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1. EXECUTIVE SUMMARY 
 
In this submission, the applicant Rempex Pharmaceuticals (a wholly-owned subsidiary of 
the Medicines Company) seeks to provide evidence that the combination of the 
carbapenem antibacterial drug meropenem and the beta-lactamase inhibitor vaborbactam 
is safe and effective for the treatment of complicated urinary tract infections (cUTI).  
 
The main focus of this review is a Phase 3, randomized, double-blind, noninferiority trial 
termed Study 505 (clinicaltrials.gov identifier NCT02166476). Male and female subjects 
≥18 years old diagnosed with cUTI (including acute pyelonephritis) were randomized to 
treatment with intravenous meropenem (2g) with vaborbactam (2g) every 8 hours or to 
intravenous piperacillin (4g) with tazobactam (0.5g) every 8 hours. Dosing could also be 
modified based on renal function. After at least 15 doses of intravenous therapy, subjects 
could be switched to oral levofloxacin (500 mg, every 24 hours) based on investigator 
discretion and signs and symptoms. The planned total duration of therapy (intravenous 
and oral) was 10 days, excepting subjects with concurrent bacteremia who could receive 
14 days of total therapy. Study visits included an end of intravenous therapy (EOIV) visit, 
and end of therapy visit on Day 10, a test of cure (TOC) visit on Day 15-19, and a late 
follow-up visit on Day 22-26. The primary analysis population was the microbiological 
modified intent-to-treat (m-MITT) population of all randomized subjects who received 
any dose of study drug and had a baseline bacterial pathogen of ≥105 CFU/mL on urine 
culture for evaluation, or the same bacterial pathogen present in concurrent blood and 
urine cultures. The primary efficacy endpoint was Overall Response at the EOIV visit, 
with success defined by having both a successful Clinical Outcome (investigator 
judgment of cure or improvement) and Microbiological Outcome (baseline pathogen 
reduced to <104 CFU/mL on urine culture, and a negative blood culture if repeated for 
those bacteremic at baseline). The noninferiority margin for this trial was 15% on the risk 
difference scale. Overall Response, Clinical Outcome, and Microbiological Outcome 
were also assessed at other timepoints, including the TOC visit. 
 
The trial randomized a total of 550 subjects, and obtained 192 meropenem/vaborbactam 
subjects and 182 piperacillin/tazobactam subjects in the m-MITT analysis population 
with a microbiologically confirmed baseline infection. Randomization generally balanced 
the two groups in terms of observed baseline factors. Subjects were predominately White, 
female, and enrolled in Europe, with approximately 60% having acute pyelonephritis and 
the remaining cUTI subjects evenly split between those with removable and 
nonremovable infection sources. The most common baseline pathogen was Escherichia 
coli, which infected approximately 65% of randomized subjects. Slightly over half of 
subjects switched to oral therapy after 5-6 days of intravenous therapy, and 
approximately 90% of subjects completed the planned total course of therapy. 
 
The subsequent table displays results for the primary efficacy analysis of Overall 
Response at the EOIV visit. Although designed as a noninferiority trial, 
meropenem/vaborbactam met statistical criteria for superiority with respect to the 
primary endpoint. This primary analysis was robust to the handling of indeterminate data, 
and to study sites with significant protocol violations. Also shown below are results for 
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Overall Response, the investigator-assessed Clinical Outcome, and the Microbiological 
Outcome at the Day 15-19 TOC visit. Efficacy results generally supported 
meropenem/vaborbactam when assessing clinical outcomes, microbiological outcomes, 
and resolution of major cUTI symptoms at various study visits and in various analysis 
populations. Subgroup analyses did not point to any clear effect modification suggesting 
better or worse efficacy in identifiable baseline subgroups. The most common adverse 
event associated with meropenem/vaborbactam in Study 505 was headache, which 
occurred in approximately 9% of subjects. For other common adverse events and serious 
adverse events it was not possible to statistically differentiate the two treatment groups. 
 
Table 1: Study 505 Overall Response at the EOIV visit (m-MITT population) 

Overall 
Response 

Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 
95% confidence 

interval 
Success 189/192 (98.4%) 171/182 (94.0%) 4.5% 0.7% to 9.1% 
Failure 2/192 (1.0%) 8/182 (4.4%)   

Indeterminate 1/192 (0.5%) 3/182 (1.6%)   
Source: Clinical Study Report 505, Table 14.2.1.3.   
 
Table 2: Study 505 Overall Response, Clinical Outcome, and Microbiological 
Outcome at the Day 15-19 TOC visit (m-MITT population) 

Outcome at TOC 
Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 
95% confidence 

interval 
Overall     

Success 143/192 (74.5%) 128/182 (70.3%) 4.1% -4.9% to 13.2% 
Failure 41/192 (21.4%) 40/182 (22.0%)   

Indeterminate 8/192 (4.2%) 14/182 (7.7%)   
Clinical     

Cure 174/192 (90.6%) 157/182 (86.3%) 4.4% -2.2% to 11.1% 
Failure 10/192 (5.2%) 11/182 (6.0%)   

Indeterminate 3/192 (1.6%) 7/182 (3.8%)   
Not Assessed 5/192 (2.6%) 7/182 (3.8%)   

Microbiological     
Eradication 132/192 (68.8%) 113/182 (62.1%) 6.7% -3.0% to 16.2% 
Persistence 0/192 (0.0%) 1/182 (0.5%)   
Recurrence 36/192 (18.8%) 34/182 (18.7%)   

Indeterminate 24/192 (12.5%) 34/182 (18.7%)   
Source: Clinical Study Report 505, Tables 14.2.2.1 and 14.2.3.1. The rates of Overall 
Success are higher than eradication because Overall Success could be based on presumed 
eradication if the Microbiological Outcome was indeterminate. 
 
Study 505 did not allow assessment of the added contribution of vaborbactam, as almost 
all baseline pathogens were susceptible in vitro to meropenem. However, this application 
also included interim results from Study 506 (clinicaltrials.gov identifier NCT02168946), 
which is an ongoing, randomized, open-label trial comparing meropenem/vaborbactam to 
a best available therapy group (with the control regimen largely at investigator discretion) 
in subjects with serious infections at various body sites due to suspected carbapenem-
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resistant Enterobacteriaceae. This trial was limited by small sample sizes, the interim 
nature of the analysis, and the design as a descriptively analyzed study. 
 
Overall, this application provided reliable statistical evidence that 
meropenem/vaborbactam is effective for the treatment of cUTI and noninferior to 
piperacillin/tazobactam, and that the safety profiles of the regimens are similar with 
respect to common adverse events.    
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2 INTROUDCTION 
 
2.1 Overview 
 
The applicant, Rempex Pharmaceuticals (a wholly-owned subsidiary of The Medicines 
Company), has submitted a New Drug Application seeking authorization to market 
meropenem/vaborbactam for the treatment of complicated urinary tract infections (cUTI). 
This introduction first discusses the drug, the disease of cUTI, the Phase 3 studies under 
review, and the scope of the application. 
 
2.1.1 Meropenem/vaborbactam 
 
Meropenem/vaborbactam is the intravenously administered combination of the 
carbapenem antibacterial drug meropenem and the beta-lactamase inhibitor vaborbactam. 
Meropenem is a broad spectrum drug that is currently FDA-approved for the treatment of 
a variety of bacterial infections.1 However, it is not currently FDA-approved for the 
treatment of cUTI, although it has been extensively used in clinical practice. 
 
The new beta-lactamase inhibitor vaborbactam is not currently FDA-approved for any 
indication. It does not possess intrinsic antibacterial activity, but is meant to restore the 
activity of meropenem against certain beta-lactamase producing pathogens. In particular, 
meropenem/vaborbactam possesses in vitro activity against certain strains of 
carbapenem-resistant Enterobacteriaceae (CRE) that would be expected to be resistant to 
meropenem given alone, and which are considered an important public health threat.2 
 
Please refer to the clinical microbiology review and the reviews of other disciplines for 
greater detail regarding the mechanism of action of meropenem/vaborbactam.  
 
2.1.2 Complicated Urinary Tract Infections 
 
According to current FDA guidance documents,3 urinary tract infections are 
characterized by a documented microbial pathogen in the urine or blood along with 
pyuria (i.e., the presence of pus in the urine), and signs and symptoms of infection. To be 
considered “complicated” an infection of the lower urinary tract or bladder should be 
accompanied by an anatomical or functional abnormality such as catheterization, urinary 
retention, or obstructive uropathy. An infection of the upper urinary tract or kidney is 
termed pyelonephritis. Such cases are considered to be complicated irrespective of 
anatomical or functional abnormalities. Infections that are not complicated are termed 
“uncomplicated urinary tract infections,” and were not evaluated in this application.  
While uncomplicated infections predominately affect women, both men and women are 
affected by cUTIs. Urinary tract infections account for a large number of hospital 
admissions and represent a large fraction of hospital-acquired infections. A variety of 

                                                 
1 http://www.accessdata fda.gov/drugsatfda docs/label/2008/050706s022lbl.pdf. Accessed 04-07-2017. 
2 https://www.cdc.gov/drugresistance/threat-report-2013/. Accessed 04-07-2017. 
3 http://www.fda.gov/downloads/Drugs/Guidances/ucm070981.pdf.  Accessed 04-07-2017. 
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different bacterial pathogens can cause cUTI, with the most common being Escherichia 
coli (E. coli) and other members of the Enterobacteriaceae family.  
 
The treatment for cUTI is antibacterial therapy. Normally this is initiated in intravenous 
form, and some patients can be discharged from the hospital and switched to oral 
antibacterial therapy after several days of successful treatment. Antibacterial treatment 
for cUTI is typically initiated before the causative pathogen is known, because it can take 
between 48 to 72 hours to culture a pathogen from a urine or blood sample and test for 
susceptibilities to different antibiotics. Antibacterial therapy for cUTI is meant to 
eradicate the bacterial pathogen and thereby prevent the spread of infection and serious 
complications, and to resolve symptoms such as dysuria (painful urination), increased 
urinary frequency, increased urinary urgency, flank pain, abdominal pain, suprapubic 
pain, costo-vertebral angle tenderness (i.e., pain elicited by percussion of the lower back), 
nausea and vomiting, and fever and chills.  
  
