3 (100) 
	3/3 (100) 
	3/3 (100) 

	Escherichia coli 
	Escherichia coli 
	44/51 (86.3) 
	54/60 (90.0) 
	49/52 (94.2) 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	8/8 (100) 
	10/11 (90.9) 
	16/17 (94.1) 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	4/5 (80.0) 
	6/7 (85.7) 
	5/5 (100) 

	Other 
	Other 
	13/14 (92.9) 
	9/11 (81.8) 
	15/15 (100) 

	EFU 
	EFU 

	Citrobacter freundii 
	Citrobacter freundii 
	1/1 (100) 
	0 
	0/2 (0) 

	Enterobacter aerogenes 
	Enterobacter aerogenes 
	1/1 (100) 
	0 
	0 

	Enterobacter cloacae 
	Enterobacter cloacae 
	2/3 (66.7) 
	2/3 (66.7) 
	0/3 (0) 

	Escherichia coli 
	Escherichia coli 
	29/51 (56.9) 
	37/60 (61.7) 
	35/52 (67.3) 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	4/8 (50.0) 
	6/11 (54.5) 
	10/17 (58.8) 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	1/5 (20.0) 
	2/7 (28.6) 
	2/5 (40.0) 

	Other 
	Other 
	7/14 (50) 
	6/11 (54.5) 
	10/15 (66.7) 

	LFU 
	LFU 

	Citrobacter freundii 
	Citrobacter freundii 
	1/1 (100) 
	0 
	0/2 (0) 

	Enterobacter aerogenes 
	Enterobacter aerogenes 
	1/1 (100) 
	0 
	0 

	Enterobacter cloacae 
	Enterobacter cloacae 
	3/3 (100) 
	1/3 (33.3) 
	0/3 (0) 

	Escherichia coli 
	Escherichia coli 
	29/51 (56.9) 
	32/60 (53.3) 
	34/52 (65.4) 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	4/8 (50.0) 
	8/11 (72.7) 
	8/17 (47.1) 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	0/5 (0) 
	2/7 (28.6) 
	2/5 (40.0) 

	Other 
	Other 
	7/14 (50) 
	4/11 (36.4) 
	8/15 (53.3) 


	Efficacy Conclusions 
	Asthisstudyisprimarilyconsideredadescriptivestudy,it isdifficult tomake anyconclusion s regarding efficacy. However, there were some trends of concern. The combined microbiological and clinical endpoint showed numerically lower success rates at the DCIV and EFUvisitsforREL250 mgcomparedtocontrol. Thelowerratesat theDCIVvisit weredrivenby the microbiologicalcomponent of theendpoint whilethelowerrates at the EFUvisit wereseen withboth clinicalandmicrobiologiccomponents. 
	Thisstudywasnot designedtoprovideevidenceoftheaddedcontributionofREL 250 mgto IMI. It was also not designed to provide a scientifically sound NI assessment of IMI/REL 250 mg to IMI alone using an appropriate analysis population and endpoint. Even if the study were assessedasa well-designedNItrial,usingtheappropriate analysis populationandendpoints, the trial does not meet an acceptable NI margin, even for a limited use indication. From a clinical standpoint, an NI trial comparing IMI/REL to IMI provides lim
	Thisstudywasnot designedtoprovideevidenceoftheaddedcontributionofREL 250 mgto IMI. It was also not designed to provide a scientifically sound NI assessment of IMI/REL 250 mg to IMI alone using an appropriate analysis population and endpoint. Even if the study were assessedasa well-designedNItrial,usingtheappropriate analysis populationandendpoints, the trial does not meet an acceptable NI margin, even for a limited use indication. From a clinical standpoint, an NI trial comparing IMI/REL to IMI provides lim
	due to imipenem-resistant organismsџ ҤѤҿҚ Ќѹѹ҇ӋѧҀњ в҇Җ Ќ ЙШҤҤШҖ ЌҚҚШҚҚѿШҀҤ ҇в ҖШѹШЙЌКҤЌѿѥҚ ability to restore the activity of imipenem against imipenem nonsusceptible pathogens. 


	7.3.2 Study PN004 (cIAI) 
	7.3.2 Study PN004 (cIAI) 
	Trial Objectives 
	The main study objectives were to evaluate the safety and tolerability and to assess the efficacy of doses of IMI/REL versus IMI alone in patients with cIAI. 
	The primary objectives were 
	1.. 
	1.. 
	1.. 
	To evaluate the efficacy of two doses of REL (250 mg and 125 mg) plus IMI, as compared with IMI alone, with respect to the clinical response assessment profile in the treatment of adult subjects with cIAI at completion of IV study therapy (DCIV). 

	2.. 
	2.. 
	To evaluate the safety and tolerability profile of two doses of REL (250 mg and 125 mg) plus IMI 


	Trial Design and Endpoints 
	Thiswasa multicenter,randomized,double-blind,activecomparator-controlledclinicaltrialin adults 18 years old or older. 
	Eligible subjects based upon inclusion and exclusion criteria were randomized in a 1:1:1 ratio to receive IV study therapy of REL (250 mg) plus IMI (500 mg) (Treatment Group 1), REL (125 mg) + IMI (500 mg) (Treatment Group 2), or IMI (500 mg) plus matching placebo (normal saline) for REL (Treatment Group 3). The administration was every 6 hours (q6h) IV. Dose adjustments for patients with renal impairment and/or low body weight were the same as in PN003. 
	The total duration of IV therapy was 4 to 14 days. There was no option to switch to oral therapy. Subjects were evaluated daily while on IV study therapy for safety and tolerability. Two follow-up visits occurred 5 to 9 days after IV study therapy (EFU) and 28 to 42 days after IV study therapy (LFU). The third follow-up visit occurred at Day 28 (+7 days) post-randomization (global follow-up [GFU]). Clinical response and safety were evaluated at the DCIV, EFU, and LFU visits. A global response rating (descri
	Thisstudywasdouble-blindunderin-houseblindingprocedures.Theresultsof the planned interim analyses were not shared with the investigators prior to the completion of the study. Subject-level unblinding and treatment level results were restricted to the unblinded (or designated) statistician who prepared the interim analysis and who had no other responsibility associated with the study. 
	Clinical response at the DCIV visit was the primary efficacy endpoint in the ApplicaҀҤѥҚ ЌҀЌѹӑҚѧҚ. For NI trials in cIAI, a primary endpoint of clinical success defined as resolution of the baseline signs and symptoms of cIAI based on objective assessments of events from randomization until approximately day 28 is recommended. We considered the GFU visit at day 28 for our assessment astimingofthisassessment is linked tothe treatment effect that isusedtojustify the NI margin. 
	Definitions of clinical response are included in the following table. At the DCIV visit, the investigator assessed the clinical response as "cured", "improved", "failure", or "indeterminate" based on comparison to admission signs and symptoms. "Cured" or "improved" response was a favorable clinical response and "failure" was an unfavorable clinical response at the DCIV visit. 
	Table 26. Study PN004: Definition of Clinical Response at the DCIV Visit 
	Table 26. Study PN004: Definition of Clinical Response at the DCIV Visit 
	Table 26. Study PN004: Definition of Clinical Response at the DCIV Visit 

	Clinical Response 
	Clinical Response 
	Response Definition 

	Cure 
	Cure 
	All pretherapy signs and symptoms of the index infection have resolved (or returned to "preinfection status") AND no additional IV antibiotic therapy is required. 

	Failure 
	Failure 
	No apparent response to IV study therapy in prestudy signs and symptoms, as documented by persistence or progression of most or all pretherapy signs and symptoms. This apparent lack of response can also include any of the following: a) Death related to the intra-abdominal infection at any time point; OR b) Persisting or recurrent infection within the abdomen documented by the findings at re-intervention either percutaneously or operatively; OR c) Evidence of a postsurgical wound infection; OR d) Use of addi

	Indeterminate 
	Indeterminate 
	Study data are not available for evaluation of clinical response for any reasons at the DCIV visit, including: a) Complication related to underlying medical condition; OR b) Patient was withdrawn for any reason before sufficient data had been obtained to permit evaluation of clinical response; OR c) Extenuating circumstances preclude classification as failure d) Death occurred during the study period and the index infection was clearly noncontributory 


	Source:Table3-3 of Study Protocol 
	Clinical response at the EFU visit was defined similarly. Clinical response at the LFU was 
	ШӊЌѹҿЌҤШФЌҚѨҚҿҚҤЌѧҀШФКҿҖШѩџѨвЌѧѹҿҖШѩџѨҖШѹЌғҚШѩ҇Җ ѨѧҀФШҤШҖѿѧҀЌҤШѩЙЌҚШФ҇ҀК҇ѿғЌҖѧҚ҇ҀҤ҇ 
	admission signs and symptoms. A favorable clinical response rating at the LFU visit was ѨҚҿҚҤЌѧҀШФ КҿҖШѩ. An unfavorable clinical response rating at the LFU visit included ѨвЌѧѹҿҖШѩ҇Җ ѨҖШѹЌғҚШѢѩ 
	The global response rating considered several factors, including an assessment of signs and 
	The global response rating considered several factors, including an assessment of signs and 
	symptoms, all-cause mortality, requirement for unplanned surgical interventions, use of non-study antibiotics, and clinical instability/worsening during the course of the trial. A favorable њѹ҇ЙЌѹ ҖШҚғ҇ҀҚШ ҖЌҤѧҀњ ЌҤ ҤѤШ GFѲ ӊѧҚѧҤ ӋЌҚ ѨКҿҖШ,ѩ as defined in the table below. 

	Table 27. Study PN004: Definition of Global Response at the GFU Visit 
	Table 27. Study PN004: Definition of Global Response at the GFU Visit 
	Table 27. Study PN004: Definition of Global Response at the GFU Visit 

	Clinical Response 
	Clinical Response 
	Response Definition 

	Cure 
	Cure 
	Patient meets all 5 of the following criteria: a) All pretherapy signs and symptoms of the baseline intraabdominal infection have resolved in the patient by the GFU visit; AND b) The patient survived through the GFU visit; AND c) The patient did not have an unplanned surgical procedure or percutaneous drainage procedure related to the baseline (or an emergent) intraabdominal infection at any time through the GFU visit; AND d) The patient did not receive any antibacterial drug therapy (e.g., rescue antibacte

	Failure 
	Failure 
	Patient does not fulfill 1or more of the 5 criteria outlined above for "cure" 

	Indeterminate 
	Indeterminate 
	Study data are not available for evaluation of global response for any reasons at the GFU visit, including: a) Complication related to underlying medical condition b) Patient was withdrawn for any reason before sufficient data had been obtained to permit evaluation of global response c) Extenuating circumstances preclude classification as ѨКҿҖШѩ ҇Җ ѨвЌѧѹҿҖШѩ 


	Source:Table3-6 of Study Protocol 
	Key Inclusion and Exclusion Criteria 

	Inclusion criteria 
	Inclusion criteria 
	1. 
	1. 
	1. 
	1. 
	Subject was ш18 years of age on the day of signing informed consent (Visit 1). 

	NOTE: Adults were the intended study population for this protocol. Subjects under the age of legal consent were excluded from participation in this study. 

	2.. 
	2.. 
	2.. 
	Sexuallyactivefemalesofchildbearingpotentialwithanegativeurinepregnancy test were eligible for enrollment; however, this must have been followed up with a confirmed negative serum pregnancy test within 48 hours following the screening 

	visit.Afemalewhowasof reproductivepotentialagreedto remainabstinent or use (or have their partner use) a medically acceptable effective method of birth control for 1 month after study completion. 

	3.. 
	3.. 
	Subject had a clinically suspected and/or bacteriologically documented cIAI that required hospitalization and treatment with IV antibacterial therapy. Subjects were tobe enrolledintraoperativelyorpostoperativelyonthebasisofoperativefindings OR subjects may have been enrolled preoperatively on the basis of compelling preoperative clinical findings, as described below: 


	a). Intraoperative/Postoperative Enrollment 
	Subjectsmay havebeenenrolledintraoperativelyorpostoperativelyupon visual confirmation (e.g., presence of pus within the abdominal cavity) of an IAI. Surgical intervention included open laparotomy, percutaneous drainage of an abscess, or laparoscopic surgery. The initial surgical intervention should have been adequate, as defined in the 2010 Infectious Disease Society of America/SurgicalInfectionsSocietyguidelinesforthemanageme nt of cIAI. 
	Diagnosesconsideredeligibleforthisstudy werethosein which therewas 
	evidence of intraperitoneal infection: 
	1). Cholecystitis (including gangrenous) with rupture, perforation, or 
	progression of the infection beyond the gallbladder wall 
	2). Diverticular abscess 
	3). Appendiceal perforation and periappendiceal abscess 
	4). Acute gastric and duodenal perforations, only if operated on >24 
	hours after perforation occurs 
	5). Traumatic perforation of the intestines, only if operated on >12 hours after perforation occurs 
	6). Peritonitis due to perforated viscus, surgical intervention, or other focus of infection. Spontaneous bacterial peritonitis associated with cirrhosis and chronic ascites are not eligible. 
	7). Intra-abdominal abscess (including of liver and spleen) 
	NOTE: Infections limited to the hollow viscus, such as simple cholecystitis and simple appendicitis, were not eligible. Ischemic bowel disease without perforation was also not eligible. Additionally, acute suppurative cholangitis and acute necrotizing pancreatitis were not eligible because the primary intervention in the former is Endoscopic Retrograde Cholangiopancreatography, and for the latter a single operative intervention was not definitive treatment. 
	NOTE: Postoperative(orintraoperative)enrollment ofsubjects was encouraged. If, however, preoperative data were available that strongly suggested an appropriate diagnosis for entry (e.g., intraperitoneal abscess on computed tomography [CT] scan), then thesesubjectscouldhave beenenrolledpreoperatively. 
	NOTE: Specimens from the surgical intervention must have been sent for aerobic and anaerobic culture and susceptibility testing. Onlysubjectswithan intra-operativeculturepositiveforthe presence of at least 1 Gram-negative enteric(s) and/or anaerobic pathogen(s) commonly isolated in IAI were considered microbiologically evaluable. 
	NOTE: Details of interventional operative procedures were recorded in the appropriate eCRF, and an anonymized copy of the operativenoteand/or interventionalradiologicalreport wasalso collected with the initial and any subsequent intervention. Within the eCRF, it was necessary to record the anatomic site of infection,theetiologicmechanism,and whethertherewas presence of a single abscess, multiple abscesses, and/or peritonitis. 
	b) For Preoperative Enrollment 
	The following clinical criteria needed to be met at screening, and the 
	ҚҿЙѳШКҤѥҚ ѧҀвШКҤѧ҇Ҁ ҀШШФШФ Ҥ҇ ЙШ К҇ҀвѧҖѿШФ Йӑ Ќ ҚҿҖњѧКЌѹ ѧҀҤШҖӊШҀҤѧ҇Ҁ ӋѧҤѤѧҀ 
	24 hours of entry: 1) Evidence of a systemic inflammatory response, with at least 1 of the following: 
	Table
	TR
	a) 
	Fever (defined as ш38.0°C [ш100.4°F] orally OR an oral equivalent 

	TR
	[ш38.5°C (ш101.3°F) by tympanic or rectal measurement]) 

	TR
	b) 
	Elevated WBC (ш10,500/mm3) 

	TR
	c) 
	Drop in blood pressure (systolic blood pressure must be <90 mm 

	TR
	Hg without the need for pressor support) 

	TR
	d) 
	Increased pulse and respiratory rates 

	TR
	e) 
	Hypoxemia 

	TR
	f) 
	Altered mental status 

	AND 
	AND 


	2) At least 1 physical finding consistent with IAI, such as: a) Abdominal pain and/or tenderness b) Localized or diffuse abdominal wall rigidity c) Abdominal mass d) Ileus 
	AND 
	3). Supportiveradiologicfindingsinabdomen,suchasintraperitoneal 
	abscess, detected on an abdominal CT scan 
	AND 
	4). Requirement for surgical intervention, including open laparotomy, 
	percutaneous drainage of an abscess, or laparoscopic surgery. 
	NOTE: Specimens from the surgical intervention, once performed, must have been sent for aerobic and anaerobic culture and susceptibility testing. Only subjects with an intraoperative culture positiveforthe presenceof at least 1 Gram-negative enteric(s)and/or anaerobic pathogen(s) commonly isolated in IAI were considered microbiologically evaluable. 

	Exclusion Criteria 
	Exclusion Criteria 
	1.. 
	1.. 
	1.. 
	Subject had an infection which should have been managed by Staged Abdominal Repair or open abdomen technique. 

	2.. 
	2.. 
	Subject with an Acute Physiology and Chronic Health Evaluation (APACHE) II score >30 at screening. 

	3.. 
	3.. 
	Subject receivedanyamount ofeffectiveantibiotictherapy(definedastherapythat was known to be active against the identified pathogen) after obtaining the culture for admission to this study (admission culture) and prior to the administration of the first dose of IV study therapy. 

	4.. 
	4.. 
	Subject had an infection which had been treated with >24 hours of systemic antibacterial therapy which was known to be effective against the presumed or documented etiologicpathogen(s)withinthe72-hour periodimmediatelypriorto consideration for entry into the study (e.g., >3 doses every 8 hour [q8h] of antibacterial drugs before enrollment). 


	NOTE: Subjects on prophylactic antibacterial therapy were enrolled only if their admissionculture wasconfirmedtobe positiveforat least 1 Gram-negativeenteric(s) and/or anaerobic pathogen(s) commonly isolated in IAI. 
	NOTE: Ifa subject had received>24hoursofsystemicantimicrobialtherapy,there needed to be clear evidence that the subject had failed this regimen or developed the cIAIwhileonthe previousantibioticregimen.Suchevidenceincludednewor continued fever or persistence or worsening of symptoms related to the index infection and persistent positive cultures and persistent laboratory or radiographic changes (if previously present). These measures were confirmed prior to study entry. 
	5.. Subject hadahistoryofseriousallergy,hypersensitivity(e.g.,anaphylaxis),orany seriousreaction to carbapenem antibiotics,any cephalosporins,penicillins,orother Ѿ­lactam agents. 
	яѕѮEѡ ѨҿЙѳШКҤҚ ӋѧҤѤ ѤѧҚҤ҇Җӑ ҇в ѿѧѹФ ҖЌҚѤ Ҥ҇ ғШҀѧКѧѹѹѧҀҚ ҇Җ ҇ҤѤШҖ Ѿ-lactams could have been enrolled and closely monitored. 
	6.. 
	6.. 
	6.. 
	6.. 
	Subject hadahistoryofserious allergy,hypersensitivity(e.g.,anaphylaxis),orany serious reaction to other Ѿ-lactamase inhibitors (e.g., tazobactam, sulbactam, clavulanic acid). 

	NOTE: Subjects with a history of mild rash to other 􀁅-lactamase inhibitors could have been enrolled and closely monitored. 

	7.. 
	7.. 
	Subject hadahistoryofaseizuredisorder(requiringongoingtreatment withanti ­convulsivetherapyor priortreatment withanti-convulsivetherapyinthelast 3years). 

	8.. 
	8.. 
	Subject wasbeingtreatedwithvalproicacidorhadusedvalproicacidinthe2weeks prior to screening. 

	9.. 
	9.. 
	Subject had a rapidly progressive or terminal illness (unlikely to survive the. approximately 6-to 8-week study period).. 

	10. 
	10. 
	Subject was pregnant or expecting to conceive, was breastfeeding, or planned to breast feed within 1 month of completion of the study. 

	11.. 
	11.. 
	Subject inwhom aresponsetoIVstudytherapy(IMI/REL orIMI/REL plus placebo) within the timeframe of treatment specified in this protocol was considered unlikely. 

	12. 
	12. 
	Subject had a concurrent infection that would have interfered with evaluation of response to the study antibiotics (IMI/REL or IMI/REL plus placebo). 

	13. 
	13. 
	13. 
	Subject hadaneedforconcomitant systemicantimicrobialagentsinadditiontothose designated in the various study treatment groups. 

	NOTE: Use of IV vancomycinto treat confirmedor suspectedmethicillin-resistant Staphylococcus aureus (MRSA) infection or use of linezolid to treat confirmed or suspected MRSA or vancomycin-resistant Enterococcus spp. (VRE) infection was allowed. 

	14. 
	14. 
	14. 
	Subject had a cIAI due to a confirmed fungal pathogen. 

	NOTE: Use of antifungal therapy for treatment of mucocutaneous infections (e.g., vaginal candidiasis or onychomycosis) was allowed. 

	15. 
	15. 
	Subject was receiving immunosuppressive therapy, including use of high-dose 


	К҇ҖҤѧК҇ҚҤШҖ҇ѧФҚ ҈ѧѢШѢџ шӺӶ ѿњ ғҖШФҀѧҚ҇ҀШ ҇Җ ғҖШФҀѧҚ҇ҀШ ШҕҿѧӊЌѹШҀҤ ғШҖ ФЌӑ҉Ѣ 
	NOTE: Prior short-ҤШҖѿ ҿҚШ ҈ёӻ ФЌӑҚ҉ ҇в ҚҤШҖ҇ѧФ ҤѤШҖЌғӑ ѧҀ ҤѤШ ӹӶ ФЌӑҚ ғҖѧ҇Җ Ҥ҇ ҚҤҿФӑ entry was allowed. 
	16. 
	16. 
	16. 
	Subject was a prior recipient of a renal transplantation. 

	17. 
	17. 
	Subject had estimated or actual creatinine clearance of <50 mL/minute. 

	18. 
	18. 
	18. 
	Thesubject hadanyofthefollowinglaboratoryabnormalitiesat thetimeofscreening: 

	•. 
	•. 
	•. 
	!ѹЌҀѧҀШ ЌѿѧҀ҇ҤҖЌҀҚвШҖЌҚШ ҈!шѮ҉ ӊЌѹҿШҚ шӹ ҤѧѿШҚ ҤѤШ ѲғғШҖ шѧѿѧҤ ҇в я҇ҖѿЌѹ ҈Ѳшя҉ 

	•. 
	•. 
	Aspartate ЌѿѧҀ҇ҤҖЌҀҚвШҖЌҚШ ҈!ѨѮ҉ ӊЌѹҿШҚ шӹ ҤѧѿШҚ Ѳшя 

	•. 
	•. 
	!шѮ ҇Җ !ѨѮ шӸ ҤѧѿШҚ Ѳшя ЌКК҇ѿғЌҀѧШФ Йӑ Ҥ҇ҤЌѹ ЙѧѹѧҖҿЙѧҀ яѲшя 

	•. 
	•. 
	Ѯ҇ҤЌѹ ЙѧѹѧҖҿЙѧҀ ӊЌѹҿШ шӸ ҤѧѿШҚ Ѳшя 




	NOTE: Subjectswithacute hepaticfailureoracute decompensationofchronic hepatic failure were also excluded. 
	Statistical Analysis Plan 

	Analysis Populations 
	Analysis Populations 
	Microbiological Intention-to-Treat Population (MITT): The MITT population included those subjects who met both of the following two conditions: 
	1.. 
	1.. 
	1.. 
	The subject received at least one dose of IV study therapy; 

	2.. 
	2.. 
	The subject's pre-study/post-operative culture grew at least 1 Gram-negative enteric(s) and/or anaerobic pathogen(s) commonly isolated in IAI. 


	The Applicant used this population as a supportive analysis for the primary efficacy endpoint. For an NI trial, the cIAI guidance recommends the microbiological ITT (all patients randomized to treatment who have a baseline bacterial pathogen known to cause cIAI) as the primary analysispopulation. Additionally, foranNIassessment, wehaveconsideredsusceptibility to the control in the definition of the MITT population as discussed in the results section below. Note that showing NI Ҥ҇ Ќ К҇ҀҤҖ҇ѹ ФҖҿњ Ҥ҇ ӋѤѧКѤ Ќ ғ
	Microbiologically Evaluable (ME) Population: The ME population excluded subjects due to 
	Microbiologically Evaluable (ME) Population: The ME population excluded subjects due to 
	important deviations from the protocol that may have substantially affected the results of the primary efficacy endpoint. Potential violations that may have resulted in the exclusion of a subject from the ME population included the following: 

	1.. 
	1.. 
	1.. 
	The subject failed to meet the protocol definition of cIAI; 

	2.. 
	2.. 
	Thesubject'spre-study/post-operativeculturefrom thesiteofinfectionfailedto grow at least 1 Gram-negative enteric(s) and/or anaerobic pathogen(s) commonly isolatedinIAI(note: subjectswhofailedtogrowa singleGram-negativeenteric and/or anaerobic pathogen from the site of infection were excluded from the ME population; that is, subjects with only Gram-positive pathogens identified were excluded, as well as those that did not have any organisms grow); 

	3.. 
	3.. 
	The subject had significant violations of inclusion/exclusion criteria that could have impacted the efficacy assessment (e.g., receipt of previous or concurrent systemic antibacterial therapy beyond those allowed per protocol); 

	4.. 
	4.. 
	The subject received less than 96 hours of IV study therapy (16 infusions if q6h dosing or 12 infusions if q8h dosing). 


	Additionally, subjects with indeterminate results were excluded from the analysis of the ME population. The ME population is used by the Applicant for the primary efficacy analysis. We do not agree with the use of this population for the primary analysis due to the multiple exclusions based on post-randomization information, such as the duration of treatment, which may be related to treatment. 

	Analysis Methods 
	Analysis Methods 
	Sample Size Calculation: The 117 patients per group was based on a 90% clinical response rate for the control group, a microbiological evaluability rate of 60-65%, an 80% statistical power, a 1-sided type I error rate of 0.025, and a 15% NI margin. 
	Primary Efficacy Analysis: The !ғғѹѧКЌҀҤѥҚ primary endpoint for this study was the proportion of subjects who achieved a favorable clinical response at DCIV in the ME population. A sensitivity analysis using the MITT population was also performed by the Applicant for the primaryendpoint. Wewill assessthetrialusingthe favorableglobalresponseat theGFU visit in the MITT population. This was defined as an exploratory endpoint for the trial. Additionally, in order for an NI assessment to be interpretable, it is 
	Anysubject whowasmissingan evaluationfora specificendpoint (clinicalor microbiological response) at any particular visit was generally considered as being ѨѧҀФШҤШҖѿѧҀЌҤШѩ в҇Җ ҤѤЌҤ endpoint and excluded in the ME population. Patients with a clinical response rating of 
	Anysubject whowasmissingan evaluationfora specificendpoint (clinicalor microbiological response) at any particular visit was generally considered as being ѨѧҀФШҤШҖѿѧҀЌҤШѩ в҇Җ ҤѤЌҤ endpoint and excluded in the ME population. Patients with a clinical response rating of 
	"indeterminateѩ wereconsideredashavingan unfavorableclinicalresponseinthe MITT population. 

	NI was tested using a two-sided 95% CI for the between-treatment difference with a 15% NI margin. If NI for either REL dose group was established, a subsequent superiority over the controlgroupwouldbetested. Aclosedtestingprocedurewaspre-specifiedandusedto control the type I error rate over multiple treatment comparisons (REL 250 mg vs control, followed by 125 mg vs control). 
	Reviewers’ comment: !s noted with the cUTI trial, the Agency had noted the scientific issues with interpreting this trial and had recommended modifications to the trial design. The Applicant preferredtoretaintheirproposal.Asdesigned,this not an adequateandwell­controlled trial and is being evaluated for descriptive purposes only. 
	in 
	is

	Study Results 
	Protocol Amendments 
	There were 2 protocol amendments and 3 protocol clarification letters. The amendments were about removal of the Future Biomedical Research information and procedures in Brazil. These amendments were not to influence the efficacy evaluations. 
	Compliance with Good Clinical Practices 
	This study was performed in compliance with Good Clinical Practices. 
	Financial Disclosure 
	There was no financial interest to disclose. 
	Patient Disposition 
	The study was conducted between November 2012 to August 2014, with subjects enrolled at 45 centers in 20 countries (Argentina, Brazil, Bulgaria, Colombia, Estonia, Germany, Greece, Latvia, Lithuania, Mexico, Peru, Poland, Portugal, Romania, Russia, South Africa, China [Taiwan], Turkey, Ukraine, and United States). The following table shows patient disposition. Of the 351 subjects randomized from 45 centers, 347 were treated with at least 1 dose of IV study therapy. The majority of subjects (94%) completed s
	Table 28. Study PN004: Study Disposition 
	Table 28. Study PN004: Study Disposition 
	Table 28. Study PN004: Study Disposition 

	TR
	IMI/REL 250 mg n (%) 
	IMI/REL 125 mg n (%) 
	IMI/ Placebo n (%) 
	Total n (%) 

	Randomized 
	Randomized 
	118 
	116 
	117 
	351 

	Randomized but not treated 
	Randomized but not treated 
	1 (0.8) 
	2 (1.7) 
	1 (0.9) 
	4 (1.1) 

	Treated with any study therapy 
	Treated with any study therapy 
	117 (99.2) 
	114 (98.3) 
	116 (99.2) 
	347 (98.9) 

	Completed study medication 
	Completed study medication 
	112 (94.9) 
	107 (92.2) 
	111 (94.9) 
	330 (94.0) 

	Discontinued study medication 
	Discontinued study medication 
	5 (4.2) 
	7 (6.0) 
	5 (4.3) 
	17 (4.8) 

	Adverse event 
	Adverse event 
	1 (0.8) 
	4 (3.4) 
	3 (2.6) 
	8 (2.3) 

	Death 
	Death 
	0 
	1 (0.9) 
	0 
	1 (0.3) 

	Lack of efficacy 
	Lack of efficacy 
	0 
	0 
	1 (0.9) 
	1 (0.3) 

	Loss to follow-up 
	Loss to follow-up 
	0 
	0 
	1 (0.9) 
	1 (0.3) 

	Physician decision 
	Physician decision 
	0 
	2 (1.7) 
	0 
	2 (0.6) 

	Protocol violation 
	Protocol violation 
	2 (1.7) 
	0 
	0 
	2 (0.6) 

	Technical problems 
	Technical problems 
	1 (0.8) 
	0 
	0 
	1 (0.3) 

	Withdrawal by subject 
	Withdrawal by subject 
	1 (0.8) 
	0 
	0 
	1 (0.3) 

	Completed study 
	Completed study 
	114 (96.6) 
	109 (94.0) 
	114 (97.4) 
	337 (96.0) 

	Discontinuation from study 
	Discontinuation from study 
	4 (3.4) 
	7 (6.0) 
	3 (2.6) 
	14 (4.0) 

	Adverse event 
	Adverse event 
	0 
	2 (1.7) 
	0 
	2 (0.6) 

	Death 
	Death 
	0 
	1 (0.9) 
	0 
	1 (0.3) 

	Loss to follow-up 
	Loss to follow-up 
	0 
	1 (0.9) 
	2 (1.7) 
	3 (0.9) 

	Progressive disease 
	Progressive disease 
	0 
	1 (0.9) 
	0 
	1 (0.3) 

	Protocol violation 
	Protocol violation 
	3 (2.5) 
	1 (0.9) 
	0 
	4 (1.1) 

	Technical problems 
	Technical problems 
	1 (0.8) 
	0 (0.0) 
	0 
	1 (0.3) 

	Withdrawal by subject 
	Withdrawal by subject 
	0 
	1 (0.9) 
	1 (0.9) 
	2 (0.6) 

	Microbiological ITT (MITT)1 
	Microbiological ITT (MITT)1 
	89 (75.4) 
	96 (82.8) 
	92 (78.6) 
	277 (78.9) 

	Subjects excluded from MITT 
	Subjects excluded from MITT 
	29 (24.6) 
	20 (17.2) 
	25 (21.4) 
	74 (21.1) 

	Baseline culture does not meet protocol-specified requirement 
	Baseline culture does not meet protocol-specified requirement 
	28 (23.7) 
	18 (15.5) 
	24 (20.5) 
	70 (19.9) 

	Received less than 1 dose of IV study therapy 
	Received less than 1 dose of IV study therapy 
	1 (0.8) 
	2 (1.7) 
	1 (0.9) 
	4 (1.1) 

	Microbiological evaluable (ME) Population at DCIV* 
	Microbiological evaluable (ME) Population at DCIV* 
	81 (68.6) 
	86 (74.1) 
	83 (70.9) 
	250 (71.2) 

	MITT subjects excluded from ME at DCIV 
	MITT subjects excluded from ME at DCIV 
	8 (6.8) 
	10 (8.6) 
	9 (7.7) 
	27 (7.7) 

	Inadequate duration of IV study therapy 
	Inadequate duration of IV study therapy 
	3 (2.5) 
	6 (5.2) 
	2 (1.7) 
	11 (3.1) 

	Incorrect IV study therapy 
	Incorrect IV study therapy 
	1 (0.8) 
	0 
	2 (1.7) 
	3 (0.9) 

	Prior or concomitant antimicrobials violation 
	Prior or concomitant antimicrobials violation 
	2 (1.7) 
	2 (1.7) 
	2 (1.7) 
	6 (1.7) 

	Other (study drug outside of stability) 
	Other (study drug outside of stability) 
	0 
	1 (0.9) 
	1 (0.9) 
	2 (0.6) 

	Subjects with indeterminate response at DCIV 
	Subjects with indeterminate response at DCIV 
	2 (1.7) 
	1 (0.9) 
	2 (1.7) 
	5 (1.4) 
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	Note:Percentages were basedonnumberof subjectsrandomized. *The numbers of subjectsin theMEpopulationfortheanalysisof EFUwere 79, 86,and81 andfortheanalysisof LFUwere 79, 85,and 79,forthethreetreatmentgroups. Thedifferencesinsamplesizewereduetodifferent numbers of subjectswithindeterminateresultsatEFUandLFU. 1 Anadditional 15,9 and11subjectswithresistancetothecontrol (IMI)wereexcludedfromtheMITTpopulation fromtheREL 250-mg,125-mgandcontrol groups for NI testing. 
	Timing of visits in the MITT population is shown in the following table. The GFU visit occurred around 30 days for all three arms. 
	Table 29. Study PN004: Timing of Visits in Days from the First Treatment in the MITT Population 
	Table 29. Study PN004: Timing of Visits in Days from the First Treatment in the MITT Population 
	Table 29. Study PN004: Timing of Visits in Days from the First Treatment in the MITT Population 

	Visit 
	Visit 
	IMI/REL 250 mg N=89 n (%) 
	IMI/REL 125 mg N=96 n (%) 
	IMI/Placebo N=92 n (%) 
	Total N=277 n (%) 

	DCIV 
	DCIV 
	N (%) 
	87 (97.8) 
	92 (95.8) 
	91 (98.9) 
	270 (97.5) 

	TR
	Mean 
	6.2 
	5.9 
	6.2 
	6.1 

	TR
	SD 
	2.3 
	1.9 
	2.1 
	2.1 

	TR
	Median 
	6 
	5 
	6 
	6 

	TR
	Range 
	2, 14 
	2, 14 
	2, 14 
	2, 14 

	EFU 
	EFU 
	N (%) 
	86 (96.6) 
	91 (94.8) 
	90 (97.8) 
	267 (96.4) 

	TR
	Mean 
	12.9 
	12.5 
	12.7 
	12.7 

	TR
	SD 
	2.9 
	2.7 
	2.6 
	2.7 

	TR
	Median 
	13 
	12 
	13 
	13 

	TR
	Range 
	9,23 
	8,21 
	8,21 
	8,23 

	GFU 
	GFU 
	N (%) 
	87 (97.8) 
	91 (94.8) 
	90 (97.8) 
	268 (96.8) 

	TR
	Mean 
	30.9 
	30.8 
	31 
	30.9 

	TR
	SD 
	2.7 
	2.5 
	2.5 
	2.6 

	TR
	Median 
	30 
	30 
	31 
	30 

	TR
	Range 
	27,39 
	27,36 
	25,39 
	25,39 

	LFU 
	LFU 
	N (%) 
	64 (71.9) 
	64 (66.7) 
	63 (68.5) 
	191(69.0) 

	TR
	Mean 
	40.4 
	39.8 
	39.9 
	40 

	TR
	SD 
	4.3 
	6.1 
	4 
	4.8 

	TR
	Median 
	40 
	38.5 
	40 
	39 

	TR
	Range 
	32,53 
	33,77 
	34,50 
	32,77 


	Protocol Violations/Deviations 
	Twenty-five subjects (7.1%) had important protocol deviations as described in the study report. The most common ones were related to inclusion/exclusion criteria and study drug administration. Three subjects were unblinded prematurely, all from the 250-mg group. The unblinding occurred after the subjects completed the study. No data on protocol violations/deviations were provided in the submission. 
	Demographic Characteristics 
	Thefollowingtableshowsthedemographiccharacteristicsinthetrial.There was aslightly 
	Thefollowingtableshowsthedemographiccharacteristicsinthetrial.There was aslightly 
	higherproportionofmalesinthe250-mg REL group. Therewerenoconcerningdifferences betweenotherdemographiccharacteristicsinthe table. 

	Table 30. Study PN004: Demographic Characteristics in the MITT Population 
	Table 30. Study PN004: Demographic Characteristics in the MITT Population 
	Table 30. Study PN004: Demographic Characteristics in the MITT Population 

	TR
	IMI/REL 250 mg N=89 
	IMI/REL 125 mg N=96 
	IMI/Placebo N=92 
	Total N=277 

	Sex, n(%) 
	Sex, n(%) 

	Male 
	Male 
	54 (60.7) 
	47 (49.0) 
	52 (56.5) 
	153 (55.2) 

	Female 
	Female 
	35 (39.3) 
	49 (51.0) 
	40 (43.5) 
	124 (44.8) 

	Race, n(%) 
	Race, n(%) 

	Asian 
	Asian 
	2 (2.2) 
	4 (4.2) 
	5 (5.4) 
	11 (4.0) 

	Black or African American 
	Black or African American 
	2 (2.2) 
	3 (3.1) 
	0 
	5 (1.8) 

	Multi-racial 
	Multi-racial 
	3 (3.4) 
	3 (3.1) 
	0 
	6 (2.2) 

	White 
	White 
	82 (92.1) 
	86 (89.6) 
	87 (94.6) 
	255 (92.1) 

	Age (years) 
	Age (years) 

	Mean (SD) 
	Mean (SD) 
	47.9 (19.0) 
	50.1 (17.0) 
	48.9 (18.1) 
	49.0 (18.0) 

	Median 
	Median 
	50.0 
	52.0 
	47.5 
	50.0 

	Range 
	Range 
	18.0, 85.0 
	18.0, 84.0 
	18.0, 88.0 
	18.0, 88.0 

	Age (years), n(%) 
	Age (years), n(%) 

	18 to 40 
	18 to 40 
	31 (34.8) 
	26 (27.1) 
	31 (33.7) 
	88 (31.8) 

	41 to 64 
	41 to 64 
	38 (42.7) 
	45 (46.9) 
	43 (46.7) 
	126 (45.5) 

	65 to 74 
	65 to 74 
	14 (15.7) 
	18 (18.8) 
	7 (7.6) 
	39 (14.1) 

	ш75 
	ш75 
	6 (6.7) 
	7 (7.3) 
	11 (12.0) 
	24 (8.7) 

	Weight, n(%) 
	Weight, n(%) 

	<70 kg 
	<70 kg 
	26 (29.2) 
	33 (34.4) 
	29 (31.5) 
	88 (31.8) 

	ш70 kg 
	ш70 kg 
	61 (68.5) 
	63 (65.6) 
	59 (64.1) 
	183 (66.1) 

	Missing 
	Missing 
	2 (2.2) 
	0 
	4 (4.3) 
	6 (2.2) 

	Region, n(%) 
	Region, n(%) 

	Asia, Pacific 
	Asia, Pacific 
	2 (2.2) 
	4 (4.2) 
	3 (3.3) 
	9 (3.2) 

	Europe 
	Europe 
	75 (84.3) 
	78 (81.3) 
	80 (87.0) 
	233 (84.1) 

	South America 
	South America 
	6 (6.7) 
	9 (9.4) 
	1 (1.1) 
	16 (5.8) 

	US/Canada 
	US/Canada 
	6 (6.7) 
	5 (5.2) 
	8 (8.7) 
	19 (6.9) 


	Reviewer comment: The demographic characteristics were generally well-balanced between the different treatment groups and appropriate for the indication with the exception of racial and geographic diversity. The vast majority of patients were white and from Europe, which is not representative of the target population in the United States. There were very few subjects from other racial or ethnic groups. Slightly more subjects were male which is consistent with other cIAI trials. Demographic characteristics w
	Other Baseline Characteristics 
	The following table shows baseline disease characteristics. About half of the subjects had a 
	The following table shows baseline disease characteristics. About half of the subjects had a 
	primary diagnosis of complicated appendicitis. A higher proportion of subjects had this diagnosis in the 250-mg group. A subgroup analysis by primary diagnosis is provided in the followingsection. Otherbaselinecharacteristicswerewellbalancedacross the different groups. 

	Table 31. Study PN004: Disease Characteristics in the MITT Population 
	Table 31. Study PN004: Disease Characteristics in the MITT Population 
	Table 31. Study PN004: Disease Characteristics in the MITT Population 

	TR
	IMI/REL 250 mg N=89 
	IMI/REL 125 mg N=96 
	IMI/Placebo N=92 
	Total N=277 

	Primary diagnosis, n (%) 
	Primary diagnosis, n (%) 

	Complicated appendicitis 
	Complicated appendicitis 
	48 (53.9) 
	50 (52.1) 
	44 (47.8) 
	142 (51.3) 

	Complicated cholecystitis 
	Complicated cholecystitis 
	14 (15.7) 
	17 (17.7) 
	15 (16.3) 
	46 (16.6) 

	Diverticular abscess 
	Diverticular abscess 
	5 (5.6) 
	2 (2.1) 
	5 (5.4) 
	12 (4.3) 

	Intraabdominal abscess 
	Intraabdominal abscess 
	3 (3.4) 
	3 (3.1) 
	4 (4.3) 
	10 (3.6) 

	Multiple abscesses 
	Multiple abscesses 
	2 (2.2) 
	3 (3.1) 
	3 (3.3) 
	8 (2.9) 

	Perforated hollow viscus 
	Perforated hollow viscus 
	8 (9) 
	12 (12.5) 
	12 (13) 
	32 (11.6) 

	Peritonitis 
	Peritonitis 
	3 (3.4) 
	1 (1) 
	1 (1.1) 
	5 (1.8) 

	Other 
	Other 
	6 (6.7) 
	8 (8.3) 
	8 (8.7) 
	22 (7.9) 

	Bacteremia, n (%) 
	Bacteremia, n (%) 

	Yes 
	Yes 
	3 (3.4) 
	5 (5.2) 
	3 (3.3) 
	11 (4.0) 

	No 
	No 
	86 (96.6) 
	91 (94.8) 
	89 (96.7) 
	266 (96.0) 

	APACHE score, n (%) 
	APACHE score, n (%) 

	ё15 
	ё15 
	86 (96.6) 
	93 (96.9) 
	88 (95.7) 
	267 (96.4) 

	>15 
	>15 
	3 (3.4) 
	3 (3.1) 
	4 (4.3) 
	10 (3.6) 

	Time of enrollment, n (%) 
	Time of enrollment, n (%) 

	Pre-operatively 
	Pre-operatively 
	16 (18.0) 
	17 (17.7) 
	10 (10.9) 
	43 (15.5) 

	Intra-operatively 
	Intra-operatively 
	4 (4.5) 
	3 (3.1) 
	3 (3.3) 
	10 (3.6) 

	Post-operatively 
	Post-operatively 
	69 (77.5) 
	76 (79.2) 
	79 (85.9) 
	224 (80.9) 


	APACHE:AcutePhysiologyandChronic HealthEvaluation 
	Baseline pathogens are displayed in the following table. The most common pathogens were Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae. 
	Table 32. Study PN004: Baseline Pathogens in the MITT Population 
	Table
	TR
	IMI/REL 250 mg N=89 
	IMI/REL 125 mg N=96 
	IMI/Placebo N=92 
	Total N=277 

	All pathogen isolates 
	All pathogen isolates 
	204 (100) 
	223 (100) 
	214 (100) 
	641 (100) 

	Acinetobacter baumannii complex 
	Acinetobacter baumannii complex 
	2 (1.0) 
	0 
	3 (1.4) 
	5 (0.8) 

	Bacteroides caccae 
	Bacteroides caccae 
	2 (1.0) 
	1 (0.4) 
	1 (0.5) 
	4 (0.6) 

	Bacteroides fragilis 
	Bacteroides fragilis 
	12 (5.9) 
	8 (3.6) 
	12 (5.6) 
	32 (5.0) 

	Bacteroides fragilis group 
	Bacteroides fragilis group 
	0 
	1 (0.4) 
	0 
	1 (0.2) 

	Bacteroides ovatus 
	Bacteroides ovatus 
	3 (1.5) 
	6 (2.7) 
	4 (1.9) 
	13 (2.0) 
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	Bacteroides stercoris 
	Bacteroides stercoris 
	Bacteroides stercoris 
	2 (1.0) 
	1 (0.4) 
	2 (0.9) 
	5 (0.8) 

	Bacteroides thetaiotaomicron 
	Bacteroides thetaiotaomicron 
	7 (3.4) 
	6 (2.7) 
	8 (3.7) 
	21 (3.3) 

	Bacteroides uniformis 
	Bacteroides uniformis 
	1 (0.5) 
	8 (3.6) 
	4 (1.9) 
	13 (2.0) 

	Bacteroides vulgatus 
	Bacteroides vulgatus 
	4 (2.0) 
	3 (1.3) 
	5 (2.3) 
	12 (1.9) 

	Citrobacter freundii 
	Citrobacter freundii 
	1 (0.5) 
	2 (0.9) 
	1 (0.5) 
	4 (0.6) 

	Enterobacter aerogenes 
	Enterobacter aerogenes 
	2 (1.0) 
	0 
	1 (0.5) 
	3 (0.5) 

	Enterobacter cloacae 
	Enterobacter cloacae 
	7 (3.4) 
	4 (1.8) 
	4 (1.9) 
	15 (2.3) 

	Escherichia coli 
	Escherichia coli 
	60 (29.4) 
	63 (28.3) 
	57 (26.6) 
	180 (28.1) 

	Fusobacterium nucleatum 
	Fusobacterium nucleatum 
	1 (0.5) 
	4 (1.8) 
	1 (0.5) 
	6 (0.9) 

	Klebsiella oxytoca 
	Klebsiella oxytoca 
	2 (1.0) 
	9 (4.0) 
	3 (1.4) 
	14 (2.2) 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	11 (5.4) 
	13 (5.8) 
	12 (5.6) 
	36 (5.6) 

	Prevotella melaninogenica 
	Prevotella melaninogenica 
	1 (0.5) 
	4 (1.8) 
	2 (0.9) 
	7 (1.1) 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	13 (6.4) 
	14 (6.3) 
	13 (6.1) 
	40 (6.2) 

	Other 
	Other 
	73 (35.8) 
	76 (34.1) 
	81 (37.9) 
	230 (35.9) 


	*Subjects may have multiple baseline pathogens 
	The followingtableshowsspecificprioranti-infectivetherapiesbymedicationclass.About 35% of the subjectsusedone or more prioranti-infectivetherapies.Themost commonlyused was imidazolederivatives.Asmallerproportionofsubjectsinthe250-mg grouphadprioranti­infective therapies. The cIAI guidance states that patients who receive up to 24 hours of prior nontrial antibacterial drug therapy should be eligible for enrollment and that, for patients who are enrolledinthe trial afterthe surgical procedure,onlyone doseofef
	Table 33. Study PN004: Prior Antibacterial Therapies by Medication Class in the MITT Population 
	Table 33. Study PN004: Prior Antibacterial Therapies by Medication Class in the MITT Population 
	Table 33. Study PN004: Prior Antibacterial Therapies by Medication Class in the MITT Population 

	TR
	IMI/REL 250 mg N=89 
	IMI/REL 125 mg N=96 
	IMI/Placebo N=92 
	Total N=277 

	Subjects with one or more prior anti-infective therapies 
	Subjects with one or more prior anti-infective therapies 
	28 (31.5) 
	30 (31.3) 
	38 (41.3) 
	96 (34.7) 

	Carbapenems 
	Carbapenems 
	3 (3.4) 
	3 (3.1) 
	5 (5.4) 
	11 (4.0) 

	Combination of penicillins, including beta-lactamase inhibitors 
	Combination of penicillins, including beta-lactamase inhibitors 
	5 (5.6) 
	3 (3.1) 
	5 (5.4) 
	13 (4.7) 

	Combination sulfonamides and trimethoprim including derivatives 
	Combination sulfonamides and trimethoprim including derivatives 
	0 
	1 (1.0) 
	0 
	1 (0.4) 

	Combinations of antibacterials 
	Combinations of antibacterials 
	2 (2.2) 
	1 (1.0) 
	5 (5.4) 
	8 (2.9) 

	Cephalosporins, first-generation 
	Cephalosporins, first-generation 
	4 (4.5) 
	3 (3.1) 
	4 (4.3) 
	11 (4.0) 

	Cephalosporins, second-generation 
	Cephalosporins, second-generation 
	3 (3.4) 
	8 (8.3) 
	6 (6.5) 
	17 (6.1) 
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	Cephalosporins, third-generation 
	Cephalosporins, third-generation 
	Cephalosporins, third-generation 
	6 (6.7) 
	8 (8.3) 
	8 (8.7) 
	22 (7.9) 

	Fluoroquinolones 
	Fluoroquinolones 
	8 (9.0) 
	2 (2.1) 
	8 (8.7) 
	18 (6.5) 

	Imidazole derivatives 
	Imidazole derivatives 
	14 (15.7) 
	12 (12.5) 
	18 (19.6) 
	44 (15.9) 

	Other aminoglycosides 
	Other aminoglycosides 
	1 (1.1) 
	4 (4.2) 
	4 (4.3) 
	9 (3.2) 

	Penicillins with extended spectrum 
	Penicillins with extended spectrum 
	1 (1.1) 
	3 (3.1) 
	2 (2.2) 
	6 (2.2) 

	Tetracyclines 
	Tetracyclines 
	0 
	1 (1.0) 
	0 
	1 (0.4) 


	One subject may take more than one therapy. 
	The followingtableshowsthe number (%) ofsubjectswithspecificconcomitant anti-infective -trialsystemic antimicrobials that were active against the identified pathogen while on IV study therapy, except when IV vancomycin was used to treat confirmed or suspected methicillin-resistant Staphylococcus aureus (MRSA) infection or linezolid was used to treat confirmed or suspected MRSA or vancomycin-resistant Enterococcus spp. (VRE) infection. Approximately 29% of the subjects used concomitant therapies in each trea
	therapiesintheMITT population.It wasplannedtolimit theuseofnon

	Table 34. Study PN004: Concomitant Antibacterial Therapies by Medication Class in the MITT Population 
	Table 34. Study PN004: Concomitant Antibacterial Therapies by Medication Class in the MITT Population 
	Table 34. Study PN004: Concomitant Antibacterial Therapies by Medication Class in the MITT Population 

	TR
	IMI/REL 250 mg N=89 
	IMI/REL 125 mg N=96 
	IMI/Placebo N=92 
	Total (N=277) 

	Subjects with one or more concomitant anti-infective therapies 
	Subjects with one or more concomitant anti-infective therapies 
	26 (29.2) 
	28 (29.2) 
	27 (29.3) 
	81 (29.2) 

	Cephalosporins, first-generation 
	Cephalosporins, first-generation 
	4 (4.5) 
	3 (3.1) 
	6 (6.5) 
	13 (4.7) 

	Cephalosporins, second-generation 
	Cephalosporins, second-generation 
	2 (2.2) 
	5 (5.2) 
	4 (4.3) 
	11 (4.0) 

	Cephalosporins, third-generation 
	Cephalosporins, third-generation 
	2 (2.2) 
	6 (6.3) 
	4 (4.3) 
	12 (4.3) 

	Combinations of antibacterials 
	Combinations of antibacterials 
	5 (5.6) 
	3 (3.1) 
	2 (2.2) 
	10 (3.6) 

	Fluoroquinolones 
	Fluoroquinolones 
	4 (4.5) 
	4 (4.2) 
	5 (5.4) 
	13 (4.7) 

	Glycopeptide antibacterials 
	Glycopeptide antibacterials 
	1 (1.1) 
	1 (1.0) 
	3 (3.3) 
	5 (1.8) 

	Imidazole derivatives 
	Imidazole derivatives 
	9 (10.1) 
	14 (14.6) 
	7 (7.6) 
	30 (10.8) 

	Lincosamides 
	Lincosamides 
	1 (1.1) 
	0 
	0 
	1 (0.4) 

	Nitrofuran derivatives 
	Nitrofuran derivatives 
	0 
	0 
	1 (1.1) 
	1 (0.4) 

	Other aminoglycosides 
	Other aminoglycosides 
	2 (2.2) 
	3 (3.1) 
	2 (2.2) 
	7 (2.5) 

	Other antibacterials 
	Other antibacterials 
	0 
	0 
	1 (1.1) 
	1 (0.4) 

	Penicillins with extended spectrum 
	Penicillins with extended spectrum 
	2 (2.2) 
	1 (1.0) 
	1 (1.1) 
	4 (1.4) 

	Tetracyclines 
	Tetracyclines 
	0 
	1 (1.0) 
	1 (1.1) 
	2 (0.7) 

	Cephalosporins, first-generation 
	Cephalosporins, first-generation 
	4 (4.5) 
	3 (3.1) 
	6 (6.5) 
	13 (4.7) 
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	Cephalosporins, second-generation 
	Cephalosporins, second-generation 
	Cephalosporins, second-generation 
	2 (2.2) 
	5 (5.2) 
	4 (4.3) 
	11 (4.0) 

	Cephalosporins, third-generation 
	Cephalosporins, third-generation 
	2 (2.2) 
	6 (6.3) 
	4 (4.3) 
	12 (4.3) 

	Combinations of antibacterials 
	Combinations of antibacterials 
	5 (5.6) 
	3 (3.1) 
	2 (2.2) 
	10 (3.6) 

	Fluoroquinolones 
	Fluoroquinolones 
	4 (4.5) 
	4 (4.2) 
	5 (5.4) 
	13 (4.7) 

	Glycopeptide antibacterials 
	Glycopeptide antibacterials 
	1 (1.1) 
	1 (1.0) 
	3 (3.3) 
	5 (1.8) 

	Imidazole derivatives 
	Imidazole derivatives 
	9 (10.1) 
	14 (14.6) 
	7 (7.6) 
	30 (10.8) 

	Lincosamides 
	Lincosamides 
	1 (1.1) 
	0 
	0 
	1 (0.4) 

	Nitrofuran derivatives 
	Nitrofuran derivatives 
	0 
	0 
	1 (1.1) 
	1 (0.4) 

	Other aminoglycosides 
	Other aminoglycosides 
	2 (2.2) 
	3 (3.1) 
	2 (2.2) 
	7 (2.5) 

	Other antibacterials 
	Other antibacterials 
	0 
	0 
	1 (1.1) 
	1 (0.4) 

	Penicillins with extended spectrum 
	Penicillins with extended spectrum 
	2 (2.2) 
	1 (1.0) 
	1 (1.1) 
	4 (1.4) 

	Tetracyclines 
	Tetracyclines 
	0 
	1 (1.0) 
	1 (1.1) 
	2 (0.7) 


	A subjectmayhaveusedmorethan1 medication class. 
	The following table shows a summary of baseline surgical procedure in the MITT population. The250-mg grouphada higherproportionoflaparoscopicproceduresandalower proportion of openprocedures,comparedtothe placebogroup. 
	Table 35. Study PN004: Baseline Surgical Procedures in the MITT Population 
	Table 35. Study PN004: Baseline Surgical Procedures in the MITT Population 
	Table 35. Study PN004: Baseline Surgical Procedures in the MITT Population 

	TR
	IMI/REL 250 mg N=89 
	IMI/REL 125 mg N=96 
	IMI/Placebo N=92 
	Total (N=277) 

	Procedure Type 
	Procedure Type 

	Laparoscopic 
	Laparoscopic 
	27 (30.3) 
	20 (20.8) 
	22 (23.9) 
	69 (24.9) 

	Not applicable 
	Not applicable 
	0 
	1 (1.0) 
	0 
	1 (0.4) 

	Open 
	Open 
	45 (50.6) 
	68 (70.8) 
	55 (59.8) 
	168 (60.6) 

	Other 
	Other 
	1 (1.1) 
	1 (1.0) 
	1 (1.1) 
	3 (1.1) 

	Percutaneous 
	Percutaneous 
	16 (18.0) 
	6 (6.3) 
	14 (15.2) 
	36 (13.0) 

	Irrigation 
	Irrigation 

	Entire abdomen 
	Entire abdomen 
	38 (42.7) 
	38 (39.6) 
	45 (48.9) 
	121 (43.7) 

	Local 
	Local 
	39 (43.8) 
	47 (49.0) 
	34 (37.0) 
	120 (43.3) 

	Not applicable 
	Not applicable 
	10 (11.2) 
	9 (9.4) 
	11 (12.0) 
	30 (10.8) 

	Other 
	Other 
	2 (2.2) 
	2 (2.1) 
	2 (2.2) 
	6 (2.2) 

	Drains 
	Drains 

	Closed suction 
	Closed suction 
	1 (1.1) 
	5 (5.2) 
	4 (4.3) 
	10 (3.6) 

	Not applicable 
	Not applicable 
	7 (7.9) 
	8 (8.3) 
	9 (9.8) 
	24 (8.7) 

	Other 
	Other 
	2 (2.2) 
	7 (7.3) 
	7 (7.6) 
	16 (5.8) 

	Penrose separate site 
	Penrose separate site 
	33 (37.1) 
	31 (32.3) 
	32 (34.8) 
	96 (34.7) 

	Penrose through wound 
	Penrose through wound 
	20 (22.5) 
	24 (25.0) 
	13 (14.1) 
	57 (20.6) 

	Percutaneous catheter 
	Percutaneous catheter 
	26 (29.2) 
	21 (21.9) 
	27 (29.3) 
	74 (26.7) 

	Wound 
	Wound 

	Delayed primary closure 
	Delayed primary closure 
	6 (6.7) 
	6 (6.3) 
	3 (3.3) 
	15 (5.4) 

	Not applicable 
	Not applicable 
	9 (10.1) 
	2 (2.1) 
	6 (6.5) 
	17 (6.1) 
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	Other 
	Other 
	Other 
	1 (1.1) 
	0 
	0 
	1 (0.4) 

	Primary closure 
	Primary closure 
	72 (80.9) 
	85 (88.5) 
	82 (89.1) 
	239 (86.3) 

	Secondary closure 
	Secondary closure 
	1 (1.1) 
	3 (3.1) 
	1 (1.1) 
	5 (1.8) 


	Treatment Compliance 
	Compliance was measured by comparing the number of completed study medication doses (IV) to the number of planned. The mean compliance percentages were higher than 99% in each treatment group. There was no switch to oral therapy. 
	Efficacy Results 

	Clinical Response and Global Response in the MITT Population 
	Clinical Response and Global Response in the MITT Population 
	The following table shows clinical response by visit and global response at the GFU visit. The proportions of favorable clinical response were similar across the three treatment groups and the four time points. The proportion for each group did not reduce much over time. reports the breakdown of unfavorable status for the global response endpoint at the GFU visit. For the 250-mg group and the placebo group, these numbers were balanced and there was no concern on the impact of missing data on the efficacy re
	Table 37 

	Table 36. Study PN004: Favorable Clinical Response by Visit and Favorable Global Response at GFU in the MITT Population 
	Table 36. Study PN004: Favorable Clinical Response by Visit and Favorable Global Response at GFU in the MITT Population 
	Table 36. Study PN004: Favorable Clinical Response by Visit and Favorable Global Response at GFU in the MITT Population 

	Visit 
	Visit 
	IMI/REL 250 mg N=89 n(%) 
	IMI/REL 125 mg N=96 n(%) 
	IMI/Placebo N=92 n(%) 
	Difference (95 CI) (%) REL 250 mg – Placebo REL 125 mg –Placebo 

	DCIV 
	DCIV 
	80 (89.9) 
	88 (91.7) 
	83 (90.2) 
	-0.3 (-9.6, 8.9) 1.4 (-7.2, 10.3) 

	EFU 
	EFU 
	77 (86.5) 
	85 (88.5) 
	82 (89.1) 
	-2.6 (-12.7, 7.2) -0.6 (-10.0, 8.9) 

	GFU 
	GFU 
	77 (86.5) 
	86 (89.6) 
	78 (84.8) 
	1.7 (-8.8, 12.3) 4.8 (-5.0, 14.9) 

	LFU 
	LFU 
	78 (87.6) 
	86 (89.6) 
	79 (85.9) 
	1.8 (-8.5, 12.0) 3.7 (-5.9, 13.6) 


	95%CIs of between-treatmentdifferences were basedonunconditional asymptoticMiettinenandNurminen method. 
	Table 37. Study PN004: Global Response at GFU in the MITT Population 
	Table
	TR
	IMI/REL 250 mg N=89 n(%) 
	IMI/REL 125 mg N=96 n(%) 
	IMI/Placebo N=92 n(%) 

	Favorable 
	Favorable 
	77 (86.5) 
	86 (89.6) 
	78 (84.8) 

	Failure 
	Failure 
	6 (6.9) 
	4 (4.4) 
	8 (8.9) 

	Indeterminate 
	Indeterminate 
	4 (4.6) 
	1 (1.1) 
	4 (4.4) 

	Missing value 
	Missing value 
	2 (2.2) 
	5 (5.2) 
	2 (2.2) 


	For an NI assessment of IMI/REL 250 mg, we excluded 26 subjects (15 in the IMI/REL 250 mg 122 
	Version date: October 12, 2018 
	Reference ID: 4463074 
	arm and 11 in the IMI arm) whose baseline isolates were resistant to IMI. Detailed below are the number of pathogens resistant to the control by the two treatment arms of interest. Of note,the list denotesthe number ofpathogensisolatedratherthanthe numberofsubjects. One subject in the 250-mg group had Escherichia coli and Proteus mirabilis; in the placebo group, one subject had Proteus mirabilis and Pseudomonas aeruginosa and one subject had Morganella morganii and Proteus mirabilis. 
	IMI/REL 250mg arm (n=16) 
	• 
	• 
	• 
	Acinetobacter baumannii complex (n=1) 

	• 
	• 
	Acinetobacter lwoffii (n=1) 

	• 
	• 
	Alcaligenes xylosoxidans (n=1) 

	• 
	• 
	Escherichia coli (n=1) 

	• 
	• 
	Morganella morganii (n=2) 

	• 
	• 
	Proteus mirabilis (n=8) 

	• 
	• 
	Proteus vulgaris (n=1) 


	• Pseudomonas aeruginosa (n=1) IMI/Placebo (n=13) 
	• 
	• 
	• 
	Acinetobacter baumannii complex (n=2) 

	• 
	• 
	Morganella morganii (n=2) 

	• 
	• 
	Proteus mirabilis (n=6) 

	• 
	• 
	Pseudomonas aeruginosa (n=3) 


	Reviewer comment: Organisms excluded from the MITT population were resistant to IMI. The majority of these organisms were non-fermenters (Acinetobacter baumanii or Pseudomonas aeruginosa) and Enterobacteriaceae such as Proteus spp. and Morganella spp. Of note, elevated MICs to imipenem are often noted in such Enterobacteriaciae spp. 
	The 250-mg REL group had an 84% favorable global response proportion compared to 83% on controlat theGFUvisit witha95%CIof[-11.1%,13%]. Thelowerboundofthe95% CIwas ­11.1% meaning that the 250-mg REL group could be as much as 11.1% worse than the control group. These results are not able to support the NI of IMI/REL 250-mg group to control based on an NI margin of 10%; however, it meets a 12.5% NI margin considered acceptable for a limited use labeling. 