2.1.3 Studies Reviewed 
 
This review focuses on the statistical evidence of safety and efficacy from the two Phase 
3 studies summarized in the table below.  
 
Table 3: Studies reviewed. Both were randomized, controlled, Phase 3 studies. 

Study Study population Status 
Planned 

statistical 
analysis 

Randomized 
treatment 

groups and 
sample sizes 

Study 505 
 

clinicaltrials.gov 
identifier 

NCT02166476 

cUTI patients. The 
majority of 
pathogens were 
susceptible to 
carbapenems.  

Completed
Noninferiority 
analysis with a 
margin of 15%  

M/V: 272 
MITT subjects 
 
P/T: 273 MITT 
subjects 

Study 506 
 

clinicaltrials.gov 
identifier 

NCT02168946 

Patients with cUTI, 
hospital-acquired or 
ventilator-associated 
pneumonia, 
complicated intra-
abdominal 
infections, or 
bacteremia due to 
suspected 
carbapenem resistant 
Enterobacteriaceae. 

Ongoing.  
Unblinded 
results 
were 
submitted 
to provide 
supportive 
evidence 
for this 
NDA. 

Descriptive 
analysis. 
Primary 
endpoints and 
analysis 
populations 
were pre-
specified 
without formal 
win criteria. 

M/V: n = 23 
MITT subjects 
 
BAT: n = 16 
MITT subjects 

M/V = meropenem/vaborbactam. P/T = piperacillin/tazobactam. BAT = best available 
therapy. MITT = modified intent-to-treat population of randomized subjects who 
received any dose of study drug. 
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3.2 Evaluation of Efficacy in Study 505 
 
This section discusses the efficacy findings from Study 505, which provides the main 
source of evidence for this application. Study 506 is discussed in Section 3.3 of this 
review. 
 
3.2.1 Study 505 Design and Endpoints 
 
Study 505 was a Phase 3, randomized, double-blind, multicenter, multinational, active-
controlled noninferiority trial in subjects with cUTI, predominately due to carbapenem-
susceptible pathogens. The trial was conducted between November 2014 and April 2016. 
 
Subjects with a clinical diagnosis of cUTI (including acute pyelonephritis [AP]), with a 
clinical severity warranting use of intravenous antibiotics for at least 5 days were enrolled 
and randomized to one of the following groups: 

 Meropenem/vaborbactam: Meropenem (2g) with vaborbactam (2g) intravenously 
infused in 250 mL normal saline over 3 hours, with 100 mL normal saline 
intravenously infused over 30 minutes q8h.  

 Piperacillin/tazobactam: Piperacillin (4g) with tazobactam (0.5g) intravenously 
infused in 100 mL normal saline over 30 minutes, plus 250 mL normal saline 
intravenously infused over 3 hours q8h. 

The saline infusions were used to maintain double-blinding.  
 
After at least 15 doses of intravenously therapy, subjects could be switched to oral 
levofloxacin (500 mg q24h) based on investigator discretion and signs and symptoms, 
provided subjects met the following necessary criteria: 

 Baseline organisms were sensitive to levofloxacin. 
 Subject was afebrile. 
 Signs and symptoms of cUTI present at baseline were absent had improved, with 

no new symptoms. 
 Any leukocytosis present at baseline had improved or resolved. 
 ≥1 urine culture negative for growth at 24 hours or exhibited growth with colony 

count <104 colony forming units (CFU)/mL. 
 Subject was able to tolerate and absorb oral medications. 
 Subject had no contraindications for levofloxacin in the investigator’s opinion. 
 Confirmed sterilization of the blood, if the subject had concurrent bacteremia. 

The total duration of therapy (intravenous and oral) was scheduled for 10 days, excepting 
subjects with concurrent bacteremia who could receive up to 14 days of total therapy.  
 
The dosage of meropenem/vaborbactam, piperacillin/tazobactam, or the oral levofloxacin 
could be modified based on renal function, as shown in the table below. The dose 
modification for meropenem/vaborbactam in subjects with renal impairment was based 
on the results of a separate renal impairment study. 
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Table 4: Study 505 dosage modification for renal impairment 

 
CrCl = creatinine clearance. min = minutes. q8h = every 8 hours. qd = once daily. 
Source: Clinical Study Report 505, Table 2.  
 
Assessments were performed at the following study visits: 

 Screening. 
 On treatment visits while subjects were on intravenous therapy, for up to 10 days. 
 An end of intravenous therapy (EOIV) visit between Day 5 and Day 10. 
 An end of therapy (EOT) visit scheduled for Day 10. 
 A test of cure (TOC) visit between Day 15 and Day 19. 
 A late follow-up (LFU) visit between Day 22 and Day 26. 

 
The figure and table below from the applicant’s Clinical Study Report outline this design 
and schedule of assessments. 
 
Figure 1: Overview of Study 505 design 

 
Source: Clinical Study Report 505, Figure 1. 
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Subjects were randomized in a 1:1 ratio to the meropenem/vaborbactam group or the 
piperacillin/tazobactam group. The randomization was stratified by type of infection 
(acute pyelonephritis, cUTI with removable source of infection [e.g., Foley catheter], 
cUTI with nonremovable source of infection [e.g., neurogenic bladder]) and by 
geographic region (North America, Europe, Asia Pacific, Rest of the World). 
 
The following inclusion criteria were required for enrollment: 

1. A signed informed consent form. 
2. Male or female age ≥18 years. 
3. Body weight ≤185 kg. 
4. Expectation, in the judgment of the investigator, that initial treatment with at least 

5 days of intravenous antibiotics was warranted. 
5. Documented or suspected cUTI (including AP) as defined in the table below. 

Table 6: Study 505 diagnostic criteria for cUTI and acute pyelonephritis 

 
Source: Clinical Study Report 505, Section 9.3.1. 

6. Expectation that any indwelling urinary catheter or instrumentation would be 
removed or replaced as soon as possible, and no longer than 12 hours after 
randomization. 

7. Expectation that the subject would survive with effective antibiotic therapy and 
appropriate supportive care for the duration of the study. 
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8. Women of childbearing potential were required to have had a negative pregnancy 
test before randomization and be willing to use an effective method of 
contraception between randomization and 7 days after study participation. 

9. Willingness to comply with all study procedures, whether in the hospital or after 
discharge, for the duration of the study. 

 
Exclusion criteria from the trial were stated as follows in the protocol: 

1. Presence of any of the following conditions: 
a. Perinephric abscess 
b. Renal corticomedullary abscess 
c. Uncomplicated urinary tract infection 
d. Polycystic kidney disease 
e. Chronic vesicoureteral reflux 
f. Previous or planned renal transplantation 
g. Receiving hemodialysis 
h. Previous or planned cystectomy or ileal loop surgery 
i. Known candiduria 

2. Presence of suspected or confirmed acute bacterial prostatitis, orchitis, 
epididymitis, or chronic bacterial prostatitis as determined by history and/or 
physical examination. 

3. Gross hematuria requiring intervention other than administration of study drug. 
4. Urinary tract surgery within 7 days prior to randomization or urinary tract surgery 

planned during the study period (except surgery required to relieve an obstruction 
or place a stent or nephrostomy). 

5. Estimated creatinine clearance (CrCl) <30 mL/min using the Cockroft-Gault 
formula. 

6. Known nonrenal source of infection such as endocarditis, osteomyelitis, abscess, 
meningitis, or pneumonia diagnosed within 7 days prior to randomization 

7. Any of the following signs of severe sepsis: 
a. Shock or profound hypotension defined as systolic blood pressure <90 

mmHg or a decrease of >40 mmHg from baseline (if known) that is not 
responsive to fluid challenge. 

b. Hypothermia (oral or tympanic temperature <35.6○C [<96.1○F] or 
rectal/core temperature <35.9○C [<96.6○F]). 

c. Disseminated intravascular coagulation as evidenced by prothrombin time 
or partial thromboplastin time >2X upper limit of normal (ULN) or 
platelets <50% of the lower limit of normal (LLN). 

8. Pregnant or breastfeeding women. 
9. History of epilepsy or known seizure disorder requiring current treatment with 

anti-seizure medication. 
10. Treatment within 30 days prior to enrollment with valproic acid. 
11. Treatment within 30 days prior to enrollment with probenecid. 
12. Treatment within 30 days prior to enrollment with any cancer chemotherapy, 

immunosuppressive medications for transplantation, or medications for rejection 
of transplantation. 
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13. Evidence of significant hepatic disease or dysfunction, including known acute 
viral hepatitis or hepatic encephalopathy. 

14. Aspartate aminotransferase (AST) or alanine aminotransferase (ALT) >3 times 
upper limit of normal, or total bilirubin >1.5 times upper limit of normal. 

15. Receipt of any investigational medication or investigational device during the last 
30 days prior to randomization. 

16. Prior exposure to vaborbactam alone or in combination with another product. 
17. Receipt of any potentially therapeutic antibiotic agent within 48 hours before 

randomization, with the exception of the following: 
a. A single dose of a short-acting oral or intravenous antibiotic (an antibiotic 

that is typically dosed every 4 hours, every 6 hours, or q8h in a patient 
with normal renal function). The enrollment was restricted such that no 
more than 25% of subjects who met this criterion were to be enrolled. 

b. >48 hours of prior systemic antibiotic therapy for the current episode of 
cUTI, with unequivocal clinical evidence of treatment failure (i.e., 
worsening signs and symptoms). 

c. Developed signs and symptoms of cUTI or AP while on antibiotics for 
another indication. 

18. Requirement at time of enrollment for additional systemic antibiotic therapy 
(other than study drug) or antifungal therapy for any reason. Topical antifungal or 
a single oral dose of any antifungal treatment for vaginal candidiasis was allowed. 

19. Likely to require the use of an antibiotic for cUTI prophylaxis during the subject’s 
participation in the study (from enrollment through the LFU visit). 