	Clinical Response by Visit in the ME Population 
	Clinical Response by Visit in the ME Population 
	The AppliКЌҀҤѥҚ ғҖѧѿЌҖӑ ЌҀЌѹӑҚѧҚ ӋЌҚ КѹѧҀѧКЌѹ ҖШҚғ҇ҀҚШ ЌҤ ҤѤШ D.Έѽ ӊѧҚѧҤ in the ME population. The following table shows the clinical response by visit in the ME population. Note subjects with indeterminate status were excluded from the ME population. Therefore, the number of subjects varied over the different visits. Since the lower bound of the 95% CI was greater than the pre-specified NI margin of -15%, the Applicant concluded that both REL group was Ѩat least as effective asѩ the IMI alone group at the 
	Table 38. Study PN004: .linical Response by Visitin the ME Population (!pplicant’s !nalysis) 
	Table 38. Study PN004: .linical Response by Visitin the ME Population (!pplicant’s !nalysis) 
	Table 38. Study PN004: .linical Response by Visitin the ME Population (!pplicant’s !nalysis) 

	Visit 
	Visit 
	IMI/REL 250 mg N=89 n (%) 
	IMI/REL 125 mg N=96 n (%) 
	IMI/Placebo N=92 n (%) 
	Difference (95 CI) (%) REL 250 mg – Placebo REL 125 mg –Placebo 

	DCIV 
	DCIV 
	78/81 (96.3) 
	85/86 (98.8) 
	79/83 (95.2) 
	1.1 (-6.2, 8.6) 3.7 (-2.0, 10.8) 

	EFU 
	EFU 
	75/79 (94.9) 
	81/86 (94.2) 
	78/81 (96.3) 
	-1.4 (-9.1, 6.0) -2.1 (-9.7, 5.3) 

	LFU 
	LFU 
	74/79 (93.7) 
	81/85 (95.3) 
	75/79 (94.9) 
	-1.3 (-9.6, 6.9) 0.4 (-7.2, 8.2) 


	Source: Adapted from Table 11-1 of Study Report. 95% CIs of between-treatment differences were basedon unconditional asymptotic MiettinenandNurminenmethod. 
	Findings in Special/Subgroup Populations or Additional Analyses Conducted on the Individual Trial 

	Gender, Race, Age, Weight, Region, and Baseline Disease Characteristics 
	Gender, Race, Age, Weight, Region, and Baseline Disease Characteristics 
	The following table shows favorable global response by baseline variables in the MITT population. When the sample size was large enough, the three treatment groups had similar proportions of favorable response. 
	Table 39. Study PN004: Subgroup Analyses of Favorable Global Response in the MITT Population 
	Table 39. Study PN004: Subgroup Analyses of Favorable Global Response in the MITT Population 
	Table 39. Study PN004: Subgroup Analyses of Favorable Global Response in the MITT Population 

	TR
	IMI/REL 250 mg N=89 n (%) 
	IMI/REL 125 mg N=96 n (%) 
	IMI/Placebo N=92 n (%) 

	Age (years) 
	Age (years) 

	< 65 
	< 65 
	60/69 (87.0) 
	67/71 (94.4) 
	60/69 (87.0) 

	ш Ӽӻ 
	ш Ӽӻ 
	17/20 (85.0) 
	19/25 (76.0) 
	17/20 (85.0) 

	Sex 
	Sex 

	Male 
	Male 
	46/54 (85.2) 
	43/47 (91.5) 
	41/52 (78.8) 

	Female 
	Female 
	31/35 (88.6) 
	43/49 (87.8) 
	37/40 (92.5) 

	Race 
	Race 

	Asian 
	Asian 
	1/2 (50.0) 
	3/4 (75.0) 
	5/5 (100) 

	Black or African American 
	Black or African American 
	2/2 (100) 
	2/3 (66.7) 
	0 

	Multi-racial 
	Multi-racial 
	3/3 (100) 
	3/3 (100) 
	0 

	White 
	White 
	74/82 (90.2) 
	80/86 (93.0) 
	78/87 (89.7) 

	Region 
	Region 

	Asia, Pacific 
	Asia, Pacific 
	1/2 (50.0) 
	3/4 (75.0) 
	3/3 (100) 

	Europe 
	Europe 
	68/75 (90.7) 
	72/78 (92.3) 
	69/80 (86.3) 

	South America 
	South America 
	5/6 (83.3) 
	9/9 (100) 
	1/1 (100) 

	US/Canada 
	US/Canada 
	3/6 (50.0) 
	2/5 (40.0) 
	5/8 (62.5) 
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	Weight (kg) 
	Weight (kg) 
	Weight (kg) 

	Missing 
	Missing 
	1/2 (50.0) 
	3/4 (75.0) 
	0 

	<70 
	<70 
	21/26 (80.8) 
	25/29 (86.2) 
	29/33 (87.9) 

	шӽӶ 
	шӽӶ 
	55/61 (90.2) 
	50/59 (84.7) 
	57/63 (90.5) 

	APACHE score 
	APACHE score 

	ёӷӻ 
	ёӷӻ 
	77/86 (89.5) 
	85/93 (91.4) 
	80/88 (90.9) 

	>15 
	>15 
	3/3 (100) 
	3/3 (100) 
	3/4 (75.0) 

	Bacteremia 
	Bacteremia 

	Yes 
	Yes 
	74/86 (86.0) 
	82/91 (90.1) 
	77/89 (86.5) 

	No 
	No 
	3/3 (100) 
	4/5 (80.0) 
	1/3 (33.3) 

	Time of enrollment 
	Time of enrollment 

	Pre-operatively 
	Pre-operatively 
	14/16 (87.5) 
	16/17 (94.1) 
	9/10 (90.0) 

	Intraoperatively 
	Intraoperatively 
	4/4 (100) 
	3/3 (100) 
	3/3 (100) 

	Post-operatively 
	Post-operatively 
	59/69 (85.5) 
	67/76 (88.2) 
	66/79 (83.5) 

	Type of surgical intervention 
	Type of surgical intervention 

	Laparoscopic 
	Laparoscopic 
	25/27 (92.6) 
	19/20 (95.0) 
	19/22 (86.4) 

	Not Applicable 
	Not Applicable 
	0 
	1/1 (100) 
	0 

	Open 
	Open 
	38/45 (84.4) 
	61/68 (89.7) 
	47/55 (85.5) 

	Other 
	Other 
	1/1 (100) 
	1/1 (100) 
	1/1 (100) 

	Percutaneous 
	Percutaneous 
	13/16 (81.3) 
	4/6 (66.7) 
	11/14 (78.6) 

	Resistance to imipenem 
	Resistance to imipenem 

	Yes 
	Yes 
	15/15 (100) 
	9/10 (90.0) 
	11/11 (100) 

	Noҙ 
	Noҙ 
	62/74 (83.8) 
	77/86 (89.5) 
	67/81 (82.7) 

	Primary diagnosis 
	Primary diagnosis 

	Complicated appendicitis 
	Complicated appendicitis 
	44/48 (91.7) 
	45/50 (90.0) 
	41/44 (93.2) 

	Complicated cholecystitis 
	Complicated cholecystitis 
	14/14 (100) 
	16/17 (94.1) 
	14/15 (93.3) 

	Diverticular abscess 
	Diverticular abscess 
	3/5 (60.0) 
	2/2 (100) 
	3/5 (60.0) 

	Intra-abdominal abscess 
	Intra-abdominal abscess 
	1/3 (33.3) 
	3/3 (100) 
	3/4 (75.0) 

	Multiple abscesses 
	Multiple abscesses 
	1/2 (50.0) 
	3/3 (100) 
	3/3 (100) 

	Other 
	Other 
	5/5 (100) 
	8/8 (100) 
	6/6 (100) 

	Perforated hollow viscus 
	Perforated hollow viscus 
	8/8 (100) 
	8/12 (66.7) 
	8/12 (66.7) 

	Peritonitis 
	Peritonitis 
	1/3 (33.3) 
	1/1 (100) 
	0 

	Prior anti-infective use 
	Prior anti-infective use 

	Yes 
	Yes 
	18/28 (64.3) 
	25/30 (83.3) 
	27/38 (71.1) 

	No 
	No 
	59/61 (96.7) 
	61/66 (92.4) 
	51/54 (94.4) 

	All baseline pathogens 
	All baseline pathogens 
	179/204 (87.7) 
	202/223 (90.6) 
	179/214 (83.6) 

	Acinetobacter baumannii complex 
	Acinetobacter baumannii complex 
	2/2 (100) 
	0 
	3/3 (100) 

	Bacteroides caccae 
	Bacteroides caccae 
	2/2 (100) 
	1/1 (100) 
	1/1 (100) 

	Bacteroides fragilis 
	Bacteroides fragilis 
	11/12 (91.7) 
	8/8 (100) 
	10/12 (83.3) 

	Bacteroides fragilis group 
	Bacteroides fragilis group 
	0 
	1/1 (100) 
	0 

	Bacteroides ovatus 
	Bacteroides ovatus 
	2/3 (66.7) 
	6/6 (100) 
	4/4 (100) 

	Bacteroides stercoris 
	Bacteroides stercoris 
	2/2 (100) 
	1/1 (100) 
	2/2 (100) 

	Bacteroides thetaiotaomicron 
	Bacteroides thetaiotaomicron 
	5/7 (71.4) 
	6/6 (100) 
	6/8 (75.0) 

	Bacteroides uniformis 
	Bacteroides uniformis 
	1/1 (100) 
	8/8 (100) 
	4/4 (100) 
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	Bacteroides vulgatus 
	Bacteroides vulgatus 
	Bacteroides vulgatus 
	3/4 (75.0) 
	3/3 (100) 
	3/5 (60.0) 

	Citrobacter freundii 
	Citrobacter freundii 
	1/1 (100) 
	2/2 (100) 
	0/1 (0) 

	Enterobacter aerogenes 
	Enterobacter aerogenes 
	2/2 (100) 
	0 
	1/1 (100) 

	Enterobacter cloacae 
	Enterobacter cloacae 
	7/7 (100) 
	4/4 (100) 
	4/4(100) 

	Escherichia coli 
	Escherichia coli 
	53/60 (88.3) 
	56/63 (88.9) 
	45/57 (78.9) 

	Fusobacterium nucleatum 
	Fusobacterium nucleatum 
	1/1 (100) 
	3/4 (75.0) 
	1/1 (100) 

	Klebsiella oxytoca 
	Klebsiella oxytoca 
	2/2 (100) 
	8/9 (88.9) 
	2/3 (66.7) 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	9/11 (81.8) 
	12/13 (92.3) 
	10/12 (83.3) 

	Prevotella melaninogenica 
	Prevotella melaninogenica 
	1/1 (100) 
	4/4 (100) 
	1/2 (50.0) 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	11/13 (84.6) 
	14/14 (100) 
	10/13 (76.9) 


	*One subject may have more than one baseline pathogen. ҙThe difference between the REL 250-mg group and placebo group in the imipenem-susceptible subjects and its 95% CI were 1.1% [-11.1%, 13.0%], based on unconditional asymptotic Miettinen and Nurminen method. 
	Conclusion on Efficacy 
	As with study PN003, this trial was not designed to provide evidence of the added contribution of REL 250 mg to IMI or to provide an NI assessment of IMI/REL 250 mg to IMI alone using the appropriate analysis population and endpoint. If the study is assessed posthoc using the appropriate analysis population (MITT) and endpoint (clinical response at GFU), the trial meets an acceptable NI margin for a limited use indication of 12.5%. Given the limitations in the design of this trial, it is difficult to draw c

	7.3.3 Study PN013 (Resistant Pathogens) 
	7.3.3 Study PN013 (Resistant Pathogens) 
	Trial Objectives 
	The trial objectives included: 
	1.. To estimate the proportion of subjects with favorable overall response to IMI/REL (Treatment Group 1 only) and to CMS + IMI (Treatment Group 2). 
	The overall response was estimated based on the following: (a) survival (based upon all-cause mortality) through Day 28 post-randomization in subjects with HABP/VABP, 
	(b) clinical response at Day 28 post-randomization for subjects with cIAI, and (c) the composite clinical and microbiological response at the EFU Visit; Day 5 to 9 following the end of therapy (EOT) for subjects with cUTI. 
	2. To evaluate the safety and tolerability profile of IMI/REL (Treatment Group 1 only). 
	Trial Design and Endpoints 
	Thiswas a multicenter,randomized,double-blind,activecomparator-controlledtrial of the efficacy and safety of IMI/REL versus colistimethate sodium (CMS) + IMI in subjects with imipenem-resistant bacterial infections, including HABP/VABP, cIAI, and cUTI. The study pharmacist was unblinded at a study site for preparing the IV therapy. 
	Eligible subjects were randomized (2:1) to Treatment Group 1 (IMI/REL + placebo for CMS) or Treatment Group2(CMS+IMI)byinfectiontype(HABP/VABP,cIAI,orcUTI). Anon-randomized, unblinded/open-label group (Treatment Group 3) was included to enroll eligible subjects to receive IMI/REL. 
	•. 
	•. 
	•. 
	Treatment Group 1: IMI/REL (500 mg/250 mg), every 6 hours, IV 

	•. 
	•. 
	Treatment Group2: CMS(300 mg)loadingdose,followedafter12hoursby. maintenance dose, every 12 hours, IMI (500 mg), every 6 hours, IV.. 

	•. 
	•. 
	Treatment Group 3 (open-label): IMI/REL (500 mg/250 mg), every 6 hours, IV 


	IV study therapy was planned to be administered for a minimum of either 5 (cIAI and cUTI) or 7 (HABP/VABP) days up to a maximum of 21 days. No oral switch was included. For subjects with renal insufficiency,thedosesof IMI/REL, IMI,and CMS wereadjusted based onthe degreeof renal function impairment. 
	Source: Table 12 of Study Protocol 
	Study visits included on therapy (OTX, Day 3), EOT, EFU (Days 5 to 9 post-EOT), and Day 28 (after randomization). 

	Primary Endpoint 
	Primary Endpoint 
	The primary endpoint was overall response. Favorable overall response was assessed for each 
	of the 3 infection types. Overall response was defined as follows: ҅ HABP/VABP: survival at Day 28 ҅ cIAI: sustained cure or cure at Day 28 
	҅..cUTI: at EFU. -Clinical response: sustained cure or cure, and. -Microbiological response: sustained eradication. 
	Reviewer comment: The endpoints included under the overall clinical response are quite different for each of the three indications. 
	Definitions of the clinical response at the EFU and Day 28 post-randomization visit are as follows: 
	Table 40. Study PN013: Definition of Clinical Response 
	Table 40. Study PN013: Definition of Clinical Response 
	Table 40. Study PN013: Definition of Clinical Response 

	Clinical Responsea,b 
	Clinical Responsea,b 
	Response Definition 

	Sustained Cure 
	Sustained Cure 
	All pretherapy signs and symptomsc of the index infection(s) have resolved (or returned to "preinfection status") with no evidence of resurgence AND no additional antibacterial drug therapy (beyond IV study therapy) was required, AND, for cIAI subjects, no unplanned surgical procedures or percutaneous drainage procedures have been performed. 

	Cure 
	Cure 
	All pretherapy signs and symptomsc of the index infection(s) have resolved (or returned to "preinfection status") AND no additional IV antibacterial drug therapy is required, AND, for cIAI subjects, no unplanned surgical procedures or percutaneous drainage procedures have been performed. 

	Failure 
	Failure 
	No apparent or insufficient response to IV study therapy in prestudy signs and symptoms of the index infection(s): persistence, progression, or improvement (without full resolution) of all pretherapy signs and symptoms 

	Relapse 
	Relapse 
	Subjects with a favorable clinical response (cure or improved) at the EOT visit have worsening signs and symptoms of the index infection(s) by the EFU or Day 28 post-therapy visit. 

	Indeterminate 
	Indeterminate 
	Study data are not available for evaluation of efficacy for any reasons, including: a) Complication related to underlying medical condition; OR b) Subject was withdrawn for any reason before sufficient data had been obtained to permit evaluation of clinical response; OR c) Extenuating circumstances preclude classification as "sustained cure," "failure," or "relapse;" OR d) Death occurred during the study period and the index infection was clearly noncontributory. 
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	.A favorableclinical responseatEFUor Day28 post-randomizationrequiresanassessmentof 
	a

	ѨКҿҖШѩ҇Җ ѨҚҿҚҤЌѧҀШФКҿҖШѩѢѮ҇ЙШ К҇ҀҚѧФШҖШФѨҚҿҚҤЌѧҀШФКҿҖШѩџҤѤШКѹѧҀѧКЌѹ ҖШҚғ҇ҀҚШв҇Җ ҤѤШғҖѧ҇Җ ӊѧҚѧҤ ѿҿҚҤ ѤЌӊШ ЙШШҀ К҇ҀҚѧФШҖШФ ѨКҿҖШѩѢ !КѹѧҀѧКЌѹ ҖШҚғ҇ҀҚШ ҇в ѨКҿҖШѩ ѧҚ ҇Ҁѹӑ ҖШѹШӊЌҀҤ ЌҤ EFѲ в҇Җ ҚҿЙѳШКҤҚӋѧҤѤ Ќ ҖШҚғ҇ҀҚШ҇в ѨѧѿғҖ҇ӊШФѩЌҤ EOT. 
	. Regardlessof whether or nottheEFUvisit iscombined withtheDay28 post-randomizationvisit, the clinicalresponseratingsfor all visitsshouldbeenteredseparatelyinthedatabase. 
	b

	Source: Adaptedfrom Table5 of StudyProtocol 
	Subjects with cUTI were evaluated for microbiological response, which included an evaluation for each baseline pathogen (i.e., by-pathogen). Definitions of the by-pathogen microbiological response at the EFU visit are as follows: 
	Table 41. Study PN013: Definition of Microbiological Response for cUTI Patients at the EFU Visit 
	Microbiological Responsea,b 
	Microbiological Responsea,b 
	Microbiological Responsea,b 
	Response Definition 

	Sustained eradication 
	Sustained eradication 
	A urine culture taken at the EFU visit still shows eradication of the ҿҖ҇ғЌҤѤ҇њШҀ ҈ѧѢШѢџ шӷӶ5 CFU/mL is reduced to <104 CFU/mL) found at study entry. 

	Persistence 
	Persistence 
	A urine culture taken at the EFU visit grows a uropathogen (at шӷӶ4 CFU/mL) found at study entry. 

	New Infection 
	New Infection 
	A uropathogen, other than a microorganism found at baseline is present in the urine (at a level шӷӶ5 CFU/mL) any time after IV study therapy is finished; OR A pathogen is isolated from a distant (non-urine), sterile after IV study therapy has been completed 

	Recurrence 
	Recurrence 
	! ҿҖѧҀШ њҖ҇ӋҚ Ќ ҿҖ҇ғЌҤѤ҇њШҀ ҈ЌҤ Ќ ѹШӊШѹ шӷӶ5 CFU/mL) taken any time after documented eradication. 

	Indeterminate 
	Indeterminate 
	a) Follow-up urine culture is not available at the EFU visit due to subject death or withdrawal from study; OR b) Microbiological data are incomplete; OR c) Assessment not possible due to protocol violation; OR d) Any other circumstance which makes it impossible to define the microbiological response; OR e) For Treatment Groups 1 and 2 only, the pathogen does not meet all of the following criteria: • Gram-negative • Resistant to IMI • Susceptible to IMI/REL • Susceptible to colistin; OR f) For Treatment Gro
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	A microbiological response rating will be determined separately for each pathogen isolated at baseline. If a new/emergent pathogen is identified at this visit which was not 
	a

	ѧФШҀҤѧвѧШФ ЌҤ ЙЌҚШѹѧҀШџ ҤѤШ ѿѧКҖ҇Йѧ҇ѹ҇њѧКЌѹ ҖШҚғ҇ҀҚШ ҖЌҤѧҀњ Ӌѧѹѹ ЙШ К҇ҀҚѧФШҖШФ Ќ ѨҀШӋ ѧҀвШКҤѧ҇Ҁѩ в҇Җ ЌҀӑ ҀШӋѶШѿШҖњШҀҤ ғЌҤѤ҇њШҀ ѧҚ҇ѹЌҤШФ after initiation of IV study therapy. ! вЌӊ҇ҖЌЙѹШ ҇ӊШҖЌѹѹ ѿѧКҖ҇Йѧ҇ѹ҇њѧКЌѹ ҖШҚғ҇ҀҚШ ЌҤ EFѲ ӊѧҚѧҤ ҖШҕҿѧҖШҚ ѨҚҿҚҤЌѧҀШФ ШҖЌФѧКЌҤѧ҇Ҁѩ 
	b

	of all baseline pathogens. 
	Source: Adaptedfrom Table 8 of StudyProtocol Microbiological response at Day 3 (OTX) visit and the EOT visit was defined similarly. 

	Key Secondary Endpoints 
	Key Secondary Endpoints 
	The key secondary endpoints for efficacy and safety are as follows: 
	1.. 
	1.. 
	1.. 
	A favorable clinical response at 28 days following initiation of IV trial treatment. 

	2.. 
	2.. 
	Theincidenceofall-causemortality within28daysafterinitiationoftrialtreatment. 



	Other Secondary Endpoints 
	Other Secondary Endpoints 
	1.. 
	1.. 
	1.. 
	The proportion of subjects with a favorable clinical response at the OTX, EOT, and EFU Visits. 

	2.. 
	2.. 
	The proportion of subjects with a favorable microbiological response at the OTX, EOT, and EFU Visits. 

	3.. 
	3.. 
	The proportion of subjects with favorable overall response for each infection type. 


	Inclusion and Exclusion Criteria 

	Inclusion criteria 
	Inclusion criteria 
	Inclusion criteria were separate for Treatment Groups 1 and 2, and Group 3. 
	Treatment Groups 1 and 2 
	Treatment Groups 1 and 2 

	In order to be eligible for participation in this trial, the subject must: 
	1.. 
	1.. 
	1.. 
	ЙШ ш ӷӾ ӑШЌҖҚ ҇в ЌњШ. 

	2.. 
	2.. 
	requirehospitalizationandtreatment withIVantibacterial therapy foranew,persistent (defined as inadequate response to current therapy or failure to improve as expected) or progressing (defined as clinically worsening despite treatment) bacterial infection with at least one of the following primary infection types: 


	•. 
	•. 
	•. 
	HABP or VABP 

	•. 
	•. 
	cIAI 

	•. 
	•. 
	cUTI 


	Note: Diagnostic criteria, include relevant radiographic, clinical and microbiological evidence. 
	3.. haspositiveculturedataobtainedfrom theprimaryinfection-sitespecimencollected within 1 week of study entry and at least one of the suspected causative pathogen(s) from that specimen meets all of the following criteria: 
	a) has been identified as a gram-negative bacterium, AND b) hasculture-confirmedimipenem resistance(MIC ofisolateisabovetheimipenem­susceptible breakpoint) based on panels provided by the Sponsor, AND 
	c). has culture-confirmed susceptibility to colistin (MIC of isolate is at or below the colistin-susceptible breakpoint) and to IMI/REL (MIC of isolate is at or below the imipenem-susceptiblebreakpoint)basedonpanelsprovidedby theSponsor. 
	4.. Meet one of the following categories: 
	a). The subject is a male who is not of reproductive potential, defined as a male who has azoospermia (whether due to having had a vasectomy or due to an underlying medical condition). 
	b). The subject is a female who is not of reproductive potential, defined as a female who either: (1) is postmenopausal (defined as at least 12 months with no menses in 
	Ӌ҇ѿШҀ шӺӻ ӑШЌҖҚ ҇в ЌњШ҉Ѡ ҈Ӹ҉ ѤЌҚ ѤЌФ Ќ ѤӑҚҤШҖШКҤ҇ѿӑ ЌҀФѶ҇Җ ЙѧѹЌҤШҖЌѹ 
	oophorectomy, bilateral salpingectomy, or bilateral tubal ligation/occlusion at least 6 weeks prior to screening; OR (3) has a congenital or acquired condition that prevents childbearing. 
	c). The subject is a female or a male who is of reproductive potential and agrees to avoid becoming pregnant or impregnating a partner from the time of consent through completion of the study by complying with one of the following: (1) practice abstinence from heterosexual activity OR (2) use (or have their partner use) acceptable contraception during heterosexual activity. 
	Treatment Group 3 (Open Label, Nonrandomized) 
	Treatment Group 3 (Open Label, Nonrandomized) 

	In order to be eligible for participation in this trial, the subject must meet all the same criteria for randomized Treatment Group 1 and 2 as listed above. 
	Exclusion Criteria 
	Treatment Groups 1 and 2 
	Treatment Groups 1 and 2 

	1.. 
	1.. 
	1.. 
	has an APACHE II score >30 at screening 

	2.. 
	2.. 
	2.. 
	has an infection in which any of the causative pathogens are any of the following: 

	•. 
	•. 
	•. 
	Imipenem-resistant Acinetobacter spp. 

	•. 
	•. 
	suspectedClass B metallo-beta-lactamase-producingbacteria(includingNDM-1, IMP or VIM-containing strains) 



	3.. 
	3.. 
	3.. 
	has a concurrent infection that would interfere with evaluation of response to the study drugs (IMI/REL or CMS + IMI), including any of the following: study drugs (IMI/REL or CMS + IMI), including any of the following: 

	• 
	• 
	• 
	endocarditis. • osteomyelitis. 

	•. 
	•. 
	meningitis 

	•. 
	•. 
	prostheticjoint infection 

	•. 
	•. 
	active pulmonary tuberculosis 

	•. 
	•. 
	a disseminated fungal infection 




	NOTE: Subjects in whom fungal pathogens are isolated are eligible for participation provided that treatment of the fungus is not planned. 
	4.. 
	4.. 
	4.. 
	hasreceivedtreatment withanyform ofsystemiccolistinfor>24hourswithinthe72 hours immediatelypriorto initiationofstudy therapy. 

	5.. 
	5.. 
	has HABP/VABP caused by an obstructive process, including lung cancer (or other malignancy metastatic to the lungs resulting in pulmonary obstruction) or other known obstruction. 

	6.. 
	6.. 
	6.. 
	has cUTI which meets any of the following: 

	•. 
	•. 
	•. 
	completeobstructionof anyportionof the urinarytract (requiringapermanent indwelling urinary catheter or instrumentation) 

	•. 
	•. 
	known ileal loop 

	•. 
	•. 
	intractable vesico-ureteral reflux 

	•. 
	•. 
	presence of indwelling urinary catheter which cannot be removed at study entry 




	NOTE: All indwelling urinary catheters must be removed prior to the start of IV therapy. Unless medically necessary, it is recommended that an indwelling urinary catheter not be reinserted while on IV study therapy 
	7.. has a history of serious allergy, hypersensitivity (e.g., anaphylaxis), or any serious reaction to any of the following: 
	•. 
	•. 
	•. 
	any carbapenem, cephalosporin, penicillin, or other β-lactam agent 

	•. 
	•. 
	colistimethate sodium (colistin) or to polymyxin B 


	•. other β-lactamase inhibitors (e.g., tazobactam, sulbactam, clavulanic acid, avibactam) 
	NOTE: Subjectswitha historyofmild rashtopenicillinsorother β-lactams may be enrolled and closely monitored. 
	8.. 
	8.. 
	8.. 
	is a female who is pregnant or is expecting to conceive (or is a male partner of a female who is expecting to conceive), is breastfeeding, or plans to breastfeed prior to completion of the study. 

	9.. 
	9.. 
	9.. 
	has any of the following medical conditions at screening: 

	•. 
	•. 
	•. 
	historyofa seizuredisorder(requiringongoingtreatment withanti -convulsive therapyorpriortreatment withanti-convulsivetherapywithinthelast 3 years) 

	•. 
	•. 
	myasthenia gravis 

	•. 
	•. 
	porphyria 

	•. 
	•. 
	cystic fibrosis 

	•. 
	•. 
	granulomatous disease 



	10. 
	10. 
	10. 
	is anticipated to be treated with any of the following medications during the course of study therapy: 

	•. 
	•. 
	•. 
	valproicacidordivalproexsodium (orhasusedvalproicacid ordivalproex sodium inthe 2 weekspriortoscreening) 

	•. 
	•. 
	concomitant systemic(IV ororal) antimicrobialagentswithknown gram-negative bacterial coverage, in addition to those designated in the study treatment groups 




	NOTE: Use of IV vancomycin, IV daptomycin, or IV linezolid to treat confirmed or suspected methicillin-resistant S. aureus (MRSA) infection or use of IV linezolid or IV daptomycintotreat confirmedor suspectedvancomycin-resistant Enterococcus spp. (VRE) infection is allowed. 
	11.. 
	11.. 
	11.. 
	has an estimated or actual creatinine clearance of less than 15 mL/min at screening based on the findings of local laboratory values. 

	12. 
	12. 
	is currently undergoing hemodialysis. 


	Treatment Group 3 (Open-Label, Nonrandomized) 
	Treatment Group 3 (Open-Label, Nonrandomized) 

	The exclusion criteria for Treatment Group 3 are the same as for Treatment Groups 1 and 2 with the exception of a concurrent infection that would interfere with evaluation of response to IMI/REL only, as subjects in the group did not receive CMS + IMI. 
	Statistical Analysis Plan 

	Analysis Populations 
	Analysis Populations 
	The populations that were used for the analyses were defined as follows: 
	•. 
	•. 
	•. 
	Microbiological modified intent-to-treat (mMITT) population: all randomized subjects who received at least 1 dose of each trial drug within a given IV trial treatment regimen, and who had a baseline bacterial pathogen that met inclusion criteria (#3). 

	•. 
	•. 
	Per-protocol (PP) population: subset of the mMITT population who met important diagnostic criteria for entry into the trial, had no significant deviation from the protocol that could impact the assessment of efficacy, and received the minimum duration of IV trial treatment. 



	Statistical Methods 
	Statistical Methods 
	This trial was for estimation only, with 95% CIs for efficacy endpoints calculated using the Agresti & Coull method. No formal statistical testing was performed. 
	Protocol Amendments 
	There were 3 amendments. The changes were about allowing a potential increase in enrollment 
	в҇Җ ЌҀӑ ҇в ҤѤШ ҤѤҖШШ ѧҀвШКҤѧ҇Ҁ ҤӑғШ ҚҤҖЌҤЌѠ ҖШҕҿѧҖѧҀњ Ѩғ҇ҀҚ҇ҖѥҚ ЌғғҖ҇ӊЌѹ ҇в ФҿҖЌҤѧ҇Ҁ ҇в ҚҤҿФӑ 
	therapylongerthan 21 days; addinga calculationof 90% CIsforbetween-groupdifferencesfor the primary efficacy endpoint and key secondary efficacy endpoints across the entire trial population and by specified subgroup, with stratification by infection type whe re appropriate. There changes were not to affect the efficacy results. 
	Reviewer’s comment: Note that the Division disagreed with the use of 90% CIs to assess 
	possible superiority of the test arm to the control and stated that 95% CIs should be used. Note that superiority was not found in this study using either CI level. 
	Study Results 
	Compliance with Good Clinical Practices 
	This trial was conducted in in conformance with applicable country or local requirements. 
	Financial Disclosure 
	There was no financial interest to disclose. 
	Patient Disposition 
	This trial was conducted from October 2015 to March 2018, with subjects screened at 17 centers in 12 countries (Brazil, Colombia, Estonia, Germany, Latvia, Lithuania, Mexico, Peru, Romania, Turkey, Ukraine, and United States). The following table shows the patient disposition. Atotalof54subjectswerescreenedand50wereenrolled. Allenrolledsubjects were treated and received the treatment as planned. The majority of the subjects completed the study and study medication. There were 5 deaths in total. The followin
	Table 42. Study PN013: Study Disposition 
	Table 42. Study PN013: Study Disposition 
	Table 42. Study PN013: Study Disposition 

	TR
	IMI/REL + Placebo for CMS n (%) 
	CMS + IMI n (%) 
	IMI/REL n (%) 
	Total n (%) 

	Enrolled 
	Enrolled 
	31 
	16 
	3 
	50 

	Randomized 
	Randomized 
	31 
	16 
	0 
	47 

	Treated 
	Treated 
	31 (100) 
	16 (100) 
	3 (100) 
	50 (100) 

	Trial disposition 
	Trial disposition 

	Completed 
	Completed 
	27 (87.1) 
	11 (68.8) 
	1 (33.3) 
	39 (78.0) 

	Discontinued 
	Discontinued 
	4 (12.9) 
	5 (31.3) 
	2 (66.7) 
	11 (22.0) 

	Adverse event 
	Adverse event 
	0 
	1 (6.3) 
	1 (33.3) 
	2 (4.0) 

	Death 
	Death 
	1 (3.2) 
	3 (18.8) 
	1 (33.3) 
	5 (10.0) 

	Loss to follow-up 
	Loss to follow-up 
	1 (3.2) 
	1 (6.3) 
	0 
	2 (4.0) 

	Physician decision 
	Physician decision 
	1 (3.2) 
	0 
	0 
	1 (2.0) 

	Withdrawal by subject 
	Withdrawal by subject 
	1 (3.2) 
	0 
	0 
	1 (2.0) 

	Study medication 
	Study medication 

	Completed 
	Completed 
	27 (87.1) 
	11 (68.8) 
	1 (33.3) 
	39 (78.0) 

	Discontinued 
	Discontinued 
	4 (12.9) 
	5 (31.3) 
	2 (66.7) 
	11 (22.0) 

	Adverse event 
	Adverse event 
	0 
	3 (18.8) 
	1 (33.3) 
	4 (8.0) 

	Death 
	Death 
	0 
	1 (6.3) 
	1 (33.3) 
	2 (4.0) 

	Physician decision 
	Physician decision 
	2 (6.5) 
	1 (6.3) 
	0 
	3 (6.0) 

	Treatment failure 
	Treatment failure 
	1 (3.2) 
	0 
	0 
	1 (2.0) 

	Withdrawal by subject 
	Withdrawal by subject 
	1 (3.2) 
	0 
	0 
	1 (2.0) 

	Microbiological modified intent-to­treat (mMITT) population 
	Microbiological modified intent-to­treat (mMITT) population 
	21 (67.7) 
	10 (62.5) 
	0 
	31 (62.0) 

	Exclusion from mMITT 
	Exclusion from mMITT 
	10 (32.3) 
	6 (37.5) 

	Pathogen from infection-site culture does not meet protocol-specified susceptibility criteria 
	Pathogen from infection-site culture does not meet protocol-specified susceptibility criteria 
	8 (25.8) 
	5 (31.3) 

	Qualifying culture collected greater than 1 week prior to entry 
	Qualifying culture collected greater than 1 week prior to entry 
	2 (6.5) 
	1 (6.3) 
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	Protocol Violations/Deviations 
	Overall 33 subjects in the study had protocol deviations. The most common deviations were relatedto studyprocedures,complianceof treatment,inclusion/exclusioncriteria,andreceipt of prohibited medications. 
	Demographic Characteristics 
	Demographic and baseline characteristics are included in the following table. Most subjects were younger than 65 years of age. The majority were male and 90% of subjects were white. 
	Table 43. Study PN013: Demographic and Baseline Characteristics in the mMITT Population 
	Table 43. Study PN013: Demographic and Baseline Characteristics in the mMITT Population 
	Table 43. Study PN013: Demographic and Baseline Characteristics in the mMITT Population 

	TR
	IMI/REL + Placebo for CMS (N=21) 
	CMS + IMI (N=10) 

	Age (years) 
	Age (years) 

	Mean (SD) 
	Mean (SD) 
	53.6 (16.9) 
	63.3 (11.3) 

	Median 
	Median 
	59.0 
	60.5 

	Range 
	Range 
	19, 75 
	49, 80 

	Age (years), n (%) 
	Age (years), n (%) 

	<65 
	<65 
	15 (71.4) 
	5 (50.0) 

	шӼӻ 
	шӼӻ 
	6 (28.6) 
	5 (50.0) 

	Sex, n (%) 
	Sex, n (%) 

	Male 
	Male 
	13 (61.9) 
	7 (70.0) 

	Female 
	Female 
	8 (38.1) 
	3 (30.0) 

	Body weight (kg) 
	Body weight (kg) 

	Mean (SD) 
	Mean (SD) 
	76.4 (19.6) 
	75.2 (19.6) 

	Median 
	Median 
	75.0 
	75.6 

	Range 
	Range 
	53.0, 132.3 
	52.8, 117.0 

	Race, n (%) 
	Race, n (%) 

	Multiple 
	Multiple 
	3 (14.3) 
	0 

	White 
	White 
	18 (85.7) 
	10 (100) 

	Region, n (%) 
	Region, n (%) 

	Europe 
	Europe 
	18 (85.7) 
	8 (80) 

	North America 
	North America 
	0 
	1 (10) 

	South America 
	South America 
	3 (14.3) 
	1 (10) 

	Primary diagnosis, n (%) 
	Primary diagnosis, n (%) 

	HABP 
	HABP 
	1 (4.8) 
	1 (10) 

	VABP 
	VABP 
	7 (33.3) 
	2 (20) 

	cIAI 
	cIAI 
	2 (9.5) 
	2 (20) 

	cUTI with UT abnormalities 
	cUTI with UT abnormalities 
	5 (23.8) 
	3 (30) 

	cUTI, acute pyelonephritis 
	cUTI, acute pyelonephritis 
	6 (28.6) 
	2 (20) 

	Bacteremia, n (%) 
	Bacteremia, n (%) 
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	Yes 
	Yes 
	Yes 
	1 (4.8) 
	1 (10) 

	No 
	No 
	5 (23.8) 
	2 (20) 

	Unknown 
	Unknown 
	15 (71.4) 
	7 (70) 

	APACHE II score, n (%) 
	APACHE II score, n (%) 

	ёӷӻ 
	ёӷӻ 
	14 (66.7) 
	8 (80) 

	>15 
	>15 
	7 (33.3) 
	2 (20) 

	Baseline pathogen, n (%) 
	Baseline pathogen, n (%) 

	Single pathogen isolated (mono­microbial) 
	Single pathogen isolated (mono­microbial) 
	21 (100) 
	9 (90) 

	Multiple pathogens isolated (poly­microbial) 
	Multiple pathogens isolated (poly­microbial) 
	0 
	1 (10) 

	Creatinine clearance (mL/min), n (%) 
	Creatinine clearance (mL/min), n (%) 

	15 to <30 
	15 to <30 
	1 (4.8) 
	1 (10) 

	30 to <60 
	30 to <60 
	3 (14.3) 
	2 (20) 

	60 to <90 
	60 to <90 
	8 (38.1) 
	4 (40) 

	90 or higher 
	90 or higher 
	8 (38.1) 
	3 (30) 

	Not applicable 
	Not applicable 
	1 (4.8) 
	0 

	Baseline pathogen 
	Baseline pathogen 

	HABP/VABP 
	HABP/VABP 
	8 
	3 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	8 (100) 
	3 (100) 

	cIAI 
	cIAI 
	2 
	3 

	Citrobacter freundii 
	Citrobacter freundii 
	1 (50) 
	0 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	0 
	1 (10) 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	1 (50) 
	2 (100) 

	cUTI 
	cUTI 
	11 
	5 

	Enterobacter cloacae 
	Enterobacter cloacae 
	1 (9.1) 
	0 

	Klebsiella oxytoca 
	Klebsiella oxytoca 
	0 
	1 (20) 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	3 (27.3) 
	1 (20) 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	7 (63.6) 
	3 (60) 

	All 
	All 
	21 
	10 

	Citrobacter freundii 
	Citrobacter freundii 
	1 (4.8) 
	0 

	Enterobacter cloacae 
	Enterobacter cloacae 
	1 (4.8) 
	0 

	Klebsiella oxytoca 
	Klebsiella oxytoca 
	0 
	1 (10) 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	3 (14.3) 
	2 (20) 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	16 (76.2) 
	8 (80) 


	Other Baseline Characteristics 
	As seen in the previous table, about half of the subjects had a primary diagnosis of cUTI and 29% of subjects had VABP. Only two subjects had bacteremia at baseline. Most subjects had an 
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	Reference ID: 4463074 
	APACHE II score ёӷӻѢ ѨѧҀњѹШ ЙЌҚШѹѧҀШ ғЌҤѤ҇њШҀ ӋЌҚ ҇ЙҚШҖӊШФ ѧҀ ӿӽу ҇в ҤѤШ ҚҿЙѳШКҤҚѢ One subject in the placebo group had Klebsiella pneumoniae and Pseudomonas aeruginosa. The most common pathogen was Pseudomonas Aeruginosa. 
	Treatment Compliance, Concomitant Medications 
	Compliance was measured by comparing the number of completed doses to the number of expected doses of IV trial treatment. The compliance percentage was high in both randomized treatment groups. The mean treatment duration was 11.5 days for the two groups. 
	The following table shows systemic anti-infective use in the mMITT population. About 84% of the subjects took prior antibacterial drugs for systemic use. About two thirds of the subjects took concomitant antibacterial drugs for systemic use. Only a small proportion of subjects used antifungal or antiviral drugs prior or concomitantly. 
	Table 44. Study PN013: Systemic Antimicrobial Therapy in the mMITT Population 
	Table 44. Study PN013: Systemic Antimicrobial Therapy in the mMITT Population 
	Table 44. Study PN013: Systemic Antimicrobial Therapy in the mMITT Population 

	TR
	IMI/REL + Placebo for CMS N=21 
	CMS + IMI N=10 

	Prior use 
	Prior use 

	Antibacterials 
	Antibacterials 
	18 (85.7) 
	8 (80.0) 

	Antifungals 
	Antifungals 
	4 (19.0) 
	3 (30.0) 

	Antivirals 
	Antivirals 
	1 (4.8) 
	1 (10.0) 

	Concomitant use 
	Concomitant use 

	Antibacterials 
	Antibacterials 
	14 (66.7) 
	7 (70.0) 

	Antifungals 
	Antifungals 
	3 (14.3) 
	3 (30.0) 

	Antivirals 
	Antivirals 
	2 (9.5) 
	2 (20.0) 


	Efficacy Results 
	The favorable overall response in the mMITT population was the primary endpoint. As the following table shows, favorable overall response proportions were about 70% in both randomizedtreatment groups. Resultsare alsogivenbyinfectiontype. 
	Favorable clinical response at Day 28 in the IMI/REL group was higher than the CMS+IMI group and all-cause mortality through Day 28 was lower. However, given the small sample size, the resultsare highlyvariable. 
	Table 45. Study PN013: Efficacy Analysis in the mMITT Population 
	Table 45. Study PN013: Efficacy Analysis in the mMITT Population 
	Table 45. Study PN013: Efficacy Analysis in the mMITT Population 

	TR
	IMI/REL 
	CMS + IMI 

	TR
	+ Placebo for 
	N=10 

	TR
	CMS 
	n(%) [95% CI] 

	TR
	N=21 

	TR
	n(%) [95% CI] 

	Primary analysis1 
	Primary analysis1 
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	Favorable overall response 
	Favorable overall response 
	Favorable overall response 
	15 (71.4) [49.8, 86.4] 
	7 (70.0) [39.2, 89.7] 

	HABP/VABP (N=11): survival through Day 28 
	HABP/VABP (N=11): survival through Day 28 
	7/8 (87.5) 
	2/3 (66.7) 

	cIAI (N=4): clinical response at Day 28 
	cIAI (N=4): clinical response at Day 28 
	0/2 (0) 
	0/2 (0) 

	cUTI (N=16): clinical-microbiological response at EFU 
	cUTI (N=16): clinical-microbiological response at EFU 
	8/11 (72.7) 
	5/5 (100) 

	Secondary analyses 
	Secondary analyses 

	Favorable clinical response at Day 28 
	Favorable clinical response at Day 28 
	15 (71.4) [49.8, 86.4] 
	4 (40.0) [16.7, 68.8] 

	HABP/VABP 
	HABP/VABP 
	5/8 (62.5) 
	0/3 (0) 

	cIAI 
	cIAI 
	0/2 (0) 
	0/2 (0) 

	cUTI 
	cUTI 
	10/11 (90.9) 
	4/5 (80.0) 

	All-cause mortality through Day 28 
	All-cause mortality through Day 28 
	2 (9.5) [1.4, 30.1] 
	3 (30.0) [10.3, 60.8] 

	HABP/VABP 
	HABP/VABP 
	1 (4.8) 
	1 (10.0) 

	cIAI 
	cIAI 
	1 (4.8) 
	1 (10.0) 

	cUTI 
	cUTI 
	0 
	1 (10.0) 


	95% CIs were based onAgresti &Coull methodand notpresentedfor samplesize lessthan4. onepatientineacharmhadmissingdatafor the cIAIstratum andonepatientontheIMI/RELarmhadmissing data for thecUTIstratum.OnesubjectwithcUTIandonesubjectwithHABP/VABPintheIML/RELgroup faileddue to relapse. 95% exact CI on the difference in favorable overall response was (-31.6%, 39.4%). 90% exact CI on the difference in favorable overall response was (-30.5%, 32.8%). The adjusted difference and 90% CI based on Miettinen & Nurminen
	1 

	Findings in Special/Subgroup Populations or Additional Analyses Conducted on the Individual Trial 

	Sex, Age, Body Weight, Region, and Baseline Disease Characteristics 
	Sex, Age, Body Weight, Region, and Baseline Disease Characteristics 
	Subgroup analysis results are included in the following table. For most subgroups, when the sample sizes were relatively large, the favorable overall response proportions were comparable, with no outliers noted. In Europe, the favorable clinical response proportion was greaterthan75% inbothgroups.Inotherregions,thesamplesizewastoosmalltomakea reliableestimate.Priororconcomitant anti-bacterialsystemicuse appearednot toimpact the favorable overall response between the two treatment groups, although the users 
	Table 46. Study PN013: Subgroup Analysis of Favorable Overall Response in the mMITT Population 
	Table 46. Study PN013: Subgroup Analysis of Favorable Overall Response in the mMITT Population 
	Table 46. Study PN013: Subgroup Analysis of Favorable Overall Response in the mMITT Population 

	TR
	IMI/REL + Placebo for CMS 
	CMS + IMI 

	TR
	N=21 
	N=10 

	TR
	n (%) 
	n (%) 
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	Sex 
	Sex 
	Sex 

	Male 
	Male 
	8/13 (61.5) 
	4/7 (57.1) 

	Female 
	Female 
	7/8 (87.5) 
	3/3 (100) 

	Race 
	Race 

	Multiple 
	Multiple 
	1/3 (33.3) 
	0 

	White 
	White 
	14/18 (77.8) 
	7/10 (70.0) 

	Age (years) 
	Age (years) 

	< 65 
	< 65 
	10/15 (66.7) 
	3/5 (60.0) 

	ш 65 
	ш 65 
	5/6 (83.3) 
	4/5 (80.0) 

	Body weight (kg) 
	Body weight (kg) 

	< 70 
	< 70 
	5/8 (62.5) 
	2/4 (50.0) 

	ш 70 
	ш 70 
	10/13 (76.9) 
	5/6 (83.3) 

	Primary diagnosis 
	Primary diagnosis 

	HABP/VABP 
	HABP/VABP 
	7/8 (87.5) 
	2/3 (66.7) 

	cIAI 
	cIAI 
	0/2 (0) 
	0/2 (0) 

	cUTI 
	cUTI 
	8/11 (72.7) 
	5/5 (100) 

	Region 
	Region 

	Europe 
	Europe 
	14/18 (77.8) 
	6/8 (75.0) 

	North America 
	North America 
	0 
	0/1 (0) 

	South America 
	South America 
	1/3 (33.3) 
	1/1 (100) 

	Creatinine clearance (mL/min) 
	Creatinine clearance (mL/min) 

	15 to <30 
	15 to <30 
	1/1 (100) 
	1/1 (100) 

	30 to <60 
	30 to <60 
	3/3 (100) 
	1/2 (50.0) 

	60 to <90 
	60 to <90 
	5/8 (62.5) 
	3/4 (75.0) 

	90 
	90 
	5/8 (62.5) 
	2/3 (66.7) 

	Not applicable 
	Not applicable 
	1/1 (100) 
	0 

	APACHE II score 
	APACHE II score 

	ёӷӻ 
	ёӷӻ 
	12/14 (85.7) 
	6/8 (75.0) 

	>15 
	>15 
	3/7 (42.9) 
	1/2 (50.0) 

	Prior systemic antibacterial use 
	Prior systemic antibacterial use 

	Yes 
	Yes 
	12/18 (66.7) 
	5/8 (62.5) 

	No 
	No 
	3/3 (100) 
	2/2 (100) 

	Baseline pathogen 
	Baseline pathogen 

	HABP/VABP 
	HABP/VABP 
	7/8 (87.5) 
	2/3 (66.7) 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	7/8 (87.5) 
	2/3 (66.7) 

	cIAI 
	cIAI 
	0/2 
	0/3 

	Citrobacter freundii 
	Citrobacter freundii 
	0/1 
	0 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	0 
	0/1 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	0/1 
	0/2 

	cUTI 
	cUTI 
	8/11 (72.7) 
	5/5 (100) 

	Enterobacter cloacae 
	Enterobacter cloacae 
	1/1 (100) 
	0 

	Klebsiella oxytoca 
	Klebsiella oxytoca 
	0 
	1/1 (100) 


	140 
	Version date: October 12, 2018 
	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	1/3 (33.3) 
	1/1 (100) 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	6/7 (85.7) 
	3/3 (100) 

	All 
	All 
	15/21 (71.4) 
	7/11 (70) 

	Citrobacter freundii 
	Citrobacter freundii 
	0/1 
	0 

	Enterobacter cloacae 
	Enterobacter cloacae 
	1/1 (100) 
	0 

	Klebsiella oxytoca 
	Klebsiella oxytoca 
	0 
	1/1 (100) 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	1/3 (33.3) 
	1/2 (50) 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	13/16 (81.3) 
	5/8 (62.5) 


	Conclusion of Efficacy 
	PN013 wasadescriptivestudywithnopre-specified hypothesistesting andassuchprovides limited information for an efficacy assessment. The primary intent of this study was to gain some clinical experience in patients with infections at different body sites (HABP/VABP, cUTI, cIAI) due to CRE. In this very small study although the two groups achieved similar favorable proportions inoverallresponse,the results are difficult tointerpret formany reasons,including the lack of a finding of superiority in the setting of
	While we considered if this study could be interpreted as a historically controlled trial, use of historical controls for these types of patient populations, particularly with infection types at different bodysitesisproblematic.Outcomesare highlyvari ableandevenwithinfectionsdue to organisms that are categorized as resistant to available therapies, outcomes are not uniformly poor. The variability in outcomes seen in the trials is often on the order of the magnitude of treatment effect for antibacterial drug

	7.3.4 Assessment of Efficacy Across Trials 
	7.3.4 Assessment of Efficacy Across Trials 
	The evidence of efficacy of IMI/REL is based in part on the !њШҀКӑѥҚ ғҖШӊѧ҇ҿҚ вѧҀФѧҀњҚ ҇в ҤѤШ efficacy of IMI for the treatment of cUTI and cIAI, limited clinical data from a trial each in cUTI and cIAI and a trial in patients with different types of infections due to CRE, along with data from in vitro and animal models of infection in which the activity of imipenem against imipenem-nonsusceptible organisms that produce certain class A and C beta lactamases was restored by relebactam. The two studies, PN003
	The evidence of efficacy of IMI/REL is based in part on the !њШҀКӑѥҚ ғҖШӊѧ҇ҿҚ вѧҀФѧҀњҚ ҇в ҤѤШ efficacy of IMI for the treatment of cUTI and cIAI, limited clinical data from a trial each in cUTI and cIAI and a trial in patients with different types of infections due to CRE, along with data from in vitro and animal models of infection in which the activity of imipenem against imipenem-nonsusceptible organisms that produce certain class A and C beta lactamases was restored by relebactam. The two studies, PN003
	appropriately designed for hypothesis testing, and trial PN013 in patients with different types ofinfectionsduetoCRE wasadescriptivestudywithnopre-specified hypothesistesting. While designs other than those recommended in guidance documents can be considered, the design of trials PN003 and PN004 had significant limitations that made it difficult to draw reliable conclusions based on their results. 

	In the cUTI trial, the combined microbiological and clinical endpoint showed numerically lower success proportions at the DCIV and EFU visits for IMI/REL 250 mg compared to control. The lower proportions at the DCIV visit were driven by the microbiological endpoint while the lower proportionsat theEFUvisit wereseenwithboth clinicalandmicrobiologicendpoint. InthecIAI trial,the proportionsoffavorableresponse at the GFUvisit appearedsimilarbetweenthe IMI/REL 250-mg arm and the IMI control arm. However, regardl
	Study PN013, was designed only for estimation and not for hypothesis testing. Although numerically similar favorable overall clinical response proportions were seen in the IMI/REL and CMS+IMI treatment groups, this trial is difficult to interpret due to its small sample size, primary endpoint definition, and varied patient population. 


	7.4 Review of Safety 
	7.4 Review of Safety 
	7.4.1 Safety Review Approach 
	7.4.1 Safety Review Approach 
	The safety of IMI/REL was evaluated in 10 trials; seven Phase 1 trials evaluated REL administered alone, as a co-infusion with IMI or a fixed dose combination of IMI/REL, two trials, one each in cUTI and cIAI, evaluated two doses of REL as a co-infusion with IMI compared with IMI + Placebo and one double-blind trial PN013 evaluated a fixed dose combination of IMI/REL compared to IMI + Colistin in patients with imipenem-resistant organisms. The safety review primarily focuses on trials PN003, PN004, and PN01
	The population used for safety data analysis in the trials was the All Subjects as Treated (ASaT) population and consisted of all subjects who received at least one dose of IV trial treatment. Subjects were included in the treatment group corresponding to the treatment they actually received, which for most subjects was also the treatment group they were randomized to. 
	Reviewer comment: In PN003 and PN004, there was an option to switch to the higher dose, IMI/REL 250mg treatment arm from initial IV trial treatment if the baseline pathogen was imipenem-nonsusceptible and they were not demonstrating a favorable clinical response to study treatment after at least 72 hours. There were 4 subjects who were switched to the higher dose, IMI/REL 250mg. For the purposes of the safety review, subjects were included in the 
	Reviewer comment: In PN003 and PN004, there was an option to switch to the higher dose, IMI/REL 250mg treatment arm from initial IV trial treatment if the baseline pathogen was imipenem-nonsusceptible and they were not demonstrating a favorable clinical response to study treatment after at least 72 hours. There were 4 subjects who were switched to the higher dose, IMI/REL 250mg. For the purposes of the safety review, subjects were included in the 
	treatment group corresponding to the treatment they initially received. 

	Safety evaluation for the trials consisted of AE monitoring, hematology and chemistry laboratory evaluations, vital sign measurement and Events of Clinical Interest (ECI) defined as: 
	ECI #1: An elevated aspartate aminotransferase (AST) or alanine transaminase (ALT) value шӻ ҃ upper limit of normal (ULN) or 
	ECI#2: !ҀШѹШӊЌҤШФ!ѨѮ҇Җ !шѮӊЌѹҿШ шӹ ҃Ѳшя ЌҀФ ЌҀШѹШӊЌҤШФҤ҇ҤЌѹЙѧѹѧҖҿЙѧҀӊЌѹҿШшӸ҃ ULN and,at thesametime,an alkalinephosphatasevalue<2XULN. 
	The duration of follow-up for all AEs, including SAEs, was from the first day of IV trial treatment (Day 1) through 14 days after completion of trial treatment. For Study PN003, this included completion of IV trial treatment as well as any subsequent oral ciprofloxacin treatment. For SAEsonly,iftheinvestigatorconsideredthe event tobe possibly,probablyordefinitelyrelated to trial treatment, it was also reported as event even if it occurred at any time outside of the 14-day follow period following completion 
	Reviewer comment: The definition of the duration of follow-up used by the Applicant was not ideal as it was contingent on the length of treatment. This could result in different durations of follow-up between -upweredefined based on a specified post-randomization day. The duration of IV therapy in studies PN003 and PN004 was similar in all treatment arms. 
	studyarms.It wouldbepreferable ifthedurationof follow

	For the majority of safety analyses, the two IMI/REL treatment arms, IMI/REL 125mg and IMI/REL 250mg were combined. This was done to allow for a more robust analysis and because there were no major differences seen between the two treatment arms regarding safety, unless specifically noted in the review. For example, all 3 deaths occurring in studies PN003 and PN004 occurred in the IMI/REL 125mg treatment and this is noted and discussed in further detail in the relevant section. 
	Other noted differences between the IMI/REL 125mg and 250mg arms included the number of cases of C. difficile colitis reported (all 3 cases in the ISS population were reported in the IMI/REL 125mg) and a greater number of SAEs reported in the IMI/REL 125mg arm. These differences were attributed to chance findings as they were not dose-dependent, and all occurred in the lower dose arm. There were no differences noted in overall AEs reported, discontinuations, laboratory and chemistry findings or vital sign m

	7.4.2 Review of the Safety Database 
	7.4.2 Review of the Safety Database 
	Overall Exposure 
	Overall exposure to IMI/REL The total number of subjects receiving 
	Overall exposure to IMI/REL The total number of subjects receiving 
	is depicted in Table 47. 

	IMI/REL at the proposed dose of 500mg/250mg at any duration is 304 subjects (54 in the Phase 1 trials, 216 in studies PN003 and PN004 and 34 in PN013), while those receiving the proposed dose and duration were 269 subjects (19 in the Phase 1 trials, 216 in studies PN003 and PN004, and34 inPN013). Overall, 673subjects were additional 48 subjects received IMI/REL at the appropriate dosing for renal impairment of 250/125mg in a Phase 1 trial. 
	exposedtoIMI/RELat anydoseandduration.An 


	The total number of subjects receiving the proposed marketed dose of IMI/REL 500mg/250mg for at least 96 hours per the ҖШӊѧШӋШҖѥҚ ЌҀЌѹӑҚѧҚ ӋЌҚ ӸӼӿ ҚҿЙѳШКҤҚџ ЌҚ ҇ғғ҇ҚШФ to 299 subjects cited in the NDA. In response to an information request, the Applicant noted that the discrepancies in exposure duration are due to differences in the calculation of exposure duration based on the individual study dosing frequency schedule. In PN013 duration of exposure was calculated based on calendar days as study drug dosin
	ФҿҖЌҤѧ҇Ҁ ҈ФЌӑҚ҉ѡ ҀҿѿЙШҖ ҇в Ф҇ҚШҚ Ӑ ӼѶӸӺ҉Ѣ DҿШ Ҥ҇ ҤѤѧҚ КЌѹКҿѹЌҤѧ҇Ҁ ѿШҤѤ҇Фџ ҚҿЙѳШКҤѥҚ КҖШЌҤѧҀѧҀШ 
	clearance could affect the frequency of administration. Therefore, subjects who received the expectednumberof dosesover4days(i.e.,16dosesforsubjectsdosedevery6 hoursor 12 doses for subjects dosed every 8 hours) were counted as receiving a treatment duration of 4 days,eveniftheactualtimebetweentheirfirst andlast dosewas<96 hours. 
	Reviewer Comment: The Applicant’s explanation for the discrepancies in the safety database was found satisfactory. 
	Table 47. Safety Database for Imipenem/Relebactam Development Program 
	Table 47. Safety Database for Imipenem/Relebactam Development Program 
	Table 47. Safety Database for Imipenem/Relebactam Development Program 

	Trial 
	Trial 
	Indication 
	IMI 500 mg/REL 250mg (n=273) 
	IMI 500 mg /REL 125mg (n=261) 
	IMI 250 mg /REL 125mg (n=48) 
	IMI 500 mg /REL any dose 1 (n=60) 
	IMI 500mg + CMS (n=16) 
	IMI 500 mg/REL 250mg+ Placebo to CMS (n=31) 
	IMI 500mg + Placebo (n=263) 
	Placebo or Relebactam 1150mgor Moxifloxacin 500mg (n=39) 
	Total (n= 959) 

	cUTI and cIAI Trials 
	cUTI and cIAI Trials 

	PN003 
	PN003 
	cUTI 
	99 
	99 
	-
	-
	-
	-
	100 
	298 

	PN004 
	PN004 
	cIAI 
	117 
	116 
	-
	-
	-
	-
	114 
	347 

	cIAI, cUTI, and HABP/VABP Trial 
	cIAI, cUTI, and HABP/VABP Trial 

	PN013 
	PN013 
	cIAI, cUTI, HABP/VABP 
	3 
	-
	-
	-
	16 
	31 
	-
	-
	50 

	Phase 1 Trials 
	Phase 1 Trials 

	P001 
	P001 
	Safety, tolerability and PK in HV 
	7 
	12 
	-
	44 
	-
	-
	43 
	106 
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	P0072 
	P0072 
	P0072 
	Intrapulmonary PK in HV 
	17 
	-
	-
	-
	-
	-
	-
	17 

	P002 
	P002 
	Safety, Tolerability and PK in Healthy Elderly and Young Female Volunteers 
	-
	18 
	-
	-
	-
	-
	6 
	24 

	P005 
	P005 
	PK in Subjects with renal impairment 
	-
	-
	48 
	-
	-
	-
	-
	48 

	P0123 
	P0123 
	PK in Healthy Japanese Volunteers 
	16 
	16 
	-
	16 
	-
	-
	-
	3 
	19 

	P0194 
	P0194 
	Effect of Probenecid on PK in HV 
	14 
	-
	-
	-
	-
	-
	-
	-
	14 

	P0095 
	P0095 
	QTc in HV 
	-
	-
	-
	-
	-
	-
	-
	36 
	36 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	1 
	Any dose of IMI/REL apart from 500/250mg or 500/125mg. Onlyfivedosesof IMI 500 mg /REL250mg administered. 
	2

	Only12 patientsreceivedproposedduration,remaining4 onlyreceivedsingledoses. Patientsmayhavereceived 
	3

	more than one dosing regimen, total does not reflect sum of allcolumns. 
	Single doses only. 
	4

	Relebactam1150mg,Moxifloxacin 500mgorPlacebousedin thissingle-dose,double-blind,randomized,placebo 
	5

	and positivecontrolled,3-period,balancedcrossover trial 
	Reviewer comment: Due to the crossover design of some of the Phase 1 trials, some subjects received more than one dosing regimen. 
	Table 48. Subjects Who Received ≥ 4 days of Imipenem /Relebactam ≥250mg in the Imipenem/Relebactam Development Program
	Table 48. Subjects Who Received ≥ 4 days of Imipenem /Relebactam ≥250mg in the Imipenem/Relebactam Development Program
	Table 48. Subjects Who Received ≥ 4 days of Imipenem /Relebactam ≥250mg in the Imipenem/Relebactam Development Program
	1 


	Trial Number 
	Trial Number 
	Trial Phase 
	Number of Subjects 

	PN001 
	PN001 
	1 
	48 

	PN002 
	PN002 
	1 
	0 

	PN005 
	PN005 
	1 
	0 

	PN007 
	PN007 
	1 
	0 

	PN009 
	PN009 
	1 
	0 

	PN012 
	PN012 
	1 
	11 

	PN019 
	PN019 
	1 
	0 

	PN003 
	PN003 
	2 
	97 

	PN004 
	PN004 
	2 
	112 

	PN013 
	PN013 
	3 
	31 
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	Total 
	Total 
	Total 
	299 

	1 IMI provided together with REL either as separate simultaneous infusions or as a fixed-dose combination. 
	1 IMI provided together with REL either as separate simultaneous infusions or as a fixed-dose combination. 


	ҘѨ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ҖШҚғ҇ҀҚШ Ҥ҇ FD! ѧҀв҇ҖѿЌҤѧ҇Ҁ ҖШҕҿШҚҤ ФЌҤШФ Ӹӷ-Mar-2019 
	Theprimarysafetydatabase wascomprisedofsubjectsintrialsPN003andPN004andPN013. The Applicant submitted an Integrated Safety Summary (ISS) for studies PN003 and PN004, whichwasusedforthe primarysafetyanalysisof thesetrials. 
	The cUTI trial included 99 subjects in the IMI/REL 250mg arm, 99 subjects in the IMI/REL 125mg arm and 100 subjects in the IMI/Placebo arm for a total of 298 subjects. 
	The cIAI trial included 117 subjects in the IMI/REL 250mg arm, 116 subjects in the IMI/REL 125mg arm and 114 subjects in the IMI/Placebo arm for a total of 347 subjects. 
	Trial PN013 included 31 subjects in the IMI/REL 250mg + Placebo to colistin arm, 16 subjects in the IMI + colistin arm, and 3 subjects in the IMI/REL 250 mg open-label arm for a total of 50 subjects. 
	ThemeandurationofIVtreatment wassimilarintheIMI/REL250 mg(7.9 days),theIMI/REL 125mg (7.8 days) and the IMI/Placebo (8.2 days) arms . 
	(Table 49)

	Table 49. Intravenous Study Drug Exposure in Studies PN003 and PN004, Safety population 
	Table 49. Intravenous Study Drug Exposure in Studies PN003 and PN004, Safety population 
	Table 49. Intravenous Study Drug Exposure in Studies PN003 and PN004, Safety population 

	TR
	IMI/REL 250mg N=215 n (%) 
	IMI/REL 125mg N=216 n (%) 
	IMI/Placebo N=214 n (%) 

	IV Study Drug Exposure (in days) 
	IV Study Drug Exposure (in days) 

	юӻ ФЌӑҚ 
	юӻ ФЌӑҚ 
	ӿ ҈ӺѢӸу҉ 
	Ӿ ҈ӹѢӽу҉ 
	Ӻ ҈ӷѢӿу҉ 

	яыӻ­юӽ ФЌӑҚ 
	яыӻ­юӽ ФЌӑҚ 
	Ӽӽ ҈ӹӷѢӸу҉ 
	ӼӺ ҈ӸӿѢӼу҉ 
	ӼӺ ҈ӸӿѢӿу҉ 

	яыӽ -юӷӶ ФЌӑҚ 
	яыӽ -юӷӶ ФЌӑҚ 
	ӾӸ ҈ӹӾѢӷу҉ 
	ӿӼ ҈ӺӺѢӺу҉ 
	ӿӷ ҈ӺӸѢӻу҉ 

	яыӷӶ ФЌӑҚ 
	яыӷӶ ФЌӑҚ 
	ӻӽ ҈ӸӼѢӻу҉ 
	ӺӾ ҈ӸӸѢӸу҉ 
	ӻӻ ҈ӸӻѢӽу҉ 

	Mean duration of IV treatment (days) (mean, SD, min-max range) 
	Mean duration of IV treatment (days) (mean, SD, min-max range) 
	ӽѢӿ ҈ӸѢӾџ Ӹ-ӷӻ҉ 
	ӽѢӾ ҈ӸѢӾџ Ӹ-ӷӻ҉ 
	ӾѢӸ ҈ӸѢӽџ Ӹ-ӷӻ҉ 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	Relevant characteristics of the safety population: 
	The demographic characteristics in the pooled analysis of studies PN003 and PN004 were well balanced. There were slightly more women in the IMI/REL 125mg arm (51.6% vs. 48.4%) and more men in the IMI/REL 250mg (57.4% vs 42.6%) and IMI + Placebo arms. The mean age was 
	52.5 years. Most subjects were over 65 years of age (69%), white (91%) and from Europe ( 86%) 
	52.5 years. Most subjects were over 65 years of age (69%), white (91%) and from Europe ( 86%) 
	52.5 years. Most subjects were over 65 years of age (69%), white (91%) and from Europe ( 86%) 
	. 
	(Table 50)


	In trial PN013, 62% were men. The mean age was 57.9 years. The majority were over age 65 (56%),white(88%) and from Europe (80%),
	Table 51. 

	Table 50. Demographic characteristics: Studies PN003 and PN004, Safety Population 
	Table 50. Demographic characteristics: Studies PN003 and PN004, Safety Population 
	Table 50. Demographic characteristics: Studies PN003 and PN004, Safety Population 

	Demographic Parameters 
	Demographic Parameters 
	IMI/Placebo N=214 n (%) 
	IMI/REL 125 mg N= 215 n (%) 
	IMI/REL 250 mg N= 216 n (%) 
	Total (N=645) n (%) 

	Sex 
	Sex 

	Female 
	Female 
	92 (43.0%) 
	111 (51.6%) 
	92 (42.6%) 
	295 (45.7%) 

	Male 
	Male 
	122 (57.0%) 
	104 (48.4% 
	124 (57.4%) 
	350 (54.3%) 

	Age 
	Age 

	Mean years (SD) 
	Mean years (SD) 
	52.0 (18.7) 
	52.9 (17.7) 
	52.5 (18.7) 
	52.5 (18.3) 

	Median (years) 
	Median (years) 
	54 
	55 
	55 
	55 

	Min, max (years) 
	Min, max (years) 
	18, 88 
	18, 88 
	18, 90 
	18, 90 

	Age Group 
	Age Group 

	< 65 years 
	< 65 years 
	150 (70.1%) 
	147 (68.4%) 
	149 (69.0%) 
	446 (69.1%) 

	ш Ӽӻ ӑШЌҖҚ 
	ш Ӽӻ ӑШЌҖҚ 
	64 (29.9%) 
	68 (31.6%) 
	67 (31.0%) 
	199 (30.9%) 

	Race 
	Race 

	American Indian or Alaska Native 
	American Indian or Alaska Native 
	0 (0.0%) 
	3 (1.4%) 
	2 (0.9%) 
	5 (0.8%) 

	Asian 
	Asian 
	7 (3.3%) 
	10 (4.7%) 
	4 (1.9%) 
	21 (3.3%) 

	Blackor African American 
	Blackor African American 
	1 (0.5%) 
	4 (1.9%) 
	2 (0.9%) 
	7 (1.1%) 

	Multi-racial 
	Multi-racial 
	7 (3.3%) 
	7 (3.3%) 
	10 (4.6%) 
	24 (3.7%) 

	White 
	White 
	199 (93.0%) 
	191 (88.8%) 
	198 (91.7%) 
	588 (91.2%) 

	Ethnicity 
	Ethnicity 

	Hispanic or Latino 
	Hispanic or Latino 
	9 (4.2%) 
	16 (7.4%) 
	15 (6.9%) 
	40 (6.5%) 

	Not Hispanic or Latino 
	Not Hispanic or Latino 
	192 (89.7%) 
	195 (90.7%) 
	191 (88.4%) 
	578 (93.5%) 

	Region 
	Region 

	Africa 
	Africa 
	2 (0.9%) 
	5 (2.3%) 
	4 (1.9%) 
	11 (1.7%) 

	Asia Pacific 
	Asia Pacific 
	5 (2.3%) 
	6 (2.8%) 
	4 (1.9%) 
	15 (2.3%) 

	Europe 
	Europe 
	190 (88.8%) 
	182 (84.7%) 
	184 (85.2%) 
	556 (86.2%) 

	North America 
	North America 
	9 (4.2%) 
	11 (5.1%) 
	9 (4.2%) 
	29 (4.5%) 

	South America 
	South America 
	8 (3.7%) 
	11 (5.1%) 
	15 (6.9%) 
	34 (5.3%) 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	Table 51. Demographic characteristics in Study PN013, Safety Population 
	Demographic Parameters 
	Demographic Parameters 
	Demographic Parameters 
	IMI + CMS N=16 n (%) 
	IMI/REL 250 mg + Placebo to CMS N=31 n (%) 
	IMI/REL 250 mg N=3IMI/REL 250 mg N=3 n (%) 
	Total N=50 n (%) 
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	Sex 
	Sex 
	Sex 

	Female 
	Female 
	6 (37.5%) 
	11 (35.5%) 
	2 (66.7%) 
	19 (38.0%) 

	Male 
	Male 
	10 (62.5%) 
	20 (64.5%) 
	1 (33.3%) 
	31 (62.0%) 

	Age 
	Age 

	Mean years (SD) 
	Mean years (SD) 
	62.3 (14.9) 
	56.1 (16.5) 
	50 (23.1) 
	57.9 (16.4) 

	Median (years) 
	Median (years) 
	65.5 
	59 
	58 
	59 

	Min, max (years) 
	Min, max (years) 
	22, 80 
	19, 77 
	24, 68 
	19, 80 

	Age Group 
	Age Group 

	< 65 years 
	< 65 years 
	7 (43.8%) 
	19 (61.3%) 
	2 (66.7%) 
	28 (56.0%) 

	ш Ӽӻ ӑШЌҖҚ 
	ш Ӽӻ ӑШЌҖҚ 
	9 (56.3%) 
	12 (38.7%) 
	1 (33.3%) 
	22 (44.0%) 

	Race 
	Race 

	American Indianor Alaska Native 
	American Indianor Alaska Native 
	0 (0.0%) 
	1 (3.2%) 
	0 (0.0%) 
	1 (2.0%) 

	Blackor African American 
	Blackor African American 
	1 (6.3%) 
	0 (0.0%) 
	0 (0.0%) 
	1 (2.0%) 

	Multiple 
	Multiple 
	0 (0.0%) 
	4 (12.9%) 
	0 (0.0%) 
	4 (8.0%) 

	White 
	White 
	15 (93.8%) 
	26 (83.9%) 
	3 (100.0%) 
	44 (88.0%) 

	Ethnicity 
	Ethnicity 

	Hispanic or Latino 
	Hispanic or Latino 
	3 (18.8%) 
	5 (16.1%) 
	1 (33.3%) 
	9 (18.0%) 

	Not Hispanic or Latino 
	Not Hispanic or Latino 
	13 (81.3%) 
	26 (83.9%) 
	2 (66.7%) 
	41 (82.0%) 

	Country 
	Country 

	Europe 
	Europe 
	12 (75.0%) 
	26 (83.9%) 
	2 (66.7%) 
	40 (80.0%) 

	North America 
	North America 
	2 (12.5%) 
	0 (0.0%) 
	1 (33.3%) 
	3 (6.0%) 

	South America 
	South America 
	2 (12.5%) 
	5 (16.1%) 
	0 (0.0%) 
	7 (14.0%) 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	Adequacy of the safety database: 
	During the pre-NDA meeting on 3 April 2018, a safety database of 300 subjects receiving the study drug at the proposed dose and duration for the proposed indications was requested by the FDA. Though the submitted safety database is somewhat smaller than this, it was deemed adequate given the extensive clinical experience with imipenem since its approval in 1985 for 
	the two indications being requested under this NDA, namely cUTI and cIAI. 
	Figure


	7.4.3 !dequacy of !pplicant’s Clinical Safety !ssessments 
	7.4.3 !dequacy of !pplicant’s Clinical Safety !ssessments 
	Issues Regarding Data Integrity and Submission Quality 
	The overall quality of submitted data was adequate. A data traceability assessment was conducted in conjunction with the JumpStart service provided through the Office of Computational Sciences (OCS). There were minor findings identified through this assessment with the majority having either minimal or no impact on data analysis. 
	Foradditionalassessment of the qualityoftheinitialdatacollectionandintegrity,anOfficeof 148 
	Version date: October 12, 2018 
	ScientificInvestigations(OSI)consult wasobtainedand seven clinicalsiteswereselectedfor inspection for studies PN003, PN004, and PN013. The study data derived from these clinical sites, based on the inspections, are considered reliable in support of the proposed indications. . 
	(see Section 4.1)

	Categorization of Adverse Events 
	Adverse events (AEs) were collected from the first day of IV trial treatment (Day 1) through 14 days after completion of trial treatment in studies PN003, PN004 and PN013. In PN003, the cUTI trial wheretransitiontociprofloxacinwaspermittedafterinitialIVtherapy,completionof trial treatment included completion of IV trial treatment plus subsequent oral ciprofloxacin treatment where applicable. 
	Serious adverse event was defined as an AE occurring at any dose that resulted in death, was life threatening, resulted in persistent or significant disability/incapacity, resulted in or prolonged existinginpatient hospitalization,wasacongenitalanomal y/birthdefect or was deemedanimportant medicalevent.InPN003 andPN004,cancerandoverdosewerealso considered SAEs. 
	Intermsof timing,AEswerecategorizedbythe Applicant inthree waysintheCSRs forthe three trials, as well as the ISS datasets: 
	• 
	• 
	• 
	AEs with onset with during trial treatment through 14 days after end of trial treatment, 

	• 
	• 
	AEs with onset during IV trial treatment only and, 

	• 
	• 
	AEs with onset at any point during the trial. 


	Eventsof clinicalinterest (ECI)weredefinedasfollows: 
	• 
	• 
	• 
	!ѨѮ ҇Җ !шѮ ӊЌѹҿШ шӻ ҃ Ѳшя ҇Җ 

	• 
	• 
	!ѨѮ ҇Җ !шѮ ӊЌѹҿШ шӹ ҃ Ѳшя ЌКК҇ѿғЌҀѧШФ Йӑ Ќ Ҥ҇ҤЌѹ ЙѧѹѧҖҿЙѧҀ ӊЌѹҿШ шӸ ҃ Ѳшя ЌҀФ ЌҀ 


	alkaline phosphatase value <2 X ULN 
	In scenarios wherea subject signeda consent form, then experiencedanAE that resultedin exclusionfrom the trial orwasthe result ofa protocol-specificintervention,theAEwas reported. If there were SAEs that occurred outside of the 14-day follow-up period but were consideredbythe investigatortobepossibly,probablyor definitelyrelatedtotrial treatment, theywerealsoreported.AEswerecodedwithMedDRAVersion18.0 inPN003,Version17.0 in PN004,Version18.1 intheISSdatabase andVersion20.0 inPN013. 
	Reviewer comment: For the purposes of the !gency’s analysis, !Es and SAEs were analyzed regardless of whether they were deemed related or unrelated by investigators to study drug. This resulted in a higher number of AEs being reported in the Agency analysis, especially for common AEs, for example GI-related AEs such as diarrhea or nausea. For AEs where a relationship to the study drug was questionable given the mechanism of action and known 
	Reviewer comment: For the purposes of the !gency’s analysis, !Es and SAEs were analyzed regardless of whether they were deemed related or unrelated by investigators to study drug. This resulted in a higher number of AEs being reported in the Agency analysis, especially for common AEs, for example GI-related AEs such as diarrhea or nausea. For AEs where a relationship to the study drug was questionable given the mechanism of action and known 
	outcomesofthe componentsofthe studydrug,the CSRsandnarratives,whereavailable,were reviewed toadjudicatetherelationshipbetweentheAEandthestudydrug.When required, additional information including narratives and datasets were requested from the Applicant. Please refer to Section for further details of the safety results including analysis of AEs. 
	7.4.4 


	Routine Clinical Tests 
	Routine blood and urine laboratory studies were collected as part of protocols for PN003, PN004andPN013 andincluded,but werenot limitedtohematologytests (white blood cell count and differential, hemoglobin, hematocrit, platelet count), blood chemistry tests (albumin, blood urea nitrogen, calcium, bicarbonate, creatinine, glucose, electrolytes, serum protein, serum bilirubin,livertransaminases),urinalysistests(protein,glucose,microscopicanalysis). 
	Reviewer Comment: Due to a potential pancreatitis signal, a request was made to the Applicant to provide all available baseline and post-baseline lipase and amylase values for the safety population for the three trials. Per the Applicant’s response dated 22 Feb 2019, the cIAI (PN004) was the only study in the IMI/REL program in which lipase and amylase values were measured as part of the routine safety laboratory panel. Datasets of all available baseline and postbaseline central laboratory results for amyla
	7.4.4 


	7.4.4 Safety Results 
	7.4.4 Safety Results 
	Summary 
	cUTI and cIAI trials 
	Duringthe follow-upperiod,therewere3deaths,allofwhichoccurredinthe IMI/REL 125mg treatment arm in study PN004 (cIAI). Overall, more SAEs occurred in the IMI/REL 125mg (5.6%, 12/215) as compared to the IMI/REL 250mg (3.2%, 7/216) and the IMI/Placebo (5.1%, 11/214) treatment arms. TherewasnodifferenceindiscontinuationsofstudydrugduetoSAEs between subjects receiving IMI/REL and IMI/Placebo. Two subjects discontinued study drug in the IMI/REL 250mg and in the IMI / Placebo arm and 3 subjects discontinued study 
	Table 52. Safety Summary, PN003 and PN004, Safety Population 
	Table 52. Safety Summary, PN003 and PN004, Safety Population 
	Table 52. Safety Summary, PN003 and PN004, Safety Population 

	Event 
	Event 
	IMI/ REL 250mg 
	IM/REL 125mg 
	IMI/Placebo 

	TR
	(N=216) 
	(N=215) 
	(N=214) 

	TR
	n (%) 
	n (%) 
	n (%) 

	Deaths 
	Deaths 
	Ӷ ҈Ӷу҉ 
	ӹ ҈ӷѢӺу҉ 
	Ӷ ҈Ӷу҉ 

	S!Es 
	S!Es 
	ӽ ҈ӹѢӸу҉ 
	ӷӸ ҈ӻѢӼу҉ 
	ӷӷ ҈ӻѢӷу҉ 
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	Discontinuations of Study Drug due to S!Es 
	Discontinuations of Study Drug due to S!Es 
	Discontinuations of Study Drug due to S!Es 
	Ӹ ҈ӶѢӿу҉ 
	ӹ ҈ӷѢӺу҉ 
	Ӹ ҈ӶѢӿу҉ 

	!ll TE!Es 
	!ll TE!Es 
	Ӿӻ ҈ӹӿѢӺу҉ 
	ӾӺ ҈ӹӿѢӷу҉ 
	ӽӽ ҈ӹӼу҉ 

	D/c study drug d/t TE!Es 
	D/c study drug d/t TE!Es 
	Ӻ ҈ӷѢӿу҉ 
	Ӽ ҈ӸѢӾу҉ 
	ӻ ҈ӸѢӹу҉ 

	TE!Es related to study drug1 юѧѹФ ю҇ФШҖЌҤШ ѨШӊШҖШ 
	TE!Es related to study drug1 юѧѹФ ю҇ФШҖЌҤШ ѨШӊШҖШ 
	ӺӶ ҈ӷӾѢӻу҉ ӹӾ ҈ӷӽѢӼу҉ ӽ ҈ӹѢӸу҉ 
	Ӻӻ ҈ӸӶѢӿу҉ ӹӷ ҈ӷӺѢӺу҉ Ӽ ҈ӸѢӾу҉ 
	ӺӸ ҈ӷӿѢӼу҉ ӸӾ ҈ӷӹѢӷу҉ Ӽ ҈ӸѢӾу҉ 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	1 case missing severity in IMI + Placebo arm and 2 cases missing severity in IMI + REL 125mg arm 
	1

	Study PN013 
	Deaths occurred in 2 (6.5%) subjects in Treatment Group 1 (IMI/REL plus Placebo) and 3 (18.8%) subjects in Treatment Group 2 (CMS + IMI). SAEs were reported in 3 (9.7%) subjects in Treatment Group 1 and 5 (31.3%) subjects in Treatment Group 2, of which none were deemed treatment-related by the study investigators and the reviewer. There were also no discontinuations of study drug due to SAEs in either treatment arm. There were 3 (18.8%) discontinuations due to non-serious treatment-emergent AEs in Treatment
	Table 53. Safety Summary for the Randomized Arms of PN013, Safety Population 
	Table 53. Safety Summary for the Randomized Arms of PN013, Safety Population 
	Table 53. Safety Summary for the Randomized Arms of PN013, Safety Population 

	Event 
	Event 
	Treatment Group 1: IMI/REL 250 mg + Placebo for CMS N=31 
	Treatment Group 2: CMS + IMI N=16 

	Deaths 
	Deaths 
	2 (6.5%) 
	3 (18.8%) 

	S!Es 
	S!Es 
	3 (9.7%) 
	5 (31.3%) 

	Discontinuations of Study Drug due to S!Es 
	Discontinuations of Study Drug due to S!Es 
	0 (0%) 
	0 (0%) 

	!ll TE!Es 
	!ll TE!Es 
	22 (71%) 
	13 (81.3%) 

	D/c study drug d/t TE!Es 
	D/c study drug d/t TE!Es 
	0 (0%) 
	3 (18.8%) 

	TE!Es Severity юѧѹФ ю҇ФШҖЌҤШ ѨШӊШҖШ 
	TE!Es Severity юѧѹФ ю҇ФШҖЌҤШ ѨШӊШҖШ 
	ӷӹ ҈ӺӷѢӿу҉ 4 (12.9%) 5 (16.1%) 
	Ӽ ҈ӹӽѢӻу҉ Ӹ ҈ӷӸѢӻу҉ ӻ ҈ӹӷѢӹу҉ 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
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	Reviewer comment: There were more adverse events overall reported in Treatment Group 2 (CMS + IMI) compared to Treatment Group 1 (IMI/REL + Placebo). This included deaths, SAEs, and discontinuations due to AEs, which were all reported more frequently in Treatment Group 2. This is consistent with the known toxicities associated with CMS. However, due to the small sample size of this trial, no definitive conclusions can be drawn regarding differences between the two treatment groups. 
	Deaths 
	Overall, there were 11 deaths in all IMI/REL clinical trials. There were no deaths in the Phase 1 trials. Five deaths occurred in studies PN003 and PN004 and six deaths occurred in study PN013. Of the five deaths that occurred in studies PN003 and PN004, three occurred during the follow-up period and two occurred outside the 14-day follow-up period. 
	Table 54. Deaths in All IMI/REL Clinical Trials, Safety Population 
	Table 54. Deaths in All IMI/REL Clinical Trials, Safety Population 
	Table 54. Deaths in All IMI/REL Clinical Trials, Safety Population 

	Deaths in PN003 and PN004 
	Deaths in PN003 and PN004 

	During the follow-up period 
	During the follow-up period 

	cUTI (Study PN003) 
	cUTI (Study PN003) 
	0 

	cIAI (Study PN004) 
	cIAI (Study PN004) 
	3 (1.4%) IMI/REL 125mg 

	Outside the follow-up period 
	Outside the follow-up period 

	cUTI (Study PN003) 
	cUTI (Study PN003) 
	2 (0.9%) IMI/REL 250mg 

	cIAI (Study PN004) 
	cIAI (Study PN004) 
	0 

	Total in PN003 and PN004 
	Total in PN003 and PN004 
	5 

	Deaths in Study PN013 
	Deaths in Study PN013 

	In the randomized arms 
	In the randomized arms 
	2 (6.5%) IMI/REL + Placebo 3 (18.8%) IMI + CMS 

	In the open label arm 
	In the open label arm 
	1 

	Total in PN013 
	Total in PN013 
	6 

	All deaths during IMI/REL Development 
	All deaths during IMI/REL Development 
	11 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	*There were no deaths in Phase 1 trials 
	The deaths that occurred in studies PN003 and PN004 during the follow-up period are summarized in 
	Table 55. 

	Table 55. Deaths in studies PN003 and PN004 That Occurred During Follow-Up Period, Safety Population 
	Table 55. Deaths in studies PN003 and PN004 That Occurred During Follow-Up Period, Safety Population 
	Table 55. Deaths in studies PN003 and PN004 That Occurred During Follow-Up Period, Safety Population 

	Treatment Group 
	Treatment Group 
	Subject 
	!ge 
	Gender 
	Trial 
	.aseline Organism 
	Duration of Treatment 
	Day of Death (Study Day) 
	.ause of Death 
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	юΕ-ӽӼӻӻ ӷӸӻѿњ ч ΈюΈ 
	юΕ-ӽӼӻӻ ӷӸӻѿњ ч ΈюΈ 
	юΕ-ӽӼӻӻ ӷӸӻѿњ ч ΈюΈ 
	ӷ 
	ӽӸ 
	ю 
	КΈ!Έ҈ѡӶӶӺ҉ 
	E; coli 
	Ӹ ФЌӑҚ 
	D ӹ 
	ѨШғҤѧК ҚѤ҇КѶ 

	юΕ-ӽӼӻӻ ӷӸӻѿњ ч ΈюΈ 
	юΕ-ӽӼӻӻ ӷӸӻѿњ ч ΈюΈ 
	Ӹ 
	ӽӸ 
	ю 
	КΈ!Έ ҈ѡяӶӶӺ҉ 
	E; coli 
	ӹ ФЌӑҚ 
	D ӷӺ 
	ΈҀҤШҚҤѧҀЌѹ ѧҀвЌҖКҤѧ҇Ҁ 

	юΕ-ӽӼӻӻ ӷӸӻѿњ ч ΈюΈ 
	юΕ-ӽӼӻӻ ӷӸӻѿњ ч ΈюΈ 
	ӹ 
	ӽӼ 
	F 
	КΈ!Έ ҈ѡяӶӶӺ҉ 
	E; coli 
	ӹ ФЌӑҚ 
	Dӹ 
	ѽШҀҤҖѧКҿѹЌҖ вѧЙҖѧѹѹЌҤѧ҇Ҁ 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	All three deaths reported during the follow-up period occurred in study PN004 in the IMI + REL 125mg treatment group. There were no deaths in the IMI + Placebo arms in studies PN003 and PN004. 
	The two deaths occurring after the follow-up period occurred in study PN003, in the IMI/ REL 250mg treatment group. One death was due to progression of renal cancer 32 days following completion of study drug and another due to cardiac arrest 28 days following completion of study drug. 
	The death from renal cancer progression occurred in a 72-year-old female patient who received IMI/REL 250mg for 10 days for a diagnosis of cUTI. She had a complicated urogenital history including radical nephrectomy of her right kidney, left ureteral stent insertion, urolithiasis and right renal carcinoma with rapid metastatic progression. Approximately 2 weeks later after completing study treatment she experienced an SAE of pyelonephritis and was admitted to the hospitalandinitiatedonimipenem/cilastatin.Sh
	The second subject was an 83-year-old male who began IMI/REL 250mg for a cUTI and received the study drug for 8 days and completed treatment. The patient had a medical history of hypertensionandheart failure.Approximately2weekslaterthe patient diedfrom cardiac 
	arrest.He was not hospitalizedfortheevent and receivednoemergencymedication. 

	Reviewer Comment: The timing of study drug administration in these two patients and the timing of their deaths does not suggest a relationship with study drug. Both deaths occurred 
	several weeks following the patient’s completion of the study drugs; There is a clear etiological 
	cause in the patient who died from renal cancer progression and it is unlikely related to the 
	cause in the patient who died from renal cancer progression and it is unlikely related to the 
	study drug. For the second patient who died from cardiac arrest, although a cardiac arrest was diagnosed, we do not have the details as to what may have led to the cardiac arrest, though the patient didhavepredisposingfactorsincluding hypertensionandheart failure.Ofnote,the patient was on concomitant medications of isoniazid, rifampin, pyrazinamide and ethambutol at the time of his death, suggesting a possible diagnosis of active tuberculosis, though this diagnosis was not included in the narratives provide

	Three deaths reported during the follow-up period were due to ventricular fibrillation on Day 3, intestinal infarction on Day 14 (study drug discontinued on Day 3 due to decrease in creatinine clearance) and septicshockon Day3 
	and are summarizedin Table 55. 

	One death occurred while the subject was on the study drug (Subject 3: . The subject wasa 76-year-oldfemalewitha diagnosisof complicatedcholecystitisandgeneralized peritonitiswhobegantreatment withIMI/REL125mg onD1.Ofnoteacholecystectomywas performed on D -1, one day prior to randomization. She grew multiple organisms including E. coli, K. oxytoca, and E. faecalis from hersurgical culture.She developedparoxysmalatrial fibrillationonthesame daystudydrug wasinitiatedforwhichamiodaronewasstarted.Her cardiovasc
	Table 55)

	The other two deaths occurred after the study drug had been discontinued. 
	Subject 1 was a72-year-male witha diagnosisof perforatedcolonandperitonitiswhobegan treatment with IMI/REL 125mg on D1. He underwent open laparotomy with sigmoid colon resection and colostomy on the same day and was also found to have a malignant tumor of the colon.OnD2 he hadan SAEofacute renal failure,thestudydrugwaswithdrawnonthe same dayand renalreplacement therapywasstarted.AfewhourslateranSAE of septicshockwas recorded, and he required vasopressors. He died on D3 due to septic shock. 
	Subject 2 was a 72-year-old male with a perforated ileum and colon who began treatment with IMI/REL 125mg on D1. His past medical history included hypertension. He underwent surgery on day of study drug initiation with resection of the small bowel and right colon with bowel ­colon anastomosis. On D2, he experienced an AE of decreased creatinine clearance, which was considered related to study drug and on D3, elevations of AST and ALT, also deemed related to study drug. The study drug was discontinued on D3 
	All deaths reported in studies PN003 and PN004 occurred in subjects > 70 years of age. 
	Reviewer Comment: After assessing the narratives and CRFs in detail, none of the deaths in the PN003 and PN004 appear to be due to treatment failure or because of the treatment itself. Subjects 1 and2 experiencedserious complicationsoftheir underlyingdiseaseprocess,which led to death. The only subject that experienced an event possibly unrelated to her underlying infectiousprocesswasSubject 3,whoexperiencedparoxysmalatrial fibrillation (presumablya new diagnosis), followed by cardiovascular decompensation l
	Study PN013 
	In PN013, there were a total of six deaths. Five deaths occurred during the randomized portion of the trial, 6.5% (2/31) subjects in Treatment Group 1 (IMI/REL + Placebo to CMS) and 18.8% (3/16) subjectsinTreatment Group2(IMI+CMS).Onedeathoccurredintheopen-labelarm of the study (Treatment Group 3). 
	There were no deaths in subjects with cUTI. Three deaths occurred in subjects with HABP/VABP and 2 deaths occurred in subjects with cIAI. In the HABP/VABP population, the AEs leading to deathwerelunginfection,subarachnoidhemorrhage,andventriculartachycardia. Asummary of deaths reported in Study PN013 can be found in 
	Table 56. 

	Reviewer Comment: The rate of death in study PN013 was greater than that in studies PN003 and PN004. This is likely due to severity of illness in patients enrolled in PN013 as inclusion criteria werelessrestrictive,subjectshadtohaveabaselineimipenem-resistant pathogenand subjects with HABP/VABP were enrolled. 
	Table 56. Deaths in PN013, Safety Population 
	Table 56. Deaths in PN013, Safety Population 
	Table 56. Deaths in PN013, Safety Population 

	Treatment 
	Treatment 
	Subject 
	!ge 
	Gender 
	Infection 
	.aseline 
	Duration 
	Day of 
	.ause of Death 

	Group 
	Group 
	Site 
	Organism 
	of 
	Death 

	TR
	Treatment 

	ѮҖШЌҤѿШҀҤ 
	ѮҖШЌҤѿШҀҤ 
	ӷ 
	ӻӿ 
	ю 
	КΈ!Έ 
	C; freundii 
	ӹФ 
	D ӹ 
	Ѿ҇ҖҚШҀѧҀњ 

	GҖ҇ҿғ ӷѡ 
	GҖ҇ҿғ ӷѡ 
	ѡя!џ ѨӑҚҤШѿѧК 

	ΈюΈѶѤEш ч 
	ΈюΈѶѤEш ч 
	ѧҀвѹЌѿѿЌҤ҇Җӑ 

	ѡѹЌКШЙ҇ в҇Җ 
	ѡѹЌКШЙ҇ в҇Җ 
	ҖШҚғ҇ҀҚШ 

	.юѨ 
	.юѨ 
	ҚӑҀФҖ҇ѿШ 

	ѮҖШЌҤѿШҀҤ 
	ѮҖШЌҤѿШҀҤ 
	Ӹ 
	ӽӻ 
	ю 
	ѽ!.ѡ 
	P; 
	ӷӷФ 
	D ӷӽ 
	шҿҀњ ѧҀвШКҤѧ҇Ҁ 

	GҖ҇ҿғ ӷѡ 
	GҖ҇ҿғ ӷѡ 
	aeruginosa 

	ΈюΈѶѤEш ч 
	ΈюΈѶѤEш ч 
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	ѡѹЌКШЙ҇ в҇Җ 
	ѡѹЌКШЙ҇ в҇Җ 
	ѡѹЌКШЙ҇ в҇Җ 

	.юѨ 
	.юѨ 

	ѮҖШЌҤѿШҀҤ 
	ѮҖШЌҤѿШҀҤ 
	ӹ 
	ӾӶ 
	ю 
	КΈ!Έ 
	P; 
	ӸӷФ 
	D ӸӼ 
	ѨШғҤѧК ҚѤ҇КѶ 

	GҖ҇ҿғ Ӹѡ .юѨ ч 
	GҖ҇ҿғ Ӹѡ .юѨ ч 
	aeruginosa 

	ΈюΈ 
	ΈюΈ 

	ѮҖШЌҤѿШҀҤ 
	ѮҖШЌҤѿШҀҤ 
	Ӻ 
	ӻӺ 
	ю 
	ѽ!.ѡ 
	P; 
	ӹФ 
	D Ӿ 
	ѨҿЙЌҖЌКѤҀ҇ѧФ 

	GҖ҇ҿғ Ӹѡ .юѨ ч 
	GҖ҇ҿғ Ӹѡ .юѨ ч 
	aeruginosa 
	ѤЌШѿ҇ҖҖѤЌњШ 

	ΈюΈ 
	ΈюΈ 

	ѮҖШЌҤѿШҀҤ 
	ѮҖШЌҤѿШҀҤ 
	ӻ 
	ӸӸ 
	F 
	ѽ!.ѡ 
	P; 
	ӺФ 
	D Ӻ 
	ѽШҀҤҖѧКҿѹЌҖ 

	GҖ҇ҿғ Ӹѡ .юѨ ч 
	GҖ҇ҿғ Ӹѡ .юѨ ч 
	aeruginosa 
	ҤЌКѤӑКЌҖФѧЌ 

	ΈюΈ 
	ΈюΈ 

	ѮҖШЌҤѿШҀҤ 
	ѮҖШЌҤѿШҀҤ 
	Ӽ 
	ӸӺ 
	F 
	΅!.ѡ 
	P; 
	ӾФ 
	DӾ 
	ѨШғҤѧК ҚѤ҇КѶ 

	GҖ҇ҿғ ӹѡ 
	GҖ҇ҿғ ӹѡ 
	aeruginosa 

	ΈюΈѶѤEш 
	ΈюΈѶѤEш 


	Source: Clinical ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	Subject 1 was screened for the study due to perforated colon on Day -1 and a peritoneal fluid specimen that grew C. freundii resistant to IMI but susceptible to IMI/REL and colistin. He was a 59-year-old male with an extensive past medical history including recurrent rectal carcinoma (s/panteriorresection),partialsmall resection, osteomyelitis,chronicpain,alcohol abuse,and emphysema. Prior to study enrollment,hehad beenon multipleantibacterialdrugs during his hospital course including piperacillin/tazobacta
	Reviewer Comment:Thepatient’sextensivepast medical historyandprolongedhospitalcourse 
	with multiple antimicrobials used and multiple complications suggest that his death was not related to the study medication or failure of the study drug. His decompensation from sepsis/septic shock and pneumonia leading to intubation was noted on the same day the study drug IMI/REL was initiated. He was transitioned to palliative care 3 days later. The timing does not suggest relationship to the study drug. 
	Subject 2 was screened for the study on D1 due to a bronchial lavage fluid specimen collected on D -6, which grew Pseudomonas aeruginosa susceptible to IMI/REL and colistin but resistant to IMI. He was a 75-year-old male admitted to the hospital with multiple rib fractures and a 
	Subject 2 was screened for the study on D1 due to a bronchial lavage fluid specimen collected on D -6, which grew Pseudomonas aeruginosa susceptible to IMI/REL and colistin but resistant to IMI. He was a 75-year-old male admitted to the hospital with multiple rib fractures and a 
	hemopneumothorax and subsequently developed VABP. He was initiated on the study drug, IMI/REL + placebo to colistin, ҇Ҁ DӷѢ ѕҀ Dӹ ЌҀФ Dӻџ ҤѤШ ғЌҤѧШҀҤѥҚ КѹѧҀѧКЌѹ ҖШҚғ҇ҀҚШ ЌғғШЌҖШФ Ҥ҇ have improved. The last dose of IMI/REL was on Dӷӷ ҈EѕѮ ӊѧҚѧҤ҉Ѣ ѮѤШ ғЌҤѧШҀҤѥҚ КѹѧҀѧКЌѹ ҖШҚғ҇ҀҚШ ӋЌҚ ФШШѿШФ ѨѧѿғҖ҇ӊШФѢѩ He remained on mechanical ventilation, but with improved tachypnea and dyspnea. A repeat tracheal aspirate culture grew E. aerogenes susceptible to IM/REL, colistin and IMI. On a D14 follow up visit (EFU visit),

	Reviewer comment: The patient appears to have been at risk for recurrent pulmonary infection due to his intubated status. The initial infection for which IMI/REL was initiated on D1 appears to have improved by the D11 (EOT visit), however he grew a new organism, E. aerogenes, susceptible to IMI (thus not a qualifying organism for the study). It is not clear if he was initiated on new antibacterial drugs. The patient’s prolonged intubation is likely the cause of the pneumonia leading to death. The death is u
	case. 
	Subject 3wasscreenedforthestudyonD1 duetoacIAIwithanintra-abdominalabscess collected on D-5 growing P. aeruginosa resistant to IMI but susceptible to IMI/REL and colistin. He was an 80-year-old male with an extensive past medical history including history of hepatic failure,cholangitis,extrahepaticbileduct tumor,s/p endoscopicretrograde cholangiopancreatography(ERCP)withplacement of percutaneousbiliarydrain,s/p pancreatoduodenectomy, acute renal failure and abdominal infection with Candida albicans and Ente
	Reviewer comment: This was a very complicated and severely ill patient with multiple underlying comorbidities and complications during his hospitalization. While difficult to ascertain which of the many complications led to his eventual death, there is no clear causal link to the comparator regimen (CMS + IMI) regarding timing or treatment failure. While acute renal failure was a prominent feature of his septic shock, this could have been related to his overall multiorgan failure and/or administration of co
	7.4.5, under study PN013. 

	Subject 4 was a 54-year-old male diagnosed with VABP on D1 with an isolate of P. aeruginosa intermediate to IMI but susceptible to colistin and IMI/REL. He was admitted to the hospital on D-54 with subarachnoid hemorrhage (SAH) treated with vascular stenting. He was randomized to the comparator regimen, CMS + IMI, and received the first dose on D1. The patient had a serum creatinine of 2.96 mg/dL on D1, which worsened by D3 to 3.3 mg/dL. CMS + IMI was discontinued on D3 due to increased blood creatinine. Th
	Reviewer comment: The SAE of SAH leading to death was unlikely to be related to the study drug. 
	Subject 5 was a 22-year-old female with a history of hypertension admitted to the hospital on D-39withcerebral hemorrhage.She requiredmechanicalventilationandsubsequently developed VABP. A tracheal aspirate grew P. aeruginosa susceptible to IMI/REL and colistin and resistant to IMI. She was randomized to the comparator regimen, CMS + IMI, and received her eof3.0 mg/dL by D3. She underwent hemodialysis on D3 and on D4 had an event of ventricular tachycardia with cardiac arrest. She underwent cardioversion an
	first doseonD1.At screeningshehadacreatinin
	mg/dL,whichhadrisento3.84 

	Reviewer comment: The reported ventricular tachycardia attributed to hypocalcemia in this case is questionable as the calcium was not severely low and also appeared to have increased at the time of the ventricular tachycardia leading to the cardiac arrest. However, it is likely that given her ongoing renal failure and initiation of hemodialysis a day prior (D3), she likely had other electrolyte imbalances as well. Her creatinine was already elevated at the time of initiation of CMS + IMI (3.0 mg/dL), which 
	Subject 6 was a 24-year-old female with a history of cystic fibrosis (CF), diabetes, aspergillosis and was enrolled in the open-label arm of the trial. She was hospitalized on D-15 with a CF exacerbation and grew P. aeruginosa from a respiratory specimen on D-4. She was initiated on IMI/REL on D1 combinedwithinhaledcolistin.The patient wasintubatedonD2 due to progressive respiratory failure. She had a tracheostomy placed on D7 but developed progressivehemodynamicinstabilityandoliguriaand was diagnosedwith s
	Reviewer comment: The patient had a prolonged hospitalization with CF, with progressively resistant organisms being recovered from the sputum. She received multiple antibacterial drugs during the hospitalization, with both IV and inhaled formulations. Overall, I agree with the investigatorsthat thereportedeventsof septic shockandpneumoniawithprogressive 
	Reviewer comment: The patient had a prolonged hospitalization with CF, with progressively resistant organisms being recovered from the sputum. She received multiple antibacterial drugs during the hospitalization, with both IV and inhaled formulations. Overall, I agree with the investigatorsthat thereportedeventsof septic shockandpneumoniawithprogressive 
	respiratoryfailurewereunlikely relatedtothestudydrug,althoughthelackofefficacyofstudy treatment may have contributed to the outcome ofdeath. 

	Overall, there was no clear causal link between either the study drug, IMI + REL, or the comparator regimen, CMS + IMI and the deaths occurred in trial PN013. This was partly due to the complicated and highly morbid status of the patients enrolled in the study and in particular of the six patients who died in the trial. It was difficult to ascertain the role, if any, of the trial 
	treatments in the patient’s death, however looking at the overall preponderance of evidence 
	noneofthe six deathsappearrelated tothestudydrugorcomparatorregimen. Of thesix deaths observed in PN013 five occurred in the randomized portion of the trial, while one death occurred in the open-label treatment arm. 
	Of the five deaths in the randomized portion, the majority were in the comparator arm, CMS + IMI, with 18.8% (3/16) patients dying in this study arm compared with 6.5% (2/31) patients dying in the IMI/REL arm. There was a wider age distribution of deaths in this trial compared to PN003 and PN004, likely due to the higher morbidity of the patients enrolled in this trial and the inclusion of HABP/VABP. Four of the six reported deaths were in patients with HABP/VABP. There were no deaths in patients with cUTI,
	Twoofthedeathsoccurredinveryyoungpatients,a22-and 24-year-old females. The22-year­old patient was admitted with a cerebral hemorrhage leading to a prolonged hospitalization with mechanical ventilation leading to VABP which is more likely to have caused the death rather than the study medication. The 24-year-old patient was a patient with CF with prolonged hospitalization with mechanical ventilation and progressive respiratory failure due to CF and VABP. There was no clear causal link between the study medic
	Serious Adverse Events 
	Studies PN003 and PN004 
	All Serious Adverse Events 
	Serious adverse events (SAEs) were analyzed in the pooled safety population for studies PN003 and PN004. Serious adverse events occurred in 4.7% (30/645) of subjects in the pooled safety population: 3.2% (7/216) of patients receiving IMI/REL 250mg, 5.6% (12/215) patients receiving IMI/REL 125mg, and 5.1% (11/214) of patients receiving IMI plus Placebo. There were more SAEs overall reported in the IMI/REL 125mg arm compared to IMI/REL 250mg arm. 
	Selected SAEs that wereconsideredpossiblyrelatedto study drug toxicities,regardlessof whether deemed related by site investigator, 
	are detailed in Table 57. 

	Table 57. Selected Serious Adverse Events in PN003 and PN004, Safety Population 
	Table 57. Selected Serious Adverse Events in PN003 and PN004, Safety Population 
	Table 57. Selected Serious Adverse Events in PN003 and PN004, Safety Population 

	System Organ Class MedDRA Preferred Term 
	System Organ Class MedDRA Preferred Term 
	IMI /REL any dose1 N=431 n (%) 
	IMI/Placebo N=214 n (%) 

	Gastrointestinal disorders 
	Gastrointestinal disorders 

	Diarrhea 
	Diarrhea 
	2 (0.3%) 
	1 (0.1%) 

	Renal and urinary disorders 
	Renal and urinary disorders 

	Acute kidney injury 
	Acute kidney injury 
	1 (0.1%) 
	0 (0.0%) 

	Cardiac disorders 
	Cardiac disorders 

	Ventricular fibrillation 
	Ventricular fibrillation 
	1 (0.1%) 
	0 (0.0%) 

	Blood and lymphatic system disorders 
	Blood and lymphatic system disorders 

	Thrombocytosis 
	Thrombocytosis 
	0 (0%) 
	1 (0.5%) 

	Infections and infestations 
	Infections and infestations 

	Clostridium difficile infection 
	Clostridium difficile infection 
	1 (0.1%) 
	0 (0.0%) 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	Includes IMI/REL 250mgIMI/REL 125mg 
	1

	Reviewer comment: Although there were more overall SAEs reported in the IMI/REL 125mg compared to the IMI/REL 250mg arm, the overall numbers were small, limiting the ability to note any significant differences between specific reported SAEs or draw any conclusions. Of the selected SAEs reported above, diarrhea was reported in both treatment arms, 1 each in subjects receivingIMI/REL125mg andIMI/REL250mg. Acutekidneyinjury,C. difficilecolitisand ventricular fibrillation were all reported in 1 subject each, al
	SAEs reported in the pooled ISS data, but not considered related to study drug toxicities and duodenalulcer,duodenalulcer perforation, ileus paralytic, liverabscess, peritonitis, renal neoplasm, wound evisceration, abdominal abscess, acute respiratory failure, benign gastrointestinal neoplasm, cerebrovascular accident, cholelithiasis obstructive, glomerulonephritis rapidly progressive, intestinal infarction, intestinal obstruction, lung consolidation, mucinous adenocarcinoma or appendix, pleural effusion, p
	thusnot reportedintheabovetable(Table 57) included: 

	Each SAE listed above was reported by 1 subject except for the following SAEs: 
	•. 
	•. 
	•. 
	Diarrhea (3 total subjects, 2 subjects in IMI/REL group, 1 subject in IMI + Placebo group). 