20. Known history of human immunodeficiency virus infection with a CD4 count 
<200 cells/μL. 

21. Presence of immunodeficiency or an immunocompromised condition, including 
hematologic malignancy, bone marrow transplant, or was receiving 
immunosuppressive therapy such as cancer chemotherapy, medications for the 
rejection of transplantation, and long-term use of systemic corticosteroids 
(equivalent to >20 mg a day of prednisone or systemic equivalent for ≥2 weeks). 

22. Presence of neutropenia (<1,000 polymorphonuclear leukocytes/ μL). 
23. Presence of thrombocytopenia (<60,000) platelets μL). 
24. A corrected QT (QTc) with Fridericia’s formula (QTcF) >480 milliseconds 

(msec). 
25. History of significant hypersensitivity or allergic reaction to 

meropenem/vaborbactam, piperacillin/tazobactam, any of the excipients used in 
the respective formulations, or any beta-lactam antibiotics (e.g., cephalosporins, 
penicillins, carbapenems, or monobactams). 

26. Known hypersensitivity or inability to tolerate all of the following: 
fluoroquinolones (including levofloxacin), trimethoprim/sulfamethoxazole, 
cefinir, cefixime, or cefpodoxime based on prescribing information. 

27. Unable or unwilling, in the judgment of the investigator, to comply with the 
protocol. 

28. An employee of the investigator or study center with direct involvement in the 
proposed study or other studies under the direction of that investigator or study 
center, or a family member of the employee or the investigator. 
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29. Acute Physiology and Chronic Health Evaluation (APACHE) II score >30. An 
APACHE II score was only required if calculated. 

30. Inability to tolerate IV fluids of 1050 mL per day required for study drug 
administration because of medical reasons. 

31. Any recent history of trauma to the pelvis or urinary tract. 
 
The protocol differentiated reasons for which study drug could be discontinued and 
reasons for which subjects could be withdrawn from study assessments. Study drug 
administration could be discontinued at investigator discretion due to any medical 
condition or circumstance exposing the subject to potential risk or that did not allow 
adherence to protocol requirements, any adverse event (AE) or serious adverse event 
(SAE) that indicated study drug should be withdrawn, the subject’s decision to withdraw, 
a requirement for prohibited concomitant medication, or lack of clinical improvement. 
Subjects who prematurely discontinued study drug were asked to complete study 
assessments through the LFU visit, and EOT procedures were performed on the day of 
study drug discontinuation. Subjects could be withdrawn from study assessments due to 
loss to follow-up, the subject’s decision to withdraw, withdrawal of consent for reasons 
other than adverse events, noncompliance or unwillingness to comply with protocol 
procedures, or termination of the study. 
 
As noted, this was a double-blind trial using a double dummy design. The investigator, 
site personnel, and Sponsor were to remain blinded to treatment assignment, but the site 
pharmacist was unblinded to allow preparation of the study drugs. 
 
With respect to concomitant therapy, subjects were permitted to continue non-
antibacterial therapies other than probenacid, valproic acid, vecuronium, and/or 
methotrexate. The protocol did not allow additional or adjunctive antibiotic therapy for 
cUTI, with the exceptions of Gram-positive only coverage (e.g., vancomycin, 
daptomycin, or linezolid) as deemed necessary by the investigator, or local care for 
superficial wounds.  
 
The following signs and symptoms of cUTI were recorded at baseline, on treatment study 
visits, and the EOIV, EOT, TOC, and LFU visits. Each was categorized as either a new 
onset, continuing (increased, decreased, no change), or resolved (returned to a pre-
infection baseline or pre-infection condition). 

 Fever (oral or tympanic temperature ≥38○C [≥100.4○F] or rectal/core temperature 
≥38.3○C [≥100.9○F] 

 Urinary frequency 
 Urinary urgency 
 Dysuria 
 Nausea 
 Vomiting 
 Abdominal pain 
 Suprapubic pain or discomfort 
 Flank pain 
 Costo-vertebral angle tenderness 
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Based in part on these symptom assessments, Clinical Outcome endpoints were defined 
at various study visits as described below. These endpoints depended on signs and 
symptoms and also investigator judgment of whether continued antibacterial therapy was 
warranted. 
 
Table 7: Study 505 criteria for Clinical Outcome endpoints 

 
Source: Clinical Study Report 505, Table 4. 
 
The protocol also defined Microbiological Outcome endpoints as specified in the 
subsequent table. Note that different microbiological criteria were used for the Food and 
Drug Administration and European Medicines Agency, which resulted in two different 
endpoint definitions for each visit at which the Microbiology Outcome was assessed. 
This review focuses only on the FDA definitions, which were determined by clinical 
reviewers and the clinical microbiology review team. Note also the urine and blood 
cultures were to be taken at baseline, but treatment was initiated before microbiological 
identification of the causative pathogen. Each baseline organism was classified by the 
Sponsor as either a pathogen or a non-pathogen. The Microbiological Outcome could not 
be properly defined for subjects who did not have a baseline pathogen. 
 
The primary efficacy endpoint in this trial was defined at the EOIV visit, and was termed 
Overall Response. This was a composite endpoint requiring clinical cure or improvement, 
and also microbiological eradication (or in some cases presumed eradication) as specified 
in the table below. This endpoint was defined at the EOIV visit due to the thinking that 
noninferiority assessments of meropenem/vaborbactam at later study visits could be 
complicated by the use of oral therapy. The primary analysis of Overall Response 
differed from the recommendation in the aforementioned FDA guidance document that 
when a drug only has an intravenous formulation, co-primary analyses should be 
performed at the end of IV therapy and approximately 7 days after the end of all 
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treatment. In addition, the primary endpoint at the EOIV visit had a variable timing that 
depended on the duration of intravenous therapy, which was a post-randomization 
variable. Assessments scheduled in a fixed post-randomization window better preserve 
the integrity of randomization. 
 
Table 8: Study 505 criteria for Microbiological Outcome 

 
Source: Clinical Study Report 505, Table 5. 
 
Table 9: Study 505 primary endpoint of Overall Response at the EOIV visit 

 
Source: Study 505 Statistical Analysis Plan, Table 4. 
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3.2.2 Study 505 Statistical Methodologies 
 
The statistical methods defined in the protocol and statistical analysis plan for Study 505 
were relatively straightforward. As will be described in this section, these statistical 
comparisons were predominately based on simple randomized contrasts.  
 
Various pre-specified analysis populations are described below:  

 The intent-to-treat (ITT) population included all subjects screened and 
randomized to study drug (i.e., meropenem/vaborbactam or 
piperacillin/tazobactam). 

 The modified intent-to-treat (MITT) population included all subjects in the ITT 
population who received at least one dose of study drug. Analyses for the MITT 
population were performed according to randomized treatment. 

 The microbiological modified intent-to-treat (m-MITT) population included all 
subjects who met the MITT criteria and had either (i) a baseline bacterial 
pathogen of ≥105 CFU/mL of urine culture for evaluation, or (ii) the same 
bacterial pathogen present in concurrent blood and urine cultures, regardless of 
CFU counts. Subjects who only had an identified Gram-positive pathogen in the 
urine and who had received >48 hours of an antibiotic with only Gram-positive 
coverage before randomization were not included in the m-MITT population. 
Membership in the m-MITT population did not require the pathogen to be 
susceptible to the piperacillin/tazobactam control. Resistance to test and control 
agents is discussed subsequently in this review. 

 The clinically evaluable (CE) population included all subjects who met MITT 
criteria and had no key inclusion or exclusion criteria violations; a clinical 
outcome of cure, improvement, or failure at the EOIV visit (unless criteria for 
Clinical Outcome failure were met at an earlier time); received ≥80% and ≤120% 
of expected intravenous doses for the completed treatment duration, missed no 
more than one intravenous dose in the first 48 hours of treatment, and missed no 
more than two consecutive intravenous doses overall; and received ≥6 doses of 
study drug if classified as a failure on Clinical Outcome or received ≥9 doses of 
study drug if classified as a cure on Clinical Outcome. 

 The microbiologically evaluable (ME) population included all subjects who met 
m-MITT and CE criteria.  

 The safety population included subjects who met ITT criteria and received at least 
one dose of study drug. Analyses for the safety population were performed 
according to the actual treatment received rather than the treatment randomized.    

 The pharmacokinetic population included subjects who met MITT criteria and 
had at least one plasma pharmacokinetic sample drawn. 

 
The analysis population used for the primary efficacy analysis was the microbiological 
modified intent-to-treat (m-MITT) population. This population was considered protected 
from confounding by randomization, because the baseline pathogens defining 
membership in the m-MITT were based on specimens collected before randomization. 
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The primary analysis was based on forming an estimate and two-sided 95% confidence 
interval for the (meropenem/vaborbactam – piperacillin/tazobactam) difference in rates of 
success for Overall Response at the EOIV visit. The confidence interval was to be based 
on the Miettinen and Nurminen method.4 
 
This was a noninferiority trial with a pre-specified margin of 15% on the risk difference 
scale. This margin was within the “M1” (or estimated active control effect over a 
hypothetical placebo) discussed in the appendix to the aforementioned FDA cUTI 
guidance document, but was larger than the 10% margin recommended in the guidance 
on the basis of clinical acceptability. The statistical analysis plan stated that if 
noninferiority was demonstrated, superiority was to be examined using the confidence 
interval approach. This form of sequential testing is statistically appropriate and does not 
lead to Type I error rate inflation. As will be seen, superiority was demonstrated in the 
primary efficacy analysis, making the discussion of the margin somewhat academic. 
 
With respect to missing data, subjects who dropped out of the study or had missing 
outcome data were included in the denominator for efficacy analyses, and thus were 
imputed as failures. A Clinical Outcome of failure at an earlier time point was also 
carried forward to subsequent visits. 
 
No interim efficacy analyses were planned or conducted for this trial. There was a 
common data safety monitoring board to review accumulated safety data for this Study 
505 and Study 506 (to be discussed later in this review) when the total combined 
enrollment in both trials was approximately 25% and 50%. This board reviewed safety 
data after Study 505 had reached approximately 40% and 70% of planned enrollment. 
After each review, the board recommended to the Sponsor that the study should continue 
without modifications. 
 
This trial also defined separate co-primary analyses for the European Medicines Agency 
(EMA), although these are not a focus of the current review. The EMA co-primary 
endpoints were based achievement of a Microbiological Outcome of eradication (as 
defined for the EMA in the previous subsection) at the TOC visit in the m-MITT and ME 
populations. The noninferiority margins for EMA co-primary analyses were also 15%.  
 
The study was not powered to demonstrate noninferiority of meropenem/vaborbactam for 
any secondary efficacy analyses, which were defined as follows: 

 Proportion of subjects in the m-MITT and ME populations with Overall Response 
of success at both the EOIV visit (as previously defined) and the TOC visit 
(defined similarly to the EOIV, only requiring the Clinical Outcome to be cure 
rather than cure or improvement) by infection type (acute pyelonephritis, cUTI 
with removable source, cUTI with nonremovable source). 

 Proportion of subjects in the m-MITT and ME populations with a Microbiologic 
Outcome of eradication at TOC to <104 CFU/mL of urine (FDA) and <103 
CFU/mL of urine (EMA) by infection type. 

                                                 
4 Miettinen O. and Nurminen M. Comparative analysis of two rates. Statistics in Medicine 1985;4:213-226. 
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 Proportion of subjects with a Clinical Outcome of cure in the m-MITT, CE, and 
ME populations at the Day 3, EOIV, EOT, TOC, and LFU visits. 

 
The planned sample size for this trial was 500 total subjects. This was based on achieving 
90% power for the FDA primary analysis under the assumptions that 60% of subjects 
would be in the m-MITT population, and that the overall success rate would be 80% in 
both the meropenem/vaborbactam and piperacillin/tazobactam groups.  
 
The protocol was amended three times, with the key changes summarized in the table 
below from the Clinical Study Report. The statistical analysis plan was amended once, 
while the study remained blinded. The main change during the study was an increase in 
the noninferiority margin from 10% to 15%.   
 
Table 10: Applicant’s summary of key protocol amendments in Study 505 

 
Source: Clinical Study Report 505, Table 10. 
 
3.2.3 Study 505 Patient Disposition, Demographic, and Baseline Characteristics 
 
Although the trial planned to enroll approximately 500 total subjects, the final sample 
size was 550 total randomized subjects. Following an information request the applicant 
clarified that the final sample size exceeded the planned enrollment because “We over 
enrolled by 10% to be on the conservative side and to ensure we achieved the required 
minimum safety database of at least 300 subjects on [meropenem/vaborbactam] at the 
intended dose.” 
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As summarized in the next table, 68% of subjects had a baseline pathogen and thus 
belonged to the m-MITT population used for the primary efficacy analysis, and 92% of 
randomized subjects met sufficient evaluability criteria to belong to the CE population. 
There were almost no differences between the ITT, MITT, and safety populations, 
meaning that the overwhelming majority of randomized subjects received some amount 
of the assigned study drug. 
 
The additional tables in this section summarize the subject disposition in the MITT 
population of all randomized subjects who received any dose of study drug. In general, 
characteristics of this population were very similar to those in the m-MITT population 
with an identified baseline pathogen. Efficacy results in both populations will be 
presented in Section 3.2.4 of this review. 
 
Approximately 89% of MITT subjects completed the full duration of intravenous and oral 
therapy. Approximately 93% of subjects completed study evaluations through the LFU 
visit on Day 22-26. Non-completion of study treatment or evaluations was due to 
physician decisions, subject withdrawals, adverse events, and other uncommon 
miscellaneous reasons. 
 
Slightly over half the subjects switched to oral step-down therapy after 5-6 days of 
intravenous therapy. The duration of intravenous therapy ranged from 1 to 15 days, but 
for over 90% of subjects was between 5 and 11 days. The duration of total (intravenous + 
oral) therapy was generally around 10 days for the large majority of subjects, in line with 
the protocol specifications.  
 
The subsequent tables in this section are from the Clinical Study Report, and describe 
subject demographics, baseline characteristics, and baseline pathogens in the MITT 
population. Generally, randomization balanced observed baseline factors between the 
meropenem/vaborbactam and piperacillin/tazobactam groups. Subjects were 
predominately White, female, and enrolled in Europe. Over a third of subjects were ≥65 
years old. Very few subjects were bacteremic at baseline, had been treated with prior 
antibacterial therapy, or had creatinine clearance <30 mL/min. The infection type was 
acute pyelonephritis in approximately 60% of subjects, while approximately 20% of 
subjects had cUTI with a removable source, and the remaining 20% of subjects had cUTI 
with a nonremovable source. The major symptoms of cUTI were largely present at 
baseline.  
 
The most common baseline pathogen was E. coli, which infected approximately 65% of 
subjects in the MITT population. An additional 15% of subjects were infected by K. 
pneumoniae, while other pathogens were less common. There were a small number of 
baseline pathogens resistant to the piperacillin/tazobactam comparator. According to 
FDA and EUCAST criteria, the overwhelming majority of baseline pathogens showed in 
vitro susceptibility to meropenem (i.e., meropenem without the use of vaborbactam).  
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Table 11: Study 505 analysis populations 

 
Source: Clinical Study Report 505, Table 13. 
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Table 12: Study 505 subject disposition (MITT population) 

 
Source: Clinical Study Report 505, Table 12. 
 
Figure 2: Reviewer’s summary of Study 505 therapy duration (MITT population) 
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Table 13: Study 505 demographics (MITT population) 

 
Source: Clinical Study Report 505, Table 14. 
 
 
 
 
 
 

Reference ID: 4100884



Table 14: Study 505 baseline characteristics (MITT population) 

 
Source: Clinical Study Report 505, Table 15. 
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Table 15: Study 505 baseline infection characteristics (MITT population) 

 
Source: Clinical Study Report 505, Table 16. 
 
Table 16: Study 505 baseline pathogens in ≥0.5% of subjects (m-MITT population) 

 
Source: Clinical Study Report 505, Table 17. 
 
Table 17: Study 505 baseline pathogen antibiotic resistance (m-MITT population) 

 
Source: Clinical Study Report 505, Table 18. 
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3.2.4 Study 505 Results and Conclusions 
 
3.2.4.1 Study 505 primary efficacy analysis 
 
The table below displays results for the primary efficacy analysis of Overall Response at 
the EOIV visit in the m-MITT analysis population.  
 
Table 18: Study 505 Overall Response at EOIV (m-MITT population) 

Overall 
Response 

Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 95% CI 

Success 189/192 (98.4%) 171/182 (94.0%) 4.5% 0.7% to 9.1% 
Failure 2/192 (1.0%) 8/182 (4.4%)   

Indeterminate 1/192 (0.5%) 3/182 (1.6%)   
Source: Clinical Study Report 505, Table 14.2.1.3. 
 
While this trial was designed to evaluate noninferiority, there was a statistically 
significant difference between the meropenem/vaborbactam success rate of 98.4% and 
the piperacillin/tazobactam success rate of 94.0%. Specifically, the difference in success 
rates was 4.5%, and the lower confidence limit of 0.7% for the difference exceeded zero.  
 
A superiority finding provides stronger evidence of efficacy than a noninferiority finding 
because it does not rely on using historical data to justify an active control effect over a 
hypothetical placebo, and the interpretation is less affected by noncompliance or trial 
irregularities that may drive results toward similarity. Consequently, the pre-specified 
primary analysis of this trial provided relatively strong evidence of a 
meropenem/vaborbactam treatment effect on Overall Response at the EOIV visit.  
 
Despite the statistically significant difference, overall success rates were high in both 
groups. This was not unexpected, because microbiological eradication is anticipated 
when a subject is on intravenous therapy, and the endpoint definition at the EOIV visit 
only required the Clinical Outcome to be cure or improvement. 
 
There were only 3 subjects in the meropenem/vaborbactam group who did not meet the 
Overall Response criteria for success. These subjects had early discontinuation of study 
drug due to adverse events considered possibly related to the study drug. The three 
subjects respectively had an anaphylactic reaction on Day 1, infusion related hypotension 
on Day 1, and generalized body tremors on Day 4 (with this subject having an Overall 
Response classified as indeterminate). Of the 8 m-MITT subjects in the 
piperacillin/tazobactam group classified as having an Overall Response of failure at the 
EOIV visit, 3 subjects had microbiological persistence or recurrence, and 5 subjects had 
treatment-limiting adverse events. 
 
The number of subjects with non-success for the primary analysis did not exceed the 
previously shown number of subjects (3 in the meropenem/vaborbactam group, 11 in the 
piperacillin/tazobactam group) excluded from the ME population due to “No Clinical 
Outcome or Microbiologic Outcome at EOIV unless failure at earlier time point.” The 
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reason was that some of the subjects excluded from the ME population were nevertheless 
considered to have success for the primary endpoint, because (as previously described) 
Overall Success could still be defined based on “presumed eradication” if the 
Microbiological Outcome was indeterminate.  
 
The primary analysis was insensitive to the handling of missing or indeterminate data, 
because most subjects were classified as successes or failures. For the purpose of 
estimating the (meropenem/vaborbactam – piperacillin/tazobactam) treatment effect, the 
most conservative method possible for handling subjects with indeterminate outcomes is 
to consider those in the meropenem/vaborbactam group to be failures and those in the 
piperacillin/tazobactam control group to be successes. The table below shows that with 
this conservative sensitivity analysis the results are qualitatively unchanged. Although the 
lower confidence limit of -0.7% for the treatment effect no longer would meet superiority 
criteria, it would rule out all but a very small loss of efficacy relative to the control group. 
 