	•. 
	•. 
	Abdominal abscess (2 total subjects, 1 subject in IMI/REL group, 1 subject in IMI+. Placebo group).. 

	•. 
	•. 
	Pulmonaryembolism (2total subjects,bothinthe IMI + Placebogroup). 


	Reviewer comment: summarizes SAEs in PN003 and PN004 possibly related to study drug toxicities regardless of causality as determined by investigator. Diarrhea, acute kidney injury (AKI), thrombocytosis and Clostridium difficile infection are all relevant AEs given our knowledge of AEs associated with IMI exposure. Relationship of the study drug to AKI was not possible to rule out given the timing of study drug administration to onset of AKI. Additionally, the CRF states the investigator discontinued the stu
	Table 57 

	The remainder of the SAEs reported were each reported by one subject except for diarrhea, abdominalabscessandpulmonaryembolism,whichwere reported by multiple subjects. These SAEs were not considered related to study drug toxicities and are likely related to the underlying condition leading to hospital presentation (i.e., cUTI, renal neoplasm, liver abscess) or due to complications during the hospitalization unlikely related to study drug (i.e., pulmonary embolism). 
	Of the three SAEs reported in more than one subject, diarrhea is a common AE associated with antibacterial drugs including IMI. Abdominal abscess is not related to drug toxicities but to the underlyingcondition or,potentially,thelack of efficacyofstudydrug.Pulmonaryembolism, although reported in 2 subjects here, was reported in the comparator group and is not a known AE associated with IMI or other carbapenems. 
	Drug-related Serious Adverse Events 
	A total of 4 SAEs were considered drug-related by the site investigators. These SAEs are listed in OfnoteperApplicant report,thecausalityoftheevent ofileusparalyticwaschanged from related to unrelated in response to a safety query during final reconciliation of SAE/CIOMS data. This change was reflected in the CIOMS report but was not captured in the clinical database per the Applicant and is thҿҚ ЌѹҚ҇ ҖШвѹШКҤШФ ѧҀ ҤѤШ !њШҀКӑѥҚ ЌҀЌѹӑҚѧҚ ЙШѹ҇ӋѢ 
	Table 58. 

	Table 58. Related SAEs in PN003 and PN004, Safety Population 
	Table 58. Related SAEs in PN003 and PN004, Safety Population 
	Table 58. Related SAEs in PN003 and PN004, Safety Population 

	MedDRA Preferred Term 
	MedDRA Preferred Term 
	IMI/REL any dose1 N=431 n (%) 
	IMI/Placebo N=214 n (%) 

	Diarrhea 
	Diarrhea 
	1 (0.2%) 
	1 (0.5%) 

	Ileus paralytic2 
	Ileus paralytic2 
	1 (0.2%) 
	0 (0.0%) 

	Thrombocytosis 
	Thrombocytosis 
	0 (0.0%) 
	1 (0.5%) 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	Includes IMI/REL 250mgIMI/REL 125mg. Later revised by Applicant as unrelated but not reflected in dataset (see discussion above). 
	1
	2

	Diarrhea occurred in 2 subjects and led to discontinuation of IV study drug in one of the two. subjects, while thrombocytosis also led to discontinuation of IV trial treatment in the one. subject in which it occurred (IMI + Placebo treatment group). No action was taken with respect .tothe IV trialtreatment inthe onesubject that experiencedparalyticileusintheIMI/REL. treatment group.. 
	Reviewer comment: Of the total 33 distinct SAEs reported in PN003 and PN004, only 3 were considereddrug-relatedbytheApplicant initially, andileusparalyticwaslaterrevisedas unrelated. Therefore, only two SAEs were considered drug-related and these two were diarrhea, and thrombocytosis as listed above. Only two of the three reported cases of diarrhea were considered related by the Applicant. Thrombocytosis was noted in one subject, leading to discontinuation of the study treatment and a switch to levofloxacin
	3
	Table 57, which included 

	Study PN013 
	Serious adverse events occurred in 9.7% (3/31) subjects in Treatment Group 1 (IMI/REL + Placebo to CMS) and 31.3% (5/16) subjects in Treatment Group 2 (CMS + IMI). All 3 subjects receiving IMI/REL in the open-label, non-randomized Treatment Group 3 experienced an SAE. 
	With the exception of pneumonia and septic shock which occurred in two subjects each, no single reported SAE occurred in more than one subject. 
	Table 59. Serious Adverse Events (SAEs) Reported in PN013, Safety Population 
	Table 59. Serious Adverse Events (SAEs) Reported in PN013, Safety Population 
	Table 59. Serious Adverse Events (SAEs) Reported in PN013, Safety Population 

	TR
	Treatment Group 

	System Organ Class 
	System Organ Class 
	MedDRA Preferred Term 
	Treatment Group 1: IMI/REL 250 mg + Placebo for CMS N=31 
	Treatment Group 2: CMS + IMI N=16 
	Treatment Group 3: IMI/REL 250 mg N=3 

	General disorders and administration site conditions 
	General disorders and administration site conditions 
	Systemic inflammatory response syndrome 
	1 (3.2%) 
	0 (0.0%) 
	0 (0.0%) 

	Renal and urinary disorders 
	Renal and urinary disorders 
	Acute kidney injury 
	1 (3.2%) 
	0 (0.0%) 
	0 (0.0%) 

	Cardiac disorders 
	Cardiac disorders 
	Ventricular tachycardia 
	0 (0.0%) 
	1 (6.3%) 
	0 (0.0%) 

	Gastrointestinal disorders 
	Gastrointestinal disorders 
	Duodenal perforation 
	0 (0.0%) 
	0 (0.0%) 
	1 (33.3%) 

	Acute abdomen 
	Acute abdomen 
	0 (0.0%) 
	0 (0.0%) 
	1 (33.3%) 

	Upper gastrointestinal haemorrhage 
	Upper gastrointestinal haemorrhage 
	0 (0.0%) 
	1 (6.3%) 
	0 (0.0%) 

	Hepatobiliary disorders 
	Hepatobiliary disorders 
	Hepatic haematoma 
	0 (0.0%) 
	0 (0.0%) 
	1 (33.3%) 

	Infections and infestations 
	Infections and infestations 
	Escherichia urinary tract infection 
	0 (0.0%) 
	0 (0.0%) 
	1 (33.3%) 

	TR
	Lung infection 
	1 (3.2%) 
	0 (0.0%) 
	0 (0.0%) 

	TR
	Pneumonia 
	0 (0.0%) 
	0 (0.0%) 
	2 (66.7%) 

	TR
	Septic shock 
	0 (0.0%) 
	1 (6.3%) 
	1 (33.3%) 

	Injury, poisoning and procedural complications 
	Injury, poisoning and procedural complications 
	Subarachnoid haemorrhage 
	0 (0.0%) 
	1 (6.3%) 
	0 (0.0%) 

	TR
	Abdominal wound dehiscence 
	0 (0.0%) 
	0 (0.0%) 
	1 (33.3%) 

	Investigations 
	Investigations 
	Alanine aminotransferase increased 
	0 (0.0%) 
	1 (6.3%) 
	0 (0.0%) 

	TR
	Aspartate aminotransferase increased 
	0 (0.0%) 
	1 (6.3%) 
	0 (0.0%) 
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	Table
	TR
	Blood alkaline phosphatase increased 
	0 (0.0%) 
	1 (6.3%) 
	0 (0.0%) 

	Nervous system disorders 
	Nervous system disorders 
	Generalized tonic­clonic seizure 
	0 (0.0%) 
	0 (0.0%) 
	1 (33.3%) 

	Psychiatric disorders 
	Psychiatric disorders 
	Mental status changes 
	0 (0.0%) 
	0 (0.0%) 
	1 (33.3%) 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	Reviewer Comment: The only SAE of clinical relevance occurring in the randomized treatment arm (IMI/REL) of study PN013 is acute kidney injury (AKI). The other two reported SAEs are lung infection and SIRS, which are likely related to the underlying condition rather than the study drug.Inthe open-labeltreatment arm,there aretwoSAEsof interest includinggeneralized tonic-clonic seizure and mental status changes. Seizures are a known AE associated with IMI, as are central nervous adverse reactions and are plan
	Dropouts and/or Discontinuations Due to Adverse Effects 
	Studies PN003 and P004 
	10 subjects (2.3%) in the IMI/REL arms and 5 subjects (2.3%) in the IMI + Placebo arm discontinued the study drug. lists the adverse events reported in subjects who discontinued the study drug. AEs considered related to study drug and leading to discontinuation occurred in 4 subjects (0.9%) in the IMI/REL arms and 4 subjects (1.9%) in the IMI + Placebo arm. 
	Table 60 

	Table 60. Discontinuations by Adverse Event in PN003 and PN004, Safety Population 
	Table 60. Discontinuations by Adverse Event in PN003 and PN004, Safety Population 
	Table 60. Discontinuations by Adverse Event in PN003 and PN004, Safety Population 

	MedDRA Preferred Term 
	MedDRA Preferred Term 
	IMI/REL any dose1 N=431 n (%) 
	IMI/Placebo N=214 n (%) 

	Acute kidney injury 
	Acute kidney injury 
	1 (0.2%) 
	0 (0.0%) 

	Alanine aminotransferase increased 
	Alanine aminotransferase increased 
	0 (0.0%) 
	1 (0.5%) 

	Creatinine renal clearance decreased 
	Creatinine renal clearance decreased 
	1 (0.2%) 
	0 (0.0%) 

	Diarrhea 
	Diarrhea 
	2 (0.5%) 
	1 (0.5%) 

	Dizziness 
	Dizziness 
	0 (0.0%) 
	1 (0.5%) 

	Duodenal ulcer perforation 
	Duodenal ulcer perforation 
	1 (0.2%) 
	0 (0.0%) 

	Intestinal obstruction 
	Intestinal obstruction 
	0 (0.0%) 
	1 (0.5%) 

	Nausea 
	Nausea 
	1 (0.2%) 
	1 (0.5%) 

	Pyrexia 
	Pyrexia 
	1 (0.2%) 
	0 (0.0%) 

	Rash 
	Rash 
	1 (0.2%) 
	0 (0.0%) 
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	Thrombocytosis 
	Thrombocytosis 
	Thrombocytosis 
	0 (0.0%) 
	1 (0.5%) 

	Ventricular fibrillation 
	Ventricular fibrillation 
	1 (0.2%) 
	0 (0.0%) 

	Vomiting 
	Vomiting 
	1 (0.2%) 
	0 (0.0%) 

	Total Subjects 
	Total Subjects 
	10 (2.3%) 
	5 (2.3%) 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	Includes IMI/REL 250mg and IMI/REL 125mg 
	1

	The AEs leading to discontinuation and considered related to study included: 
	• 
	• 
	• 
	Alanine aminotransferase increased (1 subject, IMI plus Placebo arm) 

	• 
	• 
	Creatinine renal clearance decreased (1 subject, IMI/REL arm) 

	• 
	• 
	Diarrhea (1 subject, IMI/REL arm, 1 subject, IMI plus Placebo arm) 

	• 
	• 
	Nausea (1 subject, IMI/REL arm, 1 subject, IMI plus Placebo arm) 

	• 
	• 
	Rash (1 subject, IMI/REL arm) 

	• 
	• 
	Thrombocytosis (1 subject, IMI plus Placebo arm). 


	Reviewer comment: There were no specific patterns or differences noted in terms of discontinuations between the study arms. Gastrointestinal adverse events were the most common reasons for discontinuation and include diarrhea, nausea and vomiting. Of note, AEs leading to discontinuations in the IMI/REL 250mg arm included diarrhea, duodenalulcer perforation, pyrexia and rash and in the IMI/REL 125mg arm included AKI, creatinine renal clearance decreased, diarrhea, nausea, ventricular fibrillation and vomitin
	Study PN013 
	There were no discontinuations of IV study drug in Treatment Group 1 (IMI/REL plus placebo) due to adverse events in Study PN013 . In the randomized groups, all discontinuations ofIV studydrug werereportedinTreatment Group 2(CMS + IMI).Therewas alsoone discontinuation in the open-label, non-randomized Treatment Group 3 (IMI/REL). Two discontinuations in Treatment Group 2 were due to changes in renal function (blood creatinine increased,andcreatininerenal clearancedecreased)and onediscontinuationwasdueto Ste
	(Table 61)

	Table 61. Adverse Events Leading to Discontinuation of IV Therapy in Study PN013, Safety Population 
	Table 61. Adverse Events Leading to Discontinuation of IV Therapy in Study PN013, Safety Population 
	Table 61. Adverse Events Leading to Discontinuation of IV Therapy in Study PN013, Safety Population 

	TR
	Treatment Group 

	System Organ Class Preferred Term 
	System Organ Class Preferred Term 
	Treatment Group 1: IMI/ REL + Placebo N=31 n (%) 
	Treatment Group 2: CMS + IMI N=16 n (%) 
	Treatment Group 3: IMI/REL N=3 n (%) 

	Investigations 
	Investigations 

	Blood creatinine increased 
	Blood creatinine increased 
	0 (0%) 
	1 (6.3%) 
	0 (0.0%) 

	Creatinine renal clearance decreased 
	Creatinine renal clearance decreased 
	0 (0%) 
	1 (6.3%) 
	0 (0.0%) 

	Nervous System Disorders 
	Nervous System Disorders 

	Generalized tonic-clonic seizure 
	Generalized tonic-clonic seizure 
	0 (%) 
	0 (0.0%) 
	1 (33.3%) 

	Infections and Infestations 
	Infections and Infestations 

	Stenotrophomonas infection 
	Stenotrophomonas infection 
	0 (0%) 
	1 (6.3%) 
	0 (0.0%) 

	Total 
	Total 
	0 (0%) 
	3 (18.8%) 
	1 (33.3%) 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	Reviewer comment: The sample size of this study was small and limits the interpretation of discontinuations observed. No discontinuations were observed in the randomized treatment arm, Group 1: IMI/REL compared to 3 discontinuations in the comparator arm, Group 2: CMS + IMI.Thesinglediscontinuationin theopen-labeltreatment groupwasduetoageneralized tonic-clonic seizure, which is a known serious adverse reaction associated with IMI and is planned to be listed as a warning in the label. 
	Significant Adverse Events 
	Studies PN003 and PN004 
	•. 
	•. 
	•. 
	•. 
	Central Nervous System: CNS adverse events including seizures, confusional states and myoclonicactivityhave been reported duringtreatment withimipenem/cilastatin,a component of IMI/REL and are included as a warning in the label for imipenem/cilastatin. 

	o. There were no seizures reported in Study PN003 and PN004. 
	o. There were no seizures reported in Study PN003 and PN004. 
	o. There were no seizures reported in Study PN003 and PN004. 

	o. Central Nervous System Disorders (Neurological) (includes slow speech, somnolence) were reported in 2 subjects total, 0 subjects in IMI/REL treatment group and 2 subjects (0.9%) in IMI + Placebo treatment group. 
	o. Central Nervous System Disorders (Neurological) (includes slow speech, somnolence) were reported in 2 subjects total, 0 subjects in IMI/REL treatment group and 2 subjects (0.9%) in IMI + Placebo treatment group. 

	o. Central Nervous System Disorders (Psychiatric) (includes agitation, apathy, confusional state, delirium, disorientation) were reported in 6 subjects total, 2 subjects (0.5%) in IMI/REL treatment group and 4 subjects (1.9%) in IMI + Placebo treatment group. 
	o. Central Nervous System Disorders (Psychiatric) (includes agitation, apathy, confusional state, delirium, disorientation) were reported in 6 subjects total, 2 subjects (0.5%) in IMI/REL treatment group and 4 subjects (1.9%) in IMI + Placebo treatment group. 



	•. 
	•. 
	•. 
	C. difficile Colitis 

	o. C. difficile colitis and C. difficile infection were reported in a total of 3 subjects (0.7%). All 3 AEs were reported in subjects receiving IMI/REL and 0 were reported in subjects receiving IMI + Placebo. 

	•. 
	•. 
	Serious hypersensitivity reaction 


	o. There werenoserioushypersensitivityreactionsincludinganaphylaxisreported in Study PN003 and PN004. 
	Reviewer Comment: There were no seizures reported in PN003 and PN004. Central nervous system (CNS) disorders were pooled by several AE terms under the general grouping of neurological and psychiatric. This was done to allow for a simplified and more robust grouping ofcentralnervous system adversereactions,whichareknowntobeassociatedwith IMI.CNS disorders were seen in the IMI/REL arm, as well as the IMI arm, which is expected given the knownassociationwithIMI.Slightlymore CNS-relatedAEswere notedinthe IMIgro
	All three cases of C. difficile infection were reported in the IMI/REL 125mg arm, however this is likely due to chance as C. difficile infection is known to be associated with IMI exposure. C. difficile infection is planned to be listed as a warning in the IMI/REL label. 
	Hypersensitivity reactionsincludingphlebitis,rashandpyrexiawerereportedin PN003and PN003, however none of the reactions were severe or serious. There were no cases of anaphylaxis or other systemic hypersensitivity reported. 
	Study PN013 
	•. 
	•. 
	•. 
	•. 
	Central Nervous System 

	o. One subject experiencedanAEof generalizedtonic-clonicseizureinTreatment Group 3 (IMI/REL). The subject had a reported inadvertent administration of additionaldosesof non-studyimipenem priortoonset of the seizure. 

	•. 
	•. 
	•. 
	C. difficile Colitis 

	o. There were no cases of C. difficile colitis reported in Study PN013. 

	•. 
	•. 
	Serious hypersensitivity reaction 


	o. There were no serious hypersensitivity reactions including anaphylaxis reported in Study PN013. 
	Reviewer comment: Seizure is a known AE associated with IMI exposure. No cases of C. difficile infection were reported in this study; however, the sample size is small. Serious hypersensitivity reactions were also not reported, however less serious reactions reported included phlebitis and rash, which are discussed elsewhere. Adverse reactions observed in this trial were not significantly different from those observed in PN003 and PN004 and were consistent with the known safety profile of imipenem (see Sect
	10: Labeling Recommendations). 

	Treatment Emergent Adverse Events 
	Studies PN003 and PN004 
	The most common AEs reported in PN003 and PN004 are gastrointestinal disorders including nausea, diarrhea and vomiting . 27 subjects (6.2%) in the IMI/REL treatment arms and 12 subjects (5.6%) in the IMI/Placebo arms reported nausea; 21 subjects (4.8%) in the IMI/REL treatment arms and 9 subjects in the IMI/Placebo treatment arms (4.2%) reported diarrhea; 17 subjects (3.9%) in the IMI/REL treatment arms and 4 subjects (1.9%) in the IMI/Placebo treatment arms reported vomiting. Additional AEs of interest inc
	(Table 62)
	Table 63. 

	Table 62. Treatment Emergent Adverse Events (TEAEs) Occurring in ≥0.5% subjects in the ISS population (Studies PN003 and PN004) 
	Table 62. Treatment Emergent Adverse Events (TEAEs) Occurring in ≥0.5% subjects in the ISS population (Studies PN003 and PN004) 
	Table 62. Treatment Emergent Adverse Events (TEAEs) Occurring in ≥0.5% subjects in the ISS population (Studies PN003 and PN004) 

	System Organ Class 
	System Organ Class 
	MedDRA Preferred Term 
	IMI/REL any dose1 N=431 n (%) 
	IMI/Placebo N=214 n (%) 

	Gastrointestinal disorders 
	Gastrointestinal disorders 
	Nausea 
	27 (6.3%) 
	12 (5.6%) 

	Diarrhea 
	Diarrhea 
	21 (4.9%) 
	9 (4.2%) 
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	Table
	TR
	Vomiting 
	17 (3.9%) 
	4 (1.9%) 

	Constipation 
	Constipation 
	3 (0.7%) 
	1 (0.5%) 

	Abdominal pain upper 
	Abdominal pain upper 
	3 (0.7%) 
	0 (0.0%) 

	Abdominal pain 
	Abdominal pain 
	2 (0.5%) 
	0 (0.0%) 

	Gastritis 
	Gastritis 
	2 (0.5%) 
	0 (0.0%) 

	Salivary hypersecretion 
	Salivary hypersecretion 
	0 (0.0%) 
	2 (0.9%) 

	Tooth discoloration 
	Tooth discoloration 
	2 (0.5%) 
	0 (0.0%) 

	Investigations 
	Investigations 
	Alanine aminotransferase increased 
	13 (3.0%) 
	4 (1.9%) 

	Aspartate aminotransferase increased 
	Aspartate aminotransferase increased 
	13 (3.0%) 
	3 (1.4%) 

	Blood alkaline phosphatase increased 
	Blood alkaline phosphatase increased 
	6 (1.4%) 
	2 (0.9%) 

	White blood cells urine positive 
	White blood cells urine positive 
	2 (0.5%) 
	5 (2.3%) 

	Blood creatinine increased 
	Blood creatinine increased 
	2 (0.5%) 
	3 (1.4%) 

	Red blood cells urine positive 
	Red blood cells urine positive 
	1 (0.2%) 
	2 (0.9%) 

	Blood phosphorus decreased 
	Blood phosphorus decreased 
	0 (0.0%) 
	2 (0.9%) 

	Blood potassium decreased 
	Blood potassium decreased 
	1 (0.2%) 
	1 (0.5%) 

	Lipase increased 
	Lipase increased 
	5 (1.2%) 
	4 (1.9%) 

	Platelet count increased 
	Platelet count increased 
	6 (1.4%) 
	1 (0.5%) 

	Bacterial test positive 
	Bacterial test positive 
	2 (0.5%) 
	3 (1.4%) 

	Protein urine present 
	Protein urine present 
	1 (0.2%) 
	3 (1.4%) 

	Neutrophil count increased 
	Neutrophil count increased 
	1 (0.2%) 
	2 (0.9%) 

	Amylase increased 
	Amylase increased 
	1 (0.2%) 
	1 (0.5%) 

	Blood bilirubin increased 
	Blood bilirubin increased 
	1 (0.2%) 
	1 (0.5%) 

	Glucose urine present 
	Glucose urine present 
	0 (0.0%) 
	2 (0.9%) 

	Blood pressure increased 
	Blood pressure increased 
	1 (0.2%) 
	1 (0.5%) 

	White blood cell count increased 
	White blood cell count increased 
	2 (0.5%) 
	0 (0.0%) 

	Blood and lymphatic system disorders 
	Blood and lymphatic system disorders 
	Thrombocytosis 
	6 (1.4%) 
	2 (0.9%) 

	Anemia 
	Anemia 
	3 (0.7%) 
	3 (1.4%) 

	Iron deficiency anemia 
	Iron deficiency anemia 
	2 (0.5%) 
	0 (0.0%) 

	Leukocytosis 
	Leukocytosis 
	2 (0.5%) 
	0 (0.0%) 
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	Table
	TR
	Thrombocytopenia 
	0 (0.0%) 
	2 (0.9%) 

	Cardiac disorders 
	Cardiac disorders 
	Atrial fibrillation 
	4 (0.9%) 
	0 (0.0%) 

	Cardiac failure congestive 
	Cardiac failure congestive 
	2 (0.5%) 
	0 (0.0%) 

	Tachycardia 
	Tachycardia 
	0 (0.0%) 
	2 (0.9%) 

	General disorders and administration site condition 
	General disorders and administration site condition 
	Pyrexia 
	5 (1.2%) 
	3 (1.4%) 

	TR
	Oedema peripheral 
	5 (1.2%) 
	0 (0.0%) 

	TR
	Infusion site phlebitis 
	3 (0.7%) 
	0 (0.0%) 

	TR
	Impaired healing 
	1 (0.2%) 
	1 (0.5%) 

	TR
	Infusion site erythema 
	2 (0.5%) 
	0 (0.0%) 

	Infections and infestations 
	Infections and infestations 
	Postoperative wound infection 
	5 (1.1%) 
	5 (2.3%) 

	Bacteriuria 
	Bacteriuria 
	3 (0.7%) 
	4 (1.9%) 

	Pneumonia 
	Pneumonia 
	4 (0.9%) 
	0 (0.0%) 

	Abdominal abscess 
	Abdominal abscess 
	1 (0.2%) 
	1 (0.5%) 

	Clostridium difficilecolitis 
	Clostridium difficilecolitis 
	2 (0.5%) 
	0 (0.0%) 

	Influenza 
	Influenza 
	2 (0.5%) 
	0 (0.0%) 

	Liver abscess 
	Liver abscess 
	2 (0.5%) 
	0 (0.0%) 

	Post procedural infection 
	Post procedural infection 
	0 (0.0%) 
	2 (0.9%) 

	Respiratory tract infection viral 
	Respiratory tract infection viral 
	2 (0.5%) 
	0 (0.0%) 

	Vulvovaginal mycotic infection 
	Vulvovaginal mycotic infection 
	2 (0.5%) 
	0 (0.0%) 

	Vulvovaginal candidiasis 
	Vulvovaginal candidiasis 
	2 (0.5%) 
	0 (0.0%) 

	Injury, poisoning and procedural complications 
	Injury, poisoning and procedural complications 
	Seroma 
	6 (1.4%) 
	0 (0.0%) 

	TR
	Wound dehiscence 
	1 (0.2%) 
	1 (0.5%) 

	Metabolism and nutrition disorders 
	Metabolism and nutrition disorders 
	Hyperkalaemia 
	3 (0.7%) 
	0 (0.0%) 

	Decreased appetite 
	Decreased appetite 
	1 (0.2%) 
	1 (0.5%) 

	Diabetes mellitus 
	Diabetes mellitus 
	1 (0.2%) 
	1 (0.5%) 

	Musculoskeletal and connective tissue disorders 
	Musculoskeletal and connective tissue disorders 
	Back pain 
	3 (0.7%) 
	1 (0.5%) 

	Nervous system disorders 
	Nervous system disorders 
	Headache 
	14 (3.2%) 
	5 (2.3%) 

	TR
	Dizziness 
	2 (0.5%) 
	1 (0.5%) 

	TR
	Dysgeusia 
	2 (0.5%) 
	0 (0.0%) 

	Psychiatric disorders 
	Psychiatric disorders 
	Delirium 
	1 (0.2%) 
	2 (0.9%) 

	Anxiety 
	Anxiety 
	2 (0.5%) 
	0 (0.0%) 

	Depression 
	Depression 
	2 (0.5%) 
	0 (0.0%) 

	Renal and urinary disorders 
	Renal and urinary disorders 
	Dysuria 
	2 (0.5%) 
	3 (1.4%) 

	Urinary retention 
	Urinary retention 
	1 (0.2%) 
	1 (0.5%) 

	Respiratory, thoracic and mediastinal disorders 
	Respiratory, thoracic and mediastinal disorders 
	Pleural effusion 
	3 (0.7%) 
	1 (0.5%) 


	170 
	Version date: October 12, 2018 
	Table
	TR
	Cough 
	1 (0.2%) 
	1 (0.5%) 

	TR
	Hydrothorax 
	1 (0.2%) 
	1 (0.5%) 

	TR
	Oropharyngeal pain 
	0 (0.0%) 
	2 (0.9%) 

	TR
	Pulmonary embolism 
	0 (0.0%) 
	2 (0.9%) 

	Skin and subcutaneous tissue 
	Skin and subcutaneous tissue 
	Rash 
	4 (0.9%) 
	1 (0.5%) 

	disorders 
	disorders 
	Hyperhidrosis 
	2 (0.5%) 
	0 (0.0%) 

	TR
	Pruritus 
	1 (0.2%) 
	1 (0.5%) 

	Vascular disorders 
	Vascular disorders 
	Hypertension 
	8 (1.8%) 
	5 (2.3%) 

	Phlebitis 
	Phlebitis 
	4 (0.9%) 
	3 (1.4%) 

	Hypotension 
	Hypotension 
	1 (0.2%) 
	1 (0.5%) 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	Includes IMI/REL 250mg and IMI/REL 125mg 
	1

	Reviewer Comment: Gastrointestinal AEs including nausea, vomiting and diarrhea were reported most frequently. This is consistent with AEs reported with IMI alone based on previous studies, as well as these two studies (PN003 and PN004). Vomiting was slightly more common withIMI/RELthanIMIalone (3.9%vs.1.9% respectively).Therewerenoothermajordifferences seen with gastrointestinal AEs. Additional AEs of interest include C. difficile infection, liver enzymeabnormalities,renal disorders,hematologydisorders andh
	TEAEs by Pooled AE Terms 
	AllreportedAEs werereviewedforrelevance.SimilarAEswerepooledtogetherundersingle unifying terms . 
	(Table 63)

	Table 63. PooledAdverseEvent(AE)Terms bySimilarPreferredTerms forPN003 andPN004 
	Table 63. PooledAdverseEvent(AE)Terms bySimilarPreferredTerms forPN003 andPN004 
	Table 63. PooledAdverseEvent(AE)Terms bySimilarPreferredTerms forPN003 andPN004 

	Pooled AE Term 
	Pooled AE Term 
	(Included MedDRA Preferred Terms 

	Nausea 
	Nausea 
	nausea and vomiting 

	Pancreatitis 
	Pancreatitis 
	pancreatitis and pancreatitis acute 

	Hyperglycemia 
	Hyperglycemia 
	hyperglycemia and blood glucose increased 

	Renal injury 
	Renal injury 
	blood creatinine increased, creatinine renal clearance decreased, acute kidney injury, renal impairment 

	Bilirubin increased 
	Bilirubin increased 
	bilirubin conjugated increased, blood bilirubin increased, blood bilirubin unconjugated increased, hyperbilirubinemia 
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	Hemoglobin decreased 
	Hemoglobin decreased 
	Hemoglobin decreased 
	hematocrit decreased, hemoglobin decreased 

	Blood potassium decreased 
	Blood potassium decreased 
	hypokalemia and blood potassium decreased 

	Blood phosphorus decreased 
	Blood phosphorus decreased 
	hypophosphatemia and blood phosphorus decreased 

	Clostridium difficile infection 
	Clostridium difficile infection 
	Clostridium difficile infection and Clostridium difficile colitis 

	Infusion site reactions 
	Infusion site reactions 
	phlebitis, infusion site erythema, infusion site induration, infusion site pain, infusion site phlebitis, vessel puncture site rash 

	Peripheral edema 
	Peripheral edema 
	Includes edema peripheral and peripheral swelling 

	Central nervous system disorders 
	Central nervous system disorders 
	slow speech, somnolence (neurologic), agitation, apathy, confusional state, delirium, disorientation (psychiatric) 

	Hypertension 
	Hypertension 
	Hypertension, blood pressure increased, and hypertensive crisis 

	Anemia 
	Anemia 
	anemia, iron deficiency anemia, hemoglobin decreased 

	Rash 
	Rash 
	rash and rash generalized 

	Pruritis 
	Pruritis 
	pruritis and pruritis generalized 

	Arrythmias 
	Arrythmias 
	atrial fibrillation and ventricular fibrillation 

	Congestive cardiac failure 
	Congestive cardiac failure 
	cardiac failure chronic, cardiac failure congestive, diastolic dysfunction 


	Significant Pooled AEs: 
	•. 
	•. 
	•. 
	Nausea (includes terms nausea and vomiting): 44 subjects total, 31 subjects (7.2%) in IMI/REL treatment group and 13 subjects (6.1%) in IMI plus Placebo treatment group 

	•. 
	•. 
	Renal injury (includes terms blood creatinine increased, creatinine renal clearance decreased, acute kidneyinjuryandrenal impairment): 8subjectstotal, 5 subjects(1.2%) in IMI/REL treatment group and 3 subjects (1.4%) in IMI plus Placebo treatment group. 

	•. 
	•. 
	Thrombocytosis (includes thrombocytosisandplatelet count increased): 15 subjects total, 12subjects(2.8%)inIMI/RELtreatment groupand3subjects(1.4%)inIMI plus Placebo treatment group. 

	•. 
	•. 
	Clostridium difficile infection (includes Clostridium difficile infection and Clostridium difficile colitis): 3 subjects total, 3 subjects (0.7%) in IMI/REL treatment group and 0 subjects in IMI plus Placebo treatment group. 

	•. 
	•. 
	Infusionsitereactions (includes phlebitis, infusionsiteerythema,infusionsite induration, infusion site pain, infusion site phlebitis, vessel puncture site rash): 12 subjects total, 9 subjects (2.1%) in IMI/REL treatment group and 3 (1.4%) subjects in IMI plus Placebo treatment group. 

	•. 
	•. 
	Central NervousSystem Disorders(Neurological): includes slowspeech,somnolence and Psychiatric: includes agitation,apathy, confusionalstate,delirium,disorientation):7 subjects total, 2 subjects (0.5%) in IMI/REL treatment group and 5 subjects (2.3%) in IMI plus Placebo treatment group. 


	Table 64. Selected Treatment Emergent Adverse Events Occurring in ≥ 0.5% subjects of Studies PN003 and PN004 
	Table 64. Selected Treatment Emergent Adverse Events Occurring in ≥ 0.5% subjects of Studies PN003 and PN004 
	Table 64. Selected Treatment Emergent Adverse Events Occurring in ≥ 0.5% subjects of Studies PN003 and PN004 

	Treatment Emergent Adverse Events 
	Treatment Emergent Adverse Events 
	IMI/REL any dose n=431 
	IMI/Placebo n=214 
	Total n=645 

	Nausea* 
	Nausea* 
	31 (7.2%) 
	13 (6.1%) 
	44 (6.8%) 

	Nausea 
	Nausea 
	27 (6.3%) 
	12 (5.6%) 
	39 (6.0%) 

	Vomiting 
	Vomiting 
	17 (3.9%) 
	4 (1.9%) 
	21 (3.3%) 

	Diarrhea 
	Diarrhea 
	21 (4.9%) 
	9 (4.2%) 
	30 (4.7%) 

	Headache 
	Headache 
	14 (3.2%) 
	5 (2.3%) 
	19 (2.9%) 

	Alanine aminotransferase increased 
	Alanine aminotransferase increased 
	13 (3.0%) 
	4 (1.9%) 
	17 (2.6%) 

	Aspartate aminotransferase increased 
	Aspartate aminotransferase increased 
	13 (3.0%) 
	3 (1.4%) 
	16 (2.5%) 

	Hypertension* 
	Hypertension* 
	10 (2.3%) 
	6 (2.8%) 
	16 (2.5%) 

	Hypertension 
	Hypertension 
	8 (1.9%) 
	5 (2.3%) 
	13 (2.0%) 

	Blood pressure increased 
	Blood pressure increased 
	1 (0.2%) 
	1 (0.5%) 
	2 (0.3%) 

	Hypertensive crisis 
	Hypertensive crisis 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Thrombocytosis* 
	Thrombocytosis* 
	12 (2.8%) 
	3 (1.4%) 
	15 (2.3%) 

	Thrombocytosis 
	Thrombocytosis 
	6 (1.4%) 
	2 (0.9%) 
	8 (1.2%) 

	Platelet count increased 
	Platelet count increased 
	6 (1.4%) 
	1 (0.5%) 
	7 (1.1%) 

	Infusion site reactions* 
	Infusion site reactions* 
	9 (2.1%) 
	3 (1.4%) 
	12 (1.9%) 

	Phlebitis 
	Phlebitis 
	4 (0.9%) 
	3 (1.4%) 
	7 (1.1%) 

	Infusion site phlebitis 
	Infusion site phlebitis 
	3 (0.7%) 
	0 (0.0%) 
	3 (0.5%) 

	Infusion site erythema 
	Infusion site erythema 
	2 (0.5%) 
	0 (0.0%) 
	2 (0.3%) 

	Infusion site pain 
	Infusion site pain 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Infusion site induration 
	Infusion site induration 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Vessel puncture site rash 
	Vessel puncture site rash 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Lipase increased* 
	Lipase increased* 
	5 (1.2%) 
	4 (1.9%) 
	9 (1.4%) 

	Anemia* 
	Anemia* 
	5 (1.2%) 
	4 (1.9%) 
	9 (1.4%) 

	Anemia 
	Anemia 
	3 (0.7%) 
	3 (1.4%) 
	6 (0.9%) 

	Iron deficiency anemia 
	Iron deficiency anemia 
	2 (0.5%) 
	0 (0.0%) 
	2 (0.3%) 

	Hemoglobin decreased 
	Hemoglobin decreased 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.2%) 
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	Blood alkaline phosphatase increased 
	Blood alkaline phosphatase increased 
	Blood alkaline phosphatase increased 
	6 (1.4%) 
	2 (0.9%) 
	8 (1.2%) 

	Pyrexia 
	Pyrexia 
	5 (1.2%) 
	3 (1.4%) 
	8 (1.2%) 

	Renal injury* 
	Renal injury* 
	5 (1.2%) 
	3 (1.4%) 
	8 (1.2%) 

	Blood creatinine increased 
	Blood creatinine increased 
	2 (0.5%) 
	3 (1.4%) 
	5 (0.8%) 

	Creatinine renal clearance decreased 
	Creatinine renal clearance decreased 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Renal impairment 
	Renal impairment 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Acute kidney injury 
	Acute kidney injury 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Abdominal pain* 
	Abdominal pain* 
	6 (1.4%) 
	1 (0.5%) 
	7 (1.1%) 

	Abdominal pain upper 
	Abdominal pain upper 
	3 (0.7%) 
	0 (0.0%) 
	3 (0.5%) 

	Abdominal pain 
	Abdominal pain 
	2 (0.5%) 
	0 (0.0%) 
	2 (0.3%) 

	Abdominal distension 
	Abdominal distension 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.2%) 

	Abdominal discomfort 
	Abdominal discomfort 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Central Nervous System Disorders* 
	Central Nervous System Disorders* 
	2 (0.5%) 
	5 (2.3%) 
	7 (1.1%) 

	Delirium 
	Delirium 
	1 (0.2%) 
	2 (0.9%) 
	3 (0.5%) 

	Slow speech 
	Slow speech 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.2%) 

	Somnolence 
	Somnolence 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.2%) 

	Apathy 
	Apathy 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.2%) 

	Agitation 
	Agitation 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Disorientation 
	Disorientation 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.2%) 

	Confusional state 
	Confusional state 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.2%) 

	Rash* 
	Rash* 
	4 (0.9%) 
	2 (0.9%) 
	6 (0.9%) 

	Rash 
	Rash 
	4 (0.9%) 
	1 (0.5%) 
	5 (0.8%) 

	Rash generalised 
	Rash generalised 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.2%) 

	Peripheral edema* 
	Peripheral edema* 
	5 (1.2%) 
	1 (0.5%) 
	6 (0.9%) 

	Oedema peripheral 
	Oedema peripheral 
	5 (1.2%) 
	0 (0.0%) 
	5 (0.8%) 

	Peripheral swelling 
	Peripheral swelling 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.2%) 

	Arrythmias* 
	Arrythmias* 
	4 (0.9%) 
	0 (0.0%) 
	4 (0.6%) 

	Atrial fibrillation 
	Atrial fibrillation 
	4 (0.9%) 
	0 (0.0%) 
	4 (0.6%) 

	Ventricular fibrillation 
	Ventricular fibrillation 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Back pain 
	Back pain 
	3 (0.7%) 
	1 (0.5%) 
	4 (0.6%) 

	Protein urine present 
	Protein urine present 
	1 (0.2%) 
	3 (1.4%) 
	4 (0.6%) 

	Protein urine present 
	Protein urine present 
	1 (0.2%) 
	3 (1.4%) 
	4 (0.6%) 

	Constipation 
	Constipation 
	3 (0.7%) 
	1 (0.5%) 
	4 (0.6%) 

	Dizziness 
	Dizziness 
	2 (0.5%) 
	1 (0.5%) 
	3 (0.5%) 

	Red blood cells urine positive 
	Red blood cells urine positive 
	1 (0.2%) 
	2 (0.9%) 
	3 (0.5%) 

	Hyperkalaemia 
	Hyperkalaemia 
	3 (0.7%) 
	0 (0.0%) 
	3 (0.5%) 

	Neutrophil count increased 
	Neutrophil count increased 
	1 (0.2%) 
	2 (0.9%) 
	3 (0.5%) 

	Blood potassium decreased* 
	Blood potassium decreased* 
	1 (0.2%) 
	2 (0.9%) 
	3 (0.5%) 

	Blood potassium decreased 
	Blood potassium decreased 
	1 (0.2%) 
	1 (0.5%) 
	2 (0.3%) 

	Hypokalaemia 
	Hypokalaemia 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.2%) 

	Pruritis* 
	Pruritis* 
	2 (0.5%) 
	1 (0.5%) 
	3 (0.5%) 

	Pruritus 
	Pruritus 
	1 (0.2%) 
	1 (0.5%) 
	2 (0.3%) 
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	Pruritus generalised 
	Pruritus generalised 
	Pruritus generalised 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Congestive cardiac failure* 
	Congestive cardiac failure* 
	3 (0.7%) 
	0 (0.0%) 
	3 (0.5%) 

	Cardiac failure congestive 
	Cardiac failure congestive 
	2 (0.5%) 
	0 (0.0%) 
	2 (0.3%) 

	Cardiac failure chronic 
	Cardiac failure chronic 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Diastolic dysfunction 
	Diastolic dysfunction 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Clostridium difficile infection* 
	Clostridium difficile infection* 
	3 (0.7%) 
	0 (0.0%) 
	3 (0.5%) 

	Clostridium difficile colitis 
	Clostridium difficile colitis 
	2 (0.5%) 
	0 (0.0%) 
	2 (0.3%) 

	Clostridium difficile infection 
	Clostridium difficile infection 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 

	Blood phosphorus decreased* 
	Blood phosphorus decreased* 
	1 (0.2%) 
	2 (0.9%) 
	3 (0.5%) 

	Blood phosphorus decreased 
	Blood phosphorus decreased 
	0 (0.0%) 
	2 (0.9%) 
	2 (0.3%) 

	Hypophosphataemia 
	Hypophosphataemia 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.2%) 


	*for list of included individual dictionary derived or preferred terms) 
	Pooled AE term (see Table 63 

	Reviewer Comment: Although minor differences are seen in the frequency of AEs of interest occurring in the IMI/REL treatment arms compared to the IMI arm, in general the differences were small and not clinically meaningful. Pooling of similar AE terms boosts the overall number of AEs under each category and this had implications for AE rates that will be reported in the labeling as !Es reported in ≥1% of subjects; For example, pooling of the following terms: blood creatinine increased, creatinine renal clea
	occurring in ≥1% of subjects and focused on the most relevant !Es in terms of known !E profile 
	ofIMI.These includedGI disorders(nauseaanddiarrhea),liver transaminase andalkaline phosphatase elevations, lipase increases, infusion site reactions and pyrexia, headache and CNS adverse reactions, hypertension, anemia and renal injury. 
	Adverse reactions thought to have the greatest likelihood of relatedness to the study drug and IMI/REL treatment group separately. 
	occurring in greater than or equal to 1% of patients are listed in Table 65. This table lists each 

	Table 65. Selected Adverse Reactions by System Organ Class Occurring in Greater Than or Equal to 1% of Subjects Receiving IMI/REL 250 mg or IMI in Studies PN003 and PN004 
	Table 65. Selected Adverse Reactions by System Organ Class Occurring in Greater Than or Equal to 1% of Subjects Receiving IMI/REL 250 mg or IMI in Studies PN003 and PN004 
	Table 65. Selected Adverse Reactions by System Organ Class Occurring in Greater Than or Equal to 1% of Subjects Receiving IMI/REL 250 mg or IMI in Studies PN003 and PN004 

	TR
	IMI/REL 250mg (N=216) N (%) 
	IMI/Placebo (N=214) N (%) 

	Blood and lymphatic system disorders 
	Blood and lymphatic system disorders 

	Anemiaa 
	Anemiaa 
	3 (1%) 
	4 (2%) 
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	Gastrointestinal disorders 
	Gastrointestinal disorders 
	Gastrointestinal disorders 

	Nausea 
	Nausea 
	13 (6%) 
	13 (6%) 

	Vomiting 
	Vomiting 
	7 (3%) 
	4 (2%) 

	Diarrhea 
	Diarrhea 
	12 (6%) 
	9 (4%) 

	Laboratory Investigations 
	Laboratory Investigations 

	Alanine aminotransferase increased 
	Alanine aminotransferase increased 
	7 (3%) 
	4 (2%) 

	Aspartate aminotransferase increased 
	Aspartate aminotransferase increased 
	6 (3%) 
	3 (1%) 

	Lipase increased 
	Lipase increased 
	3 (1%) 
	4 (2%) 

	Blood creatinine increased 
	Blood creatinine increased 
	1 (<%) 
	3 (1%) 

	General disorders and administration site conditions 
	General disorders and administration site conditions 

	Phlebitis/Infusion site reactionsb 
	Phlebitis/Infusion site reactionsb 
	5 (2%) 
	3 (1%) 

	Pyrexia 
	Pyrexia 
	5 (2%) 
	3 (1%) 

	Nervous system disorders 
	Nervous system disorders 

	Headache 
	Headache 
	9 (4%) 
	5 (2%) 

	Central Nervous System Reactionsc 
	Central Nervous System Reactionsc 
	2 (1%) 
	5 (2%) 

	Vascular disorders 
	Vascular disorders 

	Hypertensiond 
	Hypertensiond 
	4 (2%) 
	6 (3%) 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	Anemia includes anemia and hemoglobin decreased Infusion site reactions include infusion site phlebitis, infusion site erythema, infusion site pain, infusion site induration, vessel puncture site rash Central nervoussystemreactionsinclude agitation,apathy,confusionalstate,delirium, disorientation, slow speech, and somnolence Hypertension includes hypertension and blood pressure increased 
	a
	b
	c
	d

	Reviewer comment: details the most relevant selected AEs in PN003 and PN004 based on known AEs associated with IMI, as well as animal data showing CNS toxicity and renal injury associated with relebactam. Pooling of related terms for possibly related AEs was important to establish a more robust analysis of the frequency data. also comprises the list of AEs represented in the proposed label for IMI/REL based on the !gency’s analysis; Overall, the rates of adverse reactions were similar in IMI/REL 125 mg, IMI
	Table 65 
	Table 65 

	Study PN013 
	Randomized Treatment Arms 
	In the randomized arms of PN013, reactions occurred in 71% (22/31) of patients receiving IMI/REL as compared to 81.3% (13/16) of patients receiving colistin plus IMI. Certain similar adverse events were pooled together by the Agency to allow for more accurate and robust includes alist ofpooledAEtermsandthepreferredMedDRA termsincluded under each pooled term. Adverse reactions that occurred in at least 1 subject in the randomized arms of Study PN013 
	analysis. Table 66 
	are presented in Table 67. 

	Table 66. Pooled Adverse Events by Related Preferred Terms for Trial PN013 
	Table 66. Pooled Adverse Events by Related Preferred Terms for Trial PN013 
	Table 66. Pooled Adverse Events by Related Preferred Terms for Trial PN013 

	Pooled AE Term 
	Pooled AE Term 
	Preferred MedDRA Terms 

	Nausea 
	Nausea 
	Includes nausea and vomiting 

	Renal injury 
	Renal injury 
	Includes blood creatinine increased, creatinine renal clearance decreased, glomerular filtration rate decreased, blood urea increased, renal failure 

	Hemoglobin decreased 
	Hemoglobin decreased 
	Includes hemoglobin decreased and anemia 

	Infusion site reactions 
	Infusion site reactions 
	Includes infusion site erythema, infusion site hematoma and infusion site phlebitis 

	Gastroesophageal disorders 
	Gastroesophageal disorders 
	Includes gastroesophagealreflux disease, gastritis, and dyspepsia 

	Arrythmias 
	Arrythmias 
	Includes atrial fibrillation, atrial flutter, supraventricular extrasystoles, tachyarrhythmia, ventricular tachycardia 

	White blood cell count decreased 
	White blood cell count decreased 
	Includes leukopenia and white blood cell count decreased 

	Mental status changes 
	Mental status changes 
	Includes mental status changes, delirium, agitation 


	Table 67. Adverse Reactions Occurring in at Least 1 Subject in the Randomized Arms of PN013 
	System Organ Class 
	System Organ Class 
	System Organ Class 
	MedDRA Preferred Term 
	IMI/REL* N=31 n (%) 
	Colistin + IMI† N=16 n (%) 

	Investigations 
	Investigations 
	Aspartate aminotransferase increased 
	3 (9.7%) 
	3 (18.8%) 

	Alanine aminotransferase increased 
	Alanine aminotransferase increased 
	2 (6.5%) 
	3 (18.8%) 

	Liver function test increased 
	Liver function test increased 
	0 (0.0%) 
	1 (6.3%) 
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	Table
	TR
	Blood alkaline phosphatase increased 
	1 (3.2%) 
	2 (12.5%) 

	Gamma­glutamyltransferase increased 
	Gamma­glutamyltransferase increased 
	1 (3.2%) 
	2 (12.5%) 

	General disorders and administration site conditions 
	General disorders and administration site conditions 
	Pyrexia 
	4 (12.9%) 
	2 (12.5%) 

	Infusion site reactionsa 
	Infusion site reactionsa 
	3 (9.7%) 
	2 (12.5%) 

	Gastrointestinal disorders 
	Gastrointestinal disorders 
	Nauseab 
	3 (9.7%) 
	4 (25%) 

	Gastrooesophageal disordersc 
	Gastrooesophageal disordersc 
	1 (3.2%) 
	2 (12.5%) 

	Hypoaesthesia oral 
	Hypoaesthesia oral 
	0 (0.0%) 
	2 (12.5%) 

	TR
	Constipation 
	1 (3.2%) 
	0 (0.0%) 

	Blood and lymphatic disorders/Investigations 
	Blood and lymphatic disorders/Investigations 
	Hemoglobin decreasedd 
	3 (9.7%) 
	2 (12.5%) 

	White blood cell count decreasede 
	White blood cell count decreasede 
	1 (3.2%) 
	1 (6.3%) 

	Renal and urinary disorders/Investigations 
	Renal and urinary disorders/Investigations 
	Creatinine change/renal injuryf 
	3 (9.7%) 
	8 (50%) 

	Respiratory, thoracic and mediastinal disorders 
	Respiratory, thoracic and mediastinal disorders 
	Dyspnoea 
	3 (9.7%) 
	0 (0.0%) 

	Epistaxis 
	Epistaxis 
	0 (0.0%) 
	1 (6.3%) 

	Nervous System disorders 
	Nervous System disorders 
	Dizziness 
	0 (0.0%) 
	2 (12.5%) 

	Cardiac disorders 
	Cardiac disorders 
	Arrythmiasg 
	2 (6.5%) 
	2 (12.5%) 

	Hepatobiliary disorders 
	Hepatobiliary disorders 
	Hepatic failure 
	0 (0.0%) 
	1 (6.3%) 

	Metabolism and nutrition disorders 
	Metabolism and nutrition disorders 
	Hyperglycaemia 
	1 (3.2%) 
	0 (0.0%) 

	Psychiatric disorders 
	Psychiatric disorders 
	Mental status changes 
	1 (3.2%) 
	1 (6.3%) 


	*IMI/REL*TRADEMARK 1.25 g (500 mg imipenem/500 mg cilastatin/250 mg relebactam) IV every 6 hours. 
	†Colistin provided as colistimethate sodium (loading dose of 300 mg colistin base activity (CBA) followed by 150 mg CBA (corresponding to ~360 mg colistimethate sodium or ~4.5 million IU) IV every 12 hours) + imipenem/cilastatin (500 mg/500 mg, IV every 6 hours). Includes infusion site erythema, infusion site hematoma and infusion site phlebitis Includes nausea and vomiting Includesgastroesophagealreflux disease,gastritis,anddyspepsia Includes hemoglobin decreased and anemia Includes leukopenia and white bl
	†Colistin provided as colistimethate sodium (loading dose of 300 mg colistin base activity (CBA) followed by 150 mg CBA (corresponding to ~360 mg colistimethate sodium or ~4.5 million IU) IV every 12 hours) + imipenem/cilastatin (500 mg/500 mg, IV every 6 hours). Includes infusion site erythema, infusion site hematoma and infusion site phlebitis Includes nausea and vomiting Includesgastroesophagealreflux disease,gastritis,anddyspepsia Includes hemoglobin decreased and anemia Includes leukopenia and white bl
	a
	b
	c
	d
	e
	f

	Includes atrial fibrillation, atrial flutter, supraventricular extrasystoles, tachyarrhythmia, ventricular tachycardia 
	g


	Reviewer Comment: There were more AEs reported in the comparator arm (Treatment Group 2: CMS + IMI) compared to the study drug arm (Treatment Group 1: IMI/REL). This is consistent with the labeled toxicities associated with colistin, particularly renal toxicity. The sample size of thisstudywassmall, howevertheAEsobservedwithIMI/RELin therandomizedtreatment arms of PN013 were similar to those observed in PN003 and PN004 except for diarrhea which was more frequently reported in latter two trials. The most fre
	Open-label Treatment Arm 
	Adverse reactions that occurred in the open label arm of PN013, where all subjects received IMI/REL 250 mg, 
	are presented in Table 68. 