Table 19: Reviewer’s sensitivity analysis of indeterminate Overall Response at 
EOIV in Study 505 (m-MITT population) 

Overall 
Response 

Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 95% CI 

Success 189/192 (98.4%) 174/182 (95.6%) 2.8% -0.7% to 7.1% 
Failure 3/192 (1.6%) 8/182 (4.4%)   

 
3.2.4.2 Study 505 Overall Response at different study visits 
 
While Overall Response at the EOIV visit was selected as the primary endpoint in order 
to minimize the complications from oral therapy on noninferiority assessments, a 
drawback of this endpoint is that it does not capture the patient experience at later times, 
after the full course of antibacterial treatment. Therefore, the table below shows results 
for Overall Response at the TOC visit scheduled for Day 15-19, which is in line with the 
co-primary assessment recommended in the current Agency guidance document on 
developing antibacterial drugs for the treatment of cUTI. Success rates for this endpoint 
were lower in both treatment groups than for the EOIV endpoint scheduled in Day 5-10, 
but the success rate was numerically higher for the meropenem/vaborbactam group than 
the piperacillin/tazobactam group. 
 
Table 20: Study 505 Overall Response at TOC (m-MITT population) 

Overall 
Response 

Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 95% CI 

Success 143/192 (74.5%) 128/182 (70.3%) 4.1% -4.9% to 13.2% 
Failure 41/192 (21.4%) 40/182 (22.0%)   

Indeterminate 8/192 (4.2%) 14/182 (7.7%)   
Source: Clinical Study Report 505, Table 14.2.1.6. 
 
Also shown below are composite clinical and microbiological Outcomes at Day 3. The 
Day 3 assessment had the advantage of being performed while the large majority of 
subjects were on intravenous therapy. Unlike the EOIV assessment it also had the 
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advantage of being performed at a fixed timepoint, and thus the timing could not have 
been influenced by the study interventions. At Day 3 the Clinical Outcome could be 
assessed for improvement (but not cure) and the Microbiological Outcome could be 
assessed for persistence (but not recurrence). Meropenem/vaborbactam met nominal 
superiority criteria at this Day 3 assessment for success defined as both clinical 
improvement and microbiological eradication, although there was a greater degree of 
missing or indeterminate data in the piperacillin/tazobactam group. Day 3 results for the 
separate clinical and microbiological components are shown in the next subsection. 
 
Table 21: Reviewer’s summary of Study 505 joint Clinical Outcome and 
Microbiological Outcome at Day 3 (m-MITT population) 

Day 3 Clinical 
Outcome and 

Microbiological 
Outcome 

Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 95% CI 

Clinical 
improvement and 
microbiological 
eradication 

186/192 
(96.9%) 

161/182 
(88.5%) 

8.4% 3.3% to 14.2% 

Clinical failure or 
microbiological 
persistence 

1/192  
(0.5%) 

6/182  
(3.3%) 

  

Other/indeterminate 
5/192 
(2.6%) 

15/182 
(8.2%) 

  

  
3.2.4.3 Study 505 Clinical Outcome and Microbiological Outcome 
 
Because Overall Response was a composite endpoint requiring both clinical and 
microbiological outcomes to be successful, it is important to consider effects on each 
component. The subsequent tables separately display results for Microbiological 
Outcome and Clinical Outcome at different timepoints in the m-MITT population. Recall 
that several of these analyses constituted pre-specified secondary analyses of the trial. 
 
At each timepoint, the difference in clinical cure rates and difference in microbiological 
eradication rates favored meropenem/vaborbactam compared to piperacillin/tazobactam. 
In both groups, there were a fair number of subjects who had recurrence of an initially 
eradicated infection. Although the tables suggest that meropenem/vaborbactam met 
criteria for nominally statistically significant superiority for microbiological eradication 
and for clinical cure at the Day 22-26 LFU visit, there were a greater number of subjects 
in the control group with indeterminate or unassessed outcomes at this visit.  
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Table 22: Study 505 Microbiological Outcome (m-MITT population) 
Timepoint 

Microbiological 
Outcome 

Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 95% CI 

Day 3 Eradication 189/192 (98.4%) 167/182 (91.8%) 6.7% 2.6% to 11.8% 
Day 3 Persistence 0/192 (0.0%) 6/182 (3.3%)   
Day 3 Indeterminate 3/192 (1.6%) 9/182 (4.9%)   

      
EOIV Eradication 188/192 (97.9%) 168/182 (92.3%) 5.6% 1.4% to 10.7% 
EOIV Persistence 0/192 (0.0%) 1/182 (0.5%)   
EOIV Recurrence 0/192 (0.0%) 2/182 (1.1%)   
EOIV Indeterminate 4/192 (2.1%) 11/182 (6%)   

      
EOT Eradication 172/192 (89.6%) 158/182 (86.8%) 2.8% -3.8% to 9.5% 
EOT Persistence 0/192 (0.0%) 1/182 (0.5%)   
EOT Recurrence 7/192 (3.6%) 7/182 (3.8%)   
EOT Indeterminate 13/192 (6.8%) 16/182 (8.8%)   

      
TOC Eradication 132/192 (68.8%) 113/182 (62.1%) 6.7% -3.0% to 16.2% 
TOC Persistence 0/192 (0.0%) 1/182 (0.5%)   
TOC Recurrence 36/192 (18.8%) 34/182 (18.7%)   
TOC Indeterminate 24/192 (12.5%) 34/182 (18.7%)   

      
LFU Eradication 132/192 (68.8%) 103/182 (56.6%) 12.2% 2.4% to 21.8% 
LFU Persistence 0/192 (0.0%) 1/182 (0.5%)   
LFU Recurrence 37/192 (19.3%) 41/182 (22.5%)   
LFU Indeterminate 23/192 (12.0%) 37/182 (20.3%)   

Source: Clinical Study Report 505, Table 14.2.3.1. 
 
Table 23: Study 505 Clinical Outcome (m-MITT population) 
Timepoint Clinical Outcome 

Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 95% CI 

Day 3 Improvement 186/192 (96.9%) 171/182 (94.0%) 2.9% -1.4% to 7.7% 
Day 3 Failure 1/192 (0.5%) 0/182 (0.0%)   
Day 3 Indeterminate 3/192 (1.6%) 6/182 (3.3%)   
Day 3 Not Assessed 2/192 (1.0%) 5/182 (2.7%)   

      
EOIV Cure 156/192 (81.2%) 144/182 (79.1%) 2.1% -6.0% to 10.3% 
EOIV Improvement 33/192 (17.2%) 30/182 (16.5%)   
EOIV Failure 2/192 (1.0%) 5/182 (2.7%)   
EOIV Indeterminate 0/192 (0.0%) 1/182 (0.5%)   
EOIV Not Assessed 1/192 (0.5%) 2/182 (1.1%)   

      
EOT Cure 179/192 (93.2%) 167/182 (91.8%) 1.5% -4.0% to 7.2% 
EOT Improvement 4/192 (2.1%) 3/182 (1.6%)   
EOT Failure 4/192 (2.1%) 6/182 (3.3%)   
EOT Indeterminate 1/192 (0.5%) 4/182 (2.2%)   
EOT Not Assessed 4/192 (2.1%) 2/182 (1.1%)   

      
TOC Cure 174/192 (90.6%) 157/182 (86.3%) 4.4% -2.2% to 11.1% 
TOC Failure 10/192 (5.2%) 11/182 (6.0%)   
TOC Indeterminate 3/192 (1.6%) 7/182 (3.8%)   
TOC Not Assessed 5/192 (2.6%) 7/182 (3.8%)   

      
LFU Cure 166/192 (86.5%) 143/182 (78.6%) 7.9% 0.2% to 15.7% 
LFU Failure 14/192 (7.3%) 17/182 (9.3%)   
LFU Indeterminate 4/192 (2.1%) 12/182 (6.6%)   
LFU Not Assessed 8/192 (4.2%) 10/182 (5.5%)   

Source: Clinical Study Report 505, Table 14.2.2.1. 
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3.2.4.4 Study 505 results in the MITT population 
 
Study 505 used the m-MITT population for the primary efficacy analysis because this 
was designed as a noninferiority trial, and subjects with microbiologically confirmed 
infection likely provide the greatest sensitivity for detecting differences between 
antibacterial drugs. However, the MITT population of randomized subjects who receive 
any dose of study drug may be more relevant to point of care decision making, because 
the microbiological diagnosis will generally be unknown at the time antibacterial 
treatment is initiated. Therefore, the table below displays results for Clinical Outcome at 
various timepoints in this population. Cure rates were generally numerically higher in the 
meropenem/vaborbactam group than in the piperacillin/tazobactam control group. Note 
that Microbiological Outcome or Overall Response could not be properly defined in the 
MITT population because the meaning of eradication would be unclear in subjects who 
did not have a microbiologically identified baseline infection.    
 
Table 24: Reviewer’s summary of Study 505 Clinical Outcome (MITT population) 

Timepoint Clinical Outcome 
Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 95% CI 

Day 3 Improvement 258/272 (94.9%) 256/273 (93.8%) 1.1% -2.9% to 5.2% 
Day 3 Failure 1/272 (0.4%) 0/273 (0%)   
Day 3 Indeterminate 5/272 (1.8%) 8/273 (2.9%)   
Day 3 Not Assessed 8/272 (2.9%) 9/273 (3.3%)   

      
EOIV Cure 212/272 (77.9%) 211/273 (77.3%) 0.7% -6.4% to 7.7% 
EOIV Improvement 48/272 (17.6%) 48/273 (17.6%)   
EOIV Failure 3/272 (1.1%) 8/273 (2.9%)   
EOIV Indeterminate 6/272 (2.2%) 2/273 (0.7%)   
EOIV Not Assessed 3/272 (1.1%) 4/273 (1.5%)   

      
EOT Cure 246/272 (90.4%) 244/273 (89.4%) 1.1% -4.1% to 6.2% 
EOT Improvement 8/272 (2.9%) 7/273 (2.6%)   
EOT Failure 5/272 (1.8%) 9/273 (3.3%)   
EOT Indeterminate 5/272 (1.8%) 7/273 (2.6%)   
EOT Not Assessed 8/272 (2.9%) 6/273 (2.2%)   

      
TOC Cure 243/272 (89.3%) 229/273 (83.9%) 5.5% -0.3% to 11.3% 
TOC Failure 11/272 (4.0%) 20/273 (7.3%)   
TOC Indeterminate 8/272 (2.9%) 9/273 (3.3%)   
TOC Not Assessed 10/272 (3.7%) 15/273 (5.5%)   

      
LFU Cure 232/272 (85.3%) 214/273 (78.4%) 6.9% 0.4% to 13.4% 
LFU Failure 18/272 (6.6%) 27/273 (9.9%)   
LFU Indeterminate 9/272 (3.3%) 14/273 (5.1%)   
LFU Not Assessed 13/272 (4.8%) 18/273 (6.6%)   

 
3.2.4.5 Study 505 analysis of symptom response 
 
One issue with the microbiological endpoints discussed for this trial is that they may not 
be direct measures of patient feeling or function. For instance, if an antibacterial drug 
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only improves eradication rates by reducing rates of asymptomatic bacteriuria that is 
unnoticed by the patient, it is unclear whether it would be considered more effective than 
a comparator. Similarly, the Clinical Outcome endpoint may not be a direct measure of 
patient benefit because it may be influenced by microbiological results, clinical signs, or 
overall investigator judgments that are difficult to precisely define. Hence, the following 
tables in this subsection of the review display resolution rates for the major cUTI 
symptoms.  
 
The first table presents responses over time for the symptoms of abdominal pain, costo-
vertebral angle tenderness, dysuria, fever (which technically may be a sign rather than a 
symptom), flank pain, nausea, suprapubic pain, urinary frequency, urinary urgency, and 
vomiting. The second table displays how many of these 10 symptoms different subjects 
had at different timepoints.  
 
Overall, symptom resolution was similar between the meropenem/vaborbactam and 
piperacillin/tazobactam groups. Most symptoms became absent by the Day 15-19 TOC 
visit.    
 
Table 25: Reviewer’s summary of symptom absence at various timepoints in Study 
505 (m-MITT population)  

Symptoms 
Baseline Day 3 

EOIV 
(Day 5-10) 

TOC 
(Day 15-19) 

LFU 
(Day 22-26) 

M/V P/T M/V P/T M/V P/T M/V P/T M/V P/T 
Abdominal 
pain 

          

Absent 70.8% 65.4% 78.1% 77.5% 92.7% 91.2% 94.8% 93.4% 94.3% 90.1% 

Present 29.2% 34.1% 19.8% 19.8% 6.2% 6.0% 2.1% 1.1% 1.0% 2.7% 

Missing 0.0% 0.5% 2.1% 2.7% 1.0% 2.7% 3.1% 5.5% 4.7% 7.1% 

Costo-
vertebral 
angle 
tenderness 

  

        

Absent 28.1% 36.3% 45.3% 47.3% 90.6% 90.7% 95.3% 94.0% 94.3% 92.3% 

Present 71.9% 63.2% 52.6% 50.0% 8.3% 6.6% 1.6% 0.5% 1.0% 0.5% 

Missing 0.0% 0.5% 2.1% 2.7% 1.0% 2.7% 3.1% 5.5% 4.7% 7.1% 

Dysuria           

Absent 25.5% 31.3% 47.9% 51.6% 93.2% 90.1% 94.3% 92.3% 91.1% 90.7% 

Present 74.5% 68.1% 50.0% 45.6% 5.7% 7.1% 2.6% 2.2% 4.2% 2.2% 

Missing 0.0% 0.5% 2.1% 2.7% 1.0% 2.7% 3.1% 5.5% 4.7% 7.1% 

Fever           

Absent 40.1% 36.3% 72.4% 75.3% 98.4% 96.7% 96.4% 94.0% 95.3% 92.9% 

Present 59.9% 63.2% 25.5% 22.0% 0.5% 0.5% 0.5% 0.5% 0.0% 0.0% 

Missing 0.0% 0.5% 2.1% 2.7% 1.0% 2.7% 3.1% 5.5% 4.7% 7.1% 

Flank pain           

Absent 31.2% 33.0% 47.4% 42.9% 92.7% 87.9% 95.8% 94.0% 94.3% 92.3% 

Present 68.8% 66.5% 50.5% 54.4% 6.2% 9.3% 1.0% 0.5% 1.0% 0.5% 

Missing 0.0% 0.5% 2.1% 2.7% 1.0% 2.7% 3.1% 5.5% 4.7% 7.1% 

Nausea           

Absent 60.4% 63.2% 90.1% 85.2% 98.4% 95.6% 96.4% 94.5% 95.3% 92.9% 

Present 39.6% 36.3% 7.8% 12.1% 0.5% 1.6% 0.5% 0.0% 0.0% 0.0% 

Missing 0.0% 0.5% 2.1% 2.7% 1.0% 2.7% 3.1% 5.5% 4.7% 7.1% 
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Suprapubic 
pain 

  
        

Absent 34.9% 41.2% 50.5% 56.6% 94.8% 90.7% 94.8% 90.7% 93.2% 90.1% 

Present 65.1% 58.2% 47.4% 40.7% 4.2% 6.6% 2.1% 3.8% 2.1% 2.7% 

Missing 0.0% 0.5% 2.1% 2.7% 1.0% 2.7% 3.1% 5.5% 4.7% 7.1% 

Urinary 
frequency 

  
        

Absent 35.4% 37.9% 50.0% 46.2% 88.5% 89.0% 91.7% 89.0% 89.6% 86.8% 

Present 64.6% 61.5% 47.9% 51.1% 10.4% 8.2% 5.2% 5.5% 5.7% 6.0% 

Missing 0.0% 0.5% 2.1% 2.7% 1.0% 2.7% 3.1% 5.5% 4.7% 7.1% 

Urinary 
urgency 

  
        

Absent 46.9% 43.4% 58.9% 55.5% 96.9% 94.5% 95.3% 93.4% 93.2% 91.2% 

Present 53.1% 56.0% 39.1% 41.8% 2.1% 2.7% 1.6% 1.1% 2.1% 1.6% 

Missing 0.0% 0.5% 2.1% 2.7% 1.0% 2.7% 3.1% 5.5% 4.7% 7.1% 

Vomiting           

Absent 89.6% 92.9% 96.4% 96.2% 98.4% 97.3% 96.9% 94.0% 95.3% 92.9% 

Present 10.4% 6.6% 1.6% 1.1% 0.5% 0.0% 0.0% 0.5% 0.0% 0.0% 

Missing 0.0% 0.5% 2.1% 2.7% 1.0% 2.7% 3.1% 5.5% 4.7% 7.1% 

M/V = meropenem/vaborbactam (n = 192). P/T = piperacillin/tazobactam (n = 182). 
 
Table 26: Reviewer’s summary of number of symptoms present at various 
timepoints in Study 505 (m-MITT population) 

#Symptoms 
Baseline Day 3 

EOIV 
(Day 5-10) 

TOC 
(Day 15-19) 

LFU 
(Day 22-26) 

M/V P/T M/V P/T M/V P/T M/V P/T M/V P/T 
0 0.0% 0.0% 14.6% 11.0% 74.0% 70.3% 88.0% 83.0% 87.5% 82.4% 

1 1.6% 1.1% 6.2% 7.7% 13.5% 13.7% 4.2% 8.8% 3.1% 5.5% 

2 4.2% 5.5% 9.9% 14.8% 6.2% 8.2% 3.6% 1.1% 3.1% 3.8% 

3 8.3% 15.4% 18.2% 16.5% 2.6% 2.7% 0.5% 1.6% 0.5% 1.1% 

4 22.9% 18.7% 17.7% 14.8% 2.1% 1.1% 0.0% 0.0% 0.0% 0.0% 

5 17.2% 15.9% 10.9% 11.5% 0.5% 0.5% 0.0% 0.0% 0.5% 0.0% 

6 17.7% 16.5% 9.4% 13.2% 0.0% 0.5% 0.0% 0.0% 0.0% 0.0% 

7 14.1% 14.3% 8.3% 6.6% 0.0% 0.0% 0.0% 0.0% 0.5% 0.0% 

8 8.3% 7.7% 2.1% 0.5% 0.0% 0.0% 0.5% 0.0% 0.0% 0.0% 

9 4.2% 3.3% 0.5% 0.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

10 1.6% 1.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Missing 0.0% 0.5% 2.1% 2.7% 1.0% 2.7% 3.1% 5.5% 4.7% 7.1% 

M/V = meropenem/vaborbactam (n = 192). P/T = piperacillin/tazobactam (n = 182). 
Symptoms are abdominal pain, costo-vertebral angle tenderness, dysuria, fever, flank 
pain, nausea, suprapubic pain, urinary frequency, urinary urgency, and vomiting. 
 
3.2.4.6 Study 505 analysis of meropenem-resistant and piperacillin/tazobactam-
resistant pathogens 
 
One limitation of the Study 505 design was that it did not allow an assessment of the 
added contribution of the beta-lactamase inhibitor vaborbactam, because the 
overwhelming majority of pathogens showed in vitro susceptibility to meropenem. Thus, 
this trial was only designed to assess the meropenem/vaborbactam combination regimen, 
and it is unclear how results would have changed had meropenem been used without 
vaborbactam.  
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The following table shows that there were 2 subjects with meropenem-resistant K. 
pneumoniae and 4 subjects with meropenem-resistant P. aeruginosa. Note that 
vaborbactam is not considered to enhance the in vitro activity of meropenem against P. 
aeruginosa.  The sample sizes in these meropenem-resistant subgroups were too small to 
allow descriptive analysis. 
 
Overall Success rates are also shown for subjects with pathogens resistant to the 
piperacillin/tazobactam control. The sample size was small for this subgroup, and the 
results did not imply comparator resistance was an important factor in the trial. 
 
Table 27: Study 505 overall success, clinical cure, and eradication rates for subjects 
with meropenem-resistant baseline pathogens (m-MITT population) 

 
Source: Clinical Study Report 505, Table 32. 
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Table 28: Table XX: Study 505 Overall Success at EOIV and TOC for subjects with 
piperacillin/tazobactam-resistant baseline pathogens (m-MITT population) 

 
Source: Clinical Study Report 505, Table 34. 
 
3.2.4.7 Study 505 sites with significant protocol violations 
 
There were two study sites identified in the Study 505 with potential issues relating to 
data quality and protocol noncompliance. The Clinical Study Report summarized these 
issues for Site 703-005 in Slovakia and Site 616-003 in Poland as follows. 
 