	Table 68. Adverse Reactions Occurring in at Least 1 Subject in the Open Label Arm of Study PN013 
	Table 68. Adverse Reactions Occurring in at Least 1 Subject in the Open Label Arm of Study PN013 
	Table 68. Adverse Reactions Occurring in at Least 1 Subject in the Open Label Arm of Study PN013 

	System Organ Class 
	System Organ Class 
	MedDRA Preferred Term 
	IMI/REL 250mg* N=3 N (%) 

	Renal and urinary disorders 
	Renal and urinary disorders 
	Acute kidney injury 
	1 (33.3%) 

	Blood and lymphatic system disorders 
	Blood and lymphatic system disorders 
	Anemia 
	1 (33.3%) 

	Cardiac disorders 
	Cardiac disorders 
	Atrial flutter 
	1 (33.3%) 

	Gastrointestinal disorders 
	Gastrointestinal disorders 
	Constipation 
	1 (33.3%) 

	TR
	Gastroesophageal reflux disease 
	1 (33.3%) 

	TR
	Ileus 
	1 (33.3%) 

	TR
	Retching 
	1 (33.3%) 

	Metabolism and nutrition disorders 
	Metabolism and nutrition disorders 
	Decreased appetite 
	1 (33.3%) 

	Gastrointestinal disorders 
	Gastrointestinal disorders 
	Diarrhea 
	1 (33.3%) 

	Nervous system disorders 
	Nervous system disorders 
	Generalized tonic-clonic seizure 
	1 (33.3%) 

	Metabolism and nutrition disorders 
	Metabolism and nutrition disorders 
	Hyperkalemia 
	1 (33.3%) 

	Hypomagnesaemia 
	Hypomagnesaemia 
	1 (33.3%) 

	Psychiatric disorders 
	Psychiatric disorders 
	Mental status changes 
	1 (33.3%) 


	*IMI/REL 1.25 g (500 mg imipenem/500 mg cilastatin/250 mg relebactam) IV every 6 hours. 
	Reviewer Comment: Themost significant AE occurringin theopen-labelarm ofthe trial wasone case of generalized tonic-clonic seizure, which was the only case of seizure seen across all the 
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	clinical studies. Seizure is a labeled AE associated with IMI. The incidence of seizure is lower than that observed in other studies with IMI, however given the small sample size of these studies, caution must be used not to interpet a protective effect of REL. It was noted by the Applicant that the patient who experienced the seizure inadvertently received a non-study dose of IMI, although it is difficult to ascertain whether the inadvertent single extra dose was the specific cause of the seizure in this p
	Laboratory Findings 
	Phase 1 Trials 
	There were no changes from baseline observed for hematology and chemistry laboratory parameterinthe sevenPhase1 trials apart from livertransaminase elevations. Liver transaminase elevations were observed following administration of multiple doses of REL in P001 and P012. All subjects with elevated liver transaminases were asymptomatic. Details on livertransaminaseelevationsinthe development program forIMI/REL, includingthe Phase1, 2 and3trials,canbefoundinSection . 
	7.4.5 
	Analysisof Submission-SpecificSafety Issues

	PN003 and PN004 
	Laboratory data were integrated for PN003 and PN004. The following laboratory parameters were evaluated: 
	•. 
	•. 
	•. 
	•. 
	Hematology 

	o. WBC, Eosinophils,Hemoglobin,Hematocrit,Leukocytes,Platelets 

	•. 
	•. 
	Chemistry 


	o. AST, ALT, Alkaline Phosphatase, Total bilirubin, Direct bilirubin, Indirect bilirubin, BUN, Creatinine, Glucose, Sodium, Potassium 
	Differences between the mean values calculated per laboratory parameter were compared across visits and between treatment groups. With the exception of occasional outliers and minor non-clinicallymeaningfuldifferences,nosignificant changesfrom baselineacrossvisitsor between groups was noted for the majority of the mean laboratory parameters analyzed. Laboratory test abnormalitiesthat werenotedto be adverseeventsorsignificant deviations from normal values for individual subjects are discussed elsewhere. Tren
	Eosinophils 
	The overall mean ranges for eosinophils (%) remained within normal levels across visits and treatment groups, however there was a noticeable trending up from the screening visit (Visit 1) 
	The overall mean ranges for eosinophils (%) remained within normal levels across visits and treatment groups, however there was a noticeable trending up from the screening visit (Visit 1) 
	to the Late Follow-Up (LFU: Visit 7) across all treatment groups with an increase in the mean eosinophil percent from a range of 1.0-available visit recorded . 
	1.5% at the screening visit to 2.25-3.25% at the last 
	(Figure 1)


	Figure 1. Mean Eosinophils (%) Across Visits and Treatment Groups PN003 and PN004 
	Figure
	*Visit 1=Screening; Visit 2=Randomization; Visit 3=IV; Visit 4=DCIV; Visit 5=EFU; Visit 6=GFU; Visit 7=LFU 
	Reviewer comment: Increased eosinophils are mentioned as an adverse laboratory change in the IMI label. The mechanism of this increase in eosinophils is not clear. This finding did not emerge in the analysis of reported adverse events and because the trend noted here is minimal without any clear difference between the different treatment groups, it is not planned to be included in the label for IMI/REL. 
	Glucose 
	Mean glucose levels remain within normal levels without significant variation from baseline from Visits 1 through 6 with a significant drop to very low levels in both the IMI + Placebo group and IMI + REL 125mg treatment group at Visit 7. Mean glucose levels remained unchanged in the IMI + REL 250mg treatment group . 
	(Figure 2)

	Figure 2. Mean Glucose (mg/dL) Across Visits and Treatment Groups in PN003 and PN004 
	*Visit 1=Screening; Visit 2=Randomization; Visit 3=IV; Visit 4=DCIV; Visit 5=EFU; Visit 6=GFU; Visit 7=LFU 
	Reviewer Comment: The mean glucose levels of 25 mg/dL(s.e. 23) in the IMI + Placebo treatment group and 30 mg/dL (s.e. 17) in the IMI + REL 125mg treatment group reported at the LFU visit are likely outliers skewed by the presence of a few low numbers in the presence of an overall small sample size. This assumption is supported by the large standard error. Additionally, it is difficult to interpret these numbers at a single visit in the context of study drug having been discontinued for several subjects by 
	Leukocytes 
	Mean leukocytes (10/µL) are noted to downtrend from Visit 1 to Visit 7 across all treatment groups, from a mean of 9-12 x 10/µL at the screening visit (Visit 1) to a mean of 6.6-8.4 x 10/µL at the last available visit (Visit 6 and/or 7) . 
	3
	3
	3
	(Figure 3)

	Figure 3. Mean Leukocytes (10/µL) Across Visits and Treatment Groups in Studies PN003 and PN004 
	3

	Figure
	Reviewer Comment: The downtrending of leukocytes noted here is consistent with leukopenia described as an adverse event with administration of both IMI and IMI/REL. It is also consistent with improvement in infection. 
	Platelets 
	Mean platelet values are noted to increase from Visit 1 to Visit 5 but then decrease quickly back to baseline or near baseline values across all treatment groups. 
	Figure 4. Mean Platelets (10/µL) Across Visits and Treatment Groups in Studies PN003 and PN004 
	3

	Figure
	Reviewer Comment: Thrombocytosis is also cited in the imipenem label. The mechanism is unclear. This was considered in the labeling approach for IMI/REL as well, but ultimately not included as the overall numbers reported of thrombocytosis reported were low. 
	In general, in PN003 and PN004 there were no major differences noted in laboratory value trends between IMI/REL and IMI. For both IMI/REL and IMI, there were slight increases in eosinophils and platelets noted following study drug administration, a trend toward decreases in glucose towards visit 7, as well as decreases in leukocytes (likely consistent with improvement in infection). 
	PN013 
	Laboratory data was not integrated between PN013 and PN003/PN004. Laboratory data from PN013 were thus analyzed separately. Similar to PN003 and PN004, the following laboratory parameters were evaluated for changes in PN013: 
	• 
	• 
	• 
	• 
	Hematology 

	o WBC, Eosinophils, Hemoglobin, Hematocrit, Leukocytes, Platelets 

	•. 
	•. 
	Chemistry 
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	o. AST, ALT, Alkaline Phosphatase, Total bilirubin, Direct bilirubin, Indirect bilirubin, BUN, Creatinine, Glucose, Sodium, Potassium 
	Differences between the mean values calculated per laboratory parameter were compared across visits and between treatment groups. 
	ALT 
	Mean ALT values at the screening visit were higher in Treatment Group 2, CMS plus IMI, (472 IU/L, s.e. 0) compared to Treatment Group 1, IMI/REL plus placebo for CMS, (83 IU/L, s.e. 14), Figure5. Mean valuesat the remainderof the visitswerecomparable betweentreatment groups. 
	Figure 5. Mean ALT (IU/L) Across Visits and Treatment Groups in PN013 
	Figure
	Reviewer Comment: Outlier value of AST 472 IU/L at the screening visit in Treatment Group 2 is likely due to the very small number of patients in this trial and treatment arm. 
	Alkaline Phosphatase 
	Mean alkaline phosphatase values, similarly to ALT values were also noted to be significantly 
	Mean alkaline phosphatase values, similarly to ALT values were also noted to be significantly 
	higherat thescreeningvisit inTreatment Group2, CMSplusIMI, (610 IU/L,s.e.0)comparedto Treatment Group 1, IMI/REL plus placebo for CMS, (131 IU/L, s.e. 21) . This is likely due to the small numbers included, especially at the screening visit. Alkaline phosphatase remained slightly elevated in Treatment Group 2 compared to Treatment Group 1 across all visits. Treatment Group 3, IMI/REL open-label arm, is displayed in the figure below, was not consideredforpurposesofanalysisduetothesmallsamplesize(n=3) inthiso
	(Figure 6)


	Figure 6. Mean Alkaline Phosphatase (IU/L) Across Visits and Treatment Groups in PN013 
	Figure
	AST 
	Mean AST values were noted to be slightly higher in Treatment Group 2, CMS plus IMI, compared to Treatment Group 1, IMI/REL plus placebo for CMS, with the difference particularly notableat Visit 3andat endoffollowup(day35), Figure7. 
	Figure 7. Mean AST (IU/L) Across Visits and Treatment Groups in PN013 
	Figure
	Creatinine 
	Mean creatinine was the most significant difference noted between the two randomized treatment groups in Study PN013, with a steady increase in mean creatinine noted in Treatment Group 2, CMS plus IMI, from a baseline of 0.76 mg/dL (s.e. 0.19) to a peak of 4.4 
	(s.e. 0.19) at day 27 compared to a baseline of 1.46 mg/dL in Treatment Group 1, IMI/REL plus placeboforCMS, . 
	withaslight declinethereafter(Figure 8)

	Figure 8. Mean Creatinine (mg/dL) Across Visits and Treatment Groups in Study PN013 
	Figure
	Reviewer Comment: Increased nephrotoxicity with colistin is an expected adverse effect of this drug and the differences between the two treatment groups are consistent with recognized nephrotoxic adverse event rates of the drugs in both treatment arms. 
	Overall,thereweremoreabnormallaboratoryvaluesnotedin PN013 comparedto PN003 and PN004, consistent with theincreased morbidityofpatientsenrolled in PN013. The largest difference between the randomized treatment groups, Treatment Group 1 (IMI/REL plus Placebo to CMS) and Treatment Group 2 CMS plus IMI) were seen in differences in mean creatinine values reported across visits. There were also some differences noted in liver transaminase values withhigher meanALT, ASTandalkaline phosphatasevaluesin Treatment Gr
	Vital Signs 
	Vital sign measurements were not integrated across PN003 and PN004 are presented below separately for each study and for study PN013. 
	Study PN003 
	Ingeneral,vitalsignmeasurementsacrossthethreetreatment groupsinStudyPN003 were 
	Ingeneral,vitalsignmeasurementsacrossthethreetreatment groupsinStudyPN003 were 
	comparable. There was some minor variability seen in the following vital signs across treatment groups: systolicbloodpressure (SBP),temperature,andrespiratoryrate (RR). Mean SBP across visits ranged from a low of 110mmHg to a high of 156mmHg. Highest temperature values recorded across visits included a mean of 37.9СC and a mean of 38.3СC. Lowest temperature recorded was 36СC. Highest mean respiratory rate recorded was at the upper limit of normal at 20 breaths/minute. 

	Reviewer Comment: The highest SBP values were recorded in subjects in the IMI/REL 250mg treatment group, however the differences between treatment groups are not clinically meaningful. The highest and lowest temperature values were recorded in subjects also in the IMI/REL 250mg treatment group, however the range of values is not outside that expected for subjects presenting with infection and the differences between treatment groups were also not clinically meaningful. Meanrespiratoryratewasalsohighest insu
	Study PN004 
	Vital signs across the three treatment groups in Study PN004 were comparable. No significant differences were seen between the treatment groups in mean systolic blood pressure (SBP), diastolicbloodpressure (DBP),temperature, orpulserate,across visits. Mean RRwasalso comparable across all groups with the exception of one outlier at one visit point with a mean RR of 26 in the Placebo + IMI treatment group. 
	Reviewer Comment: Minor differences seen in respiratory rate across treatment group were not clinically meaningful. 
	Study PN013 
	Vitalsignsacrossthe tworandomizedtreatment groupsinStudyPN013 were comparable with no relevant or clinically meaningful differences in mean SBP, DBP, RR, pulse rate or temperature to note. 
	Vital signs for the open-label, nonrandomized Treatment Group 3 were not compared to the othergroupsasthenumberofsubjects(n=3) wastoosmalltoallowmeaningfulanalysis. 
	Reviewer Comment: Vital signs measurements across all treatment groups in PN003, PN004 and PN013 were comparable. There was some minor variability seen in SBP, temperature, and RR in PN003 and in respiratory rate in PN004 that were not clinically meaningful. 
	Electrocardiograms (ECGs) 
	ECG assessments were not performed in PN003, PN004 or PN013. A dedicated Phase 1 trial to evaluate QT interval was conducted and is discussed in the QT section below. 
	QT Evaluation 
	A Phase 1 trial (P009) was conducted to evaluate the effect of REL on QTc intervals. A QT studiesconsultationreviewwasrequestedfrom the QT InterdisciplinaryReviewTeam (QT-IRT). The P009 study was analyzed by the QT-IRT using central tendency as the primary analysis. REL was administered at a supratherapeutic dose of 1150mg and compared to negative and positive controls, including moxifloxacin. There was no statistically significant change in QTc intervals followingadministrationofRELinthistrial.OtherECG par
	which are discussed in Section 10 
	Labeling . 

	Immunogenicity 
	No immunogenicity/antigenicity evaluations were conducted as part of this development program. 

	7.4.5 Analysis of Submission-Specific Safety Issues 
	7.4.5 Analysis of Submission-Specific Safety Issues 
	Liver Transaminase Elevations 
	Study PN003 (cUTI) 
	ѮѤШҖШ ӋШҖШ Ҁ҇ КЌҚШҚ ҇в ΅ӑѥҚ шЌӋ ҇ЙҚШҖӊШФ ѧҀ ѡN003. Five subjects had AST and ALT elevations ш 3x and/or 5x ULN in the IMI/REL treatment groups (IMI/REL 125mg and IMI/REL 250mg) but not in the IMI + Placebo treatment group. Evidence of cholestasis with total bilirubin > 1.5x ULN was observed in the IMI/REL treatment group only (IMI/REL 250mg) . 
	(Figure 9 
	and Figure 10)

	• 
	• 
	• 
	• 
	AST/ALT ш 3x ULN, Tbili ш 2x ULN and ALP < 2x ULN 

	o 0 subjects 

	• 
	• 
	• 
	AST/ALT ш ӻӐ Ѳшя 

	o 2 subjects (1 subject IMI/REL 125mg, 1 subject IMI/REL 250mg) 

	• 
	• 
	AST/ALT ш 3x ULN 


	o 5 subjects (3 subjects IMI/REL 125mg) 
	Figure 9. Elevations of Aspartate Aminotransferase (AST) and Total Bilirubin Among Subjects Receiving IMI/REL or IMI + Placebo in PN003 
	Figure
	Figure 10. Elevations of Alanine Aminotransferase (ALT) and Total Bilirubin Among Subjects Receiving IMI/REL or IMI + Placebo in PN003 
	Figure
	Study PN004 (cIAI) 
	There was one subject meeting laboratory criteria for ΅ӑѥҚ шЌӋ ѧҀ ҤѤШ ΈюΈѶѤEш ӸӻӶѿњ ҤҖШЌҤѿШҀҤ group of Study PN004, however due to baseline elevation of total bilirubin >3x ULN, this patient ӋЌҚ Ҁ҇Ҥ К҇ҀҚѧФШҖШФ Ќ ҤҖҿШ ΅ӑѥҚ шЌӋ КЌҚШѢ ѮѤѧҚ ҚҿЙѳШКҤѥҚ ҀЌҖҖЌҤѧӊШ ѧҚ ғҖШҚШҀҤШФ ЙШѹ҇Ӌ : 
	•. 77-year-old white male receiving IMI + REL 250mg. The patient was diagnosed with cholelithiasisandsepticshockon3 Apriland underwent exploratorylaparotomyand subtotalgastricresection for acute gastricperforation/pepticulcer.Thepatient was started on the study drug one day later on 4 April. On baseline laboratory studies, the patient had a normal AST and ALT and a total bilirubin > 3x ULN. On day 2 of study drug treatment (5April),hewasnotedtohave risingtransaminases: 
	o. ALT 248 IU/L (6.9x ULN) 
	o. ALT 248 IU/L (6.9x ULN) 
	o. ALT 248 IU/L (6.9x ULN) 

	o. AST 430 IU/L (11.3 x ULN) 
	o. AST 430 IU/L (11.3 x ULN) 


	o Total bilirubin 3.3 mg/dL (3.3x ULN) Study treatment was not discontinued, and he completed study drug on day 8 (11 April). 
	AST and ALT also returned to baseline. Study investigator deemed the noted transaminase elevations as unrelated to study drug. 
	Reviewer Comment: The timing of the patient’ssurgery and acute abdominalcatastrophe wasa confounding factor and it is difficult to ascertain whether the liver transaminase elevations (AST andALT) wereduetothe abdominalinjuryandensuing post-surgicalcourseorrelated tothe study drug. The resolution of the transaminase elevation despite continuation of the study treatment supports the former being the etiology of the transaminitis. 
	Fourteen subjects had AST and ALT elevations ш 3x ULN in PN004, 5 subjects in the IMI/REL 125mg treatment group, 6 subjects in the IMI/REL 250mg treatment group and 3 subjects in the IMI + Placebo treatment group. Evidence of cholestasis with total bilirubin > 1.5x ULN was observed across all treatment groups, 10 subjects each in the IMI/REL 125mg and IMI/REL 250mg treatment groups and 7 subjects in the IMI + Placebo Treatment Groups and . 
	(Figure 11 
	Figure 12)

	•. 
	•. 
	•. 
	•. 
	AST/ALT ш 3x ULN, Tbili ш 2x ULN and ALP < 2x ULN 

	o. 1 subject (narrative above) 

	•. 
	•. 
	•. 
	AST/ALT ш ӻӐ Ѳшя 

	o. 9 subjects (3 subjects IMI/REL 125mg, 4 subjects IMI/REL 250mg, 2 subjects IMI + Placebo) 

	•. 
	•. 
	AST/ALT ш 3x and < 5xULN 


	o. 14 subjects (5 subjects IMI/REL 125mg, 6 subjects IMI/REL 250mg, 3 subject IMI 
	+ Placebo) 
	Reviewer Comment: The greater number of total bilirubin elevations ≥ 1.5x ULN is likely due to the nature of the infections enrolled in this study, complicated intrabdominal infections, with associated liver/biliary injury leading to increased bilirubin elevations compared to the cUTI trial (PN003).The transaminaseelevations mayalsobe duetothestudydrugastheywere also noted in the cUTI study and the Phase 1 trials. 
	Figure 11. Elevations of Aspartate Aminotransferase (AST) and Total Bilirubin Among Subjects Receiving IMI/REL or IMI + Placebo in PN004 
	Figure
	Figure 12. Elevations of Alanine Aminotransferase (ALT) and Total Bilirubin Among Subjects Receiving IMI/REL or IMI + Placebo in PN004 
	Figure
	Study PN013 
	ѮѤШҖШ ӋШҖШ ҤӋ҇ ғ҇ҤШҀҤѧЌѹ КЌҚШҚ ҇в ΅ӑѥҚ шЌӋ ҇ЙҚШҖӊШФ ѧҀ ѨҤҿФӑ ѡN013, however both cases were in the comparator treatment group receiving CMS plus ΈюΈѢ я҇ КЌҚШҚ ҇в ΅ӑѥҚ шЌӋ ӋШҖШ ҇ЙҚШҖӊШФ in subjects receiving IMI/REL. 
	There were 6 subjects with AST and AST ш 3x ULN in the Study PN013, all of which were in Treatment Group 2 (CMS plus IMI), with the exception of one subject in Treatment Group 1 (IMI/REL plus Placebo to CMS) . Evidence of cholestasis with total bilirubin > 1.5x ULN was observed in 3 subjects in Treatment Group 2 (CMS plus IMI) and 1 subject in Treatment Group 1 (IMI/REL plus . 
	(Figure 13)
	Placebo to CMS) (Figure 14)

	• 
	• 
	• 
	• 
	AST/ALT ш 3x ULN, Tbili ш 2x ULN and ALP < 2x ULN 

	o 2 subjects (Treatment Group 2: CMS plus IMI) 

	•. 
	•. 
	•. 
	AST/ALT ш ӻӐ Ѳшя 

	o. 3 subjects (Treatment Group 2: CMS plus IMI) 

	•. 
	•. 
	AST/ALT ш 3x ULN 


	o. 6 subjects (1 subject Treatment Group 1: IMI plus Placebo to CMS, 5 subjects Treatment Group 2: CMS plus IMI) 
	Figure 13. Elevations of Aspartate Aminotransferase (AST) and Total Bilirubin Among Subjects Receiving IMI/REL or IMI + Placebo in PN013 
	Figure
	Figure 14. Elevations of Alanine Aminotransferase (ALT) and Total Bilirubin Among Subjects Receiving IMI/REL or IMI + Placebo in PN013 
	Figure
	Overall, in PN003, PN004 and PN013, there were 25 subjects with liver transaminase elevations meeting the event of clinical interest (ECI) criteria defined as follows: 
	•. 
	•. 
	•. 
	Elevated AST or ALT ш to 5 XULN 

	•. 
	•. 
	Elevated AST or ALT laboratory valuШш ӹ ҃Ѳшя ЌҀ ШѹШӊЌҤШФҤ҇ҤЌѹЙѧѹѧҖҿЙѧҀшӸ ҃ Ѳшя , at the same time, an alkaline phosphatase < 2 X ULN 
	and 
	and



	Of these, the largest number, 14, were reported in PN004, the cIAI trial. Six cases were reported in PN013, of which five were in the comparator arm, CMS plus IMI. In PN003 and PN004, 16/431 (3.7%) subjects receiving IMI/REL 125mg or IMI/REL 250mg compared to 3/214 (1.4%) subjects receiving IMI plus Placebo reported liver transaminase elevations meeting the ECI criteria. 
	Reviewer Comment: The large number of liver transaminitis cases reported in PN004 is likely confounded by the abdominal injury in the majority of subjects enrolled in the trial. The small difference seen in transaminitis between subjects receiving IMI/REL compared to those receiving IMI alone or IMI plus CMS is also confounded by the fact that IMI is a component of all these 
	regimens and has a known association with liver transaminitis; There were no cases of Hy’s Law 
	or hepatic failure associated with the study drug (IMI/REL) reported in any of the trials. The majority of elevations in transaminases down trended and/or resolved by the end of follow up. There were no discontinuations of study medication due to transaminitis or other liver injury. Based on the results of these trials, we can conclude that there are elevations of liver transaminases seen with both IMI and IMI/REL and this is planned to be reflected in the label, in Section 6 Adverse Reactions. 

	7.4.6. ClinicalOutcome Assessment(COA) AnalysesInforming. Safety/Tolerability. 
	7.4.6. ClinicalOutcome Assessment(COA) AnalysesInforming. Safety/Tolerability. 
	There were no clinical outcome assessments conducted as part of this drug development program. 

	7.4.7. Safety Analyses by Demographic Subgroups 
	7.4.7. Safety Analyses by Demographic Subgroups 
	Safetyanalyseswere performedbythefollowingdemographicsubgroups: sex,age,andrenal function.The numbersforanyracial/ethnicgroupapart from Caucasian weretoosmall to conduct a meaningful analysis. Safety analyses by subgroups was conducted for PN003 and PN004 only. The sample size of PN013 was small (N=50) and did not allow for meaningful assessment of subgroup trends for safety. 
	Sex 
	Seven female subjects (3.2%) reported nausea compared to five male subjects (2.3%) in the IMI/REL250mg group,whilethesamenumberofsubjects,6(2.8%)reportednauseaamong both males and females in the IMI plus Placebo group. Headaches were also reported more frequently infemalesinalltreatment groups. Liver enzymeselevationsincludingASTand ALT were about 2 to 4 times more frequently reported among males in the IMI/REL treatment groupscomparedto the IMI plus . Differencesamong remainder of the AEs were too small to
	Placebotreatment group(Table 69)

	Reviewer Comment: The cause for the differences noted in liver enzyme elevations between male and female subjects is unclear. Some of the differences may be due to differences in severity of illness, underlying liver disease or concomitant medications. However due to the small numbers in each group, it is not possible to draw any definitive conclusions. 
	Table 69. Adverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in PN003 and PN004 by Treatment Group and Sex 
	Table 69. Adverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in PN003 and PN004 by Treatment Group and Sex 
	Table 69. Adverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in PN003 and PN004 by Treatment Group and Sex 

	TR
	IMI/REL 250 mg N=216 n (%) 
	IMI/REL 125 mg N=215 n (%) 
	IMI/Placebo N=214 n (%) 
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	System Organ Class 
	System Organ Class 
	System Organ Class 
	MedDRA Preferred Term 
	Female 
	Male 
	Female 
	Male 
	Female 
	Male 

	Gastrointestinal disorders 
	Gastrointestinal disorders 
	Nausea 
	7 (3.2%) 
	5 (2.3%) 
	10 (4.6%) 
	5 (2.3%) 
	6 (2.8%) 
	6 2.8%) 

	Diarrhea 
	Diarrhea 
	4 (1.8%) 
	8 (3.7%) 
	7 (3.2%) 
	2 (0.9%) 
	4 (1.9%) 
	5 (2.3%) 

	Vomiting 
	Vomiting 
	3 (1.4%) 
	4 (1.8%) 
	6 (2.7%) 
	4 (1.8%) 
	2 (0.9%) 
	2 (0.9%) 

	Nervous system disorders 
	Nervous system disorders 
	Headache 
	7 (3.2%) 
	2 (0.9%) 
	3 (1.4%) 
	2 (0.9%) 
	3 (1.4%) 
	2 (0.9%) 

	Investigations 
	Investigations 
	Alanine aminotransferase increased 
	2 (0.9%) 
	5 (2.3%) 
	1 (0.5%) 
	5 (2.3%) 
	3 (1.4%) 
	1 (0.5%) 

	Aspartate aminotransferase increased 
	Aspartate aminotransferase increased 
	1 (0.5%) 
	5 (2.3%) 
	1 (0.5%) 
	6 (2.7%) 
	2 (0.9%) 
	1 (0.5%) 

	Lipase increased 
	Lipase increased 
	1 (0.5%) 
	2 (0.9%) 
	1 (0.5%) 
	1 (0.5%) 
	2 (0.9%) 
	2 (0.9%) 

	Platelet count increased 
	Platelet count increased 
	2 (0.9%) 
	1 (0.5%) 
	0 (0.0%) 
	3 (1.4%) 
	0 (0.0%) 
	1 (0.5%) 

	Blood alkaline phosphatase increased 
	Blood alkaline phosphatase increased 
	1 (0.5%) 
	1 (0.5%) 
	3 (1.4%) 
	1 (0.5%) 
	2 (0.9%) 
	0 (0.0%) 

	Vascular disorders 
	Vascular disorders 
	Hypertension 
	0 (0.0%) 
	3 (1.4%) 
	3 (1.4%) 
	2 (0.9%) 
	0 (0.0%) 
	5 (2.3%) 

	Phlebitis 
	Phlebitis 
	0 (0.0%) 
	2 (0.9%) 
	2 (0.9%) 
	0 (0.0%) 
	2 (0.9%) 
	1 (0.5%) 

	General disorders and administration site conditions 
	General disorders and administration site conditions 
	Pyrexia 
	2 (0.9%) 
	3 (1.4%) 
	0 (0.0%) 
	0 (0.0%) 
	1 (0.5%) 
	2 (0.9%) 

	Blood and lymphatic system disorders 
	Blood and lymphatic system disorders 
	Thrombocytosis 
	2 (0.9%) 
	3 (1.4%) 
	1 (0.5%) 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.5%) 


	Age 
	Adverse events were reported in similar rates between those 65 years and over and those under 65 years across all treatment groups in PN003 and PN004. A total of 38.1% (170/446) of subjects under65yearsofageexperiencedadverseeventswhile38.2%( 76/199) ofsubjects65 years of age or older experienced adverse events overall. GI disorders (nausea, diarrhea, 
	Adverse events were reported in similar rates between those 65 years and over and those under 65 years across all treatment groups in PN003 and PN004. A total of 38.1% (170/446) of subjects under65yearsofageexperiencedadverseeventswhile38.2%( 76/199) ofsubjects65 years of age or older experienced adverse events overall. GI disorders (nausea, diarrhea, 
	vomiting) and headache were more frequently reported in those under 65 years of age . Other adverse events were reported in relatively small numbers overall limiting any significant comparison between age groups. 
	(Table 
	70)


	The three deaths reported in PN004, all occurred in subjects > 70 years of age. The incidence of SAEs was comparable among the 3 treatment groups in subjects ш 65 years of age. 
	Table 70. !dverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in PN003 and PN004 by Treatment Group and Age Group 
	Table 70. !dverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in PN003 and PN004 by Treatment Group and Age Group 
	Table 70. !dverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in PN003 and PN004 by Treatment Group and Age Group 

	TR
	IMI/REL 250 mg N=216 n (%) 
	IMI/REL 125 mg N=215 n (%) 
	IMI/Placebo N=214 n (%) 

	System Organ Class 
	System Organ Class 
	MedDRA Preferred Term 
	< 65 years 
	>= 65 years 
	< 65 years 
	>= 65 years 
	< 65 years 
	>= 65 years 

	Gastrointestinal disorders 
	Gastrointestinal disorders 
	Nausea 
	10 (4.6%) 
	2 (0.9%) 
	12 (5.5%) 
	3 (1.4%) 
	11 (5.1%) 
	1 (0.5%) 

	Diarrhea 
	Diarrhea 
	6 (2.7%) 
	6 (2.7%) 
	6 (2.7%) 
	3 (1.4%) 
	5 (2.3%) 
	4 (1.9%) 

	Vomiting 
	Vomiting 
	7 (3.2%) 
	0 (0.0%) 
	9 (4.1%) 
	1 (0.5%) 
	4 (1.9%) 
	0 (0.0%) 

	Nervous system disorders 
	Nervous system disorders 
	Headache 
	8 (3.7%) 
	1 (0.5%) 
	5 (2.3%) 
	0 (0.0%) 
	4 (1.9%) 
	1 (0.5%) 

	Investigations 
	Investigations 
	Alanine aminotransferase increased 
	4 (1.8%) 
	3 (1.4%) 
	4 (1.8%) 
	2 (0.9%) 
	4 (1.9%) 
	0 (0.0%) 

	Aspartate aminotransferase increased 
	Aspartate aminotransferase increased 
	3 (1.4%) 
	3 (1.4%) 
	5 (2.3%) 
	2 (0.9%) 
	3 (1.4%) 
	0 (0.0%) 

	Lipase increased 
	Lipase increased 
	2 (0.9%) 
	1 (0.5%) 
	2 (0.9%) 
	0 (0.0%) 
	4 (1.9%) 
	0 (0.0%) 

	Blood alkaline phosphatase increased 
	Blood alkaline phosphatase increased 
	2 (0.9%) 
	0 (0.0%) 
	4 (1.8%) 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.5%) 

	Platelet count increased 
	Platelet count increased 
	3 (1.4%) 
	0 (0.0%) 
	2 (0.9%) 
	1 (0.5%) 
	1 (0.5%) 
	0 (0.0%) 

	Vascular disorders 
	Vascular disorders 
	Hypertension 
	1 (0.5%) 
	2 (0.9%) 
	4 (1.8%) 
	1 (0.5%) 
	2 (0.9%) 
	3 (1.4%) 

	Phlebitis 
	Phlebitis 
	2 (0.9%) 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.5%) 
	2 (0.9%) 
	1 (0.5%) 

	General disorders and administration site conditions 
	General disorders and administration site conditions 
	Pyrexia 
	2 (0.9%) 
	3 (1.4%) 
	0 (0.0%) 
	0 (0.0%) 
	1 (0.5%) 
	2 (0.9%) 
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	Blood and lymphatic system disorders 
	Blood and lymphatic system disorders 
	Blood and lymphatic system disorders 
	Thrombocytosis 
	4 (1.8%) 
	1 (0.5%) 
	0 (0.0%) 
	1 (0.5%) 
	2 (0.9%) 
	0 (0.0%) 


	APACHE II Score 
	A significant proportion of subjects in PN003 and PN004 had unknown APACHE scores. Those with higher APACHE II scores (>15) were few in number, 7 subjects in the IMI/REL treatment groups and 3 subjects in the IMI plus Placebo treatment group . No significant conclusions can be drawn from differences in adverse event frequency by A PACHE II score given the small sample size represented. 
	(Table 71)

	Reviewer Comment:Adverseeventswere more frequentlyreportedin thosewith APACHE scores ≤ 15, however this is likely a reflection of the small numbers rather than a true assessment of the frequency of AEs in this population. 
	Table 71. !dverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in PN003 and PN004 by Treatment Group and APACHE Score Group 
	Table 71. !dverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in PN003 and PN004 by Treatment Group and APACHE Score Group 
	Table 71. !dverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in PN003 and PN004 by Treatment Group and APACHE Score Group 

	TR
	IMI/REL any dose1 N=4312 n (%) 
	IMI/Placebo N=214 n (%) 

	TR
	APACHE II Score Group 

	System Organ Class 
	System Organ Class 
	MedDRA Preferred Term 
	<= 15 (N=105) 
	> 15 (N=7) 
	<= 15 (N=44) 
	> 15 (N=3) 

	Gastrointestinal disorders 
	Gastrointestinal disorders 
	Nausea 
	16 (3.7%) 
	1 (0.2%) 
	8 (3.7%) 
	0 (0.0%) 

	Diarrhea 
	Diarrhea 
	13 (3.0%) 
	1 (0.2%) 
	4 (1.9%) 
	1 (0.5%) 

	Vomiting 
	Vomiting 
	15 (3.4%) 
	1 (0.2%) 
	3 (1.4%) 
	0 (0.0%) 

	Nervous system disorders 
	Nervous system disorders 
	Headache 
	4 (0.9%) 
	0 (0.0%) 
	1 (0.5%) 
	0 (0.0%) 

	Investigations 
	Investigations 
	Alanine aminotransferase increased 
	8 (1.8%) 
	2 (0.5%) 
	4 (1.9%) 
	0 (0.0%) 

	Aspartate aminotransferase increased 
	Aspartate aminotransferase increased 
	8 (1.8%) 
	2 (0.5%) 
	3 (1.4%) 
	0 (0.0%) 

	Lipase increased 
	Lipase increased 
	5 (1.1%) 
	0 (0.0%) 
	4 (1.9%) 
	0 (0.0%) 

	Blood alkaline phosphatase increased 
	Blood alkaline phosphatase increased 
	4 (0.9%) 
	0 (0.0%) 
	2 (0.9%) 
	0 (0.0%) 
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	Table
	TR
	Platelet count increased 
	6 (1.4%) 
	0 (0.0%) 
	1 (0.5%) 
	0 (0.0%) 

	Vascular 
	Vascular 
	Hypertension 
	3 (0.7%) 
	0 (0.0%) 
	4 (1.9%) 
	0 (0.0%) 

	disorders 
	disorders 
	Phlebitis 
	4 (0.9%) 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.5%) 

	Blood and lymphatic system disorders 
	Blood and lymphatic system disorders 
	Thrombocytosis 
	2 (0.5%) 
	1 (0.2%) 
	2 (0.9%) 
	0 (0.0%) 

	General disorders and administration site conditions 
	General disorders and administration site conditions 
	Pyrexia 
	2 (0.5%) 
	1 (0.2%) 
	2 (0.9%) 
	0 (0.0%) 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	Includes IMI 500 mg/REL 250mg (IMI/REL 250mg) and IMI 500 mg/REL 125mg (IMI/REL 125mg) Includes subjects with unknown APACHE scores 
	1
	2

	Renal function 
	There were no subjects with a baseline creatinine clearance <30 mL/min in PN003 and PN004. Decreased creatinine clearance does not appear to lead to increases in reported AEs across all treatment groups in the trials . 
	(Table 72)

	Table 72. !dverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in Studies PN003 and PN004 by Treatment Group and Creatinine Clearance 
	Table 72. !dverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in Studies PN003 and PN004 by Treatment Group and Creatinine Clearance 
	Table 72. !dverse Events Reported in ≥ 1% of Subjects Receiving IMI/REL or IMI/Placebo in Studies PN003 and PN004 by Treatment Group and Creatinine Clearance 

	TR
	IMI/REL any dose1 N=4312 n (%) 
	IMI/Placebo N=2142 n (%) 

	TR
	Creatinine Clearance (mL/min) 

	MedDRA Term 
	MedDRA Term 
	< 60 to >= 30 (N=26) 
	< 90 to >= 60 (N=50) 
	>= 90 (N=88) 
	< 60 to >= 30 (N=20) 
	< 90 to >= 60 (N=17) 
	>= 90 (N=38) 

	Nausea 
	Nausea 
	1 (0.2%) 
	9 (2.1%) 
	17 (3.9%) 
	0 (0.0%) 
	0 (0.0%) 
	12 (5.6%) 

	Diarrhea 
	Diarrhea 
	3 (0.7%) 
	6 (1.4%) 
	12 (2.7%) 
	3 (1.4%) 
	2 (0.9%) 
	4 (1.9%) 

	Vomiting 
	Vomiting 
	0 (0.0%) 
	4 (0.9%) 
	13 (3.0%) 
	0 (0.0%) 
	0 (0.0%) 
	3 (1.4%) 

	Headache 
	Headache 
	0 (0.0%) 
	3 (0.7%) 
	11 (2.5%) 
	1 (0.5%) 
	2 (0.9%) 
	2 (0.9%) 

	Alanine aminotransferase increased 
	Alanine aminotransferase increased 
	4 (0.9%) 
	4 (0.9%) 
	5 (1.1%) 
	0 (0.0%) 
	2 (0.9%) 
	2 (0.9%) 
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	Aspartate aminotransferase increased 
	Aspartate aminotransferase increased 
	Aspartate aminotransferase increased 
	4 (0.9%) 
	3 (0.7%) 
	6 (1.4%) 
	0 (0.0%) 
	1 (0.5%) 
	2 (0.9%) 

	Hypertension 
	Hypertension 
	2 (0.5%) 
	3 (0.7%) 
	3 (0.7%) 
	1 (0.5%) 
	1 (0.5%) 
	3 (1.4%) 

	Lipase increased 
	Lipase increased 
	0 (0.0%) 
	2 (0.5%) 
	3 (0.7%) 
	1 (0.5%) 
	1 (0.5%) 
	2 (0.9%) 

	Blood alkaline phosphatase increased 
	Blood alkaline phosphatase increased 
	0 (0.0%) 
	3 (0.7%) 
	3 (0.7%) 
	0 (0.0%) 
	1 (0.5%) 
	1 (0.5%) 

	Thrombocytosis 
	Thrombocytosis 
	2 (0.5%) 
	3 (0.7%) 
	1 (0.2%) 
	1 (0.5%) 
	0 (0.0%) 
	1 (0.5%) 

	Pyrexia 
	Pyrexia 
	3 (0.7%) 
	1 (0.2%) 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.5%) 
	2 (0.9%) 

	Platelet count increased 
	Platelet count increased 
	0 (0.0%) 
	2 (0.5%) 
	4 (0.9%) 
	0 (0.0%) 
	0 (0.0%) 
	1 (0.5%) 

	Phlebitis 
	Phlebitis 
	1 (0.2%) 
	2 (0.5%) 
	1 (0.2%) 
	0 (0.0%) 
	1 (0.5%) 
	2 (0.9%) 


	Ѩ҇ҿҖКШѡ .ѹѧҀѧКЌѹ ѤШӊѧШӋШҖѥҚ !ҀЌѹӑҚѧҚ 
	Reviewer Comment: Safetyanalysesbydemographicsubgroupsdemonstratesthat nauseawas reported slightly more frequently among females in the IMI/REL treatment groups compared to the IMI plus Placebo treatment group. Headaches were also slightly more likely to be reported in females in all treatment groups. Liver enzymes elevations including AST and ALT were about 2 to 4 times more frequently reported among males in the IMI/REL treatment groups compared to the IMI plus Placebo treatment group. 
	GI disorders (nausea, diarrhea, vomiting) were more frequently reported in those under 65 years of age across all treatment groups. Headache was also more frequently reported in those under 65 yearsofagsaremore likely to report these AEs. 
	eacrossalltreatment groups.It isnot clearwhyyoungeragegroup

	Decreased creatinine clearance does not appear to lead to increases in reported AEs across all treatment groups in PN003 and PN004. 
	Overall, the small differences foundin subgroupanalyses donot informmeaningfulclinical conclusions. 

	7.4.8 Specific Safety Studies/Clinical Trials 
	7.4.8 Specific Safety Studies/Clinical Trials 
	There werenoadditionalspecificsafetystudiesorclinicaltrialsconductedapart from those already described above. 

	7.4.9 Additional Safety Explorations 
	7.4.9 Additional Safety Explorations 
	Human Carcinogenicity or Tumor Development 
	Carcinogenicity studies were not conducted in accordance with ICH S1A guidelines given that the continuous human use of IMI/REL is less than 6 months in duration. 
	Human Reproduction and Pregnancy 
	There are noadequate andwell-controlledstudies ofIMI/REL oranyof the componentsin pregnant women. 
	Pregnant and/or lactating women were excluded from enrollment into any of the clinical trials for IMI/REL. Additionally, no pregnancies were reported in any of the completed clinical trials. 
	In embryofetaldevelopmentalstudies,imipenem/cilastatin(alone orin combination),showed no teratogenicity in mice, rats, rabbits, and monkeys at 1 to 5 times the recommended human dose based on body surface area. 
	In an embryofetal study in cynomolgus monkeys with IMI administered at doses similar to the recommended human dose based on body surface area, there was an increased association with embryonic loss during pregnancy. 
	In embryofetal developmental studies conducted with REL in mice, rats, and rabbits there was no evidence of reproductive or development toxicity with the exception of an increase in specificmalformationsinmice.Inmice anincreasedlitterincidenceofskeletalmalformations was observed with the high-dose of 450 mg/kg/day (approximately 6 times greater than the recommendedhumandose)andan increasedlitterincidenceofcleft palateoccurredinanon­dosedependent mannerwithalowerdoseof80 mg/kg/day(approximatelyequivalent tot
	Imipenem and cilastin are known to be excreted into breast milk in small quantities. REL has been shown to be excreted into the milk of rats, but it is not known whether it is excreted in human milk. 
	Pediatrics and Assessment of Effects on Growth 
	Adeferralofpediatricassessment ofIMI/RELforpediatricpatientsagedlessthan18 yearsof agewasrequestedbytheApplicant onthegroundsthat IMI/REL willbereadyforapprovaland useinadult patientsbeforepediatricstudiesare complete dinthisagegroupandbecause additional safety and PK data in adults and older children are needed to support the initiation ofstudies.AninitialPediatricStudyPlan(iPSP)forIMI/REL was agreeduponin January2016. An amendment to the iPSP was provided with the submission of this NDA. Additional detail
	the iPSP and proposed amendments can be found in Section 9 
	Pediatrics

	Overdose, Drug Abuse Potential, Withdrawal, and Rebound 
	Overdoses and drug abuse have not been reported in the IMI/REL clinical development 
	Overdoses and drug abuse have not been reported in the IMI/REL clinical development 
	program. Doses higher than the proposed marketing dose of REL up to 1150mg were well ­tolerated in Phase 1 trials, though these were single doses. 

	There is no inhibition of human or mammalian enzymes by REL identified through counter screening.Additionally,RELdoesnot target a change inhumanphysiologyorbiochemistryand targets bacterial enzymes (Ѿ-lactamases).Forthesereasons,withdrawalor reboundfrom REL is not expected. 
	Reviewer Comment: Overdose and drug abuse, as well as with withdrawal and rebound potential is unlikely with IMI/REL given the biological properties of REL and the settings in which it will be used, as well as experience with other β-lactamase inhibitors and IMI alone. IMI/REL can be removed by hemodialysis, although no specific clinical information is available on use of hemodialysis to treat overdose. 

	7.4.10 Safety in the Postmarket Setting 
	7.4.10 Safety in the Postmarket Setting 
	Safety Concerns Identified Through Postmarket Experience 
	IMI/REL has not been marketed in the United States or outside the United States. There is no postmarketing experience forthis drug. 
	Imipenem/cilastatin, a component of IMI/REL has been approved for use in the United States since 1985. Adverse reactions identified during postmarketing use of imipenem/cilastatin include the following: 
	•. 
	•. 
	•. 
	•. 
	Gastrointestinal: 

	o. Hepatitis (including fulminant hepatitis), hepaticfailure, staining of the teeth and/or tongue 

	•. 
	•. 
	•. 
	Hematologic: 

	o. Pancytopenia, bone marrow depression, thrombocytopenia, neutropenia, leukopenia, hemolyticanemia 

	•. 
	•. 
	•. 
	CNS 

	o. Tremor, psychiatric disturbances including hallucinations, dyskinesia, agitation 

	•. 
	•. 
	•. 
	Special Senses 

	o. Taste perversion 

	•. 
	•. 
	•. 
	Skin 

	o. Stevens-Johnson syndrome 
	o. Stevens-Johnson syndrome 
	o. Stevens-Johnson syndrome 

	o. Toxic epidermal necrolysis 
	o. Toxic epidermal necrolysis 



	•. 
	•. 
	Body as a whole 


	o. Drug fever 
	•. Renal 
	o. Acute renal failure 
	o. Acute renal failure 
	o. Acute renal failure 

	o. Urine discoloration 
	o. Urine discoloration 


	Expectations on Safety in the Postmarket Setting 
	Given the history with imipenem/cilastatin in the postmarket setting and the absence of new safetysignalsinthe IMI/REL development program thusfar, nospecificsafetyconcernsare presently anticipated. However, it should be noted that the clinical experience with relebactam has been limited. 

	7.4.11 Integrated Assessment of Safety 
	7.4.11 Integrated Assessment of Safety 
	Safetydata wereintegratedforthe 7Phase 1 trials. Thesedata werenot integratedwith PN003, PN004 or PN013 trials due to differences in dosing regimens and study populations. 
	Safety data were also integrated for PN003 and PN004 due to similarities in dosing regimen and study design. However, PN013 was not integrated with these two trials due to differences in study populations and study design. 
	Deaths 
	There were 11 deaths in the PN003, PN004 and PN013. There were no deaths reported in the Phase 1 trials. Three deaths occurred during the follow-up period of PN003 and PN004, (all in thecIAItrial,and2deathsoccurredoutsidethefollow-and . There were 6 deaths in PN013, five in the randomized and one in the open label arms . None of the reported deaths were deemed to be related to relebactam and no association between death and the dose of relebactam was suggestive. 
	upperiod,allinthecUTI trial(Table 54 
	Table 55)
	(Table 56)

	SAEs 
	Serious adverse events occurred in a total of 4.7% (30/645) subjects: 3.2% (7/216) of subjects receivingIMI/REL 250mg, 5.6% (12/215) patientsreceivingIMI/REL 125mg and 5.1% (11/214) of patients receiving IMI/Placebo. Given that there was no association between the dose of relebactam and the incidence of SAEs and the rates of SAEs in subjects treated with IMI/REL 250 mgwerelowerthaninsubjectsreceivingplacebo, the observed differencesintheratesof SAEs between the trial arms are probably related to chance find
	The most commonlyreportedSAEsinthe pooledIMI/REL treatment armsincludeddiarrhea, acute kidneyinjury, ventricularfibrillationand Clostridium difficile infection . There wasonecase ofventricularfibrillationintheIMI/RELarms resulting indeath; therelationship ofventricularfibrillationtothe studydrug isuncertain however. 
	(Table 58)

	Discontinuations 
	Discontinuations occurred at a similar rate between the IMI/REL treatment arms (2.3%: 10/431) and the IMI/Placebo treatment arm (2.3%: 5/214) in the ISS safety population. The most 
	Discontinuations occurred at a similar rate between the IMI/REL treatment arms (2.3%: 10/431) and the IMI/Placebo treatment arm (2.3%: 5/214) in the ISS safety population. The most 
	frequent cause of discontinuation of study drug was diarrhea in the ISS population. There were no discontinuations of IV study drug in Treatment Group 1 (IMI/REL) in Study PN013. One discontinuation in the open-label, non-randomized Treatment Group 3 (IMI/REL) was due to generalized tonic-clonicseizure. 

	Adverse Events 
	The most common AEs reported in the ISS safety population were gastrointestinal disorders . GI-relatedAEsweremore frequently reported in subjects receiving IMI/REL. Liver transaminase elevations for ALT, AST and alkaline phosphatasewere alsomore frequentlyreportedinsubjectsreceivingIMI/REL comparedto those receivingIMI+ Placebo,howeverthedifferencesweresmallandnot clinically meaningful. 
	includingnausea,diarrheaandvomiting(Table 62)

	Renal injuryoccurredinsimilarratesbetweenthetwotreatment groups.Infusionsitereactions occurred slightly more frequently in the IMI/REL treatment group with 6 subjects (1.4%) in IMI/REL treatment group and 0 subjects in IMI + Placebo treatment group. Neurological and psychiatric CNS disorders were also slightly more frequently reported in the IMI + Placebo group compared to the IMI/REL treatment group. These differences were small and not clinically meaningful. 
	The overall similarity in AE rates between IMI/REL and IMI alone suggests the safety profile of IMI/REL and IMI is comparable. 
	In PN013, adverse events were overall more frequently reported than in PN003 or PN004, likely due to the increased morbidity of the population and the less stringent enrollment criteria. Adverse reactions occurred in 71% (22/31) of patients receiving IMI/REL compared to 81.3% (13/16) of patients receiving colistin plus IMI. Significant AEs included increased LFTs, infusion site reactions, anemia, and creatinine/renal injury. With the exception of anemia, which was more frequently reported in the IMI/REL tre


	7.5 Statistical Issues 
	7.5 Statistical Issues 
	Trials PN003 and PN004 were not designed or powered for the NI assessments using the appropriate analysis population and endpoints. All three trials were considered descriptive and not adequateandwell-controlledtrials. Therewerenomajorstatisticalissuesconcerning safety data or analysis. 

	7.6 Conclusions and Recommendations 
	7.6 Conclusions and Recommendations 
	Efficacy 
	Efficacy assessment of RECARBRIO relies in part ҇Ҁ ҤѤШ FD!ѥҚ ғҖШӊѧ҇ҿҚ вѧҀФѧҀњҚ ҇в ШввѧКЌКӑ в҇Җ imipenem in the treatment of cUTI and cIAI, in vitro and animal data demonstrating that relebactam restores activity of imipenem against imipenem-nonsusceptible gram-negative organisms expressing some Class A and some Class C Ѿ-lactamases, and by the probability of target attainment (PTA) analyses for relabactam conducted by the FDA. Studies PN003 in cUTI and PN004 in cIAI compared IMI/REL 250 mg to IMI alone and 
	Assessment of Efficacy Across Trials for further detailed assessment of efficacy in these trials. 
	Please see section 7.3.4 

	Safety 
	ThesafetyofIMI/REL wassupportedbyatotalof10trials,7Phase1trials,2double-blind, randomizedtrials,oneeachincUTI andcIAI,and1double-blind,randomizedtrialinimipenem­resistant cUTI, cIAI, and HABP, which evaluated a fixed dose combination of IMI/REL compared to IMI + Colistin. The safety database was considered sufficient for the purposes of this NDA, particularlygiventhe clinicalexperiencewithimipenem-cilastatin. Thesafetyreviewfocusedon studies PN003, PN004 and PN013. 
	Overall,nomajorsafetysignalsemergedduringtheanalyses oftrials PN003andPN004. The safety profiles of IMI/REL and IMI were found comparable and no meaningful differences in safety of the two doses of relebactam studied in these trials, i.e., 125 mg and 250 mg, were evident. 
	Ingeneral,the AEsobservedwereconsistent withpriorknowledgeof thesafetyof imipenem/cilastatin, a component of IMI/REL. While slight differences between trial arms were seen in frequency of certain AEs such as GI disorders and liver enzyme elevations, the differencesweresmall,andthere wasnoclearcausalitylinkingrelebactam tothe specificAEs that were noted to be increased in the IMI/REL treatment groups. 
	In study PN013, the treated population was small which limited our ability to draw meaningful safety conclusions.However,ingeneralthe ratesof AEs,SAEs,anddiscontinuationswere lower in the IMI/REL treatment arm compared to the comparator arm, IMI + CMS. 


	8 Advisory Committee Meeting and Other External Consultations 
	8 Advisory Committee Meeting and Other External Consultations 
	Anadvisorycommitteemeetingwasnot heldforthis NDA as therewereno specificissuesthat required expert input. 
	9 Pediatrics 
	There werenopediatricstudiessubmittedwiththisNDA.AninitialPediatricStudyPlan(iPSP) was submitted to IND 108754 for IMI/REL and was agreed to by the Agency on 21 January 2016. The iPSPrequestedadeferralof pediatricassessmentsforpatientsagedlessthan 18 yearsof age as studies in this age group were not yet completed and additional safety and PK data in adultsandolderchildrenwere neededtosupport the initiationofthe studies. 
	Anamendment tothe iPSPwas submittedwiththisNDAand wasreviewedbythe P eRCon 11 June2019. Becausetherewerenomajorchangestotheproposednumberandtypeofstudies or tothe timeline andinvolvedetailsoftheprotocolsanewagreediPSP wasnot needed. 
	The pediatricdevelopment planincludesthefollowing studies: 
	PN020: An open-label,singledose studytoevaluatethePK, safety,andtolerability of imipenem/cilastatin/relebactam in children from birth to less than 18 years of age with proven or suspected gram-negative infections. The trial is currently ongoing. 
	PN021: A randomized, open-label active controlled trial to evaluate the safety and tolerability of imipenem/cilastatin/relebactam in children from birth to less than 18 years of age with cUTI or cIAI. 
	Figure
	Figure
	10 Labeling Recommendations 
	Labeling recommendations provided by the multidisciplinary review team, including OPDP and DMEPA have been incorporated in labeling. The trade name RECARBRIO was considered acceptable by DMEPA. Only the results of the cUTI and cIAI trials are described in the Adverse Reactions section of the label. The comparative rates of adverse reactions for imipenem/cilastatin/relebactam and imipenem/cilastatin groups are provided for the imipenem/cilastatin/relebactam 250 mggroupasthisisthedoserecommendedformarketing. 
	The Clinical Studies section (section 14 of labeling) indicates that the determination of efficacy of imipenem/cilastatin/relebactam was supported in part by the previous findings of the efficacyandsafetyofimipenem/cilastatinforthetreatment ofcIAIandcUTI whereas the contribution of relebactam was primarily established in vitro and in animal models of infection . The section states that imipenem/cilastatin/relebactam was studied in two randomized, 
	blinded, active-controlled, multicenter trials, one each in cIAI and in cUTI including pyelonephritis without describing the trials. 
	Labelingalso includeswarnings,adversereactions, and drug-drug interactioninformationfrom the imipenem label. 
	Of note,the finalversionof the labelwas still underrevisionat the timeof reviewcompletion. 
	11 Risk Evaluation and Mitigation Strategies (REMS) 
	There are no risk evaluation or mitigation strategies proposed for this NDA. 
	12 Postmarketing Requirements 
	The following postmarketing requirements (PMR) are required for this application under the PediatricResearch and Equity Act (PREA): 
	1). Conduct an open-label, single-dose study to evaluate the pharmacokinetics, safety and tolerability of imipenem/cilastatin/relebactam in children from birth to less than 18 years of age with proven or suspected gram-negative infections 
	2). Conduct a randomized, open-label, active controlled trial to study the safety, tolerability, and efficacy of imipenem/cilastatin/relebactam in children from birth to less than 18 years of age subjects with complicated urinary tract infection or complicated intra-abdominal infection. 
	The following PMR is required under 505(o) the Federal Food, Drug, and Cosmetic Act (FDCA): 
	1). Conduct a United States surveillance study for five years from the date of marketing to determine if resistance to imipenem/cilastatin/relebactam has developed in the organisms specifictothe indicationsinthe label. 
	Figure
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	15.2 Financial Disclosure 
	15.2 Financial Disclosure 
	Financial disclosure information was provided for the investigators who conducted studies PN003, PN004 and PN013 evaluating IMI/REL for the limited indications under cUTI and cIAI. 
	The Applicant determinedtherewerenofinancialinterestsorarrangementstodiscloseforthe investigators in these studies. 
	Covered Clinical Study (Name and/or Number): 
	Was a list of clinical investigators provided: Yes No (Request list from Applicant) Total number of investigators identified: 384 Number of investigators who are Sponsor employees (including both full-time and part-time employees): 0 Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 0 If there are investigators with disclosable financial interests/arrangements, identify the number of investigators with interests/arrangements in each category (as defined in 21 CFR 54.

	15.3 Nonclinical Pharmacology/Toxicology 
	15.3 Nonclinical Pharmacology/Toxicology 
	15.4 OCP Appendices (Technical documents supporting OCP recommendations) 
	15.4.1 In Vitro studies 
	15.4.1 In Vitro studies 
	Plasma Protein Binding 
	Plasma Protein Binding 

	The binding of REL to human plasma proteins was determined by ultracentrifugation. The H­labeledREL([H]REL) wasmixedwithmouse,rat,monkeyandhumanplasmatoconcentrations 
	3
	3

	҇в ӻ ЌҀФ ӻӶ ҏюѢ .ѧҀФѧҀњ ӋЌҚ ѧҀФШғШҀФШҀҤ ҇в ѤEш К҇ҀКШҀҤҖЌҤѧ҇ҀҚ ӋѧҤѤ ѿШЌҀ ҿҀЙ҇ҿҀФ вҖЌКҤѧ҇ҀҚ 
	of 79%, 82.8%, 90.4% and 77.9% in mouse, rat, monkey and humans, respectively (Study PK002MK7655). 
	Blood-to-Plasma Partitioning 
	Blood-to-Plasma Partitioning 

	To determine the blood-to-plasma concentration ratio, [H]REL was mixed with fresh whole Йѹ҇҇Ф Ҥ҇ Ќ вѧҀЌѹ К҇ҀКШҀҤҖЌҤѧ҇Ҁ ҇в ӻ ЌҀФ ӻӶ ҏюѢ ѮѤШ Йѹ҇҇Ф-to-plasma ratio was calculated by dividing the radioactivity in the blood fraction by the radioactivity in the plasma fraction. The blood-to-plasmaconcentrationratioof[H]RELrangedfrom 0.59 to0.63 followinginvitro incubations with mouse, rat, monkey, and human blood and was independent of REL concentration (Study PK002MK7655). 
	3
	3

	Metabolism of [
	Metabolism of [
	3
	H]REL 

	REL undergoesminimalmetabolism inhumans. The invitrometabolicturnoverof [H]REL was evaluated in phosphate buffered saline and in mouse, rat, monkey, and human plasma at 37 °C over4hr. Thedegradation/metabolism of[H]REL was<10% inPBSbuffer,andinhuman, mouse,rat, andmonkeyplasma.The metabolicturnoveralsowasminimal(<3%)inhuman,rat, andmonkeyhepatocytesfollowingincubationat 37ºC for2hr.Thus,enzymesinvolvedinthe metabolism ofREL werenot furtherinvestigated. ThemetaboliteM1wasreportedasa degradationproduct,sugges
	3
	3

	The negligibleinvitrometabolicturnoverof REL isconsistent withtheminimalmetabolism observed in vivo. In Study PN001, REL was 98.4% and 99.6% excreted in the urine as the parent drug in the two dosing groups that received a single dose of 250 mg. Similarly, in the multiple dose arm, the mean percentage of REL dose excreted unchanged in urine was 90.8% at 250 mg, 99.5% at 125 mg and 95.2% at 375 mg. These results indicate that REL is cleared primarily (>90%) via urinary excretion of the parent drug in humans.
	Inhibition of CYP Isozymes by REL (Study PK002MK7655) 
	Inhibition of CYP Isozymes by REL (Study PK002MK7655) 

	The reversible inhibitory potential of REL towards major human liver CYPs (CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4) was evaluated in vitro using human liver ѿѧКҖ҇Қ҇ѿШҚѢ!Ҥ К҇ҀКШҀҤҖЌҤѧ҇ҀҚҿғҤ҇ӷӶӶҏюџѤEшӋЌҚҀ҇Ҥ ЌҀѧҀѤѧЙѧҤ҇Җ҈Έ.ӻӶяӷӶӶ ҏю) of any of the CYP isoforms. 
	Time-dependent inhibition of CYP3A4 was evaluated in pooled human liver microsomes (1 mg/mL) that were preincubated for 5 to 30 min in the presence of an NADPH generating system at 37°C with 10 and 50 ҏю ѤEшѢ REL did not cause time-dependent inhibition of CYP3A4 activity at either concentration. 
	Induction of CYP3A4, CYP2B6 and CYP1A2 (Studies PK002MK7655 and PK007MK7655) 
	Induction of CYP3A4, CYP2B6 and CYP1A2 (Studies PK002MK7655 and PK007MK7655) 

	The potential for REL to induce CYP1A2, CYP2B6, and CYP3A4 was evaluated in plated human hepatocytes from three donors. REL was incubated with hepatocytes for 48 hours, and both messengerribonucleicacid(mRNA)andenzymeactivityweremeasured.REL showednoin vitro induction of CYP1A2, CYP2B6, or CYP3A4, with little or no increase in mRNA and enzyme activity levels. 
	The potential for REL to induce CYP1A2, CYP2B6, and CYP3A4 was evaluated in plated human hepatocytes from three donors. REL was incubated with hepatocytes for 48 hr, and both messengerribonucleicacid(mRNA)andenzymeactivityweremeasured.REL showednoin vitro induction of CYP1A2, CYP2B6, or CYP3A4, with <15% increase in mRNA and enzyme activity from the corresponding positive controls. 
	Evaluation of REL as a Substrate of Renal Transporters: OAT1, OAT3, OAT4 and OCT2 (Studies PK004MK7655, PK006MK7655 and PK012MK7655) 
	Evaluation of REL as a Substrate of Renal Transporters: OAT1, OAT3, OAT4 and OCT2 (Studies PK004MK7655, PK006MK7655 and PK012MK7655) 

	The uptake of Ӹ ҏю REL was evaluated in MDCKII cells stably transfected with human renal uptake transporter OAT1 and OAT3, in HEK293 cells transiently transfected with OAT4, and in CHO-K1 cells stably transfected with OCT2. The data indicate that REL is a substrate of OAT3 and OAT4, but not a substrate of OAT1 and OCT2. The OAT3-mediated uptake of REL was concentration-dependent, without reaching saturation at the highest concentration tested (100 ҏю҉Ѣ ѮѤШҚШ ФЌҤЌ Қuggest that OAT3-mediated transport of REL 
	In the clinical DDI study of IMI/REL with probenecid (Study PN019), an inhibitor of OATs, AUC of relebactam andimipenem increased24%and16% whenco-administeredwithprobenecid, respectively (See . 
	Section 15.4.3)

	Evaluation of REL as a Substrate of Efflux Transporters 
	Evaluation of REL as a Substrate of Efflux Transporters 

	The bi-directionaltransport of[C]REL (1 ҏM) was evaluated in LLC-PK1 cells stably expressing human and rat P-gp, and in MDCKII cells stably expressing human BCRP. Under the conditions tested,the apparent permeability(Papp)ofREL wastoolowto reliablyassessP-gpand BCRP transport. Since the low permeability of REL precluded a reliable substrate assessment for P -gp and BCRP in the bi-directional assay, membrane vesicle studies were conducted to further 
	The bi-directionaltransport of[C]REL (1 ҏM) was evaluated in LLC-PK1 cells stably expressing human and rat P-gp, and in MDCKII cells stably expressing human BCRP. Under the conditions tested,the apparent permeability(Papp)ofREL wastoolowto reliablyassessP-gpand BCRP transport. Since the low permeability of REL precluded a reliable substrate assessment for P -gp and BCRP in the bi-directional assay, membrane vesicle studies were conducted to further 
	14

	evaluate whether REL is a substrate of P-gp and BCRP, as well as other efflux transporters including MRP2, and MRP4. 