Two sites, Site 703-005 and Site 616-003, were identified as having significant quality 
issues during the conduct of the trial. Site 703-005 enrolled 13 subjects. The clinical 
research associate reported multiple instances of protocol noncompliance and placed the 
site on a corrective action plan; study personnel were retrained. The site was failed [sic] 
to implement the required changes and, following a Quality Assurance audit by the 
Sponsor, the site was closed for cause. This site closure was reported to the FDA, local 
regulatory agency, and the local Ethics Committee. Site 616-003 enrolled 6 subjects. The 
Clinical Research Associated [sic] reported that limited source documentation was 
available for data verification during multiple monitoring visits. At the time of the 
closeout visit, the site was still unable to provide complete source documentation. A 
Quality Assurance audit was conducted that confirmed findings of inadequate source 
documentation and lack of investigator oversight. This site’s noncompliance was 
subsequently reported to the FDA, local regulatory agency, and IEC.  
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The table below shows that when subjects from these study sites are excluded from the 
primary efficacy analysis of Overall Response at the EOIV visit in the m-MITT analysis 
population, the statistical criteria for superiority of meropenem/vaborbactam are still met. 
Thus, this finding is considered insensitive to trial conduct in these two study sites.  
 
Table 29: Study 505 Overall Response at EOIV after excluding subjects from Sites 
703-005 and 616-002 (m-MITT population) 

Overall 
Response 

Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 95% CI 

Success 183/186 (98.4%) 165/175 (94.3%) 4.1% 0.3% to 8.8% 
Failure 2/186 (1.1%) 8/175 (4.6%)   

Indeterminate 1/186 (0.5%) 2/175 (1.1%)   
Source: Clinical Study Report 505, Table 14.2.1.1a. 
 
For reference, a listing is also provided below for the 19 subjects from the affected sites. 
From this listing it can be calculated that the rates of clinical cure and overall success at 
the TOC visit were higher for meropenem/vaborbactam than for piperacillin/tazobactam 
in subjects from these two sites.   
 
Table 30: Reviewer’s summary of Study 505 subjects at Sites 703-005 and 616-002  

Subject ID 
Treatment 

group 
Acute 

pyelonephritis 
m-MITT 

population 

Overall 
Response at 

EOIV 

Overall 
Response at 

TOC 

Clinical 
Outcome at 

TOC 
616-003-501 M/V N N N/A N/A Cure 
616-003-504 P/T N Y Success Success Cure 
616-003-505 M/V N N N/A N/A Cure 
616-003-506 P/T N Y Success Failure Cure 
616-003-507 M/V Y Y Success Success Cure 
616-003-508 M/V N N N/A N/A Cure 
703-005-501 P/T N Y Success Indeterminate Not Assessed 
703-005-502 P/T N Y Success Failure Cure 
703-005-503 P/T N N N/A N/A Cure 
703-005-504 M/V Y Y Success Success Cure 
703-005-505 M/V N Y Success Success Cure 
703-005-506 P/T Y Y Success Indeterminate Indeterminate 
703-005-507 M/V N Y Success Failure Cure 
703-005-508 M/V Y Y Success Success Cure 
703-005-509 P/T Y Y Indeterminate Indeterminate Not Assessed 
703-005-510 M/V N N N/A N/A Not Assessed 
703-005-511 P/T Y N N/A N/A Not Assessed 
703-005-512 M/V Y Y Success Success Cure 
703-005-513 P/T N Y Success Success Cure 
Note: The study site is identified by the first 6 numbers of the subject ID. 
M/V=meropenem/vaborbactam, P/T=piperacillin/tazobactam, Y=Yes, N=No. 
 
Due to the relatively small number of subjects from the affected study sites and the 
insensitivity of the main trial conclusions to these subjects, the other analyses in this 
review do not attempt to exclude these study sites. 
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3.2.4.8 Study 505 efficacy conclusions 
 
Study 505 demonstrated that meropenem/vaborbactam is effective for the treatment of 
cUTI. Although designed as a noninferiority trial, the primary efficacy analysis met 
statistical criteria for superiority relative to the piperacillin/tazobactam comparator, which 
provided relatively strong evidence of a treatment effect on the primary endpoint of 
Overall Response. In addition, results were relatively insensitive to the handling of 
missing or indeterminate data and study sites with significant protocol violations, 
numerical trends for Microbiological Outcome and Clinical Outcome were supportive of 
meropenem/vaborbactam across different timepoints, and rates of symptom resolution 
appeared similar in the two treatment groups. 
 
3.3 Study 506 
 
While the main evidence of efficacy for the cUTI indication in this application is 
provided by Study 505, this section summarizes supportive evidence from Study 506. 
 
3.3.1 Study 506 Design and Endpoints 
 
Study 506 is an ongoing Phase 3, randomized, open-label, multinational, active-
controlled, descriptively analyzed trial in patients with certain infections due to known or 
suspected carbapenem-resistant Enterobacteriaceae (CRE). The study began in November 
2014, and an unblinded interim study report from November 2016 was submitted with 
this application to provide supportive evidence. As defined in the next table, patients in 
this trial were to have complicated urinary tract infections (cUTI) [including acute 
pyelonephritis (AP)], hospital-acquired or ventilator-associated bacterial pneumonia 
(HABP/VABP), complicated intra-abdominal infections (cUTI), or bacteremia (BSI). 
 
Table 31: Study 506 infection definitions 

 
Source: Interim Clinical Study Report 506, Table 1. 
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Subjects were expected to need at least 7 days of intravenous treatment. They were 
randomized in a 2:1 ratio to a meropenem/vaborbactam group or a best available therapy 
(BAT) control group. Randomization was stratified by infection type (cUTI or AP, cIAI, 
HABP, VABP, BSI) and region (North America, Europe, Asia Pacific, Rest of World). 
 
The dosing regimens in the treatment and control groups were as follows: 

 Meropenem/vaborbactam: Meropenem (2g) with vaborbactam (2g) intravenously 
infused q8h with each dose infused for 3 hours for up to 14 days.  

 BAT group: the regimen was at investigator discretion from the following 
intravenous antibiotics, either alone or in combination, for up to 14 days: a 
carbapenem (meropenem, ertapenem, or imipenem), tigecycline, colistin, an 
aminoglycoside (amikacin, tobramycin, or gentamicin), polymyxin B, or 
ceftazidime-avibactam given alone. 

 
The dosing of meropenem/vaborbactam could be adjusted according to renal function, as 
described in the table below. These adjustments were based in part on a separate Phase 1 
renal insufficiency study. 
 
Table 32: Study 506 reduced renal function dose adjustment 
Estimated creatinine clearance 
mL/min (Cockroft-Gault) 

Meropenem/vaborbactam dosage regimen  
(all doses infused over 3 hours) 

≥50 Meropenem(2g)/vaborbactam(2g) q8h 
≥30-49 Meropenem(1g)/vaborbactam(1g) q8h 
≥20-29 Meropenem(1g)/vaborbactam(1g) q12h 
≥10-19 Meropenem(500mg)/vaborbactam(500mg) q12h

<10 Meropenem(500mg)/vaborbactam(500mg) q24h
Source: Clinical Study Protocol REMPEX-506, Table 6. Subjects with an estimated 
clearance <10 mL/min are required to receive dialysis at least twice per week. q8h = 
every 8 hours; q12h = every 12 hours; q24h = every 24 hours.  
 
Study timepoints were as follows. 

 Screening visit. 
 A treatment period from 7-14 days. 
 An end of treatment (EOT) visit on the final day of treatment. 
 A test of cure (TOC) visit 7±2 days following the EOT visit. 
 A late follow-up (LFU) visit 14 ±2 days following the EOT visit. 

The design and assessment schedule are described in the subsequent table and diagram. 
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Table 33: Study 506 schedule of assessments 

 

 
Source: Clinical Study Protocol REMPEX-506, Table 1. 
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Figure 3: Overview of Study 506 design 

 
Source: Interim Clinical Study Report 506, Figure 1. 
 
The inclusion criteria for the trial are listed below. Subjects were to have met all criteria 
in order to be eligible. 

1. Willingness to comply with all study activities and procedures and to provide 
signed, written informed consent prior to any study procedures. If a subject was 
unable to provide informed consent due to their medical condition, the subject’s 
legal representative was to be provided with study information in order for 
consent to be obtained. 

2. Hospitalized male or female, ≥18 years of age. 
3. Weight ≤185 kg. 
4. Have a confirmed diagnosis of a serious infection, specifically cUTI or AP, cIAI, 

HABP, VABP, or bacteremia requiring administration of intravenous antibacterial 
therapy. 

5. Known or suspected CRE infection. For known CRE infection, there was to be 
evidence from CRE culture or other phenotypic or molecular testing within 72 
hours of Day 1, alone or as a single isolate of a polymicrobial infection. In 
addition, for known CRE infection the subject was to have received no more than 
24 hours of an antimicrobial agent to which the known CRE was susceptible, 
except in cases of documented clinical evidence of failure after at least 48 hours 
of treatment. For suspected CRE infection, there was to be evidence from a CRE 
culture or other phenotypic or molecular testing, alone or as a single isolate of a 
polymicrobial infection, from any source within 90 days prior to Day 1 of the 
study. In addition, for suspected CRE the subject was to have received no more 
than 24 hours of empiric antimicrobial therapy for Gram-negative organisms prior 
to enrollment. 

6. Expectation, in the opinion of the investigator, that the subject’s infection will 
require treatment with intravenous antibiotics for a minimum of 7 days.  
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7. Expectation that subjects with an estimated creatinine clearance <10 mL/min 
(Cockroft-Gault) will receive hemodialysis at least 2 times per week. 

8. Diagnosis with cUTI or AP, cIAI, HABP, VABP, or BSI as defined in the tables 
below. For cUTI and AP there was to be the expectation, in the judgment of the 
investigator, that any indwelling urinary catheter or instrumentation would be 
removed or replaced before or as soon as possible, but not longer than 12 hours 
after randomization. For cIAI, patients were to be enrolled approximately 24 
hours before or 96 hours after the surgical procedure when there was the 
expectation that operative drainage/debridement/removal of any intra-abdominal 
collection or other potential source of cIAI was to be performed, and an 
expectation that cultures from this procedure would be sent for microbiological 
evaluation including Gram stain, culture, and susceptibility testing. 