	P-gp, BCRP, MRP2, and MRP4 (Studies PK009MK7655 and PK012MK7655) 
	P-gp, BCRP, MRP2, and MRP4 (Studies PK009MK7655 and PK012MK7655) 

	The in vitro studies using membrane vesicles isolated from baculovirus infected Spodoptera frugiperda(Sf9)cellscontaininghumanP-gp,BCRP,MRP2, andMRP4indicatethat RELisnot a substrate of these efflux transporters as REL showed similar uptake in transporter-containing vesicles compared to the control vesicles. 
	MATE1 and MATE2 (Studies PK009MK7655 and PK012MK7655) 
	MATE1 and MATE2 (Studies PK009MK7655 and PK012MK7655) 

	Uptakeof[C]RELwasevaluatedinvitroinCHO-K1cellsstablytransfectedwithMATE1 andin MDCKII cells stably transfected with MATE2K. The fold difference in [C]REL uptake between the transfected cells and the parent cells were 2.6 and 2.0 for MATE1 and MATE2K, respectively, indicating that REL is a substrate of MATE1 and MATE2K. The corresponding fold difference in metformin, a positive control, uptake was 20 and 6.4 for MATE1 and MATE2K, respectively. 
	14
	14

	Evaluation of REL as an Inhibitor of Drug Transporters (Studies PK008MK7655 and PK009MK7655) 
	Evaluation of REL as an Inhibitor of Drug Transporters (Studies PK008MK7655 and PK009MK7655) 

	The potentialforREL toinhibit majorhumandrug transporters,includingP-gp,OATP1B1, OATP1B3, OAT1, OAT3, OCT2, MATE1, MATE2K, BCRP, or BSEP, was evaluated in vitro. REL was 
	Ҁ҇Ҥ в҇ҿҀФ Ҥ҇ ЙШ ЌҀ ѧҀѤѧЙѧҤ҇Җ ҇в ҤѤШ ҤҖЌҀҚғ҇ҖҤШҖҚ ШӊЌѹҿЌҤШФ ҈Έ.ӻӶ яӹӶӶ ҏю҉Ѣ 

	15.4.2 Preclinical PK/PD Studies 
	15.4.2 Preclinical PK/PD Studies 
	Thisapplicationreliedona limitedclinicalprogram.Efficacyconclusionsdrawnfrom PN003 and PN004 were limited as these trials compared IMI/REL to IMI alone. The contribution of REL couldnot be evaluated because thesestudiesincludedalimitednumberof IMIresistant isolates. PN013 was limited in size and was designed as a descriptive trial with no statistical comparative efficacy assessments. 
	Thus, additional evidence of effectiveness was derived from pre-clinical PK/PD studies. Dose fractionationand doseresponsestudiesinmurinethighandlungmodels wereperformedto evaluate the in vivo activity of IMI/REL (Studies PD006 and PD040). In vitro hollow fiber infection model (HFIM) experiments were performed to evaluate the antibacterial activity and suppression of resistance of IMI and IMI/REL (Study PD031). The Applicant used these HFIM data to derive an estimated IMI % fT>MIC target of 6.5% for 2-log k
	HollowFiberPK/PD Time-KillStudies (StudyPD031) 
	HollowFiberPK/PD Time-KillStudies (StudyPD031) 

	To demonstrate the projected efficacy of the selected PN003 and PN004 doses against imipenem resistant P. aeruginosa and K. pneumoniae strains,anumberof time-killstudies utilizing an in vitro PK/PD hollow fiber cell culture system were conducted. Imipenem MIC ӊЌѹҿШҚ ӋШҖШ ФШҤШҖѿѧҀШФ ѧҀ ҤѤШ ғҖШҚШҀКШ ҇в Ӻ ҏњѶmL REL, hereafter referred as the Ѩғ҇ҤШҀҤѧЌҤШФ юΈ.ѩ ҈ғюΈ.҉. 
	Study PD031 was conducted with 15 imipenem-resistant Enterobacteriaceae (n=11) and P. aeruginosa strains (n=4). Bacteria were exposed to the pharmacokinetic profiles of IMI and REL that simulated the free drug exposures in humans at a dose of 500 mg IMI q6h in combination with either 125 mg or 250 mg REL q6h, with each dose given as a 30-minute IV infusion. SamplesforPDanalysiswerecollectedupto70 hourspost doseforcolonycounting. IMI alone (500 mg q6h) and no drug growth control arms were also conducted with
	5 
	6 
	pMICs of bacterial isolates are highlighted Table 73. 

	Table 73. PD Results from Hollow Fiber Model (Study PD031) 
	Table 73. PD Results from Hollow Fiber Model (Study PD031) 
	Table 73. PD Results from Hollow Fiber Model (Study PD031) 

	TR
	Hollow fiber results 

	Organism 
	Organism 
	Isolate Number 
	IMI MIC 
	pMIC 
	IMI + 125 mg REL 
	IMI + 250 mg REL 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	CLB 24227 
	16 
	2 
	>4 log kill with no regrowth up to 70 hr 
	>4 log kill with no regrowth up to 70 hr for all experiments 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	CLB 24228 
	32 
	8 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	CLB 24226 
	32 
	4 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	CL 6339 
	64 
	1 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	CLB 24354 
	64 
	16 
	Regrowth starting at 6 hr 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	CL 6569 
	256 
	4 
	ND 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	CLB 26410 
	>256 
	8 
	ND 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	CL 5763 
	32 
	0.5 
	ND 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	CL 6838 
	16 
	0.5 
	ND 

	Escherichia coli 
	Escherichia coli 
	IHMA 1224137 
	8 
	<0.5 
	ND 

	Escherichia coli 
	Escherichia coli 
	IHMA 1231530 
	4 
	<0.5 
	ND 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	IHMA 516426 
	16 
	0.5 
	ND 

	Serratia marcescens 
	Serratia marcescens 
	IHMA 1203541 
	8 
	1 
	ND 

	Klebsiella oxytoca 
	Klebsiella oxytoca 
	IHMA 1211369 
	32 
	0.25 
	ND 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	IHMA 520284 
	16 
	0.25 
	ND 


	ND = Not determined; REL = relebactam; IMI = imipenem 
	Both 125 mg and 250 mg doses of REL coadiminstered with IMI 500 mg showed rapid and sustained bactericidal activity against the P. aeruginosa strains CLB 24227, CLB 24228, and CLB 24226 (IMI юΈ. ӊЌѹҿШҚ ҇в ӷӼ Ҥ҇ ӹӸ ҏњѶѿш). In contrast, when the two IMI/REL combinations were tested against the P. aeruginosa strain CLB 24354 that had high resistance to imipenem 
	҈юΈ. ӼӺ ҏњѶѿш҉џҤѤШ ѹ҇ӋШҖФ҇ҚШ ҇в ѤEш ҈ӷӸӻѿњ҉ ӋЌҚ Ҁ҇Ҥ ШввѧКЌКѧ҇ҿҚџЌҀФѧҤ Ҥ҇҇ѶЌ ѹ҇ҀњШҖҤѧѿШ 
	(>50 hours) for REL 250 mg to reduce the CFU to below detectable limits . 
	(Figure 15)

	Figure 15; Hollow Fiber Efficacy Study of “125 mg” and “250 mg” Doses for Relebactam in Combination with Imipenem against P. aeruginosa CLB 24354 
	Figure
	There were three Enterobacteriaceae isolates that did not show a benefit to the addition of REL vs. IMI and . It should be noted that the expression of the beta-lactamases was not confirmed during these experiments. 
	alone (Figure 16, 
	Figure 17 
	Figure 18)


	Figure 16; Hollow Fiber Efficacy Study of “250 mg” Dose for Relebactam in Combination with Imipenem against E. coli IHMA 1231530 
	Figure 16; Hollow Fiber Efficacy Study of “250 mg” Dose for Relebactam in Combination with Imipenem against E. coli IHMA 1231530 
	Figure
	Figure 17; Hollow Fiber Efficacy Study of “250 mg” Dose for Relebactam in Combination with. Imipenem against K. pneumoniae IHMA 516426. 
	Figure
	Figure 18;Hollow Fiber Efficacy Study of “250 mg” Dose for Relebactam in Combination with. Imipenem against S. marcescens IHMA 1203541. 
	Figure
	Assessment of In Vivo Efficacy of REL in Combination with IMI in Murine Infection Models of Infection (Studies PD006 and PD040) 
	Assessment of In Vivo Efficacy of REL in Combination with IMI in Murine Infection Models of Infection (Studies PD006 and PD040) 

	Severalneutropenicmousemodelsof infectionwereused todeterminetheinvivoefficacyof REL co-administered with IMI/CIL. The PK data from the murine lung studies were used to build a mouse population PK model (Study PD006 and PD040). 
	In Study PD006, two imipenem-resistant clinical strains, P. aeruginosa strain CLB 24228 ҈ѧѿѧғШҀШѿ юΈ. ҇в ӹӸ ҏњѶѿш ӋѤѧКѤ ѧҚ ҖШФҿКШФ Ҥ҇ Ӿ ҏњѶѿш ѧҀ ҤѤШ ғҖШҚШҀКШ ҇в Ӻ ҏњѶѿш REL) and 
	K. pneumoniae strain CL Ӽӹӹӿ ҈ѧѿѧғШҀШѿ юΈ. ҇в ӼӺ ҏњѶѿшџ ӋѤѧКѤ ѧҚ ҖШФҿКШФ Ҥ҇ Ӻ ҏњѶѿш ѧҀ ҤѤШ ғҖШҚШҀКШ ҇в Ӹ ҏњѶѿш ҇в REL). Combination treatment was delivered by 1-hour IV infusion every 6 hours. A static response to therapy was used as the endpoint for clinical efficacy. Blood was sampled via the tail vein at 20, 40, 75, and 105 minutes after the start of the fourth infusion (designated 1/3T, 2/3T, T+15, T+45, respectively) to determine REL concentrations. 
	IMI/REL showed efficacy in murine models of infection, both disseminated infections such as septicemiaand organ-specificinfections. 
	Table 74. Efficacy of REL in a Disseminated Model of Infection with Imipenem-resistant P. aeruginosa (PATOA 01-08) 
	Table 74. Efficacy of REL in a Disseminated Model of Infection with Imipenem-resistant P. aeruginosa (PATOA 01-08) 
	Table 74. Efficacy of REL in a Disseminated Model of Infection with Imipenem-resistant P. aeruginosa (PATOA 01-08) 

	Dose (mg/kg IV as a 60 min infusion q6h for 24 hours) 
	Dose (mg/kg IV as a 60 min infusion q6h for 24 hours) 
	Total Log10 CFU 
	Change Log10 CFU Compared to Sham-treated 
	Relebactam Plasma Concentration 

	Imipenem 
	Imipenem 
	Relebactam 
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	Table
	TR
	Control 
	(µM at 2/3T) 

	N/A 
	N/A 
	N/A 
	6.78 
	N/A 
	N/A 

	5 
	5 
	N/A 
	6.33 
	-0.45 
	N/A 

	5 
	5 
	40 
	3.05 
	-3.73 
	202 

	5 
	5 
	20 
	3.65 
	-3.13 
	108 

	5 
	5 
	10 
	5.06 
	-1.72 
	58 


	2/3T =40 minutes afterthestartof infusion;N/A =notapplicable 
	Table 75. Efficacy of REL in a Pulmonary Model of Infection with Imipenem resistant P. aeruginosa (PATOLA 01-08) 
	Table 75. Efficacy of REL in a Pulmonary Model of Infection with Imipenem resistant P. aeruginosa (PATOLA 01-08) 
	Table 75. Efficacy of REL in a Pulmonary Model of Infection with Imipenem resistant P. aeruginosa (PATOLA 01-08) 

	Dose (mg/kg IV as a 60 min infusion q6h for 24 hours) 
	Dose (mg/kg IV as a 60 min infusion q6h for 24 hours) 
	Total Log10 CFU 
	Change Log10 CFU Compared to Sham-treated Control 
	Relebactam Plasma Concentration (µM at 2/3T) 

	Imipenem 
	Imipenem 
	Relebactam 

	N/A 
	N/A 
	N/A 
	6.59 
	N/A 
	N/A 

	5 
	5 
	N/A 
	6.70 
	+0.11 
	N/A 

	5 
	5 
	80 
	2.00 
	-4.59 
	175 

	5 
	5 
	40 
	3.00 
	-3.59 
	140 

	5 
	5 
	20 
	4.22 
	-2.37 
	42 


	2/3T =40minutes afterthestartof infusion;N/A =notapplicable 
	Table 76. Efficacy of REL in a Pulmonary Model of Infection with Imipenem resistant P. aeruginosa: Comparison of 24 Hour vs. 48 Hour Dosing (PATOLA 02-08; 24/48 hr dosing) 
	Dose (mg/kg IV as a 60 min infusion q6h for 24 hours) 
	Dose (mg/kg IV as a 60 min infusion q6h for 24 hours) 
	Dose (mg/kg IV as a 60 min infusion q6h for 24 hours) 
	Total Log10 CFU 
	Change Log10 CFU Compared to Imipenem/Cilastatin Group 

	Imipenem 
	Imipenem 
	Relebactam 

	TR
	24 hr 
	48 hr 
	24 hr 
	48 hr 

	N/A 
	N/A 
	N/A 
	6.22 
	1ND 
	N/A 
	N/A 

	5 
	5 
	N/A 
	6.10 
	7.57 
	N/A 
	N/A 

	5 
	5 
	40 
	2.91 
	3.00 
	-3.19 
	-4.57 

	5 
	5 
	20 
	4.08 
	4.59 
	-2.02 
	-2.98 


	1 Animalsdidnotsurviveto48 hr CFU = colony-formingunit(s);hr = hours;IV =intravenous;mg/kg =milligramper kilogram;N/A =notapplicable; ND =notdetermined;q6h= every6hours 
	Table 77. Efficacy of REL in a Disseminated Model of Infection with Imipenem-resistant K. pneumoniae (KLEBTOA 02-08) 
	Table 77. Efficacy of REL in a Disseminated Model of Infection with Imipenem-resistant K. pneumoniae (KLEBTOA 02-08) 
	Table 77. Efficacy of REL in a Disseminated Model of Infection with Imipenem-resistant K. pneumoniae (KLEBTOA 02-08) 

	Dose (mg/kg IV as a 60 min infusion q6h for 24 hours) 
	Dose (mg/kg IV as a 60 min infusion q6h for 24 hours) 
	Total Log10 CFU 
	Change Log10 CFU Compared to Sham-treated Control 
	Relebactam Plasma Concentration (uM at 2/3T) 

	Imipenem 
	Imipenem 
	Relebactam 

	N/A 
	N/A 
	N/A 
	6.15 
	N/A 
	N/A 
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	5 
	5 
	5 
	N/A 
	6.67 
	+0.52 
	N/A 

	5 
	5 
	80 
	3.46 
	-2.69 
	105 

	5 
	5 
	40 
	3.09 
	-3.06 
	87 

	5 
	5 
	20 
	3.86 
	-2.29 
	40 


	2/3T =40minutes afterthestartof infusion;CFU =colony-в҇ҖѿѧҀњ ҿҀѧҤ҈Қ҉Ѡ Έѽ ы ѧҀҤҖЌӊШҀ҇ҿҚѠ ҏю ы micromolar;mg/kg=milligramper kilogram;N/A =notapplicable;q6h = every 6 hours 
	Table 78. Efficacy and Plasma Exposure of REL in Combination with Imipenem/Cilastatin in a Delayed Therapy P. aeruginosa Lung Infection Model (PATOLA 04-08) 
	Table 78. Efficacy and Plasma Exposure of REL in Combination with Imipenem/Cilastatin in a Delayed Therapy P. aeruginosa Lung Infection Model (PATOLA 04-08) 
	Table 78. Efficacy and Plasma Exposure of REL in Combination with Imipenem/Cilastatin in a Delayed Therapy P. aeruginosa Lung Infection Model (PATOLA 04-08) 

	1Time Post-infection (hr) 
	1Time Post-infection (hr) 
	Dose (mg/kg IV as a 60 min infusion q6h for 24 hours) 
	Total Log10 CFU (SD) 
	Change Log10 CFU from 16.5 hr 
	Relebactam Plasma Concentration (uM at 2/3T) 

	Imipenem 
	Imipenem 
	Relebactam 

	16.5 
	16.5 
	N/A 
	N/A 
	5.04 (0.556) 
	N/A 
	N/A 

	24 
	24 
	N/A 
	N/A 
	5.99 (0.478) 
	+0.95 
	N/A 

	40 
	40 
	N/A 
	N/A 
	7.92 (0.472) 
	+2.88 
	N/A 

	40 
	40 
	5 
	N/A 
	7.14 (0.800) 
	+2.10 
	N/A 

	40 
	40 
	5 
	80 
	5.80 (0.775) 
	3+0.76 
	217.5 

	40 
	40 
	5 
	40 
	25.86 (0.186) 
	3+0.82 
	121.1 

	40 
	40 
	5 
	20 
	4.98 (0.802) 
	3-0.06 
	37.8 


	1 Fiveanimalsper group 2 Threeanimalsper group 3 Not significantlydifferentfromCFUburdenatstartof therapyat16.5hours 2/3T =40minutes afterthestartof infusion;CFU =colony-в҇ҖѿѧҀњ ҿҀѧҤ҈Қ҉Ѡ Έѽ ы ѧҀҤҖЌӊШҀ҇ҿҚѠ ҏю ы micromolar;mg/kg=milligramper kilogram;N/A =notapplicable;q6h = every 6 hours 
	Table 79. Efficacy and Plasma Exposure of REL in Combination with Imipenem/Cilastatin in a Delayed Therapy P. aeruginosa Lung Infection Model (PATOLA 05-08) 
	Table 79. Efficacy and Plasma Exposure of REL in Combination with Imipenem/Cilastatin in a Delayed Therapy P. aeruginosa Lung Infection Model (PATOLA 05-08) 
	Table 79. Efficacy and Plasma Exposure of REL in Combination with Imipenem/Cilastatin in a Delayed Therapy P. aeruginosa Lung Infection Model (PATOLA 05-08) 

	1Time Post-infection (hr) 
	1Time Post-infection (hr) 
	Dose (mg/kg IV as a 60 min infusion q6h for 24 hours) 
	Total Log10 CFU (SD) 
	Change Log10 CFU from 16.5 hr 
	Relebactam Plasma Concentration (uM at 2/3T) 

	Imipenem 
	Imipenem 
	Relebactam 

	16.5 
	16.5 
	N/A 
	N/A 
	4.91 (0.736) 
	N/A 
	N/A 

	24 
	24 
	N/A 
	N/A 
	5.84 (0.930) 
	+0.93 
	N/A 

	40 
	40 
	N/A 
	N/A 
	6.96 (0.358) 
	+2.05 
	N/A 

	40 
	40 
	5 
	N/A 
	7.11 (0.501) 
	+2.20 
	N/A 

	40 
	40 
	5 
	40 
	5.09 (0.355) 
	2+0.18 
	65.0 

	40 
	40 
	5 
	20 
	4.99 (0.596) 
	2+0.08 
	44.3 

	40 
	40 
	5 
	10 
	6.46 (0.772) 
	+1.55 
	23.3 


	1 Fiveanimalsper group 2 Not significantlydifferentfromCFUburdenatstartof therapyat16.5hours 
	1 Fiveanimalsper group 2 Not significantlydifferentfromCFUburdenatstartof therapyat16.5hours 
	2/3T =40minutes after thestartof infusion;CFU =colony-в҇ҖѿѧҀњ ҿҀѧҤ҈Қ҉Ѡ Έѽ ы ѧҀҤҖЌӊШҀ҇ҿҚѠ ҏю ы ѿѧКҖ҇ѿ҇ѹЌҖѠ mg/kg = milligramper kilogram;N/A =notapplicable;q6h =every6 hours 

	Table 80. Efficacy and Plasma Exposure of REL in Combination with Imipenem/Cilastatin in a Delayed Therapy P. aeruginosa Lung Infection Model (BLI-PA-14) 
	Table 80. Efficacy and Plasma Exposure of REL in Combination with Imipenem/Cilastatin in a Delayed Therapy P. aeruginosa Lung Infection Model (BLI-PA-14) 
	Table 80. Efficacy and Plasma Exposure of REL in Combination with Imipenem/Cilastatin in a Delayed Therapy P. aeruginosa Lung Infection Model (BLI-PA-14) 

	1Time post-infection (hr) 
	1Time post-infection (hr) 
	Dose (mg/kg IV as a 60 min infusion q6h for 24 hours) 
	Total Log10 CFU (SD) 
	Change Log10 CFU from 16.5 hr 
	Relebactam Plasma Concentration (uM at 2/3T) 

	TR
	Imipenem 
	Relebactam 

	16.5 
	16.5 
	N/A 
	N/A 
	4.71 
	N/A 
	N/A 

	24 
	24 
	N/A 
	N/A 
	7.92 
	+3.21 
	N/A 

	40 
	40 
	5 
	N/A 
	7.36 
	+2.65 
	N/A 

	40 
	40 
	5 
	20 
	5.20 
	2+0.49 
	32.77 


	1 Five animals per group. 2 Not significantly different from CFU burden at start of therapy at 16.5 hours.. 
	In Study PD040 REL was co-administered with a sub-inhibitory 5 mg/kg dose of IMI to. determine the effect ofREL onthe abilityofIMI toreduce lungbacterialburden.REL dosesof. 80, 40, 20, and 10 mg/kg were assessed in all but one study where doses of 40, 20, 10, and 5. mg/kg were tested. Nine P. aeruginosa and two K. pneumoniae isolates of varying susceptibility. to imipenem were tested. Treatment was initiated at 17 hours after infectious challenge with P.. aeruginosa or 3hoursafterinfectiouschallengewith K. 
	Table 81. 
	Table 82. .

	Table 81. Outcome of Delayed Treatment Pulmonary Infection Model Experiments with P. aeruginosa (Study PD040) 
	Table 81. Outcome of Delayed Treatment Pulmonary Infection Model Experiments with P. aeruginosa (Study PD040) 
	Table 81. Outcome of Delayed Treatment Pulmonary Infection Model Experiments with P. aeruginosa (Study PD040) 

	Organism 
	Organism 
	Imipenem MIC 
	IMI/REL MIC 
	Imipenem Dose (mg/kg) 
	REL dose (mg/kg) 
	Log CFU Reduction from untreated control 
	Plasma REL and 2/3Y (uM) 

	CL5701 
	CL5701 
	16 
	2 
	Pretreatment 
	Pretreatment 
	-2.51 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	0.29 
	N/A 

	0 mg/kg 
	0 mg/kg 
	80 mg/kg 
	0.54 
	177 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-1.97 
	150 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	-1.64 
	90.3 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	-1.88 
	33.9 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-1.87 
	21.0 

	CLB 24228 
	CLB 24228 
	32 
	8 
	Pretreatment 
	Pretreatment 
	-3.19 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	-0.19 
	N/A 

	0 mg/kg 
	0 mg/kg 
	40 mg/kg 
	0.11 
	80.7 
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	Table
	TR
	5 mg/kg 
	40 mg/kg 
	-2.81 
	83.3 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	-1.83 
	44.3 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-1.55 
	18.9 

	5 mg/kg 
	5 mg/kg 
	5 mg/kg 
	-1.73 
	13.3 

	CLB 24228 
	CLB 24228 
	32 
	8 
	Pretreatment 
	Pretreatment 
	-1.80 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	0.48 
	N/A 

	0 mg/kg 
	0 mg/kg 
	80 mg/kg 
	0.86 
	152 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-1.42 
	172 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	-0.52 
	113 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	-1.14 
	39.8 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-0.61 
	27 

	CLB 24228 
	CLB 24228 
	32 
	8 
	Pretreatment 
	Pretreatment 
	-2.26 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	0.23 
	N/A 

	0 mg/kg 
	0 mg/kg 
	80 mg/kg 
	0.44 
	147 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-1.50 
	185 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	-1.46 
	93.8 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	-1.63 
	33.6 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-1.19 
	18.2 

	CLB 24385B 
	CLB 24385B 
	64 
	16 
	Pretreatment 
	Pretreatment 
	-2.38 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	0.03 
	N/A 

	0 mg/kg 
	0 mg/kg 
	80 mg/kg 
	0.96 
	174 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-1.30 
	137 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	-1.38 
	102 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	-1.31 
	38.7 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-1.34 
	23.8 

	CLB 24385B 
	CLB 24385B 
	64 
	16 
	Pretreatment 
	Pretreatment 
	-2.29 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	-0.26 
	N/A 

	0 mg/kg 
	0 mg/kg 
	80 mg/kg 
	-0.02 
	128 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-2.35 
	97.4 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	-1.88 
	61.1 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	-2.17 
	24.1 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-1.36 
	18.7 

	CLB 24385B 
	CLB 24385B 
	64 
	16 
	Pretreatment 
	Pretreatment 
	-3.12 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	-0.97 
	N/A 

	0 mg/kg 
	0 mg/kg 
	80 mg/kg 
	-0.28 
	200 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-1.86 
	174 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	-2.45 
	103 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	-2.00 
	31.5 
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	TR
	5 mg/kg 
	10 mg/kg 
	-2.30 
	21.5 

	CLB 24427 
	CLB 24427 
	16 
	8 
	Pretreatment 
	Pretreatment 
	-1.96 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	0.42 
	N/A 

	0 mg/kg 
	0 mg/kg 
	80 mg/kg 
	-0.27 
	157 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-0.99 
	132 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	0.58 
	106 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	0.09 
	33.9 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-0.05 
	23.3 

	CLB 25005A 
	CLB 25005A 
	32 
	8 
	Pretreatment 
	Pretreatment 
	-3.34 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	-0.04 
	N/A 

	0 mg/kg 
	0 mg/kg 
	80 mg/kg 
	-0.81 
	136 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-2.46 
	116 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	-1.58 
	88.2 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	-2.10 
	31.0 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-2.08 
	19.5 

	CLB 25649 
	CLB 25649 
	64 
	16 
	Pretreatment 
	Pretreatment 
	-3.11 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	-1.29 
	N/A 

	0 mg/kg 
	0 mg/kg 
	80 mg/kg 
	-0.49 
	144 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-2.85 
	98.0 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	-2.84 
	93.6 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	-1.32 
	21.6 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-1.04 
	28.2 

	CLB 25677 
	CLB 25677 
	64 
	8 
	Pretreatment 
	Pretreatment 
	-2.94 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	-1.62 
	N/A 

	0 mg/kg 
	0 mg/kg 
	80 mg/kg 
	-0.39 
	137 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-2.18 
	150 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	-2.86 
	100 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	-1.80 
	29.8 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-0.79 
	23.1 

	CLB 25677 
	CLB 25677 
	64 
	8 
	Pretreatment 
	Pretreatment 
	-3.82 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	-0.69 
	N/A 

	0 mg/kg 
	0 mg/kg 
	80 mg/kg 
	-0.19 
	177 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-2.14 
	158 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	-2.04 
	101 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	N/A 
	N/A 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-2.36 
	19.7 

	CLB 25893 
	CLB 25893 
	64 
	16 
	Pretreatment 
	Pretreatment 
	-4.38 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	-0.83 
	N/A 
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	TR
	0 mg/kg 
	80 mg/kg 
	-0.09 
	169 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-3.11 
	133 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	-2.61 
	101 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	-2.12 
	33.4 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-2.61 
	26.4 

	CLB 25893 
	CLB 25893 
	64 
	16 
	Pretreatment 
	Pretreatment 
	-4.12 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	-0.21 
	N/A 

	0 mg/kg 
	0 mg/kg 
	80 mg/kg 
	0.21 
	108 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-2.54 
	118 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	-2.58 
	69.0 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	-2.79 
	26.4 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-2.68 
	17.2 

	CLB 26735 
	CLB 26735 
	64 
	16 
	Pretreatment 
	Pretreatment 
	-3.10 
	N/A 

	5 mg/kg 
	5 mg/kg 
	0 mg/kg 
	-1.16 
	N/A 

	0 mg/kg 
	0 mg/kg 
	80 mg/kg 
	-0.26 
	502 

	5 mg/kg 
	5 mg/kg 
	80 mg/kg 
	-2.54 
	166 

	5 mg/kg 
	5 mg/kg 
	40 mg/kg 
	-2.28 
	81.3 

	5 mg/kg 
	5 mg/kg 
	20 mg/kg 
	-0.77 
	34.3 

	5 mg/kg 
	5 mg/kg 
	10 mg/kg 
	-0.37 
	30.0 


	Table 82.Outcome of Delayed Treatment Pulmonary Infection Model Experiments with K. pneumoniae (Study PD040) 
	Organism 
	Organism 
	Organism 
	Imipenem MIC 
	IMI/REL MIC 
	Imipenem Dose (mg/kg) 
	REL dose (mg/kg) 
	Log CFU Reduction from untreated control 
	Plasma REL and 2/3Y (uM) 

	487710 
	487710 
	64 
	0.25 
	Pretreatment 
	Pretreatment 
	-3.15 
	N/A 

	TR
	5 mg/kg 
	0 mg/kg 
	-0.96 
	N/A 

	TR
	0 mg/kg 
	80 mg/kg 
	-1.38 
	122 

	TR
	5 mg/kg 
	80 mg/kg 
	-3.61 
	257 

	TR
	5 mg/kg 
	40 mg/kg 
	-3.44 
	102 

	TR
	5 mg/kg 
	20 mg/kg 
	-3.37 
	44.3 

	TR
	5 mg/kg 
	10 mg/kg 
	-3.06 
	26.4 

	487710 
	487710 
	64 
	0.25 
	Pretreatment 
	Pretreatment 
	-2.12 
	N/A 

	TR
	5 mg/kg 
	0 mg/kg 
	-0.58 
	N/A 

	TR
	0 mg/kg 
	80 mg/kg 
	-0.62 
	99.5 

	TR
	5 mg/kg 
	80 mg/kg 
	-3.64 
	155 

	TR
	5 mg/kg 
	40 mg/kg 
	-2.98 
	88.9 

	TR
	5 mg/kg 
	20 mg/kg 
	-2.19 
	30.0 

	TR
	5 mg/kg 
	10 mg/kg 
	-1.32 
	21.8 

	515744 
	515744 
	64 
	0.5 
	Pretreatment 
	Pretreatment 
	-2.68 
	N/A 

	TR
	5 mg/kg 
	0 mg/kg 
	-0.77 
	N/A 

	TR
	0 mg/kg 
	80 mg/kg 
	-0.75 
	91.3 

	TR
	5 mg/kg 
	80 mg/kg 
	-2.21 
	172 
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	TR
	5 mg/kg 
	40 mg/kg 
	-2.43 
	85.2 

	TR
	5 mg/kg 
	20 mg/kg 
	-1.08 
	27.7 

	TR
	5 mg/kg 
	10 mg/kg 
	-0.91 
	18.0 


	The average REL 24-hour plasma exposure (AUC0-24 hr) that achieved stasis across all P. aeruginosa and K. pneumoniae strains in this experiment was approximately 40.5 mg*hour/L. 
	15.4.3 In Vivo Studies 
	Single and Multiple Ascending Dose Study 
	Single and Multiple Ascending Dose Study 

	Study P001 was a 4-part, double-blind, randomized, placebo-controlled, sequential panel, rising single-dose study, and a sequential panel, multiple-rising-dose study to evaluate safety, tolerability and PK in healthy male subjects. All doses were administered to subjects in the fasted state. There was a minimum of a 7-day washout between periods. 
	•. 
	•. 
	•. 
	Part I (Panel A and B): Single dose REL ranging from 25 mg to 1150 mg. Each panel included 8 male subjects randomized to either active treatment (n=6) or placebo (n=2) per period, except for Period 4, where all subjects received a single IV dose of IMI (500 mg). 

	•. 
	•. 
	Part II and Part III (Panels C, D, E, F, G, H, and I): Multiple IV doses of 500 mg IMI IV plus REL (q6h) daily for 7 consecutive days (n=6) or 500 mg IMI IV plus placebo to REL (q6h) daily for 7 consecutive days (n=2). 

	•. 
	•. 
	Part IV (Panels J and K): Multiple IV doses of 500-mg REL and 500-mg IMI IV, q6h daily, for 14 consecutive days (n=24) or placebo for REL and 500-mg IMI IV, q6h daily for 14 consecutive days (n=8). 


	Resultsindicatea dose-proportionalincreasein REL AUC0-∞ and Cmax at the dose range of 25 to 1150 mg. REL is almost completely excreted through urine with fraction of dose excreted through urine (fe) ranging from ranging from 94.7% to 100% over a 24-hour period following single dose administration and 89.2% to 99.5% over a 6 hour period on Day 7 for multiple doses. The renal clearance (CLr) and fe are similar across the entire dose range (25 mg to 1150 mg). The REL CLr and fe are similar when REL is administ
	Because of averyshort half-life,whenRELisadministeredq6hformultipledays, AUC0-6hr reaches steady state within 1 day of dosing. 
	Table 83. 

	Table 83. REL PK following multiple IV doses of REL plus Imipenem IV 500 mg Every 6 Hours for 7 Days (Part II and III) – Geo Mean (90% Confidence interval); T1/2-Geo Mean (% Geo CV) 
	Table 83. REL PK following multiple IV doses of REL plus Imipenem IV 500 mg Every 6 Hours for 7 Days (Part II and III) – Geo Mean (90% Confidence interval); T1/2-Geo Mean (% Geo CV) 
	Table 83. REL PK following multiple IV doses of REL plus Imipenem IV 500 mg Every 6 Hours for 7 Days (Part II and III) – Geo Mean (90% Confidence interval); T1/2-Geo Mean (% Geo CV) 

	REL Dose plus 
	REL Dose plus 
	50 mg 
	50 mg 
	125 mg 
	125 mg 
	250 mg 
	250 mg 
	375 mg 
	375 mg 
	500 
	500 
	625 
	625 

	500 mg IMI 
	500 mg IMI 
	Day 1 
	Day 7 
	Day 1 
	Day 7 
	Day 1 
	Day 7 
	Day 1 
	Day 7 
	mg 
	mg 
	mg 
	mg 

	TR
	Day 1 
	Day 7 
	Day 1 
	Day 7 

	AUC0-6 (M*hr) 
	AUC0-6 (M*hr) 
	17.5 
	15.6 
	43.0 
	42.5 
	78.2 
	81.6 
	104 
	120 
	161 
	167 
	186 
	194 

	TR
	(15.7, 
	(13.9, 
	(39.9, 
	(39.4, 
	(70.1, 
	(73.2, 
	(93.5, 
	(107, 
	(144, 
	(149, 
	(167, 
	(174, 

	TR
	19.5) 
	17.4) 
	46.5) 
	45.9) 
	87.1) 
	91.0) 
	116) 
	134) 
	179) 
	186) 
	207) 
	216) 

	Cmax (M) 
	Cmax (M) 
	9.80 
	9.02 
	25.4 
	26.5 
	46.5 
	48.3 
	58.4 
	69.6 
	95.8 
	101 
	116 
	114 

	TR
	(8.43, 
	(7.69, 
	(22.9, 
	(23.8, 
	(40.1, 
	(41.5, 
	(50.2, 
	(59.9, 
	(82.5, 
	(86.8, 
	(100, 
	(98.3, 

	TR
	11.4) 
	10.6) 
	28.3) 
	29.4) 
	54.0) 
	56.0) 
	67.8) 
	80.8) 
	111) 
	117) 
	135) 
	133) 

	T1/2 (hr) 
	T1/2 (hr) 
	1.64 
	1.42 
	1.44 
	1.40 
	1.63 
	1.66 
	1.48 
	1.86 
	1.56 
	1.69 
	1.48 
	1.73 

	TR
	(5.2) 
	(8.6) 
	(13.9) 
	(12.9) 
	(8.2) 
	(14.2) 
	(9.5) 
	(13.3) 
	(16.0) 
	(11.9) 
	(12.5) 
	(10.7) 


	: In Study PN001, the interaction among REL, IMI and CIL were evaluated in healthy male volunteers. The results are summarized and are no clinically relevant drug interactions among REL, IMI and CIL. 
	Drug-drug Interaction Studies Interaction between all three components (Study PN001)
	in Table 84 
	Table 85, indicating that there 

	Table 84. PK parameters of REL following a single dose administration with and without 500 mg IMI/CIL IV. Results reported as GM (95% CI) 
	Table 84. PK parameters of REL following a single dose administration with and without 500 mg IMI/CIL IV. Results reported as GM (95% CI) 
	Table 84. PK parameters of REL following a single dose administration with and without 500 mg IMI/CIL IV. Results reported as GM (95% CI) 

	REL Dose 
	REL Dose 
	50 mg 
	500 mg 

	TR
	(-) IMI/CIL IV 
	(+) IMI/CIL IV 
	(-) IMI/CIL IV 
	(+) IMI/CIL IV 

	AUC0-∞ (M*hr) 
	AUC0-∞ (M*hr) 
	15.9 (14.3, 17.6) 
	16.8 (15.1, 18.7) 
	173 (155, 192) 
	176 (158, 195) 

	Cmax (M) 
	Cmax (M) 
	9.03 (7.86, 10.4) 
	9.08 (7.91, 10.4) 
	98.1 (85.4, 113) 
	91.2 (79.5, 105) 


	Table 85. PK parameters of IMI and CIL following administration of 500 mg IMI/CIL IV with and without 500 mg REL. Results reported as GM (95% CI) 
	Table 85. PK parameters of IMI and CIL following administration of 500 mg IMI/CIL IV with and without 500 mg REL. Results reported as GM (95% CI) 
	Table 85. PK parameters of IMI and CIL following administration of 500 mg IMI/CIL IV with and without 500 mg REL. Results reported as GM (95% CI) 

	TR
	Imipenem 
	Cilastatin 

	TR
	(-) REL 
	(+)REL 
	(-) REL 
	(+)REL 

	AUC0-∞ (M*hr) 
	AUC0-∞ (M*hr) 
	141 (126, 156) 
	145 (129, 162) 
	113 (102,126) 
	112 (101, 124) 

	Cmax (M) 
	Cmax (M) 
	104 (95.8, 113) 
	102 (92.7, 112) 
	100 (86.3, 116) 
	102 (87, 118) 


	Study PN019: Effect of Probenecid (Renal OAT1 and OAT3 Inhibitor) 
	Study PN019: Effect of Probenecid (Renal OAT1 and OAT3 Inhibitor) 

	Study PN019 was an open-label, randomized, 2-period, crossover study in 14 healthy adult male and female subjects. 
	•. 
	•. 
	•. 
	Treatment A: A single IV dose of IMI/ REL (500 mg IMI/500 mg CIL/250 mg REL) 

	•. 
	•. 
	Treatment B: A single 1-gram oral dose of probenecid administered 1 hour prior to a singleIVdoseofIMI/REL(500mg IMI/500 mg CIL/250mg REL) 


	There was a washout of 7 days between the start of each REL infusion. Subjects fasted overnight for at least 8 hours prior to each IMI/REL administration and continued to fast for at least 4hours followingthestart ofIMI/REL infusion. Thegeometricmeanratiosof REL and IMI PK parameters between the treatment groups There was no substantialdifferenceinterminalhalf-livesofREL andIMI inthe twotreatment groups. 
	are summarized in Table 86. 

	Table 86. GeometricMeanRatio ofRELandIMI PKParameters FollowingAdministrationofa Single IV Infusion of IMI/REL With and Without a Single Oral Dose of 1 g Probenecid in Healthy Adult Subjects 
	Table 86. GeometricMeanRatio ofRELandIMI PKParameters FollowingAdministrationofa Single IV Infusion of IMI/REL With and Without a Single Oral Dose of 1 g Probenecid in Healthy Adult Subjects 
	Table 86. GeometricMeanRatio ofRELandIMI PKParameters FollowingAdministrationofa Single IV Infusion of IMI/REL With and Without a Single Oral Dose of 1 g Probenecid in Healthy Adult Subjects 

	TR
	Geometric mean ratio (90% confidence interval) 

	REL 
	REL 
	IMI 

	AUC0- 
	AUC0- 
	1.24 (1.19, 1.28) 
	1.16 (1.13, 1.20) 

	Cmax 
	Cmax 
	1.06 (1.00, 1.12) 
	1.07 (1.01, 1.13) 

	CLr 
	CLr 
	0.81 (0.78, 0.84) 
	0.86 (0.83, 0.89) 


	CLr = renal clearance 
	Intrinsic Factors 
	Genderand Age 
	Genderand Age 

	StudyP002 wasarandomized,double-blind,placebo-controlledstudyinhealthyelderly (65to 75 yearsofage withnormalrenal functionfortheirage) malesubjects(PanelA; n=8),healthy elderly female subjects (Panel B; n=8), and healthy young female subjects (Panel C; n=8). In eachpanel,subjectsreceivedasingleIVdoseof125 mgREL(n=6)orplacebo(placebo)toREL coadministered with 500 mg IMI IV (n=2) as a 30-minute infusion. Data from this study were comparedwithhistoricalcontrol data from healthyyoungmalesubjects( Study PN001). 
	Table 87. Between-population Comparison of REL PK [Geometric Mean (CI)] 
	Table 87. Between-population Comparison of REL PK [Geometric Mean (CI)] 
	Table 87. Between-population Comparison of REL PK [Geometric Mean (CI)] 

	Elderly female vs elderly male 
	Elderly female vs elderly male 
	Young female vs young male 
	Elderly male vs. young male 
	Elderly female vs. young female 

	AUC0-24 (M*hr) 
	AUC0-24 (M*hr) 
	1.24 (1.03, 1.49) 
	1.16 (0.97, 1.40) 
	1.35 (1.12, 1.62) 
	1.43 (1.19, 1.73) 

	CL (mL/min) 
	CL (mL/min) 
	0.81 (0.67, 0.97) 
	0.86 (0.71, 1.03) 
	0.74 (0.62, 0.89) 
	0.70 (0.58, 0.84) 


	Cmax (M) 1.59 (1.25, 2.03) 1.35 (1.06, 1.73) 1.01 (0.79, 1.29) 1.19 (0.93, 1.52) 
	The mean REL plasma AUC0-∞ were slightly higher in both young and elderly female groups when compared to male subjects in the same age groups, increasing 16% and 24%, respectively. Elderly groups had higher mean exposures than young subjects of the same gender, increasing by 35% and 43%, respectively. However, these four patient populations were included in the !ғғѹѧКЌҀҤѥҚ ҚЌвШҤӑ ЌҀЌѹӑҚѧҚ and no notable differences in adverse events were observed. Thus, dosage adjustment of REL is not necessary for age or g
	Race 
	StudyMK7655-012 wasarandomized,double-blind,placebo-controlled,singleandmultipleIV dose trial to assess the safety, tolerability and PK of REL and IMI in healthy male Japanese subjects (N=19). In Periods 1-3, subjects received single IV doses of 125-, 250-and 500-mg REL co-infused with 500-mg IMI (n= 6) or placebo (n=2). In Periods 4 and 5, subjects received multiple doses of 250 and 500 mg of REL co-infused with 500-mg IMI (n= 6) or placebo (n=2) every 6 hours for 14 days in each period. There were 2 alter
	highlighted in Table 88. 

	Table 88. Relebactam and Imipenem PK Parameters Following Single IV Infusion of 250 mg Relebactam Coadministered with 500 mg IMI/CIL to Healthy Japanese Male Subjects 
	Table 88. Relebactam and Imipenem PK Parameters Following Single IV Infusion of 250 mg Relebactam Coadministered with 500 mg IMI/CIL to Healthy Japanese Male Subjects 
	Table 88. Relebactam and Imipenem PK Parameters Following Single IV Infusion of 250 mg Relebactam Coadministered with 500 mg IMI/CIL to Healthy Japanese Male Subjects 

	TR
	REL 250 mg 
	IMI 500 mg 

	AUC0-∞ ҈ҏѿ҇ѹ҅ѤҖѶш҉ 
	AUC0-∞ ҈ҏѿ҇ѹ҅ѤҖѶш҉ 
	85.0 (76.9, 94.1) 
	185 (172, 199) 

	Cmax ҈ҏѿ҇ѹѶш҉ 
	Cmax ҈ҏѿ҇ѹѶш҉ 
	43.1 (38.8, 47.9) 
	129 (116, 144) 

	t1/2 (hr) 
	t1/2 (hr) 
	1.70 (11.2) 
	1.11 (9.87) 


	An exploratory analysis of similarity of single and multiple dose PK parameters for REL between healthy Japanese (Study PN012) and non-Japanese (Study PN001) male subjects was performed. The distributions of exposure overlapped and the GMRs (Japanese/non -Japanese) and 90% CIs were 1.04 (0.96, 1.12) for AUC0-∞џ ӷѢӶӺ (0.95, 1.13) for AUC0-6hr, and 0.96 (0.87, 1.05) to 1.03 (0.93, 1.15) for Cmax, suggesting that the PK profile of REL was comparable between Japanese and non-Japanese. 
	Renal Impairment 
	P005 was a 2-part study. Part I was an open-label, single-dose study comparing the PK of a 125­mg dose of REL dosed in combination with 250-mg IMI IV in subjects with impaired renal function.IMI and REL wereadministeredasseparatevialsandinfusedconcurrently. Thisstudy consisted of 8 panels (Panels A to H) and included six (6) subjects in each of the following renal impairment groups: mild(eGFR>50 to<80 mL/min/1.73m),moderate(eGFR>30 to<50 mL/min/1.73m,severe(eGFR<30 mL/min/1.73m)andESRDrequiringdialysis. Sub
	2
	2)
	2

	eGFR was estimated based on the modification of diet in renal disease (MDRD) equation. Subjects with renal impairment were compared to age-, gender-, and BMI-matched subjects with normal renal function. 
	and summarize the pharmacokinetic parameters of REL and IMI, respectively, in subjects with varying degrees of renal impairment. 
	Table 89 
	Table 90 

	Table 89. Summary of REL PK Following Administration of a Single IV Dose of REL (125 mg) Coadministered with IMI IV (250 mg) in Subjects with Impaired Renal Function 
	Renal Impairment/Healthy 
	Renal Impairment/Healthy 
	Renal Impairment/Healthy 

	Renal Impairment Geo 
	Renal Impairment Geo 
	Healthy Controls 
	Control 

	Mean (95% CI) 
	Mean (95% CI) 
	Geo Mean (95% CI) 
	Geo Mean Ratio (90% CI) 


	Mild Renal Insufficiency 
	AUC0- (M*hr) 
	AUC0- (M*hr) 
	AUC0- (M*hr) 
	73.5 (50.0, 108) 
	45 (32.4, 62.6) 
	1.63 (1.12, 2.39) 

	Cmax ((M) 
	Cmax ((M) 
	22.4 (13.0, 38.7) 
	20.4 (12.8, 32.7) 
	1.10 (0.64, 1.88) 

	CLpred (mL/min) 
	CLpred (mL/min) 
	81.3 (55.3, 119) 
	113 (95.5, 185) 
	0.61 (0.42, 0.90) 

	T1/2 (hr) geo mean (%CV) 
	T1/2 (hr) geo mean (%CV) 
	2.63 (26.4) 
	1.75 (16.6) 

	Fe (%) 
	Fe (%) 
	79.4 (7.4) 
	83.3 (17.6) 

	CLr (mL/min) 
	CLr (mL/min) 
	69.8 (16.5) 
	118 (19.8) 

	TR
	Moderate Renal Insufficiency 

	AUC0- (M*hr) 
	AUC0- (M*hr) 
	115 (79.8, 165) 
	52.3 (27.7, 72.7) 
	2.19 (1.51, 3.18) 

	Cmax ((M) 
	Cmax ((M) 
	23.5 (14, 39.4) 
	22.5 (14.1, 35.9) 
	1.04 (0.62, 1.77) 

	CLpred (mL/min) 
	CLpred (mL/min) 
	52.1 (36.2, 74.9) 
	114 (82.3, 159) 
	0.46 (0.31, 0.66) 

	T1/2 (hr) geo mean (%CV) 
	T1/2 (hr) geo mean (%CV) 
	4.51 (25.7) 
	2.10 (31.0) 

	Fe (%) 
	Fe (%) 
	60.3 (28.9) 
	86.2 (15.3) 

	CLr (mL/min) 
	CLr (mL/min) 
	38.4 (28.8) 
	110 (36) 

	TR
	Severe Renal Insufficiency 

	AUC0- (M*hr) 
	AUC0- (M*hr) 
	236 (171, 325) 
	48.5 (35.2, 66.4) 
	4.87 (3.37, 7.04) 

	Cmax ((M) 
	Cmax ((M) 
	23.6 (15.0, 37.2) 
	18.1 (11.6, 28.4) 
	1.30 (0.77, 2.20) 

	CLpred (mL/min) 
	CLpred (mL/min) 
	25.3 (18.4, 34.9) 
	123 (90, 169) 
	0.21 (0.14, 0.30) 

	T1/2 (hr) geo mean (%CV) 
	T1/2 (hr) geo mean (%CV) 
	8.65 (31.0) 
	2.0 (10.4) 

	Fe (%) 
	Fe (%) 
	59.1 (20.7) 
	81.8 (10.1) 

	CLr (mL/min) 
	CLr (mL/min) 
	22.3 (47.2) 
	107 (20.9) 


	End Stage RenalDisease (post-dialysis) 
	AUC0- (M*hr) 
	AUC0- (M*hr) 
	AUC0- (M*hr) 
	414 (280, 612) 
	44.5 (29.1, 67.9) 
	9.32 (6.45, 13.46) 

	Cmax ((M) 
	Cmax ((M) 
	53.1 (30.7, 91.9) 
	22.7 (12.5, 41.0) 
	2.34 (1.39, 3.96) 

	CLpred (mL/min) 
	CLpred (mL/min) 
	14.4 (9.77, 21.3) 
	135 (88.1, 206) 
	0.11 (0.79, 1.16) 

	T1/2 (hr) geo mean (%CV) 
	T1/2 (hr) geo mean (%CV) 
	15.6 (103.1) 
	1.79 (13.9) 


	End Stage Renal Disease (pre-dialysis) 
	AUC0- (M*hr) 
	AUC0- (M*hr) 
	AUC0- (M*hr) 
	78.0 (50.3, 121) 
	44.5 (29.1, 67.9) 
	1.76 (1.20, 2.58) 

	Cmax ((M) 
	Cmax ((M) 
	19.3 (11.2, 33.4) 
	22.7 (12.5, 41.0) 
	0.85 (0.50, 1.44) 

	CLpred (mL/min) 
	CLpred (mL/min) 
	76.6 (49.4, 119) 
	135 (88.1, 206) 
	0.57 (0.39, 0.84) 


	1/2 (hr)geomean(%CV) 10.5(100.6) 13.9 
	T

	AUC = area under the curve; CI = confidence interval; IMI= imipenem; REL = relebactam; Geo = geometric; PK = pharmacokinetic; fe = fraction of dose excreted unchanged in urine; CLr = renal clearance. Patients with end stage renal disease did not have urine collection given the limitations of producing urine 
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	Table 90. Summary of IMI PK Following Administration of a Single IV Dose of REL (125 mg) Coadministered with Imipenem IV (250 mg) in Subjects with Impaired Renal Function 
	Table 90. Summary of IMI PK Following Administration of a Single IV Dose of REL (125 mg) Coadministered with Imipenem IV (250 mg) in Subjects with Impaired Renal Function 
	Table 90. Summary of IMI PK Following Administration of a Single IV Dose of REL (125 mg) Coadministered with Imipenem IV (250 mg) in Subjects with Impaired Renal Function 

	Renal Impairment/Healthy 
	Renal Impairment/Healthy 

	Renal Impairment Geo 
	Renal Impairment Geo 
	Healthy Controls 
	Control 

	Mean (95% CI) 
	Mean (95% CI) 
	Geo Mean (95% CI) 
	Geo Mean Ratio (90% CI) 

	Mild Renal Insufficiency 
	Mild Renal Insufficiency 

	AUC0- (M*hr) 
	AUC0- (M*hr) 
	77.3 (58.9, 101) 
	55.0 (43.5, 69.5) 
	1.41 (1.07, 1.84) 

	Cmax ((M) 
	Cmax ((M) 
	40.7 (22.7, 73.2) 
	35.3 (21.3, 58.5) 
	1.15 (0.65, 2.06) 

	CLpred (mL/min) 
	CLpred (mL/min) 
	180 (137, 236) 
	253 (200, 320) 
	0.71 (0.54, 0.93) 

	T1/2 (hr) geo mean (%CV) 
	T1/2 (hr) geo mean (%CV) 
	1.54 (15.2) 
	1.24 (10.8) 

	Fe (%) 
	Fe (%) 
	45.0 (12) 
	46.5 (25.3) 

	CLr (mL/min) 
	CLr (mL/min) 
	75.0 (14.6) 
	115 (18.4) 

	TR
	Moderate Renal Insufficiency 

	AUC0- (M*hr) 
	AUC0- (M*hr) 
	101 (77.9, 130) 
	66 (52.2, 83.3) 
	1.53 (1.17, 1.99) 

	Cmax ((M) 
	Cmax ((M) 
	45.6 (26.2, 79.5) 
	42.6 (25.8, 70.4) 
	1.07 (0.61, 1.89) 

	CLpred (mL/min) 
	CLpred (mL/min) 
	138 (107, 179) 
	211 (167, 266) 
	0.65 (0.50, 0.85) 

	T1/2 (hr) geo mean (%CV) 
	T1/2 (hr) geo mean (%CV) 
	2.18 (12.8) 
	1.40 (21.1) 

	Fe (%) 
	Fe (%) 
	28.9 (38.4) 
	51.0 (14.6) 

	CLr (mL/min) 
	CLr (mL/min) 
	41.1 (23.8) 
	109 (29.2) 


	Severe Renal Insufficiency 
	AUC0- (M*hr) 
	AUC0- (M*hr) 
	AUC0- (M*hr) 
	160 (127, 210) 
	63.8 (51.0, 79.9) 
	2.51 (1.93, 3.26) 

	Cmax ((M) 
	Cmax ((M) 
	46.9 (28.7, 76.5) 
	35.5 (21.9, 57.6) 
	1.32 (0.75, 2.32) 

	CLpred (mL/min) 
	CLpred (mL/min) 
	87.0 (69.4, 109) 
	218 (174, 273) 
	0.40 (0.31, 0.52) 

	T1/2 (hr) geo mean (%CV) 
	T1/2 (hr) geo mean (%CV) 
	2.78 (11.9) 
	1.32 (5.8) 

	Fe (%) 
	Fe (%) 
	20.2 (17.1) 
	48.9 (11.6) 

	CLr (mL/min) 
	CLr (mL/min) 
	17.4 (44.7) 
	104 (10.5) 

	TR
	End Stage Renal Disease (post-dialysis) 

	AUC0- (M*hr) 
	AUC0- (M*hr) 
	223 (169, 293) 
	71.8 (53.4, 96.5) 
	3.10 (2.39, 4.03) 

	Cmax ((M) 
	Cmax ((M) 
	103 (57.1, 186) 
	41.8 (22.1, 79.1) 
	2.46 (1.40, 4.33) 

	CLpred (mL/min) 
	CLpred (mL/min) 
	62.5 (47.5, 82.1) 
	194 (144, 261) 
	0.32 (0.25, 0.42) 

	T1/2 (hr) geo mean (%CV) 
	T1/2 (hr) geo mean (%CV) 
	3.24 (18.7) 
	1.21 (13.7) 

	TR
	End Stage Renal Disease (pre-dialysis) 

	AUC0- (M*hr) 
	AUC0- (M*hr) 
	71.2 (54.2, 93.6) 
	71.8 (53.4, 96.5) 
	0.99 (0.76, 1.29) 

	Cmax ((M) 
	Cmax ((M) 
	35.9 (19.9, 64.7) 
	41.8 (22.1, 79.1) 
	0.86 (0.49, 1.51) 

	CLpred (mL/min) 
	CLpred (mL/min) 
	195 (149, 257) 
	194 (244, 261) 
	1.01 (0.78, 1.31) 

	T1/2 (hr) geo mean (%CV) 
	T1/2 (hr) geo mean (%CV) 
	3.20 (47.8) 
	1.21 (13.7) 


	AUC = area under the curve; CI = confidence interval; IMI= imipenem; REL = relebactam; Geo = geometric; PK = pharmacokinetic; fe = fraction of dose excreted unchanged in urine; CLr = renal clearance. Patients with end stage renal disease did not have urine collection given the limitations of producing urine 
	Relative to matched healthy controls, the GMRs of AUC0-∞ forIMI vs. REL were similarin subjects with mild (1.41 vs. 1.63) and moderate (1.53 vs. 2.19) renal impairment. However, the GMRs of AUC0-∞ of imipenem and REL were substantially different in subjects with severe renal impairment (i.e., 4.87 for REL vs. 2.51 for IMI, indicating that a fixed dosage adjustment for IMI and REL for patients with severe renal impairment may not be able to provide those patients 
	with comparable exposures of both drugs. The fraction of dose excreted unchanged in urine (fe) decreased with degree of renal impairment for both IMI and REL. Both IMI and REL were effectively cleared from plasma by HD, with extraction coefficients of 66 % to 87 % for IMI, 46 % to 56 % for CIL and67 % to87 % for REL. 
	There were no serious adverse events (SAEs) and no deaths observed in this study. 
	15.4.4 Pharmacometrics Review 
	1. Pharmacometrics Review 
	1.1. Population PK analyses 
	1.1.1. Introduction The applicant developedapopulationpharmacokineticmodelusingpooleddatafrom seven phase 1 (PN001, PN002, P005, PN007, PN009, PN012 and PN019), two studies (PN003 and PN004), one each in cUTI and cIAI and one study (PN013) in imipenem-resistant organisms. The 
	҇ЙѳШКҤѧӊШҚ ҇в ҤѤШ ЌғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ѡΕ ЌҀЌѹӑҚШҚ ӋШҖШ Ҥ҇ѡ 
	i. 
	i. 
	i. 
	Estimate the population pharmacokinetic parameters of imipenem and relebactam 

	TR
	following intravenous infusion administration in an adult population, including 

	TR
	healthy adult volunteers and adult patients with complicated intra-abdominal 

	TR
	infection (cIAI), complicated urinary tract infection (cUTI) or hospital -acquired / 

	TR
	ventilator associated bacterial pneumonia (HABP/VABP). 

	ii. 
	ii. 
	Evaluate patient demographics and other covariates influencing the population 

	TR
	pharmacokinetics of imipenem and relebactam, with interest on the impact of CrCL, 

	TR
	body weight, age, gender and health. 

	iii. 
	iii. 
	Determine the probability of target attainment (PTA) using simulations to support 

	TR
	dose regimen selection in normal and renally impaired patients, using the developed 

	TR
	population-PK model. 

	iv. 
	iv. 
	Derive post hoc individual parameter estimates of patients in the study PN013 to 

	TR
	facilitate Exposure Response analysis. 


	This review will focus on the adequacy of the recommended imipenem and rele bactam dose 
	ЌҀФ ӋѤШҤѤШҖ ҤѤШ ѹЌЙШѹѹѧҀњ ѹЌҀњҿЌњШ ѧҚ Қҿғғ҇ҖҤШФ Йӑ ҤѤШ ЌғғѹѧКЌҀҤѥҚ вѧҀФѧҀњҚ ҇Ҁ ҤѤШ ѧҀвѹҿШҀКШ ҇в 
	intrinsicand extrinsiccovariates on the PK parameters. 
	1.1.2. Methods 
	Data 
	Data 

	was a single and multiple dose study in healthy young male volunteers. The study was conducted in four parts. Part I of the study had two panels and six periods: in period 1, 2, 3, and5, subjectsreceivedeitheraplaceboorone of the singleascendingdosesof relebactam (Panel A: 25, 50, 125, 250; panel B: 250, 500, 1000, 1150). In period 4, all subjects received imipenem 500 mg while in period 6 subjects received both relebactam and imipenem (Panel A: 50 mg/500 mg relebactam/imipenem; Panel B; 500 mg/500 mg releb
	Study PN001 

	Part II of the study consisted of four sequential, 7-days dosing panels for imipenem 500 mg/relebactam. Relebactam (n=6) or matched placebo (n=2) were given in the ascending order of 125 mg, 250 mg, 500 mg, and 1000 mg in panel C, D, E, and F respectively. A washout period of 7 days was allowed between the panels. Part III consisted of three sequential, 7-days dosing panels for imipenem 500 mg/relebactam. Relebactam was administered in ascending order of 375 mg, 500 mg, and 625 mg in panel G, H, and I respe
	Study PN002 
	Study P005 
	Study PN007 

	was a single dose, double blind, randomized, placebo and positive controlled study to assess QTc interval prolongation potential of relebactam. On 3 different occasions, each subject received 1150 mg of relebactam; 400 mg of moxifloxacin; or relebactam matching placebo. A washout period of 4 days was allowed between the occasions. Blood samples for quantificationofrelebactam plasmaconcentrationswerecollectedpre -doseand0.25,0.5, 1,2, 3, 4, 6, 9, 12, and 24 hours after dose. wasa randomized,placebocontrolled
	was a single dose, double blind, randomized, placebo and positive controlled study to assess QTc interval prolongation potential of relebactam. On 3 different occasions, each subject received 1150 mg of relebactam; 400 mg of moxifloxacin; or relebactam matching placebo. A washout period of 4 days was allowed between the occasions. Blood samples for quantificationofrelebactam plasmaconcentrationswerecollectedpre -doseand0.25,0.5, 1,2, 3, 4, 6, 9, 12, and 24 hours after dose. wasa randomized,placebocontrolled
	Study PN009 
	Study PN012 
	Study PN019 
	Study PN003 
	Study PN004 
	Study PN013 

	samples for quantification of relebactam and imipenem plasma levels were collected at screening and at 30 minutes and 4 hours post-dose on day 1 of treatment initiation. 

	Missing data 
	Missing data 

	Dosing times: Where dosing times were missing, samples were excluded from the analysis.. BQL samples: Data below limit of quantification were excluded from the analysis.. Observation times: records with missing sampling times were excluded from the analysis.. Covariate values: There were no missing categorical covariates. For creatinine clearance (CRCL). and body weight (WT), less than 15% of subjects had missing information and these were. imputed by median values.. 
	Outliers 
	Outliers 

	Exploratorypharmacokineticdata plotsdidnot identifysufficientlyanomalousconcentrations to justify exclusion as outliers. However, some subjects with data from PN003 and PN004 were identifiedwhoseendofinfusionconcentrationswerelowerthanthose observedat 4-hour post-dose.Thesesubjectswere excludedfrom the analysis. DuringpopulationPKmodeldevelopment,datapointswithabsoluteCWRES > 6wereremoved to test for sensitivity of PK parameters to those data points. These datapoints were subsequently excluded from furthera
	Population PK modeling 
	Population PK modeling 

	The applicant developedpopulationpharmacokineticmodelsforbothimipenem and relebactam usingNONMEMversion7.3.0 andPsNversion4.7.0.Post-processingof NONMEM results was done in R version 3.5.1. The models for imipenem and relebactam were developed separately through several similar steps. The first step involved development of structural and stochastic models using data from phase 1 studies. At the first stage the applicant found that a 2-compartment model was a best fit for observed imipenem and relebactam pha
	The finalmodelwasqualifiedthrough,diagnosticgoodnessof fit plots,bootstrapanalysisand visual predictive check. 
	1.1.3. Results Pharmacokineticdatawereavailablefrom atotalof855 subjects(815withimipenem levels and 649 with relebactam levels) providing 4454 and 4814 quantifiable plasma concentrations of 
	imipenem and relebactam respectively. 

	Categorical covariates 
	Categorical covariates 

	Link
	Figure

	shows the descriptive statistics of covariates which were investigated for influence on PK parameters. shows the final parameter estimates for relebactam and imipenem models. Error! Reference source not found. show the goodness-of-fit plots for and showthe dose-normalized visual predictive check of the final models. 
	Table 91 
	and Figure 21 
	imipenem andrelebactam finalmodelsrespectively. Figure 23
	Figure 22 

	Figure 19. Descriptive statistics of subjects-characteristics investigated for influence on PK parameters 
	Continuous covariates 
	239 
	Version date: October 12, 2018 
	Categorical covariates 
	Categorical covariates 
	Categorical covariates 

	Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧК ЌҀЌѹӑҚѧҚ ҖШғ҇ҖҤѠ ғЌњШ Ӻӿ ҇в ӹӸӶѢ 
	Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧК ЌҀЌѹӑҚѧҚ ҖШғ҇ҖҤѠ ғЌњШ Ӻӿ ҇в ӹӸӶѢ 


	240 
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	Table 91. Final Imipenem and Relebactam Model Parameter Estimates Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧК ЌҀЌѹӑҚѧҚ ҖШғ҇ҖҤѠ ғЌњШ ӼӶ ҇в ӹӸӶѢ 
	241 
	Version date: October 12, 2018 
	Reference ID: 4463074 
	Figure 20. Goodness of fit plots for imipenem's final population PK model 
	Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧК ЌҀЌѹӑҚѧҚ ҖШғ҇ҖҤѠ ғЌњШ ӼӺ ҇в ӹӸӶѢ 
	Figure 21; Goodness of fit plots for relebactam’ s final population PK model Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧК ЌҀЌѹӑҚѧҚ ҖШғ҇ҖҤѠ ғЌњШ Ӽӻ ҇в ӹӸӶѢ 
	Figure 22.Visual Predictive Check (Dose Normalized) Stratified by Health Status relebactam 
	Figure 22.Visual Predictive Check (Dose Normalized) Stratified by Health Status relebactam 
	Figure 22.Visual Predictive Check (Dose Normalized) Stratified by Health Status relebactam 

	Figure 23. Visual Predictive Check (Dose Normalized) Stratified by Health Status for imipenem 
	Figure 23. Visual Predictive Check (Dose Normalized) Stratified by Health Status for imipenem 

	Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧКҚ ҖШғ҇ҖҤѠ ѡЌњШ ӽӶ ЌҀФ ӽӷ ҇в ӹӸӶ 
	Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧКҚ ҖШғ҇ҖҤѠ ѡЌњШ ӽӶ ЌҀФ ӽӷ ҇в ӹӸӶ 


	Covariate effects on steady state exposure 
	Covariate effects on steady state exposure 

	The applicant performed a post-hoc analysis to determine if the identified covariates have clinically meaningful influence on the steady state exposure of imipenem and relebactam. In the post-hoc analysis, steady state AUC0-24h were simulated (using post-hoc parameter estimates) and compared between the reference population on one hand and speci fic populationson another hand. Specific populationsweredefinedbydifferent bodyweight categories, and renal impairment status. The characteristics of the reference 
	The applicant performed a post-hoc analysis to determine if the identified covariates have clinically meaningful influence on the steady state exposure of imipenem and relebactam. In the post-hoc analysis, steady state AUC0-24h were simulated (using post-hoc parameter estimates) and compared between the reference population on one hand and speci fic populationson another hand. Specific populationsweredefinedbydifferent bodyweight categories, and renal impairment status. The characteristics of the reference 
	healthy status (healthy volunteers). is a forest plot showing the fold difference in AUC0-24 betweendifferent specific populationscomparedtothereferencepopulation. Subjects with mild, moderate, and severe renal impairment had 1.37-, 1.57-, and 5.17-fold higherimipenem AUC0-24h compared tosubjectswithnormal renalfunction.Similarly,they had1.54-, 2.17-,and3.99-foldhigherrelebactam AUC0-24 comparedtosubjectswithnormal renal function. 
	Figure 24 


	Figure 24. Impactofintrinsicfactors onsteadystate dose-normalizedAUCofimipenemand relebactam. Vertical solid lines represent lower and upper clinical bounds. Lower bound is threshold AUC0-24 ratio at which 90% of patients would exceed 6.5% Ft>MIC for imipenem and 5.2 fAUC0-24/MIC for relebactam. Upper bound is the 90percentile of the simulated AUC0-24 for a dose of 1g Q6H for imipenem and 625 mg Q6H for relebactam. Error bars represent 90% confidence intervals of the mean fold change in AUC0-24h. 
	th 

	Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧК ҖШғ҇ҖҤѠ ғЌњШ ӼӾ ҇в ӹӸӶѢ 
	The applicant also performed assessment of covariate effects on steady state exposure using stochasticsimulationof pharmacokineticparameters.The referencepopulationwaspatients with 70-100 Kg body weight range and 90-150 mL/min CRCL range. Covariance between weight and CRCL was considered. 
	Results are as give in Figure 25. 

	Figure 25. Stochastic simulation of the Impact of Intrinsic Factors on Simulated Steady State AUC0-24hr of Imipenem and Relebactam 
	Figure 25. Stochastic simulation of the Impact of Intrinsic Factors on Simulated Steady State AUC0-24hr of Imipenem and Relebactam 
	Pharmacokinetic parameters from simulations 
	Pharmacokinetic parameters from simulations 


	Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧКҚ ҖШғ҇ҖҤѠ ѡЌњШ ӽӹ ҇в ӹӸӶ 
	The applicant usedindividualconcentration-timeprofilesfrom stochastic simulationsto summarize descriptive PK characteristics of imipenem and relebactam in patients with normal . From the simulations,themediansteady-stateaverageconcentrationof relebactam was determined to be 5.7 µg/mL or 4.4 µg/mL when corrected for protein binding (Unbound fraction for relebactam is 78%). Geometric mean total volume of distribution (V1 + V2) for imipenem and relebactam were 24.3 L and 19 L respectively. 
	renal function ( 
	Table 92)

	Relebactam at 500mg and 250mg, respectively q6h as 30 Minute IV Infusions) Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧКҚ ҖШғ҇ҖҤѠ ѡЌњШ Ӿӹ ҇в ӹӸӶ 
	Table 92. PopulationPharmacokineticPlasma DerivedGeometricMean(CV%)Parameters at Steady State in Simulated Patients with Normal Renal Function Dosed with Imipenem and 
	Table 92. PopulationPharmacokineticPlasma DerivedGeometricMean(CV%)Parameters at Steady State in Simulated Patients with Normal Renal Function Dosed with Imipenem and 


	Exposure versus safety evaluation for relebactam 
	Regarding safety, relebactam 625 mg every 6 hours for 7 days was safe and well tolerated in healthy subjects with normal renal function. The safety of the recommended relebactam doses 
	amongpatientswithrenal impairment wasevaluatedthroughsimulations.Thesafetycriteria were the 90percentile of AUC and Cmax for relebactam dose of 625 mg every 6 hours in subjects with normal renal function. showsthesimulationresults; greaterthan95% ofsubjectsremainbelowtheupper limit for safety at the recommended relebactam doses. 
	th 
	Table 93 

	and imipenem Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧКҚ ҖШғ҇ҖҤѠ ѡЌњШ ӽӿ ҇в ӹӸӶ 
	Table 93. Percentage of subjects remaining below the upper-limit of safety for relebactam 
	Table 93. Percentage of subjects remaining below the upper-limit of safety for relebactam 


	1.1.4. Reviewers comments 
	The applicant followedacceptablepharmaco-statisticalprinciples forpharmacokineticmodel development.However,duetocollinearitybetweenbody-weight andcreatinine clearance,the correct effect of renalfunctionondrug-clearancescould beobtainedbyfixingbody-weight eters respectively. Reviewer applied this alternative modeling strategy. A linear model of CRCL versus WT was fitted and used to obtain CRCL value for a typical 70kg person. Individual clearance values for a 70Kg person was calculated using below. Equation 
	coefficientsto0.75 and1forclearance(CLandQ)andvolume(V1andV2)param
	Equation 1 

	𝜃𝐶𝑅𝐶𝐿 0.75
	𝐶𝑅𝐶𝐿𝑊𝑇
	𝑖 
	𝑖

	𝐶𝐿= 𝑇𝑉× ( ) × ( )
	𝑖 
	𝐶𝐿(70𝐾𝑔) 

	106 70 
	The parameter estimates from the reviewer’s alternative model are given in the table below. 
	Imipenem 
	Imipenem 
	Imipenem 
	Relebactam 

	Parameters 
	Parameters 
	Estimates (RSE%) 
	95% Confidence interval 
	Estimates (RSE%) 
	95% Confidence interval 

	CL(L/hr/70Kg) 
	CL(L/hr/70Kg) 
	11.6 (2) 
	11.1 – 12.0 
	6.84 (2) 
	6.5 – 7.5 

	V1(L/70Kg) 
	V1(L/70Kg) 
	14.6 (3.4) 
	13.6 – 15.5 
	10.3 (2.9) 
	9.7 – 10.8 

	V2(L/70Kg) 
	V2(L/70Kg) 
	5.47 (3.6) 
	5.1 – 5.8 
	6.1 (3.4) 
	5.6 – 6.4 

	Q(L/70Kg) 
	Q(L/70Kg) 
	10.4 (6.2) 
	9.1 – 11.7 
	9.7 (6.7) 
	8.4 – 10.9 

	Covariates on CL 
	Covariates on CL 

	CRCL (Power) 
	CRCL (Power) 
	0.453 (8.4) 
	0.389 – 0.527 
	0.753 (8.6) 
	0.626 – 0.88 

	WT (Power) 
	WT (Power) 
	0.75 FIXED 
	-
	0.75 FIXED 
	-

	Covariates on V1 
	Covariates on V1 

	WT (Power) 
	WT (Power) 
	1 FIXED 
	-
	1 FIXED 
	-

	HLTH 
	HLTH 
	-0.292 (9.3) 
	-0.346 --0.238 
	-
	-

	Random effects 
	Random effects 

	TR
	CV% (Shrinkage) 
	RSE% 
	CV% (Shrinkage) 
	RSE% 

	BSV on CL 
	BSV on CL 
	52 (5) 
	9.3 
	45 (16.4) 
	11.7 

	BSV on V1 
	BSV on V1 
	75 (7.3) 
	11.7 
	60 (19.7) 
	11.6 

	BSV on V2 
	BSV on V2 
	33 (53.5) 
	45.2 
	35 (51.2) 
	39.4 

	Corr CL~V1 
	Corr CL~V1 
	0.562 
	12 
	0.362 
	12 

	Residual errors 
	Residual errors 

	Proportion error 
	Proportion error 
	0.16 (19) 
	6.7 
	15 (14) 
	5.7 


	The parameter estimates for a 70Kg person estimated from the reviewers’ alternative model are comparable to parameter estimates for a 76Kg person estimated from the applicant’s final model; However, reviewers’ model estimates lower correlation between clearance and volume compared to the correlations estimated by the applicant’s model; Due to comparable parameter estimates between the reviewer and the applicant’s models, the reviewer concludes that the applicant’s final population pharmacokinetic models for
	applicant’s label recommendation; 
	1.2. Population PKPD analyses 
	1.2.1. Introduction 
	The applicant performed several experiments to evaluate the utility of relebactam at restoring the anti-bacterial activity of imipenem against resistant strains of pseudomonas aeruginosa and carbapenemaseproducingEnterobacteriaceae.The experimentsincludedin-vitrocheckerboard and hollow-fiber(HF)susceptibilitystudiesandin-vivomurineinfection modelstudies.Thedata generated from each experiment were analyzed individually to generate insight on the restorative activity of relebactam. The parameters generated fr
	1.2.2. Methods and Results 
	1.2.2.1. Modellingin-vitrorelebactam concentration-vs-potentiatedimipenemMIC 
	Data 

	The applicant used checker-board assays to generate data on relebactam potentiation of imipenem in-vitro antibacterial activity against non-susceptible strains of P. Aeruginosa and Enterobacteriaceae. The non-susceptible strains of P. Aeruginosa included 107 clinical isolates К҇ҀҤЌѧҀШФ ѧҀ юШҖКѶѥҚ ѿҿѹҤѧ-drug resistant predictor panel which is an expanded panel of resistant strainscollectedfrom USA,southAmericaandEurope.The non-susceptiblestrainsof Enterobacteriaceae included clinical isolates of bacteria exp
	. Figure 26 

	Figure 26. Imipenem potentiated MIC versus relebactam concentrations for different P. aeruginosa strains assessed in the checker-board experiments 
	Figure
	Ѩ҇ҿҖКШѡ ҖШӊѧШӋШҖѥҚ ѧҀФШғШҀФШҀҤ ФЌҤЌ ШӐғѹ҇ҖЌҤѧ҇ҀѢ..
	Modeling 
	Modeling 

	The applicant developed a stochastic inhibitory Imax model to describe the relationship between relebactam concentration and potentiated MICs. The stochastic part of the model accounted for inter-strain differences in relebactam potentiation of imipenem (decrease MIC). shows the inhibitory Imax model used to fit the data. Equation 2. Inhibitory Imax model of relationship between relebactam concentration and potentiated imipenem MIC 
	Equation 2 

	𝐼𝑚𝑎𝑥 × 𝑅𝐸𝐿 
	𝐼𝑚𝑎𝑥 × 𝑅𝐸𝐿 

	𝑀𝐼𝐶= 𝑀𝐼𝐶× (1 , )
	𝑝 
	0 

	𝐼𝐶+ 𝑅𝐸𝐿
	50 

	Where: MIC0isimipenem MIC without relebactam; MICp isrelebactam potentiatedMIC; Imax is maximum fractionaldecreaseofMIC, IC50isrelebactam concentrationat whichhalfImax is achieved, REL is relebactam concentration; PROP is proportional residual error. 
	Results 
	Results 

	The parameter estimates of the model are given in . 
	Table 94 

	Table 94. Parameter estimates of the inhibitory Imax model of relebactam versus potentiated MIC 
	Parameters 
	Parameters 
	Parameters 
	Description 
	Estimates (RSE) 
	Variance (RSE) 
	Variability (CV%) 

	Imax 
	Imax 
	Maximum fractional decrease of MIC 
	0.944 (0.7%) 
	0.0013 (52%) 
	-

	IC50 
	IC50 
	Concentration at which half Imax is achieved 
	0.533 (10%) 
	0.738 (22.1%) 
	-

	PROP 
	PROP 
	Proportional residual error 
	0.0475 (10.2%) 
	-
	-


	Reviewer’s comments 
	This analysis was relevant as it enabled prediction of potentiated imipenem-MICs for different 
	P. aeruginosa strains in a translational PKPD model. The applicant’s model to describe 
	P. aeruginosa strains in a translational PKPD model. The applicant’s model to describe 
	potentiated MIC versus relebactam concentrations is acceptable. The reviewer was able to reproduce the model parameter estimates as reported by the applicant. 
	1.2.2.2. 
	1.2.2.2. 
	1.2.2.2. 
	Determination of relebactam PKPD indices and targets using murine-thigh 

	TR
	infection model 

	Data 
	Data 


	The applicant used murine thigh infection models to generate data on relebactam potentiation of imipenem bactericidalandbacteriostatic activitiesin-vivo.Fournon-susceptiblestrainsofP. aeruginosa(CLB24266, CLB24227, CLB24228, CLB24354) andtwonon-susceptiblestrainsofK. pneumoniae (6755, 6339) were used for the experiments. Female CD1 mice were rendered neutropenicby treatment withcyclophosphamidestarting from 4 days beforeinoculationwith 510colonformingunits(CFU)oftheresistant strains.Treatment wassubsequent
	The applicant used murine thigh infection models to generate data on relebactam potentiation of imipenem bactericidalandbacteriostatic activitiesin-vivo.Fournon-susceptiblestrainsofP. aeruginosa(CLB24266, CLB24227, CLB24228, CLB24354) andtwonon-susceptiblestrainsofK. pneumoniae (6755, 6339) were used for the experiments. Female CD1 mice were rendered neutropenicby treatment withcyclophosphamidestarting from 4 days beforeinoculationwith 510colonformingunits(CFU)oftheresistant strains.Treatment wassubsequent
	6 

	two hours after infections. One group of mice was treated with different doses of imipenem/cilastatin alone to establish dose-response relationship of imipenem. Another group was treated withimipenem/cilastatin/relebactam combinations.The imipenem/cilastatic/relebactam treatment group was further subdivided into different imipenem-dosesub-groupstoreceivedifferent dosesofimipenem.Foreach imipenem-dose sub-groupthemice werefurthersubdividedintosub-group toreceivedifferent dosesof relebactam; andhence allowfor

	Modeling 
	Modeling 

	The applicant appliedadeterministicHillmodelforeachstrainto describetheobserved relationships between different exposure metrics and the drug effect. Ordinary least square regression method was used to fit the models to the observed data. A model with best fit was determined through comparison of respective regression coefficients (R) 
	2

	Determination of PKPD index and target 
	Determination of PKPD index and target 

	The exposure-metricwhoseHillmodelhadthe largest Rwas chosenas the appropriatePKPD index. The applicant determined PKPD target for stasis, and this was the value of the PKPD index at which there was no observable bacteria growth or killing. 
	2

	shows the calculated relebactam PKPD targets for different strains of P. aureginosa and at different background doses of imipenem. For P. aeruginosa strain CLB 24226, the table indicates lower PKPD target for higher background dose of imipenem. Imipenem dose of 15.9 mg/Kg in mice was considered equivalent to human dose of 500 mg Q6H. Only one strain of P. aeruginosa (CLB 24228) was tested at the human equivalent dose; the PKPD target for this strainwastheAUC of27.2 mg.hr/L.Theapplicant calculatedAUC/MIC tar
	Results 
	Table 95 
	Table 96 
	Table 96 

	The applicant performed another analysis to evaluate AUC/MIC targets. In this analysis data were pooled from experiments where imipenem dose levels were 8 mg/Kg and 15.9 mg/Kg. Results from this analysis are given in 
	Table 97 

	background doses Source: !ғғѹѧКЌҀҤѥҚ ѮҖЌҀҚѹЌҤѧ҇ҀЌѹ ѡΕѡD !ҀЌѹӑҚѧҚ ҖШғ҇ҖҤѠ ғЌњШ ӹӷ ҇в ӷӻӿѢ 
	Table 95. Relebactam PKPD target in mouse thigh model of infection at differentimipenem 
	Table 95. Relebactam PKPD target in mouse thigh model of infection at differentimipenem 


	Table 96. Relebactam PKPD targets for thigh infection model for both P. aeruginosa and K.pneumoniae strains 
	Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ Ҁ҇Ҁ-clinical overview; page 28 of 53 
	Table 97. Relebactam PK target from in vivo neutropenic mouse thigh model 
	Table 97. Relebactam PK target from in vivo neutropenic mouse thigh model 


	Source: Efficacy information amendment – Response to FDA; page 2 of 5 

	Reviewer’s comments 
	Reviewer’s comments 
	In the initial submission, the applicant did not assess AUC/MIC as a potential PKPD index. Nevertheless, the applicant used AUC/MIC as the relebactam PKPD index for efficacy. The applicant determined AUC/MIC targets for stasis by dividing AUC0-24 targets for stasis with potentiated MICs for different strains. After the reviewers’ information request to the applicant, the applicant evaluated AUC/MIC targets for stasis and 1-log kill targets. However, it was not clear astowhichwasabetter PKPDindex betweenAUCa
	In the initial submission, the applicant did not assess AUC/MIC as a potential PKPD index. Nevertheless, the applicant used AUC/MIC as the relebactam PKPD index for efficacy. The applicant determined AUC/MIC targets for stasis by dividing AUC0-24 targets for stasis with potentiated MICs for different strains. After the reviewers’ information request to the applicant, the applicant evaluated AUC/MIC targets for stasis and 1-log kill targets. However, it was not clear astowhichwasabetter PKPDindex betweenAUCa
	section assesses inhibitory model-fits between AUC0-24 and dlog10CFU and between AUC0­24/MIC and dlog10CFU. 

	Comparison of model fit between AUC0-24 vs dlog10CFU and between AUC0-24/MIC vs dlog10CFU 
	Comparison of model fit between AUC0-24 vs dlog10CFU and between AUC0-24/MIC vs dlog10CFU 

	Three pseudomonas strains (PA24226, PA24227, PA24354) with different relebactam potentiated MIC were used for this assessment. The potentiated MICs for the three strains are 4, 2, and 16 𝜇g/mL for PA24226, PA24227 and PA24354 respectively. In the murine thigh infection model experiments, relebactam was administered at different total daily doses ranging from 0­384 mg/Kg. In the experiments considered for this assessment, imipenem was administered at a dose of 8 mg/Kg for all the 3 strains. Data from separa
	Figure 27 

	Figure 27. AUC0-24 and AUC0-24/MIC versus 24-hour from baseline in log10 CFU. AUC/MIC is a better PKPD index compared to AUC0-24 
	Figure

	AUC/MIC targets determined by individual Murine thigh model experiments. 
	AUC/MIC targets determined by individual Murine thigh model experiments. 
	For each reported murine thigh model experiment, AUC and AUC/MIC were calculated and used todetermine AUC/MICtarget forindividualstrainsat different imipenem doses.The sub ­sections below explore model-fit for the inhibitory sigmoid-model to datasets from Murine thigh model experiments for different P. aeruginosa strains at different imipenem doses. 
	AUC/MIC targets for PA24228 at imipenem dose of 15.9 mg/Kg 
	PA24228 has imipenem MIC of 32 mg/L and potentiated imipenem MIC of 8 shows stasis and 1-log kill targets of 4.3 and 5.9 respectively. These targets are higher than those observed at a lower imipenem dose of 8 mg/Kg when data from three strains (PA24226, PA24227, PA24354) are pooled (See section 2 above). 
	mg/L. Figure 28 

	Figure 28. AUC0-24/MIC versus 24-hour change from baseline in log10 CFU for PA24228 at imipenem TDD of 15.9 mg/Kg 
	Figure

	AUC/MIC targets for PA24226 at imipenem dose of 8 mg/Kg 
	AUC/MIC targets for PA24226 at imipenem dose of 8 mg/Kg 
	PA24226 has imipenem MIC of 8 mg/L and potentiated imipenem MIC of 4 mg/L. shows stasis and 1-log kill targets of 3.1 and 3.5 respectively. 
	Figure 29 

	Figure 29. AUC0-24/MIC versus 24-hour change from baseline in log10 CFU for PA24228 at imipenem TDD of 8 mg/Kg. 
	Figure

	AUC/MIC targets for PA24227 at imipenem dose of 8 mg/Kg 
	AUC/MIC targets for PA24227 at imipenem dose of 8 mg/Kg 
	PA24227 has imipenem MIC of 4 mg/L and potentiated imipenem MIC of 2 mg/L. shows stasis and 1-log kill targets of 3.6 and 4.2 respectively. 
	Figure 30 

	Figure 30. AUC0-24/MIC versus 24-hour change from baseline in log10 CFU for PA24227 at imipenem TDD of 8 mg/Kg 
	Figure

	AUC/MIC targets for PA24354 at imipenem dose of 8 mg/Kg 
	AUC/MIC targets for PA24354 at imipenem dose of 8 mg/Kg 
	PA24354 has imipenem MIC of 32 mg/L and potentiated imipenem MIC of 16 mg/L. shows stasis and 1-log kill targets of 2.6 and 3.3 respectively. 
	Figure 31 

	Figure 31. AUC0-24/MIC versus 24-hour change from baseline in log10 CFU for PA24354 at imipenem TDD of 8 mg/Kg 
	Figure

	AUC/MIC targets for PA24226 at imipenem dose of 4 mg/Kg 
	AUC/MIC targets for PA24226 at imipenem dose of 4 mg/Kg 
	PA24226 has imipenem MIC of 8 and potentiated MIC of 4. shows stasis targets of 15, but 1-log kill target is not achieved at the imipenem dose of 4 mg/Kg. 
	Figure 32 

	Figure 32. AUC/MIC vs 24-hour change from baseline of log10 (CFU) for PA24226 at imipenem TDD of 4 mg/Kg 
	Figure

	AUC/MIC targets for PA24226 at imipenem dose of 2 mg/Kg 
	AUC/MIC targets for PA24226 at imipenem dose of 2 mg/Kg 
	shows stasis and 1-log kill targets of 8.9 and 17 respectively. These results show that 1-log kill is achieved at imipenem dose of 2 mg/Kg. 
	Figure 33 

	Figure 33.AUC/MIC vs 24-hour change from baseline of log10 (CFU) for PA24226 at imipenem TDD of 2 mg/Kg 
	Figure

	AUC/MIC targets for PA24226 at imipenem dose of 1 mg/Kg 
	AUC/MIC targets for PA24226 at imipenem dose of 1 mg/Kg 
	shows stasis and 1-log kill targets of 11.3 and 14.7 respectively. These results show that 1-log kill is achieved at imipenem dose of 1 mg/Kg. 
	Figure 34 

	Figure 34. AUC/MIC vs 24-hour change from baseline of log10 (CFU) for PA24226 at imipenem TDD of 1 mg/Kg 
	Figure

	Analyzing data for pooled experiments for PA24226 regardless of imipenem dose 
	Analyzing data for pooled experiments for PA24226 regardless of imipenem dose 
	Data from experiments at imipenem doses of 1, 2, and 4 mg were pooled to determine relebactam PKPD targets at low imipenem exposures. The pooled analysis is justified by the fact that PKPDtargetsforimipenemdosesof 1and2 mg/Kgwere comparable.Furthermore, 
	Data from experiments at imipenem doses of 1, 2, and 4 mg were pooled to determine relebactam PKPD targets at low imipenem exposures. The pooled analysis is justified by the fact that PKPDtargetsforimipenemdosesof 1and2 mg/Kgwere comparable.Furthermore, 
	imipenem doses of 1 and 2 mg/Kg indicated even higher activity (See sections above) compared to imipenem dose of 4 mg/kg. The analysis of pooled data aimed provide a balanced information regarding imipenem/relebactam 1-log kill at low imipenem exposure and hence relebactam 1-log kill shows stasis and 1-log kill targets of 11.3 and 27 respectively at low imipenem exposures. 
	target at low imipenem exposures. Figure 35 


	Figure 35. AUC/MIC vs 24-hour change from baseline of log10 (CFU) for PA24226 at low imipenem exposure (pooled data for imipenem TDD of 1, 2, and 4 mg/Kg) 
	Figure

	Analyzing Pooled data for all strains regardless of imipenem doses 
	Analyzing Pooled data for all strains regardless of imipenem doses 
	Alternatively, data from all imipenem doses were pooled to determine relebactam PKPD targets at wide rangeofimipenem exposure(sub-therapeutictotherapeutic exposures).Aninhibitory Imaxmodel wasfitted tothedatato estimatemeanvaluesof themodelparameters(Intercept, Imax, Index50, and sigmoidity factor). Further-more, non-parametric bootstrap was used to estimate lower and upper bound of the 95% confidence intervals (2.5th and 97.5th percentiles) ofthemodelparameters.Thelower andupperboundsof the95% confidencein
	Figure 36 

	Figure 36. AUC/MIC vs 24-hour change from baseline of log10 (CFU) for all strains and at imipenem exposure ranging from 6.25% to 99% of human dose 
	Figure
	shows stasis and 1-log kill targets of 5.3 and 14.4 respectively based on the lower bound of the 95% confidence interval on the model parameters. 
	Figure 37 

	Figure 37. AUC/MIC vs 24-hour change from baseline of log10 (CFU) for all strains and at imipenem exposure ranging from 6.25% to 99% of human dose. Red line = median prediction; Blue and green lines are predictions from upper and lower bounds of 95% CI of model parameters respectively 
	Figure

	Summary of AUC/MIC targets from different experiments 
	Summary of AUC/MIC targets from different experiments 
	The below shows a summary of AUC/MIC targets from the analyses in the above sections. 
	Table 98 

	Table 98. AUC/MIC targets for different strains and at different Imipenem doses 
	Table 98. AUC/MIC targets for different strains and at different Imipenem doses 
	Table 98. AUC/MIC targets for different strains and at different Imipenem doses 

	P. Aeruginosa strains 
	P. Aeruginosa strains 
	Number of experiments 
	MIC (mg/L) 
	Potentiated MIC (mg/L) 
	Imipenem Dose (mg/Kg) 
	Stasis Target (95%CI) 
	1-Log Kill target (95%CI) 

	24226 
	24226 
	1 
	8 
	4 
	1 
	11.3 
	14.7 

	24226 
	24226 
	1 
	8 
	4 
	2 
	8.9 
	17 

	24226 
	24226 
	1 
	8 
	4 
	4 
	15 
	Inf 

	24226 
	24226 
	3 
	8 
	4 
	1,2,4 (pooled) 
	11.1 
	27 

	24228 
	24228 
	1 
	32 
	8 
	15.9 
	4.3 
	5.9 

	24227, 24226, 24354 
	24227, 24226, 24354 
	3 
	4,8,32 
	2,4,16 
	8 
	3.2 
	3.6 

	24227 
	24227 
	1 
	4 
	2 
	8 
	3.6 
	4.2 

	24226 
	24226 
	1 
	8 
	4 
	8 
	3.1 
	3.5 

	24354 
	24354 
	1 
	32 
	16 
	8 
	2.6 
	3.3 

	24226, 24227, 24228, 
	24226, 24227, 24228, 
	7 
	2, 4,8,32 
	2,4,8,16 
	1,2,4,8,16 (pooled) 
	4.8 (4.5 ­5.2) 
	7.5 (5.3 ­14.4) 
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	P. Aeruginosa strains 
	P. Aeruginosa strains 
	P. Aeruginosa strains 
	Number of experiments 
	MIC (mg/L) 
	Potentiated MIC (mg/L) 
	Imipenem Dose (mg/Kg) 
	Stasis Target (95%CI) 
	1-Log Kill target (95%CI) 

	24354 
	24354 


	Relebactam PKPD index and target for KlebsiellaPneumoniae 
	Relebactam PKPD index for Klebsiella Pneumoniae was investigated using two strains of k. pneumoniae exposed to imipenem doses that were half (8 mg/Kg) of the human equivalent dose (16 mg/Kg).These data were chosentoenableassessment of AUC/pMIC asa PKPDindex. shows the model fit for different relebactam PKPD indices for k. pneumoniae. The figure shows that AUC is a better PKPD index. 
	Figure 38 

	Figure 38. ModelfitfordifferentPKPDindices versus 24-hour frombaselineinlog10 CFU. AUC0-24 is better PKPD index compared to AUC0-24/MIC 
	Figure
	Relebactam AUC0-24 targets for k. pneumoniae were investigated using data from an experiment that evaluated relebactam activity at imipenem exposure that were equivalent to human exposure. These data were chosen because experiments at lower imipenem exposures did not achieve 1-log kill at any of the tested relebactam doses. Only one k. pneumoniae strain (PK6755) was assessed at human equivalent exposure. 
	shows model fit and PKPD targets for the different PKPD indices. The AUC targets for stasis (Panel B) and 1-log kill for KP6755 strain are 22 and 40 respectively. The 95% confidence intervalfor1-logkill target wasdetermined throughnon-parametricbootstrapanalysisand ranged between 26 -70 mg h/L 
	Figure 39 

	Figure 39. ModelfitfordifferentPKPDindices versus 24-hour frombaselineinlog10 CFU. AUC0-24 and AUC0-24/MICs are better PKPD index compared to AUC0-24 
	Figure 39. ModelfitfordifferentPKPDindices versus 24-hour frombaselineinlog10 CFU. AUC0-24 and AUC0-24/MICs are better PKPD index compared to AUC0-24 
	1.2.2.3. Modelinghollow-fiberrelebactamexposure -vs-imipenembactericidalactivity 
	Data 


	Figure
	The applicant also used in-vitro hollow-fiber (HF) experiments to evaluate relebactam potentiationofimipenem bacteriostaticandbactericidal activities.Thehollowfibersystem was designedsuch that it wouldemulatehuman two-compartment dispositionkineticsofimipenem and relebactam with an elimination half-life (t1/2) of 1.5 hours for both drugs. The HF system simulatedthefreedrug exposureinhumans.The central compartment ofthe hollow-fiberwas inoculated with approximately 10CFU and incubated for 4 hours to allow th
	The applicant also used in-vitro hollow-fiber (HF) experiments to evaluate relebactam potentiationofimipenem bacteriostaticandbactericidal activities.Thehollowfibersystem was designedsuch that it wouldemulatehuman two-compartment dispositionkineticsofimipenem and relebactam with an elimination half-life (t1/2) of 1.5 hours for both drugs. The HF system simulatedthefreedrug exposureinhumans.The central compartment ofthe hollow-fiberwas inoculated with approximately 10CFU and incubated for 4 hours to allow th
	5 
	6 
	given in Table 99. 

	systems were treated with imipenem only or imipenem/relebactam combinations for up to 3 days. The treatment designs for the different HF experiments are given in In some experiments, samples for quantification of viable bacteria counts were collected at 0, 3, 6, 12, 18, 24, 36, 42, 48, 54, 60, 66, and 70 hours for initiation of treatment. In other experiments, additional samples were collected at 72, 96, 120, 140, 144, 168, and 196 hours after initiation of treatment. The HF exposure metrics for both imipen
	Table 100. 


	Modeling 
	Modeling 

	The applicant appliedadeterministicinhibitoryImaxmodeltothe pooleddata from all experiments/strains to describe the observed relationships between different exposure metrics and the drug effect. Drug effect was defined as change in log10(CFU) between 0 and 24 hours after drug treatment.The exposure-metricwhosemodelfit hadthelargest Rwaschosenas the appropriate PKPD index and its stasis target was the value at which there was no observable growth or killing. 
	2 

	Table 99. Imipenem-Resistant Strains Evaluated in the Hollow Fiber Infection model and included in the translational PKPD model development. 
	Table 99. Imipenem-Resistant Strains Evaluated in the Hollow Fiber Infection model and included in the translational PKPD model development. 
	Table 99. Imipenem-Resistant Strains Evaluated in the Hollow Fiber Infection model and included in the translational PKPD model development. 

	Organism 
	Organism 
	Isolate 
	Imipenem MIC (mg/L) 
	Imipenem/REL MIC (mg/L) † 

	P. aeruginosa 
	P. aeruginosa 
	CLB 24226 
	32 
	4 

	P. aeruginosa 
	P. aeruginosa 
	CLB 24227 
	8-16 
	2 

	P. aeruginosa 
	P. aeruginosa 
	CLB 24228 
	32 
	8 

	P. aeruginosa 
	P. aeruginosa 
	CLB 24354 
	64 
	16 

	P. aeruginosa 
	P. aeruginosa 
	CL 5701 
	16 
	2 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	CL 6339 
	64 
	1 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	CL 6569 
	256 
	4 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	CLB 26410 
	> 256 
	8 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	CL 5763 
	32 
	0.5 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	CL 6838 
	16 
	0.5 

	Escherichia coli 
	Escherichia coli 
	IHMA 1224137 
	8 
	ё ӶѢӻ 

	Escherichia coli 
	Escherichia coli 
	IHMA 1231530 
	4 
	0.5 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	IHMA 516426 
	16 
	0.5 

	Serratia marcescens 
	Serratia marcescens 
	IHMA 1203541 
	8 
	1 

	Klebsiella oxytoca 
	Klebsiella oxytoca 
	IHMA 1211369 
	32 
	0.25 

	Klebsiella pneumoniae 
	Klebsiella pneumoniae 
	IHMA 520284 
	16 
	0.25 


	Table 100. Design Summary of HF Studies 
	Experiment 
	Experiment 
	Experiment 
	P.Aeruginosa 
	Imipenem 
	Freq 
	REL 
	Freq 

	HF2012-007 
	HF2012-007 
	CL5701 
	0 
	q6h 
	0 
	q6h 

	HF2011-005 
	HF2011-005 
	CL5701 
	0 
	q6h 
	0 
	q6h 

	HF2012-007 
	HF2012-007 
	CL5701 
	200 
	q6h 
	13 
	q6h 
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	Experiment 
	Experiment 
	Experiment 
	P.Aeruginosa 
	Imipenem 
	Freq 
	REL 
	Freq 

	HF2012-007 
	HF2012-007 
	CL5701 
	200 
	q6h 
	50 
	q6h 

	HF2012-007 
	HF2012-007 
	CL5701 
	200 
	q6h 
	200 
	q6h 

	HF2012-007 
	HF2012-007 
	CL5701 
	500 
	q6h 
	250 
	q6h 

	HF2012-001 
	HF2012-001 
	CLB24226 
	0 
	q6h 
	0 
	q6h 

	HF2012-002 
	HF2012-002 
	CLB24226 
	0 
	q6h 
	0 
	q6h 

	HF2012-003 
	HF2012-003 
	CLB24226 
	0 
	q6h 
	0 
	q6h 

	HF2012-004 
	HF2012-004 
	CLB24226 
	0 
	q6h 
	0 
	q6h 

	HF2011-008 
	HF2011-008 
	CLB24226 
	0 
	q6h 
	0 
	q6h 

	HF2012-001 
	HF2012-001 
	CLB24226 
	500 
	q6h 
	0 
	q6h 

	HF2012-004 
	HF2012-004 
	CLB24226 
	200 
	q6h 
	62.5 
	q3h 

	HF2012-003 
	HF2012-003 
	CLB24226 
	60 
	q3h 
	125 
	q3h 

	HF2012-002 
	HF2012-002 
	CLB24226 
	200 
	q6h 
	125 
	q6h 

	HF2012-003 
	HF2012-003 
	CLB24226 
	200 
	q6h 
	125 
	q6h 

	HF2012-001 
	HF2012-001 
	CLB24226 
	500 
	q6h 
	125 
	q6h 

	HF2012-002 
	HF2012-002 
	CLB24226 
	200 
	q6h 
	250 
	q6h 

	HF2012-004 
	HF2012-004 
	CLB24226 
	200 
	q6h 
	250 
	q12h 

	HF2012-001 
	HF2012-001 
	CLB24226 
	500 
	q6h 
	250 
	q6h 

	HF2012-002 
	HF2012-002 
	CLB24226 
	500 
	q6h 
	250 
	q6h 

	HF2012-003 
	HF2012-003 
	CLB24226 
	500 
	q6h 
	250 
	q6h 

	HF2012-004 
	HF2012-004 
	CLB24226 
	500 
	q6h 
	250 
	q6h 

	HF2012-004 
	HF2012-004 
	CLB24226 
	200 
	q6h 
	500 
	q24h 

	HF2012-005 
	HF2012-005 
	CLB24227 
	0 
	q6h 
	0 
	q6h 

	HF2012-006 
	HF2012-006 
	CLB24227 
	0 
	q6h 
	0 
	q6h 

	HF2011-001 
	HF2011-001 
	CLB24227 
	0 
	q6h 
	0 
	q6h 

	HF2011-004 
	HF2011-004 
	CLB24227 
	0 
	q6h 
	0 
	q6h 

	HF2011-007 
	HF2011-007 
	CLB24227 
	0 
	q6h 
	0 
	q6h 

	HF2011-004 
	HF2011-004 
	CLB24227 
	500 
	q6h 
	0 
	q6h 

	HF2011-007 
	HF2011-007 
	CLB24227 
	500 
	q6h 
	0 
	q6h 

	HF2012-005 
	HF2012-005 
	CLB24227 
	200 
	q6h 
	13 
	q6h 

	HF2012-006 
	HF2012-006 
	CLB24227 
	200 
	q6h 
	13 
	q6h 

	HF2012-005 
	HF2012-005 
	CLB24227 
	200 
	q6h 
	27 
	q6h 

	HF2012-006 
	HF2012-006 
	CLB24227 
	200 
	q6h 
	27 
	q6h 

	HF2012-005 
	HF2012-005 
	CLB24227 
	200 
	q6h 
	50 
	q6h 

	HF2012-006 
	HF2012-006 
	CLB24227 
	200 
	q6h 
	50 
	q6h 

	HF2012-006 
	HF2012-006 
	CLB24227 
	200 
	q6h 
	100 
	q6h 

	HF2011-004 
	HF2011-004 
	CLB24227 
	500 
	q6h 
	125 
	q6h 

	HF2011-007 
	HF2011-007 
	CLB24227 
	500 
	q6h 
	125 
	q6h 

	HF2012-006 
	HF2012-006 
	CLB24227 
	200 
	q6h 
	200 
	q6h 

	HF2012-005 
	HF2012-005 
	CLB24227 
	500 
	q6h 
	250 
	q6h 

	HF2012-006 
	HF2012-006 
	CLB24227 
	500 
	q6h 
	250 
	q6h 

	HF2011-004 
	HF2011-004 
	CLB24227 
	500 
	q6h 
	250 
	q6h 
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	Experiment 
	Experiment 
	Experiment 
	P.Aeruginosa 
	Imipenem 
	Freq 
	REL 
	Freq 

	HF2011-007 
	HF2011-007 
	CLB24227 
	500 
	q6h 
	250 
	q6h 

	HF2011-011 
	HF2011-011 
	CLB24228 
	0 
	q6h 
	0 
	q6h 

	HF2011-001 
	HF2011-001 
	CLB24228 
	0 
	q6h 
	0 
	q6h 

	HF2011-008 
	HF2011-008 
	CLB24228 
	0 
	q6h 
	0 
	q6h 

	HF2011-011 
	HF2011-011 
	CLB24228 
	500 
	q6h 
	0 
	q6h 

	HF2011-011 
	HF2011-011 
	CLB24228 
	500 
	q6h 
	125 
	q6h 

	HF2011-011 
	HF2011-011 
	CLB24228 
	500 
	q6h 
	250 
	q6h 

	HF2011-001 
	HF2011-001 
	CLB24354 
	0 
	q6h 
	0 
	q6h 

	HF2011-004 
	HF2011-004 
	CLB24354 
	0 
	q6h 
	0 
	q6h 

	HF2011-004 
	HF2011-004 
	CLB24354 
	500 
	q6h 
	0 
	q6h 

	HF2011-004 
	HF2011-004 
	CLB24354 
	500 
	q6h 
	125 
	q6h 

	HF2011-004 
	HF2011-004 
	CLB24354 
	500 
	q6h 
	250 
	q6h 


	Results 
	Results 

	shows the exploratory relationship between relebactam exposure metrics and 24 hours change in log10 (CFU) from baseline. The data show an Imax relationship between relebactam concentration and change in log10(CFU). Exposure metrics with the best fit are fAUC0-24 (r= 0.71) and fAUC0-24/pMIC (r= 0.71). The figure shows that without imipenem treatment, bacteria grows to greater than 3 log10CFU higher compared to baseline. However, the figure also shows that with imipenem only treatment there is significant bac
	Figure 40 
	2 
	2 
	targets can be derived from Figure 40. For 

	Figure 40. Scatter plots of relebactam exposure metrics versus 24-hour change in log10(CFU) from baselineinHollow -fiberexperiments 
	Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ѮҖЌҀҚѹЌҤѧ҇ҀЌѹ ѡΕѡD !ҀЌѹӑҚѧҚ ҖШғ҇ҖҤѠ ғЌњШ ӸӾ ҇в ӷӻӿѢ 

	Reviewer’s comments 
	Reviewer’s comments 
	The applicant’s HF experiments shows substantial killing of the resistant P; aeruginosa strains 
	even when exposed to imipenem alone. The resistant P. aeruginosa strains that show substantial killing by imipenem alone had imipenem MIC that ranges between 8 – 64 mg/L (See and . It is not expected for imipenem alone to have such high bactericidal activity for these resistant strains; This is the major caveat of the applicant’s HF experiments and makes the HF data uninterpretable. 
	Table 99 
	Table 100)

	The applicant’s other analyses utilizing HF data were also unacceptable. The analyzes that were based on hollow-fiber data included: 1) assessment of imipenem exposure versus imipenem bactericidalactivityinpresenceofrelebactam; 2) development of atranslationalPKPD (TPKPD) modelwhichwassubsequentlyusedto: determine relebactam Hollow-fiber PKPDdriver and 
	The applicant’s other analyses utilizing HF data were also unacceptable. The analyzes that were based on hollow-fiber data included: 1) assessment of imipenem exposure versus imipenem bactericidalactivityinpresenceofrelebactam; 2) development of atranslationalPKPD (TPKPD) modelwhichwassubsequentlyusedto: determine relebactam Hollow-fiber PKPDdriver and 
	index; simulationexposure-vs-bacterialkilling profilesinhumans; andpredictionsofadequate relebactam dose in humans. The applicant’s strategies for development of the TPKPD model were acceptable. The model could have provided a greater understanding of durability of imipenem’s antibacterial activity in presence of relebactam while also accounting for development of resistance. However, as stated 

	above the applicant’s HF experiments shows substantial killing of the resistant P; aeruginosa strains even when exposed to imipenem alone. This is the major caveat of the applicant’s HF experiments and makes the HF data uninterpretable. 
	1.2.2.4. Simulation of probability of target attainment after Q6H treatment for 1 day 
	1.2.2.4. Simulation of probability of target attainment after Q6H treatment for 1 day 
	The applicant performedaprobabilityoftarget attainment (PTA)simulationusingrelebactam and imipenem PKPD targets determined by experiments described in section 1.2.2.2., and section 1.2.2.4. respectively. In these PTA simulations, imipenem and relebactam concentrations were simulated using parameter estimates of the population PK models renal function status as given The simulated concentrations were used to determine %fT>MIC for imipenem and fAUC0-24/MIC for relebactam. The %fT>MIC was defined as percent of
	described in section 1.1.3. The simulation doses for imipenem and relebactam were based on 
	in Table 101. 

	Table 101. Doses of Imipenem and Relebactam Chosen for PTA Simulations 
	Ѩ҇ҿҖКШѡ !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ѡѤЌҖѿЌК҇ѶѧҀШҤѧК ҖШғ҇ҖҤѠ ғЌњШ ӹӹ ҇в ӹӸӶ 
	P. Aeruginosa breakpoint of 4 µg/mL, the population probability of target attainments was greater than 90% regardless of renal functional status. Similarly, for Enterobacteriaceae breakpoints of 2 µg/mL, the population probability of target attainments was greater than 90% regardless of renal functional status. 
	The results from the PTA analyses are given in Figure 41. The results show that for 

	Figure 41. Percentage of patients achieving imipenem and relebactam targets with P. aeruginosa and Enterobacteriaceae MIC distributions amongst isolates relevant to the 
	proposed indication from phase 2/3 and surveillance data. Source: !ғғѹѧКЌҀҤѥҚ ғ҇ғҿѹЌҤѧ҇Ҁ ғѤЌҖѿЌК҇ѶѧҀШҤѧКҚ ҖШғ҇ҖҤѠ ѡЌњШ ӽӾ ҇в ӹӸӶ 


	Reviewer’s comments 
	Reviewer’s comments 
	The relebactam PKPD target used by the applicant for PTA analysis was acceptable. However,. theimipenem PKPDtarget wasnot acceptableasit wasbasedonuninterpretableHF data.. Because imipenem’s efficacy for susceptible bacteria strains has already been established, it is..not necessary to re-evaluate imipenem target-attainment in-vivo.. The reviewer performed an independent PT! analysis to determine relebactam’ s probability of. target attainment.Thetarget forrelebactam wasitsAUC/pMICtarget multiplied byaselec
	Imipenem’s breakpoints for P; !eruginosa and Enterobacteriaceae have already been 
	established. For P. Aeruginosa the breakpoints of 2-, 4-, and 8-mg/L are used in clinics to identify susceptible, intermediately-resistant and resistant strains. For Enterobacteriaceae, the correspondingbreakpointsforsusceptible, intermediate andresistant strainsare1-, 2-,and2­mg/L respectively. Therefore, for resistant bacterial strains, choosing imipenem/relebactam breakpoint of2 mg/LforbothP.AeruginosaandEnterobacteriaceae, therelebactam AUC/MIC target is multiplied by 2 mg/L to obtain the AUC target. 
	The reviewer investigated relebactam’ s probability of attainment of target !UCs at the following !UC/MIC targets: The applicant’s determined 1-log kill AUC/MIC target (4.3 mg/L); The reviewer’s median (7;5 mg/L) and 97;5percentile (14.4 mg/L) 1-log kill targets determined from pooled murine-thigh models where imipenem dose levels ranged between 6.25% -99% of human doses. These AUC/MIC targets were multiplied by the breakpoints of 2 to obtain the corresponding AUC targets. 
	th 

	Relebactam's AUCs were simulated using the relebactam population PK model andthe applicant's recommended doses in The probability oftarget attainmentsatdifferent AUC/M/Ctargets andbreakpoints of2 and4 are given in 
	Table 101. 

	Table 102. 
	Table 102. 

	Table 102. Percent of patients achieving relebactam AUC targets at AUC/MIC targets of 4.3, 7.5, and 14.4 at breakpoints of 2 and 4 mg/L Breakpoints 2 
	4 L 
	4.3 7.5 14.4 4.3 7.5 14.4 
	< 15 m min 100 100 100 100 100 100 15 -30 ml/min 100 100 100 100 100 99 30 -60 ml/min 100 100 100 100 100 99 60 -90 ml/min 100 100 100 100 100 99 
	90 -150 ml/min 100 100 100 100 100 97 150 -180 ml/min 100 100 100 100 100 87 180 -210 mL/min 100 100 100 100 100 79 210 -250 ml/min 100 100 100 100 100 69 
	Figure
	The results in Table 100 applies to Enterobacteriaceae ifthe same relebactam PKPD driver and target are assumed. The applicant's analysis assumed Enterobacteriaceae to have the same relebactam PKPDdriver and target as Pseudomonasaeruginosa. However, as the reviewer's 
	analysis indicate, relebactam AUC was a better PKPD driver for Klebsiella pneumoniae, andthe target was determined for one resistant strain (KP6755) andfound to be 40 mg x h/L (upper boundofthe 95% confidence interval was 70 mg x h/L). The probabilities oftarget attainment in patients with different renalfunctionsfor this Klebsiel/a pneumoniaestrain are given in 
	below. 
	Table 103 

	Table 103. Percent of patients achieving relebactam AUC targets for Klebsiella Pneumoniae (kp6755) 
	AUC target 40 mgxh/L 70 mgxh/L 
	< lSm min 100 100 15 -30 ml/min 100 93 30-60m min 100 93 60 -90 ml/min 100 
	94 
	90 -150 mL/min 100 
	90 150 -180 ml/min 99 73 180-210 m min 97 61 210 -250 ml/min 93 
	50 
	Figure
	1.3. References 
	1.3. References 
	1. Mavridou E, Melchers RJB, van Mil ACHAM, Mangin E, Motyl MR, Mouton JW. ѡѤЌҖѿЌК҇ФӑҀЌѿѧКҚ ҇в ΈѿѧғШҀШѿ ѧҀ .҇ѿЙѧҀЌҤѧ҇Ҁ ӋѧҤѤ Ѿ-Lactamase Inhibitor MK7655 in a Murine Thigh Model. Antimicrob Agents Chemother. 2015 Feb;59(2):790Ѿ5. 
	15.5 Additional Clinical Outcome Assessment Analyses 
	There were no additional clinical outcome assessment analyses conducted. 
	15.6 Clinical Microbiology Review 
	15.6.1 Activity in Vitro 
	Relebactam (REL) ѧҚ ЌҀ ѧҀѤѧЙѧҤ҇Җ ҇в ѿЌҀӑ !ѿЙѹШҖ КѹЌҚҚ ! ЌҀФ . Ѿ-lactamases, but not those of class B (metallo-Ѿ-lactamases) and D (OXA). As there are different classifications systems for beta-lactamasesbasedonstructural and functionalcharacteristics,thisclassificationsystem will not be described as such in the imipenem-relebactam labeling. REL can act synergistically with imipenem and reduces the MIC of imipenem for some isolates that are not susceptible (intermediate or resistant) to imipenem . REL does n
	Antibacterial activity The tables below summarize the in vitro activity against a subset of gram-negative organisms associated with the cUTI and cIAI indications. This analysis included the MIC90 and whether the organisms were also present in the first list of pathogens and the indications and usage section of the imipenem-cilastatin labeling, as REL is being proposed in combination with imipenem (IMI) for this NDA Application. The number of organisms, the in vitro antibacterial activity of isolates taken f
	Table 104: In Vitro Activity of lmipenem-relebactam Against Pathogens Proposed for the Applicant's First List for cUTI 
	Figure
	Klebsiel/a y 222 1 0.5 ~0.03-~32 aerogenes 
	y
	Enterobaeter 522 1 0.25 0.06-1 cloacae 
	Escherichia coli y 2573 ~0.5 0.25 ~0.03-1 
	Klebsiel/a y 1398 ~0.5 0.5 ~0.03-4 pneumoniae 
	y
	Pseudomonas 1729 16 2 0.06-~32 aeruginosa 
	*Yes/No ifin the FDA approved labelingforimipenem-cilastatin injection products Source: Reviewer's table adapted from sources 
	Table 105: In Vitro Activity of lmipenem-relebactam Against Aerobic Pathogens Proposed for the Applicant's First List for clAI 
	Figure
	y
	Citrobacterfreundii 183 1 0.25 0.06-1 
	Klebsiel/a aerogenes y 222 1 0.5 $0.03-~32 
	y
	Enterobacter cloacae .522 1 0.25 0.06-1 
	Escherichia coli 
	Escherichia coli 
	Escherichia coli 
	y 
	2573 
	$0.5 
	0.25 
	$0.03-1 

	Klebsiel/a oxytoca 
	Klebsiel/a oxytoca 
	y 
	337 
	$0.5 
	0.25 
	0.06-1 

	Klebsiel/a pneumoniae 
	Klebsiel/a pneumoniae 
	y 
	1398 
	$0.5 
	0.5 
	$0.03-4 

	Pseudomonas aeruginosa 
	Pseudomonas aeruginosa 
	y 
	1729 
	16 
	2 
	0.06-~32 


	*Yes/No if in the FDA approved labelingforimipenem-cilastatin injection products. SSSI is Skin and Skin Structure Infections Source: Reviewer's table adapted from sources 
	Table 106: In Vitro Activity of lmipenem-relebactam Against Anaerobic Pathogens Proposed for the Applicant's First List for clAI 
	Figure
	y .Baeteroides spp. .
	Bacteroides fragilis .y 220 0.5 0.5 $0.06-16 Baeteroides spp. 
	Baeteroides ovatus .y 43 1 0.5 0.12-4 Baeteroides spp. 
	Bacteroides stercoris .----------
	Baeteroides caccae .10 0.5 0.5 $0.03->32 
	y .Baeteroides spp. .
	Baeteroides thetaiotaomicron 
	Bacteroides uniformis 
	Baeteroides vulgatus 
	Fusobacterium nuc/eatum 
	Parabacteroides distasonis 
	y 
	24 
	Baeteroides spp. 
	y Baeteroides spp. 
	y Baeteroides spp. 
	y Baeteroides spp. 
	10 

	y Baeteroides spp. 
	y Baeteroides spp. 
	12 


	y 
	y 
	y 
	10 

	y 
	y 
	24 

	Baeteroides spp. 
	Baeteroides spp. 


	2 
	0.25 
	1 
	0.06 
	1 
	1 
	0.25 
	1 
	0.06 
	1 
	0.125-4 
	0.125-.5 
	0.06-1 
	:::;0.03-0.06 
	:::;0.03-0.06 

	0.12-4 
	(b)(4l 
	*Yes/No ifin the FDA approved labeling for imipenem-cilastatin injection products Source: Reviewer's table adapted from sources 
	Reviewer's Comment 
	(b) (41 
	CbHYC. freundii will be recommended only for the clAI indication as the approved labeling for 
	4

	(b) (41 
	imipenem-cilastatin only has C. freundii in the indications for clAI 
	CbH41 The 
	--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--
	-

	MIC 90 for this organism was :=::32 mcg/ml for both imipenem and imipenem-cilastatin inthe SMART Surveillance Study 2015-2016. 
	Table 107 shows the MIC90 data and number of bacteria tested for the proposed second list. The information for gram-positive organisms was taken from study report PD056 MK7655. The other organisms listed were from the study reports as described above 
	276 
	Version date: October 12, 2018 
	Table 107: In Vitro Activity of Imipenem-relebactam Against Indicated Pathogens in the 
	!pplicant’s Proposed Second List 
	Pathogen* N MIC90 (mcg/mL) Imipenem MIC90 (mcg/mL) IMI/REL MIC Range IMI/REL (mcg/mL) Staphylococcus aureus (MSSA) 21 0.015-0.03 0.03 ёӶѢӶӶӷ-0.03 Streptococcus anginosus 30 0.008-0.15 0.03 ёӶѢӶӶӷ-0.03 Streptococcus constellatus 22 0.008-0.03 0.03 ёӶѢӶӶӷ-0.03 Achromobacter xylosoxidans 52 ёӹӸ 8 0.5-шӹӸ Citrobacter koseri 104 ёӶѢӻ 0.25 0.06-0.5 Enterobacter asburiae 87 1 0.5 0.06-1 
	11 
	0.5 
	0.5 
	ёӶѢӶӹ-0.5 
	Eggerthella lenta 
	Figure
	Parvimonas micra 10 0.06 0.06 ёӶѢӶӹ-0.06 Peptoniphilus harei 10 ёӶѢӶӹ ёӶѢӶӹ ёӶѢӶӹ Peptostreptococcus anaerobius 10 0.06 0.06 ёӶѢӶӹ-0.5 Fusobacterium necrophorum 10 2 0.5 ёӶѢӶӹ-0.5 Fusobacterium varium 10 4 4 2-4 Parabacteroides goldsteinii 10 2 2 0.25-4 Parabacteroides merdae 10 8 4 0.05-16 Prevotella bivia 11 0.125 0.125 ёӶѢӶӹ-0.125 
	Veillonella spp.** 
	Veillonella spp.** 
	Veillonella spp.** 
	10 
	1 
	0.5 
	0.06-.5 


	Ѩ҇ҿҖКШѡ ѤШӊѧШӋШҖѥҚ ҤЌЙѹШ ЌФЌғҤШФ вҖ҇ѿ Қ҇ҿҖКШҚ 
	*US isolates shown.. ** V. Parvula is proposed by the Applicant for the second list, but the MIC90 data was provided. by the Applicant for Veillonella spp.. 
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	Version date: October 12, 2018 
	Reference ID: 4463074 
	Reviewer’s Comment 
	ѮѤШ !ғғѹѧКЌҀҤѥҚ ѧҀ ӊѧҤҖ҇ ФЌҤЌ ҇Ҁ ҤѤШ ЌКҤѧӊѧҤӑ ҇в ѧѿѧғШҀШѿ-relebactam were evaluated for adequacy. The following organisms had sufficient numbers of organisms for inclusion in the second list of the labeling in subsection 12.4: C. koseri IMI/REL MIC 0.25mcg/mL (N=104), E. 
	asburiae MIC 0.5 mcg/mL (N=87), Of those listed, only C. koseri and 
	E. asburiae had MICs belowthebreakpoint proposedforimipenem-relebactam for Enterobacteriacae andsowere recommendedforthesecondlist ofthe labeling.Forthe remainder of the proposed second list organisms in the table above, the organisms were recommended for inclusion in the second list of IMI/REL labeling if the MICs were below the !њШҀКӑѥҚ ғҖ҇ғ҇ҚШФ ЙҖШЌѶғ҇ѧҀҤҚ ЌҀФ ҤѤШ ҇ҖњЌҀѧҚѿs were included in the approved labeling for 
	IMI. In doing this analysis, only 
	was additionally removed from the second 
	Figure

	list. A summary of the labeling recommendations may be found in the clinical microbiology recommendations of this review. 
	In global surveillance studies of 4597 Enterobacteriaceae, among class A beta-lactamases, CTX-M-1wasthemost frequentlyencountered(N=2231)followedbyCTX-Malleles2,8,27, VEB-1, SHV, TEM and KPC-2. GES was the least frequent with 3. Among class C beta-lactamases, AmpC­types were identified by Polymerase Chain Reaction (PCR). CMYII was the most frequently encountered (N=452). Other beta-lactamases encountered were ACT/MIR, DHA, and FOX. Among those Enterobacteriaceae producing class B enzymes, IMP and VIM were t
	Additionally, in vitro susceptibility from SMART Surveillance Studies (2015-2016) against 471 US Enterobacteriaceae isolates that expressed EBSL, KPC or AmpC Enzymes was examined. The MIC90 against EBSL-producing isolateswas reportedly ёӶѢӻѿКњѶѿш в҇Җ ѧѿѧғШҀШѿ ЌҀФ ӶѢӸӻ mcg/mL for imipenem-ҖШѹШЙЌКҤЌѿѢF҇ҖӻӹΕѡ. EҀҤШҖ҇ЙЌКҤШҖѧЌКШЌШҤѤШюΈ.ӿӶ ӋЌҚшӹӸ в҇Җ imipenem and1forimipenem-relebactam.For155AmpC Enterobacteriaceae,theMIC90 was4 forimipenem and0.25 forimipenem-relebactam.AmongthoseproducingclassDalleles,OXA­48 wa
	Reviewer’s Comment 
	The Applicant also included an analysis of imipenem-relebactam enzyme kinetic activity. The half-maximalinhibitoryconcentration(IC50)ofREL for beta-lactamaseswereasfollows: KPC-2 and KPC-3 IC50 was approximately 0.2 µM. IC50 values for TEM-1, SHV-1, and P99 were as 0.03 µM, 0.03 µM, and 0.13 µM, respectively. IC50 values for PDC-1 were 0.47 µM. Additional information on relebactam as an inhibitor is in the mechanism of action section below. 
	ѤШӊѧШӋШҖѥҚ .҇ѿѿШҀҤ 
	Care was taken to interpret the data and to describe the studies on molecular characterization of beta-lactamases in labeling. Factors that aid in evading antimicrobial action such as porin 
	Care was taken to interpret the data and to describe the studies on molecular characterization of beta-lactamases in labeling. Factors that aid in evading antimicrobial action such as porin 
	mutations ( OprD), efflux pumps (MexAB), regulatory genes (ampD), and multiple beta lactamases including AmpC were considered. In certain cases, REL was an inhibitor for some beta-lactamase alleles in an enzyme family, but not others. Additionally, some bacterial isolatesthat contained beta-lactamaseswere susceptibletoimipenem alone.Therefore, although REL has been shown to have inhibition for these beta-lactamases in vitro (TEM, SHV, CTX-M), the potentiation of REL for imipenem activity in the bacteria was

	Data wasprovidedbythe Applicant toshowthe invitroactivityof imipenem­relebactam against Pseudomonas-Derived Cepahalosporinase (PDC)-producing P. aeruginosa. PDC is described in the literature as an extended spectrum AmpC (ESAC). It is a mechanism of resistance to some beta-lactams including imipenem. This review focuses mainly on the genotypiccharacteristicsof the bacterial isolatestested.Language isprovidedinthe labeling that describeshowthere maybe varyinglevelsofexpression,aminoacidvariationsor other res
	Relebactam reducedthe MIC of imipenem invitro,but not to levelsofsusceptibilityin all cases. In imipenem-relebactam clinical trials P. aeruginosa and Enterobacteriaceae isolates were characterized molecularly, including isolates that were characterized genotypically for 
	PDC, beta lactamases, and OprD porin status. 
	Figure
	Time Kill Time kill analysis was conducted to monitor the in vitro bactericidal activity of imipenem in the presence and absence of relebactam. P. aeruginosa strains CL5701 and CLB24228, imipenem resistant strains were used. MICs for these isolates were 16 mcg/mL and 32 mcg/mL, respectively. The addition of relebactam restored activity of imipenem. 
	In vitro hollow fiber PK/PD studies were also used to evaluate the efficacy of the tw o doses used in PN003 and PN004 trials against imipenem-resistant P. aeruginosa and K. pneumoniae. A studybyHirschet al.;2012, described 4imipenem-nonsusceptibleisolates:KPC-2-producing K. pneumoniae isolates KP6339 and 3 P. aeruginosa isolates PA24226, PA24227, and PA24228, with OprD porin deletions and overexpression of AmpC. The combination of imipenem and relebactam reduced the bacterial burden at 24 hours and suppress
	In study PD031, 15 imipenem-resistant Enterobacteriaceae and P. aeruginosa were tested in the invitroPK/PDhollowfibercellculturesystem. Activitywastestedagainst the P. aeruginosa strains CLB 24227, CLB 24228, and CLB 24226, with imipenem MIC values of 16 to 32 mcg/mL, and Enterobacteriaceae strains, including the KPC-producing K. pneumoniae strain CL6339 (imipenem MIC 64 mcg/mL). An exception was the P. aeruginosa strain CLB 24354 with an imipenem MIC value of 64 mcg/mL (imipenem/REL MIC, 16 mcg/mL). For CL
	In study PD031, 15 imipenem-resistant Enterobacteriaceae and P. aeruginosa were tested in the invitroPK/PDhollowfibercellculturesystem. Activitywastestedagainst the P. aeruginosa strains CLB 24227, CLB 24228, and CLB 24226, with imipenem MIC values of 16 to 32 mcg/mL, and Enterobacteriaceae strains, including the KPC-producing K. pneumoniae strain CL6339 (imipenem MIC 64 mcg/mL). An exception was the P. aeruginosa strain CLB 24354 with an imipenem MIC value of 64 mcg/mL (imipenem/REL MIC, 16 mcg/mL). For CL
	period with a 4-log kill was maintained at the 250 mg REL q6h dose in combination with 500 mg imipenem q6h. The adequacy of the dose in these studies has been investigated by the FDA clinical pharmacology team. See the Clinical Pharmacology review of this document for additional information. 

	InstudyPD033, theantibacterialeffect ifimipenem-relebactam wasstudiedagainst Enterobacteriaceae and P. aeruginosa using the in vitro hollow fiber system for more than 168 hours. One wild-type E. coli strain(46961, Southmeadcollection),three K. pneumoniae strains, and four strains of P. aeruginosa were used. Imipenem MIC values were determined in the presence of 4 mcg/mL REL. Imipenem/REL produced a reduction in viable colony-forming units (CFU)/mL for Enterobacteriaceae of 4.23 ± 0.32 and 4.35 ± 0.21 log CF
	Against P. aeruginosa imipenem/RELproducedbacterial killing,eradicatinganisogenic mutant from the model and suppressing bacterial counts over 168 hours for the other strains. The P. aeruginosa strains all demonstrated a 3-to 4-log reduction in bacterial count by 6 hours; however, only one strain was eradicated from the model, P. aeruginosa 17286 (an isogenic mutant)whichwaseliminatedfrom themodelby96 hours.Forthewild-typestrain P. aeruginosa 38475 and the P. aeruginosa strains with porin loss (P. aeruginosa
	P. aeruginosa strain produced some changes in the population profile with changes in progeny MIC values. Not all of the isolates recovered at 14 days exhibited increased MIC values to imipenem/REL. Addition of a second agent (amikacin) in the 14-day model suppressed regrowth. 
	Additional isolates used the hollow fiber experiments and a summary of the results are shown in Table 108 below: 
	Table 108: Bacterial Isolates Used in Applicant's Hollow Fiber Experiments 
	Figure
	Source: This submission. 
	ѤШӊѧШӋШҖѥҚ .҇ѿѿШҀҤ 
	Some isolatesusedinthe hollowfiberexperiment didnot provideevidenceofthe contribution of relebactam to the combination product. E. coli strain IHMA 1231530 and S. marcescens strain IHMA 1203541 exhibited the same CFU reductions for REL 250 mg + IMI 500 mg as IMI 500 mg alone. K. pneumoniae strain IHMA 516426 exhibited the same CFU reductions for REL 250 mg + IMI500 mgasIMI500 mgalone.However,relebactam inhibitedbacterialregrowthafter24 hours. It islikelythat thesestrainscontained beta-lactamases that wereno
	Post-antibioticand Post-inhibitor Effect The post-antibioticeffect (PAE)isthe abilityofan antimicrobialagent tosuppressgrowthof target pathogens after a brief in vitro exposure period to supra-inhibitory concentrations of the agent followedbyitssubsequent removal.ThePost-inhibitoreffect (PIE)isthe combinedeffect of continued inhibition of the beta-lactamase after removal and sub-inhibitory concentrations of the beta-lactam antibiotic. In study PD016, the PAE and PIE of imipenem-relebactam were evaluated aga
	Following initial exposure at 1-fold, 2-fold, and 4-fold the MIC, imipenem alone resulted in PAE from 1 to 3 hours against the evaluated isolate. A similar PIE was also observed with initial exposure to imipenem at 0.25-fold the MIC (4 mcg/mL) when combined with 4, 8, or 16 mcg/mLREL.Incontrast, thePAEobservedfollowinginitialexposuretothesub-inhibitory concentration of 4 mcg/mL imipenem alone was similar to the unexposed growth control. When cells were maintainedin4mcg/mLimipenem andpre-exposedto4,8, or16mc
	In Study PD018, the PAE effect of REL in various combinations with imipenem was evaluated against P. aeruginosa CL 5701 with REL (at 2, 4, 8, and 16 mcg/mL) combined with 4 mcg/mL imipenem during the exposure period, followed by re -constitution in Cation-adjusted Mueller­Hintonbrothcontainingsub-inhibitory(4mcg/mL) imipenem.ThisdemonstratedalongerPAE 
	(4.7 to5.3 hours)thanre-constitutionwithout imipenem (0.6to2.6 hours)forallREL concentrations tested. The presence of REL during the exposure period had a greater effect than sub-inhibitory imipenem alone. 
	PAE was also studied in P. aeruginosa CLB 24228, an AmpC-inducible strain. CLB24228 had an imipenem MIC of 64 mcg/mL and an Imipenem-relebactam MIC of 16 mcg/mL in the presence of 4 mcg/mL REL. For CLB 24228 the differential between incubation with imipenem at 4 mcg/mL plus REL at 16, 8, or 4 mcg/mL vs. continuous incubation with imipenem at 4 mcg/mL yieldedPIEvaluesof 2.4hours,0.1hours,and 2.0 hours,respectively.ThePIEforCL 5701 was longer than that for CLB 24228. The length of the PAE and PIE may be affec
	15.6.2 Mechanism of Action 
	The mechanism of action of imipenem, a carbapenem antibacterial drug, has been described in FDA approved labeling for imipenem-cilastatin injection products. The mechanism involves the bindingand inhibitionofcertain penicillinbindingproteinsleadingtoinhibitionofbacterialcell 
	The mechanism of action of imipenem, a carbapenem antibacterial drug, has been described in FDA approved labeling for imipenem-cilastatin injection products. The mechanism involves the bindingand inhibitionofcertain penicillinbindingproteinsleadingtoinhibitionofbacterialcell 
	wall synthesis. Relebactam is being proposed by the Applicant for use in combination with -dissociatinginhibitorof pathogens tested in the NDA submission. The evidence provided by the Applicant suggests that relebactam enhances the activity of imipenem on some imipenem-susceptible bacteria by inhibiting certain beta-lactamases. See in vitro activity above for additional information on the types of beta-lactamases inhibited by relebactam. The inhibition profile of relebactam and comparators is shown in Table
	imipenem asa betalactamase inhibitor.It isdescribedasa slowly
	AmblerclassAand classBbetalactamases.It doesnot haveintrinsicactivityforthe bacterial 


	Table 109: Inhibition Profile of Marketed Beta-Lactamase Inhibitors Compared to REL (Half-Maximal Concentrations) 
	Figure
	Reportedly, the reaction mechanism of relebactam includes an acylation in the order of minutesanda slow deacylationof the enzyme/inhibitorcomplex.Thetarget engagement time isdescribedinthe orderof greaterthan1 hour forKPC andgreaterthan6hours forKPC-2.The inhibitionpotency(Ki)forrelebactam forPDC (68nM), ADC (37nM), KPC-2(14nM),KPC-3(14 nM), TEM-1 (4.2 nM) and CTX-M-15 (5.6 nM) were provided and the upper limit of the dissociation rate ranged from 10(k2, per sec) with PDC-1 to 10(k2, per sec) for TEM-1. 
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	There is no known cross-resistance with other classes of non-beta-lactam antimicrobials. Resistance mechanisms of beta-lactam drugs in gram-negative bacteria have been described in the literature and in FDA-approved labeling for the beta lactam class of drugs to include the production of beta-lactamases, up-regulation of efflux pumps, and loss of outer membrane porins. During efflux studies, the Applicant did not observe evidence that imipenem and or relebactam are subject to efflux. The Applicant also stud
	Resistance 

	Based on results of frequency of resistance testing conducted with varying concentrations of imipenem combined with REL against clinical isolates of P. aeruginosa (N=4) and 
	K. pneumoniae (N=5),the Applicant statedthat the spontaneousresistance against imipenem/RELisanticipatedto occur at a verylowfrequencyamong Pseudomonas species and most KPC-expressing Klebsiella species 
	To determine the frequency of resistance, and select resistant mutants, an efficiency of plating (EOP) was performed. A Luria-Delbruck fluctuation test was also done for one strain to measure the rate of resistance per cell generation. Concentrations were based around 4 mcg/mL imipenem (the breakpoint at the time). P. aeruginosa isolates CL5701 and CLB 24228 and K. pneumoniae (expressesKPC)isolatesCL6339andCL6569 weretested. Of the four strains tested in study set 1, only K. pneumoniae CL 6569 (KPC-expressi
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	In study set 1, no mutants resistant to the combination of imipenem/REL were obtained for three of four isolates tested. For the one isolate where a minor proportion of the mutants obtained required > 16 mcg/mL REL to restore susceptibility to imipenem, selection using 
	In study set 1, no mutants resistant to the combination of imipenem/REL were obtained for three of four isolates tested. For the one isolate where a minor proportion of the mutants obtained required > 16 mcg/mL REL to restore susceptibility to imipenem, selection using 
	higherconcentrationsof REL or at higherconcentrationsof imipenem inthe combination yielded no resistant mutants. In the second set of resistance selection experiments (study set 2), 3 isolates of P. aeruginosa and 4 isolates of K. pneumoniae were examined for resistance frequency by EOP methods. One isolate of P. aeruginosa (CL 5701) and one isolate of K. pneumoniae (CL 6339) were repeated from study set 1. 

	In vitro selectionforresistancewas conducted in 9 clinicalisolatesof P. aeruginosa and Enterobacteriaceae producing class A or C enzymes, including KPC. In one isolate, a 
	K. pneumoniae expressing a KPC-2 with a very high MIC to imipenem, resistant isolates were selected but the mechanism of resistance was not confirmed by whole genome sequencing. For two other KPC-expressing Enterobacteriaceae, mutants could be selected at 4× the breakpoint concentration of imipenem (breakpoint concentration was 1 mcg/mL) combined with 4 mcg/mL REL. However, for one of these isolates in hollow fiber studies, no increase in growth was seen for up to 72 hours even at concentrations of REL one-
	-9

	ѤШӊѧШӋШҖѥҚ .҇ѿѿШҀҤ Based on the !ғғѹѧКЌҀҤѥҚ results of studiesonresistance,resistanceselectionagainst imipenem/REL did not occur at a high frequency among most bacterial isolates tested. The highest frequency of resistance was for K. pneumoniae CL 6569, a KPC producing strain, at a frequency of approximately 2 × 10as an average among three concentration paradigms tested including 2 times the MIC of IMI and REL each. 
	-7 

	Susceptibility Test Methods and Interpretive Criteria ΈҀ ҤѤШ !ғғѹѧКЌҀҤѥҚ studies, MIC valuesweregenerallyconsistent among different laboratories, and the addition of REL appeared to have no effect on the reliability of microbiological test methods. Standard methodologies and QC studies were used to identify QC ranges, which were approved by the CLSI for both broth microdilution and agar dilution (anaerobes only) for a variety of QC organisms. Susceptibility testing was not anticipated to present technical i
	Effect of Laboratory TestingConditionsonImipenem-relebactam Activityin Vitro Determination of in vitro susceptibility concentration of REL The fixed 4 mcg/mL in vitro susceptibility concentration of REL was determined from the average concentration (Cavg) of REL when dosed as 250 mg every 6 hours in humans. Susceptibilitytestingforimipenem/RELwasthereforeperformedwitha fixedREL concentration of 4 mcg/mL. The 4 mcg/mL concentration was used to distinguish between imipenem/REL-susceptible gram-negativeisolate
	Othermanual teststhat have beendevelopedforimipenem-relebactam susceptibilitytesting 
	ѧҀКѹҿФШѮѤШҖѿ҇вѧҚѤШҖѮҖШѶ ѨШҀҚѧҤѧҤҖШҫӿӼӋШѹѹғѹЌҤШЌҀФ ҤӋ҇ њҖЌФѧШҀҤ ФѧввҿҚѧ҇ҀюΈ. ҚҤҖѧғҚ 
	developed by Liofilchem, Inc. Automated MIC testing was by bioMérieux (VITEK® 2), Beckman 
	.҇ҿѹҤШҖ҈юѧКҖ҇ѨКЌҀ҉ ЌҀФ .ШКҤ҇Ҁ DѧКѶѧҀҚ҇Ҁ ҈ѡѤ҇ШҀѧӐҫ҉Ѣ 
	Susceptibility Testing Conditions for Imipenem-relebactam The effect of standard conditions on imipenem/REL MICs was compared to the impact of nonstandard conditions (testing in the presence of serum, altered pH, high/low inoculum, varied cation concentration, addition of polysorbate, and incubation in 5% carbon dioxide) . Mediaage wasalso examinedfortarget pathogens(beta-lactamaseproducingand non-producing E. coli, K. pneumoniae, and P. aeruginosa [Ref. 4.2.1.1: PD013MK7655; [Ref. 4.2.1.1: PD015MK7655]. Ne
	Determination of Appropriate Disk Mass The abilitytodeterminebacterialsusceptibilitytoimipenem-relebactam using CLSIreference methods was evaluated in a series of studies. These studies included the determination of the appropriate imipenem-relebactam disk mass for disk diffusion assays, comparison of MICs determinedbybrothmicrodilutionoragar dilutiontest methods,the effect ofmodificationof test parameters on MICs, and the quality control ranges for reference strains used to control test methods. 
	Positive disk diffusion results were first established with REL applied to manufactured imipenem disks. Disk mass was determined in three studies, one with a range of REL concentrations (5, 10, 15, 20, 25, and 30 mcg, Report PD012 Ѿ MK-7655) added to commercial disks of imipenem (10 mcg); a second study where four disk masses of REL were compared (10, 15, 20, and 25 mcg, Report PD028 Ѿ MK-7655), and a third study focused on two masses (20 and 25 mcg, Report PD027 Ѿ MK-7655). Thestabilityofdiskswasconfirmeda
	ѤШӊѧШӋШҖѥҚ .҇ѿѿШҀҤ ѮѤШ !ғғѹѧКЌҀҤѥҚ ШӊЌѹҿЌҤѧ҇Ҁ ҇в ѹЌЙ҇ҖЌҤ҇Җӑ К҇ҀФѧҤѧ҇ҀҚ ӋѤѧКѤ ЌввШКҤ ѧѿѧғШҀШѿ-relebactam activity in vitro were provided. The effect of activity in urine was not described. Among the conditions tested there was consistency of results with the exception of low pH conditions. MAST imipenem/REL10/25 mcgdiskwasusedintheclinicaltrials. 
	Quality Control for Susceptibility Testing Studies conducted to establish QC ranges for the in vitro susceptibility testing of imipenem­relebactam were performed by the Applicant in accordance with guidelines established by CLSI (CLSIM23). Tier2multi-laboratorystudies(9 laboratories)wereusedtoestablishquality control ranges QC ranges for microbroth dilution. Quality control parameters have been accepted by CLSI (2017) for imipenem-relebactam for the following strains (BMD is for broth microdilution, and AD 
	Klebsiella pneumoniae ATCC 700603 (ESBL producer: SHV­18; BMD only), Klebsiella pneumoniae ATCC BAA-1705 (KPC producer: KPC-2, TEM-1, SHV-11; BMD only), Klebsiella pneumoniae ATCC BAA-2814 (B21/KP1074) (KPC producer: KPC-3, TEM-1, SHV-11; BMD only), Streptococcus pneumoniae ATCC 49619 (BMD only), Bacteroides fragilis ATCC 25285 (BMD and AD), Bacteroides thetaiotaomicron ATCC 29741 (AD only), and Eggerthella lenta ATCC 43055 (AD only). 
	CLSI has published a footnote that data from only one disk manufacturer was used for the development of CLSI recommended QC ranges as data from other manufacturers was not available at the time. Beta-lactamase producing quality control isolates were used in the analysis as well. 
	ѤШӊѧШӋШҖѥҚ .҇ѿѿШҀҤ 
	The Quality Control tier 2 testing described by the Applicant above was done according to CLSI. guidelines and had a high percentage of quality control results that were in range . Quality. ControlRangeshavebeenpublishedbytheCLSIinM100-S28 forMIC anddiskforaerobic. bacteriaandagar andbrothmethodsforanaerobicbacteria.Thisreviewerrecommendsthe. Quality Control published by the CLSI in M100 and that the published quality control values and. isolates are referenced on tѤШ !њШҀКӑѥҚ ЙҖШЌѶғ҇ѧҀҤ ӋШЙҚѧҤШ.. 
	Antibacterial Interactions. The potentialinteractionsbetweenimipenem-relebactam andotheragents(e.g.synergy,. antagonism, indifference) were not investigated by the Applicant.. 
	15.6.3 Activity in Vivo (Animal Studies) 
	Consistent with the in vitro studies, REL has the ability to restore the antibacterial activity of imipenem invivoagainst isolatesthat are not susceptibleto imipenem.Invivomodelsalso suggest that REL penetratespulmonaryELF.Severalanimal modelsof infectioninneutropenic mice wereutilizedfordeterminingtheinvivoefficacyof REL co-administeredwithIMI. 
	In preliminary studies [Ref. 4.2.1.1: PD006MK7655], treatment followed shortly after infection (disseminated infection with P. aeruginosa or K. pneumoniae and intranasal infection with P. aeruginosa). IMI in combination with REL was also studied in a different model which the Applicant termed a delayed therapy model of infection with P. aeruginosa. In this model, treatment initiatedaftertheinfectionwas established.Furtherstudies alsoused theorganisms studied in the delayed-treatment pulmonary infection mode
	REL demonstrated the ability to restore the antibacterial activity of imipenem against some imipenem intermediate or resistant isolates in vivo. Isolates of P. aeruginosa and Enterobacteriaceae expressing beta-lactamases that contribute to imipenem resistance were rendered susceptible to imipenem. 
	ѤШӊѧШӋШҖѥҚ .҇ѿѿШҀҤ 
	As the PN013 clinical trial data was minimal for this NDA, information pertaining to the animal models were discussed internally at the Agency and a summary of the data was included in subsection 12.4 of the labeling. 
	The susceptibilities(MIC range) ofisolatesusedinthe animalinfectionmodelsisshowninthe table below: 
	Table 110: Animal Models of Infection Used to Test the Effect of Relebactam on the in Vivo Efficacy of Imipenem 
	Figure
	The table above shows some of the virulence factors of the isolates tested. 
	ѤШӊѧШӋШҖѥҚ .҇ѿѿШҀҤ 
	Two imipenem-resistant clinical strains were used in study PD006: P. aeruginosa strain CLB 24228 had an imipenem MIC of 32 mcg/mL which is reduced to 8 mcg/mL in the presence of 4 mcg/mL MK-7655; and K. pneumoniae strainCL6339 expressedtheKPC-2carbapenemase­hydrolyzing enzyme and had an imipenem MIC of 64 mcg/mL, which was reduced to 4 mcg/mL in the presence of 2 mcg/mL of MK-7655. That P. aeruginosa strain harbors an over-expressed 
	Two imipenem-resistant clinical strains were used in study PD006: P. aeruginosa strain CLB 24228 had an imipenem MIC of 32 mcg/mL which is reduced to 8 mcg/mL in the presence of 4 mcg/mL MK-7655; and K. pneumoniae strainCL6339 expressedtheKPC-2carbapenemase­hydrolyzing enzyme and had an imipenem MIC of 64 mcg/mL, which was reduced to 4 mcg/mL in the presence of 2 mcg/mL of MK-7655. That P. aeruginosa strain harbors an over-expressed 
	AmpC and lacks the OprD porin. This is described in the literature as a primary mechanism of resistance for imipenem in P. aeruginosa. The beta-lactamases produced by the isolates used in the animal models is shown in the table above. 

	Studies PD006 and PD040 used sub-therapeutic doses of imipenem at 5 mg/kg. See clinical pharmacology section of this review for additional information. Study PD017 was an exploratory analysis of the relationship between in vitro and in vivo efficacy and is not discussedinthissectionofthe review. 
	ѤШӊѧШӋШҖѥҚ .҇ѿѿШҀҤ 
	While the animal models used for determination of efficacy included lung models which are not as relevant for the indications of cUTI and cIAI as other animal models such as the murine pyelonephritismodelforUTI,the animalmodelswereuseful.Theyprovideddataforproof of concept, evidence of the contribution of the components to the activity of the combination product, and some animal models were useful to clinical pharmacology to determine PK/PD targets and population PK models. 
	Bacterial isolates used in the delayed treatment models are shown in the table below: 
	Table 111: Bacterial Isolates Used in Delayed Treatment Models 
	Figure
	Source: This submission. 
	15.6.4 Pharmacokinetics/Pharmacodynamics 
	PK of REL and imipenem were studied in clinical pharmacology studies and were also characterized using a population PK model. The clinical pharmacology team assessed whether the joint PTAassessment forREL and imipenem supportedtheproposeddose/dose adjustmentsforIMI andREL and whetherit wasadequateto meet PK/PDtargetsandprovide 
	PK of REL and imipenem were studied in clinical pharmacology studies and were also characterized using a population PK model. The clinical pharmacology team assessed whether the joint PTAassessment forREL and imipenem supportedtheproposeddose/dose adjustmentsforIMI andREL and whetherit wasadequateto meet PK/PDtargetsandprovide 
	efficacyincludingforimipenem-resistant bacterialstrains.REL exposure-responserelationship wasinvestigatedbysimulatingthebacterial killagainst increasingREL doses,keepingimipenem constant at 500 mg every 6 hours in the background. 

	PK/PD Models In Vivo Invivoneutropenicmice modelswereusedby theApplicant to evaluatethePK/PDdriverfor REL. P. aeruginosa and K. pneumoniae strainswerestudied.Subtherapeuticdosesof imipenem were used (< 500 mg). The Applicant determined that AUC/MIC was the PK/PD driver for REL. 
	ѤШӊѧШӋШҖѥҚ .҇ѿѿШҀҤҚ ѮѤШ !њШҀКӑѥҚ КѹѧҀѧКЌѹ ғѤЌҖѿЌК҇ѹ҇њӑ ҖШӊѧШӋ ҤШЌѿ ФШҤШҖѿѧҀШФ ҤѤШ !ғғѹѧКЌҀҤѥҚ PTA inadequate to support the breakpoints. See clinical pharmacology section for additional information on the !њШҀКӑѥҚ ЌҚҚШҚҚѿШҀҤ ҇в ҤѤШ ѡѮ!Ѣ ѮѤШ !њШҀКӑѥҚ ғҖ҇ғ҇ҚШФ breakpoints are also further discussed intheclinicalmicrobiology recommendationssectionof thisreview. This application relies on a limited clinical program. Non-clinical data and PTA simulations using clinical PK data were pivotal in dose selection. REL
	15.6.5 Clinical Microbiology Analyses of Efficacy 
	IMI/REL has beenstudiedinthree clinicaltrials,one insubjectswithcIAI(PN004), onein subjects with cUTI (PN003) and a third clinical trial in subjects with infections caused by isolates that are not susceptible to imipenem (PN013). In these trials, microbiological data were collected from infected patients. 
	Bacterial pathogens isolated from infection sites and blood samples were sent to a central microbiologylaboratory.The central microbiologylaboratoryforPN003 and PN004 was 
	The central microbiology laboratory for the PN013 study was 
	Isolates were identified to the species level using 2 methodologies: VITEK® 2 (biochemical testing) for identification of bacterial strains received from sites in Eurasia, and Bruker Biotyper®(matrixassistedlaser desorption/ionization-time-of-flight [MALDI-TOF]mass spectrometry) (Bruker Daltronics, Bremen, Germany) for identification of bacterial strains receivedfrom sitesinthe AmericasandAsia(biochemicaltestingwasalsousedas abackup method of identification). Susceptibility testing was done by broth microdi
	Figure
	performed QC testing with one or more QC isolates each day that 
	trial isolatesweretested.Testingwasconcurrent withthePN003 andPN004 clinicaltrials; however, QC rangeswerenot availableforimipenem/RELat the timeofthe concurrent testing. 
	Nearly 100% of quality control values were within current CLSI established ranges [Ref. 5.4: 04ZX8X]. Six (6) values were out of range using now accepted QC ranges for imipenem/REL. 
	Microbiological Evaluations in Clinical Trials (PN003, PN004 and PN013) 
	PN003 (cUTI) ѣҿЌҀҤѧҤЌҤѧӊШ ҿҖѧҀШ КҿѹҤҿҖШҚ ӋШҖШ ғШҖв҇ҖѿШФ ЌҤ ШЌКѤ ҚѧҤШѥҚ ѹ҇КЌl laboratory within 48 hours prior to enrollment. In order to be eligible for participation, presence of pyuria and a positive urine culture were required. To support evaluation of microbiological response, additional urine cultures were collected at subsequent trial visits; unscheduled samples were also collected when there was clinical or laboratory evidence of persistence or progression of infection, and at the time of any surgica
	All urine and blood specimens were cultured and in vitro antimicrobial susceptibility testing, including susceptibility testing for carbapenems, was performed. All organisms considered to be etiologicpathogensbythe investigatorweresent tothe central microbiologylaboratory. Antimicrobial susceptibility testing was conducted using the CLSI reference BMD method. 
	The most commonly isolated pathogens overall were gram-negative aerobic bacilli (247 pathogens in 220 subjects), with E. coli being the most commonly isolated pathogen (159 pathogens in 143 subjects). Other common pathogens included K. pneumoniae (34 pathogens in 34 subjects) and P. aeruginosa (16 pathogens in 16 subjects). Additional details on pathogen distribution can be found in [Ref. 5.3.5.1: P003-05: Table 10-12]. The Applicant reported a total of 25 pathogens were not susceptible to imipenem, all of 
	PN004 (cIAI) At screening,samplesfrom the siteofinfectionwerecollectedforculture (aerobicand anaerobic) and susceptibility testing. Cultures from the site of infection were obtained within 24 hours prior to trial entry for subjects enrolled intraoperatively or postoperatively. Subjects enrolled preoperatively were required to have cultures obtained within 24 hours following trial entry. 
	Two sets of blood cultures were also collected at the screening visit (within 24 hours of enrollment).Subjectswithidentifiedbacteremia(positivebloodcultures)hadblood cultures collected daily until 2 consecutive cultures demonstrated no growth. All intra-abdominal and bloodspecimenswerecultured(aerobicandanaerobic)andinvitro antimicrobialsusceptibility 
	Two sets of blood cultures were also collected at the screening visit (within 24 hours of enrollment).Subjectswithidentifiedbacteremia(positivebloodcultures)hadblood cultures collected daily until 2 consecutive cultures demonstrated no growth. All intra-abdominal and bloodspecimenswerecultured(aerobicandanaerobic)andinvitro antimicrobialsusceptibility 
	testing,includingsusceptibilitytestingforcarbapenems,was performedbythesite'slocal laboratory.Allorganisms consideredtobe etiologicpathogens bytheinvestigatorweresent to the central microbiology laboratory. Antimicrobial susceptibility testing was conducted using the CLSI reference broth microdilution method. 

	The most commonly isolated pathogens overall were gram-negative aerobic bacilli (337 isolates in 223 subjects), with E. coli being the most common (171 pathogens in 165 subjects). Other common pathogens included K. pneumoniae (38 pathogens in 34 subjects) and P. aeruginosa (37 pathogens in 37 subjects). The Applicant reported that of the 40 isolates that were not susceptible (intermediate or resistant) to imipenem alone, there were 33 isolates (5.3% of the overall number of isolates) that were not susceptib
	ѤШӊѧШӋШҖѥҚ .҇ѿѿШҀҤ 
	The Applicant provided an explanation for the findings above as P. mirabilis is intrinsically less susceptible to imipenem by mechanisms independent of carbapenemase production. 
	Integrated analysis of PN002, PN003 and PN013 trials 
	ѤШӊѧШӋШҖѥҚ .҇ѿѿШҀҤ 
	This reviewer analyzed efficacy data by pathogen and by indication (cUTI and cIAI). The cUTI data was pooled from PN003 and PN013 and the cIAI data was pooled from PN004 and PN013. Likewise, any reliance on the imipenem-cilastatin labeling was done according to indicated ғЌҤѤ҇њШҀѢ ѮѤѧҚ ѧҚ ѧҀ К҇ҀҤҖЌҚҤ Ҥ҇ Қ҇ѿШ ҇в ҤѤШ !ғғѹѧКЌҀҤѥҚ ЌҀЌѹӑҚis in which data was pooled across indications. ѮѤШ !њШҀКӑѥҚ КѹѧҀѧКЌѹ ЌҀФ КѹѧҀѧКЌѹ ѿѧКҖ҇Йѧ҇ѹ҇њӑ ҤШЌѿ ФѧҚКҿҚҚШФ ҤѤШ ҀҿѿЙШҖ of bacterial isolates in the PN003, PN004, and PN013 tr
	cUTI, there was insufficient number of clinical isolates of 
	K. aerogenes, E. cloacae 
	Figure

	tested in imipenem-relebactam PN003 and PN013 clinical trials. Additionally, C. freundii is indicated for cIAI in the imipenem-cilastatin labeling. A sufficient number of clinical isolates were analyzed for E. coli, K. pneumoniae, and P. aeruginosa; however, the efficacy was 50% for 
	K. pneumoniae. In addition to the clinical data here and the information from in vitro studies, the presenceof theseorganism forthe sameindicationinthe imipenem-cilastatinlabelingwill providesupport fortheirinclusioninthe imipenem-relebactam labelingaswell. 
	Forthe indicationof cIAI,asufficient numberof clinicalisolateswastestedfor E. coli, K. pneumoniae, and P. aeruginosa. For the anaerobes, a sufficient number of Bacteroides was provided as a group. 
	Molecular Characterization of Bacterial Isolates from Clinical Studies In the imipenem-relebactam clinical studies, isolates of Enterobacteriaceae and P. aeruginosa were characterized molecularly. For P. aeruginosa, a prominent beta-lactamase was PDC, an AmpC-type beta lactamase which has expanded spectrum activity toward imi penem due to mutations associated with the active site. 
	ѤШӊѧШӋШҖѥҚ .҇ѿѿШҀҤ 
	Relebactam has been described in the literature as having activity against PDC beta lactamases and its enzyme inactivation parameters for some PDC alleles have been described, particularly with respect to PDC-3. The KD is 23 +/-3 nM for PDC-3. One publication describes the most frequent AmpC variant asPDC-2withG27D, A97V,T105A andV205Laminoacidsubstitutions. Althoughthe Applicant providedevidencethat relebactam can potentiatetheactivityof imipenem for P. aeruginosa isolates (e.g. against an expanded panel o
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	Thereisastudyreport PD043MK7655-IHMA4374-MK7655 inwhichtheApplicant describes porin gene analysis from selected isolates in the MK7655 clinical trial. Eighty-eight isolates including 55 P. aeruginosa were selectedbasedonpre-establishedcriteriaforcharacterization. For P. aeruginosa the data is presented by subject ID, and information was provided on OprD (outer membrane porin) analysis, and beta-lactamase content. All of the P. aeruginosa isolates producedaPDC betalactamase alleleorplusuptothree otheridentif
	Reviewer’s Comment 
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	15.6.6 Interpretive Criteria 
	Provisional Antimicrobial Susceptibility Testing (AST) Interpretive criteria Imipenem breakpointswereusedas provisionalAST interpretivecriteriafor imipenem ­relebactam. 
	Correlation of Broth MICs to Disk Zone Size 
	The performance ofcommerciallymanufacturedimipenem-relebactam diskswasevaluatedby performing susceptibility testing on target pathogens by broth microdilution and disk diffusion using concurrent inocula at a reference testing laboratory. The Applicant used MIC and disk correlation studies to propose different disk zone diameter values for Enterobacteriaceae and 
	P. aeruginosa from that of approved Imipenem-cilastatin label, although the MIC breakpoints forimipenem andthose proposedforimipenem-relebactam bythe Applicant are the same.See analysis below: 
	Reviewer’s Comment 
	Data provided by the Applicant was displayed in scattergrams (not shown) with zone diameters onthe x axisand MICson they axis.The errorrate-boundedmethodwas usedtoform a table with the total number of isolates tested and the number of minor, major, or very major discrepancies that were recorded for the isolates. The CLSI guidelines for acceptable discrepancy rates are below: 
	Table 112: CLSI GuidelineforAcceptable DiscrepancyRates forMIC-Disk CorrelationStudies 
	MIC Range 
	MIC Range 
	MIC Range 
	Very Major 
	Major 
	Minor 

	шI+2 
	шI+2 
	<2% 
	NA 
	<5% 

	I+1 to I-1 
	I+1 to I-1 
	<10% 
	<10% 
	<40% 

	ё I-2 
	ё I-2 
	NA 
	<2% 
	<5% 


	Source: Adapted from CLSI document M23-A4. 
	Reviewer’s Comment 
	The aim of this analysis was to minimize discrepancy rates to best fit within CLSI guidelines. Minimizing error rates is important to prevent negative consequences for patients which could result from errors such as calling strains susceptible when they are known to be resistant. No scattergram analysis is shown for anaerobes as they use different methods for susceptibility testing (e.g. agar dilution rather than disk testing). TѤШ !ғғѹѧКЌҀҤѥҚ ғҖ҇ғ҇ҚЌѹҚ в҇Җ ФѧҚѶ ФѧввҿҚѧ҇Ҁ have been accepted. 
	Susceptibility test interpretive criteria for imipenem-relebactam .The Applicant's proposed breakpointsfor imipenem-relebactam are show in Table 113 below: .
	Table 113: Applicant's Proposed Interpretive Criteria for MIC Testing with lmipenem­.Relebactam .
	Table 2.5: 2 .Proposed Inte1pretive Criteria for Imipenem/Relebactam (CLSI) .
	Table 2.5: 2 .Proposed Inte1pretive Criteria for Imipenem/Relebactam (CLSI) .
	Table 2.5: 2 .Proposed Inte1pretive Criteria for Imipenem/Relebactam (CLSI) .

	Broth Microclilution MIC Disk Diffusion Zone Ag:u-Dilution MIC Pathogen Jtg/mL Diameter (mm) Jlg/mL s I R s I R s I R Enterobacteriaceae :S l 2 2::4 2:25 21-24 g o NA NA NA P. aer11.ei11osa :S2 4 2::8 2::23 20-22 :S19 NA NA NA Anaerobes NA NA NA NA NA NA :S4 8 '.::16 A. baumannii ::;2 4 2::8 ND ND ND NA NA NA I = inte1mediate; MIC = minimium inhibito1y concentration: NA = not applicable; ND = not detennined, broth rnicrodilurion/disk con-elation srudies not conducted for A. baumannii; R = resistant; S = sus
	Broth Microclilution MIC Disk Diffusion Zone Ag:u-Dilution MIC Pathogen Jtg/mL Diameter (mm) Jlg/mL s I R s I R s I R Enterobacteriaceae :S l 2 2::4 2:25 21-24 g o NA NA NA P. aer11.ei11osa :S2 4 2::8 2::23 20-22 :S19 NA NA NA Anaerobes NA NA NA NA NA NA :S4 8 '.::16 A. baumannii ::;2 4 2::8 ND ND ND NA NA NA I = inte1mediate; MIC = minimium inhibito1y concentration: NA = not applicable; ND = not detennined, broth rnicrodilurion/disk con-elation srudies not conducted for A. baumannii; R = resistant; S = sus


	Source: [Ref. 5.4: 04ZX8X] [Ref. 5.3.5.4:PD048MK7655-IHMA3428] 
	Source: This submission. 
	Reviewer's Comment .The Applicant's proposal for MIC breakpoints for Enterobacteriaceae, P. aeruginosa, and .anaerobes (agar dilution) matched the breakpointsaccepted by FDA and by CLSI for imipenem, .however, for Enterobacteriaceae and P. aeruginosa, the disk criteria were different. (bH> .
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	CbH1 See clinical microbiology 
	4
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	summary and recommendations for details. 
	(b)(4) 
	The evidence ofefficacy in the clinical trials and joint PTA assessment provide support to maintain existing imipenem broth microdilution breakpoints for IMl/REL. In addition, disk potency and broth microdilution correlation studies supported the use of 10/25 IMl/REL Kirby­Bauer disk for testing, which resulted in zone diametersthat differentiate susceptible and resistant bacterial isolates. 
	The Applicant proposes to institute new breakpoints for Kirby-Bauer disk diffusion, employinga disk mass of 10 mcg imipenem and 25 mcg REL, based on analysis of the broth microdilution disk zone diametercorrelation employingclinical and challenge isolates. The proposed disk mass of imipenem and relebactam is acceptable because it gave the best reproducibility. 
	Reviewer's Comment The Agency's clinical pharmacology review team found their PK-PDtarget attainment analysis to be supportive of the breakpoints proposed by the Applicant for imipenem-relebactam. Additionally, the Agency's proposed breakpoints were most heavily based on the clinical microbiology in vitro data and reliance on the imipenem-cilastatin labeling as the clinical data 
	for the PN003, PN004 and PN013 trials was very limited. The favorable clinical responses shown by pathogen during imipenem-relebactam clinical trials are shown in the clinical section of the review. 
	15.6.7 Final Clinical Microbiology Recommendations 
	From a clinical microbiology perspective, the information provided by the Applicant supports the efficacy of imipenem relebactam for the treatment of susceptible bacteria for the indications of cUTI and cIAI. TѤШ в҇ѹѹ҇ӋѧҀњ ѧҚ Ќ ҚҿѿѿЌҖӑ ҇в ҤѤШ !њШҀКӑѥҚ ғҖ҇ғ҇ҚШФ КѹѧҀѧКЌѹ microbiology labeling changes and rationale: 
	•. Subsection 12.4 has been updated in accordance with the FDA documents titled, ѨюѧКҖ҇Йѧ҇ѹ҇њӑDЌҤЌ в҇ҖѨӑҚҤШѿѧК!ҀҤѧЙЌКҤШҖѧЌѹDҖҿњҚ-Development, Analysis, and ѡҖШҚШҀҤЌҤѧ҇Ҁѡ GҿѧФЌҀКШв҇Җ ΈҀФҿҚҤҖӑѩЌҀФѨѨӑҚҤШѿѧК!ҀҤѧЙЌКҤШҖѧЌѹЌҀФ!ҀҤѧвҿҀњЌѹDҖҿњҚѡ 
	Susceptibility Test Interpretive Criteria Labeling for NDAs and ANDAs: Guidance for 
	ΈҀФҿҚҤҖӑѩѢ 
	•. Quality Control ranges used for susceptibility testing have been accepted by the Clinical and Laboratory Standards Institute (CLSI) and are recommended here as published in the current CLSI document M100. 
	• Only well-supported and scientifically factual statements 
	were recommended regarding these resistance factors. 
	•. The first and second lists of organisms were edited according to relevance to the indication, and to meet the guidelines stated in the clinical microbiology guidance document. The following changes were recommended: 
	Figure
	o 
	o 
	o 
	Gram
	-
	positive bacteria 
	and anaerobes 
	were 
	included in 
	the second list 
	through 
	reliance on approved 
	IMI 
	labeling and recent MIC data. 

	Figure


	(b) (41 
	• .
	• .
	• .
	The Agency's breakpoint decisions for the organism groups listed below were based on the clinical microbiology in vitro data, PK/PD data, and support from the imipenem­cilastatin approval for the same pathogens for each indication. 

	• .
	• .
	The Agency's proposed breakpoints are shown in the table below. The Applicant's proposal for breakpointsfor Enterobacteriaceae, P. aeruginosa and anaerobes was accepted. CbH4l 


	(6)(4} 
	CbH4>H is 
	--~~~~~~~~~~~~~~~~~~~~~~~~~~-
	-

	recommended that a footnote be included to indicate which pathogens within the 
	Enterobacteriaceae and anaerobes were tested. It is also recommended that the table 
	reflect the use of 4 mcg/mL relebactam for MIC susceptibility testing as with other 
	approved beta-lactam, bet a-lactamase inhibitor combination products. As internal 
	discussions w ithin the Agency are ongoing, these may not represent the final 
	breakpoints. 
	Table 114: Susceptibility Interpretive Criteria for lmipenem-Relebactam 
	Table
	TR
	Minimmn Inhibitory Concentrations (mcg/mL) 
	Disk Diffusion (zonediameter inmm) 

	PathoKen 
	PathoKen 
	s 
	I 
	R 
	s 
	I 
	R 

	Enterobacteriaceae a 
	Enterobacteriaceae a 
	:51/ 4 
	2/ 4 
	~4/4 
	~25 
	21-24 
	:520 

	Pseudomonas a eruginosa 
	Pseudomonas a eruginosa 
	:52/ 4 
	4/ 4 
	~8/4 
	~23 
	20-22 
	:519 

	Anaerobesb,c 
	Anaerobesb,c 
	:54/ 4 
	8/ 4 
	~16/4 
	-
	-
	-


	S =Susceptible; I= Intermediate; R= Resistant 
	For diskdiffusion, usepaperdisks impregnated with imipenem/relebactamat a concentration oho/ 25 mcg/mL 
	a Klebsie//a aerogenes, Enterobactercloacae, Escherichia coli, Klebsielfa pneumoniae, Citrobacterfreundii, Klebsiel/a .oxytoca. .b Bacteroides caccae, Bacteroides fragilis, Bacteroides ovatus, Bacteroides stercoris, Bacteroides thetaiotaomicron, .Fusobacterium nuc/eatum, Parabacteroides distasonis. .
	c Agar di I ution method 
	Source: Reviewer's Table. 
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