9. Female subjects of childbearing potential, including those who are less than 2 
years post-menopausal, must agree to, and comply with, using 2 highly effective 
methods of birth control (i.e., condom plus spermicide, combined oral 
contraceptive, implant, injectable, indwelling intrauterine device, sexual 
abstinence, or a vasectomized partner) while participating in this study. In 
addition, all women of childbearing potential must agree to continue to use 2 
forms of birth control throughout the study and for at least 30 days after 
administration of the last dose of study drug. 

 
Table 34: Study 506 diagnostic criteria 
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Source: Clinical Study Protocol REMPEX-506. 
 
The following exclusion criteria were specified in the protocol: 

1. History of any significant hypersensitivity or severe allergic reaction to any beta-
lactam antibiotics (e.g., cephalosporins, penicillins, carbapenems, or 
monobactams). 

2. Known or suspected likely infection with New Delhi metallo- (NDM), Verona 
integrin-encoding metallo- (VIM), or imipenemase-metallo-beta-lactamases or 
oxacillinase (OXA)-beta-lactamases (i.e., Class B or Class D beta-lactamases). 

3. For subjects to be enrolled with the primary indication of cUTI or AP, any of the 
following urologic conditions: 

a. Likely to receive ongoing antibacterial drug prophylaxis after treatment of 
cUTI (e.g., subjects with vesico-ureteral reflux); 

b. Suspected or confirmed prostatitis; 
c. Requirement for bladder irrigation with antibiotics or for antibiotics to be 

administered directly via urinary catheter; 
d. Previous or planned crystectomy or ileal loop surgery; 
e. Uncomplicated UTI (for example, female subjects with urinary frequency, 

urgency or pain or discomfort without systemic symptoms or signs of 
infection); 

f. Complete, permanent obstruction of the urinary tract; 
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g. Suspected or confirmed perinephric or renal corticomedullary abscess; 
h. Polycystic kidney disease; or 
i. Any recent history of trauma to the pelvis or urinary tract. 

4. For subjects to be enrolled with the primary indication of cIAI, any of the 
following conditions: 

a. Incomplete drainage of suspected or known intra-abdominal source; 
b. Likely to receive ongoing antibacterial drug prophylaxis or chronic 

suppressive therapy after intravenous treatment of cIAI; 
c. Source of infection thought to be related to or involving a non-removable 

prosthesis (e.g. intra-abdominal mesh) or implantable device, line (e.g., 
peritoneal catheter) or stent (e.g., biliary stent); 

d. Uncomplicated intra-abdominal infection, such as simple appendicitis, 
simple cholecystitis or gangrenous cholecystitis without rupture; 

e. Patients with infected necrotizing pancreatitis or pancreatic abscess; 
f. Patients whose surgery will include staged abdominal repair or “open 

abdomen” technique, or marsupialization; 
g. Patients in whom the intra-abdominal process is deemed not likely to be 

infectious in origin; or 
h. Non-intra-abdominal infection (e.g., infection or abscess of the abdominal 

wall without extension into the intra-abdominal cavity). 
5. For subjects to be enrolled with the primary indication of HABP or VABP, any of 

the following conditions: 
a. Diagnosis of ventilator-associated tracheobronchitis; or 
b. Inability to obtain proper respiratory specimens for culture. 

6. For subjects to be enrolled with the indication of bacteremia unrelated to cUTI or 
AP, cIAI, HABP, and VABP, any of the following: 

a. Unverified CRE infection; or 
b. Source of infection thought to be related to or involving a non-removable 

or implantable device or line. 
7. Evidence of immediately life-threatening disease where in the opinion of the 

investigator, the subject is unlikely to survive more than 72 hours from 
randomization. 

8. If calculated, an Acute Physiology and Chronic Health Evaluation (APACHE) II 
score >30. 

9. Known or suspected endocarditis, meningitis, or osteomyelitis. 
10. Irremovable or implantable device or line thought to be the potential source of 

infection. 
11. Evidence of significant hepatic hematological or immunologic disease or 

dysfunction determined by any of the following: 
a. Known fulminant viral hepatitis; 
b. Subjects meeting Hy’s criteria of ALT or AST >3xULN and total bilirubin 

>2xULN and no other explanation such as hepatitis or acute liver injury, 
etc.; 

c. Manifestations of end-stage liver disease, such as ascites or hepatic 
encephalopathy; or 
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d. Human immunodeficiency virus with either a CDR count <200 cells/mm3 
at the last measurement, or current diagnosis of another Acquired Immune 
Deficiency Syndrome-defining illness. 

12. Women who are pregnant or breastfeeding. 
13. Require the use of inhaled antibiotics. 
14. Participation in any other study involving administration of an investigational 

agent or device within 30 days prior to randomization into this study or previous 
participation in the current study. 

15. Previous participation in a study of vaborbactam. 
16. Any condition that, in the opinion of the investigator, would compromise the 

safety of the subject or the quality of the data. 
 
With respect to concomitant Gram-negative antibacterial therapy, subjects in the 
meropenem/vaborbactam group with cUTI or AP were to receive the study drug as 
monotherapy. Those with cIAI, HABP/VABP, or BSI could receive supportive 
aminoglycoside therapy until culture information was available or for the first 72 hours.  
 
The primary efficacy endpoint was defined according to the baseline infection type: 

 For subjects with HABP, VABP, or BSI at baseline, the primary efficacy endpoint 
was Day 28 all-cause mortality. 

 For subjects with cUTI or AP at baseline, the primary efficacy endpoint was 
overall success at the TOC visit. Overall success required both microbiological 
eradication (baseline pathogens reduced to <104 CFU/mL or urine) and a Clinical 
Outcome of cure, as defined below. A separate microbiological eradication 
primary endpoint was also defined for the EMA for cUTI or AP patients, which 
will not be a focus of this review. 

 For subjects with cIAI at baseline, the primary efficacy endpoint was a Clinical 
Outcome of cure at the TOC visit, which will be defined below. 

 
For subjects with each type of indication, Clinical Outcome endpoints were defined at 
different timepoints according to the next table. These endpoints were based on the 
investigator’s overall determination of response. 
 
As noted above for subjects with cUTI or AP, microbiological eradication was defined 
for FDA as demonstration that the baseline pathogen(s) were reduced to <104 CFU/mL 
on urine culture and a negative blood culture (after a positive blood culture at baseline). 
For subjects with BSI, microbiological eradication was defined as demonstration that the 
baseline pathogen(s) were absent with repeat culture.  
 
This was an open-label study, meaning that the investigators, study coordinators, and 
pharmacy staff were unblinded. However, subjects were not to be explicitly informed of 
their treatment group assignment. In addition, each study site was to designate a blinded 
investigator who was to be blinded to treatment assignments and evaluate clinical 
outcome criteria during study visits. There was also a blinded adjudication committee to 
evaluate clinical outcomes in cases where the investigator’s and blinded investigator’s 
assessments were discordant. The adjudication committee decision was to be used if the 
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principal investigator’s assessment did not agree with the blinded investigator’s 
assessment for Clinical Outcome at the TOC visit. Discordant results at other study visits 
were not adjudicated, and the unblinded investigator’s assessment was used.  
 
Table 35: Study 506 criteria for Clinical Outcome 

 
Source: Statistical Analysis Plan REMPEX-506, Table 3. 
 
3.3.2 Study 506 Statistical Methodologies 
 
This study was not designed with formal win criteria or inferential statistical hypothesis 
testing. Thus, it was considered a descriptively analyzed study.  
 
However, as was noted in the previous subsection, the trial did define an indication-
specific primary efficacy endpoint. In addition, a primary efficacy analysis population 
was defined as the mCRE-MITT population of randomized subjects who received at least 
1 dose of study drug and had confirmed baseline CRE infection. This population and 
other analysis populations defined in the statistical analysis plan are described below. 

 The intent-to-treat (ITT) population was comprised of all randomized subjects. 
 The modified intent-to-treat (MITT) population was comprised of all subjects 

who met the ITT criteria and received at least 1 dose of study drug. 
 The safety population was comprised of all ITT subjects who received at least 1 

dose of study drug, with analyses according to the treatment actually received. 
 The microbiological modified intent-to-treat (m-MITT) population was comprised 

of all MITT subjects who had a baseline Gram-negative bacterial pathogen. 
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 The microbiological carbapenem-resistant Enterobacteriaceae modified intent-to-
treat (mCRE-MITT) population was comprised of all m-MITT subjects who had a 
baseline Enterobacteriaceae that was confirmed to be meropenem-resistant.  

 The clinically evaluable (CE) population was comprised of all MITT subjects 
who had no key inclusion or exclusion violations, had sufficient outcome data 
capture, and received a sufficient number of the expected intravenous doses for a 
sufficient duration. 

 The microbiologically evaluable (ME) population was comprised of subjects who 
met m-MITT and CE population criteria. 

 The carbapenem-resistant Enterobacteriaceae microbiologically evaluable (CRE-
ME) population was comprised of subjects who met mCRE-MITT and CE 
population criteria. 

 The pharmacokinetic (PK) population was comprised of all MITT subjects who 
had at least 1 plasma PK sample drawn. 

 
The statistical analysis plan specified that exact 95% two-sided binomial confidence 
intervals for indication-specific primary endpoints were to be presented for the m-MITT 
and mCRE-MITT populations for each indication. However, only listings were to be 
presented for indications with less than 8 total subjects, due to limited sample sizes. 
 
For Clinical Outcome endpoints, subjects with missing data or who were lost to follow-
up were to be included in denominators for response rate calculations. Thus, these 
subjects were to be imputed as non-responders. 
 
The planned final sample size for this ongoing trial is approximately 150 total subjects. 
They will be randomized in a 2:1 ratio such that approximately 100 subjects will be in the 
meropenem/vaborbactam group and approximately 50 subjects will be in the BAT 
control group. The statistical analysis plan states that “Due to the infeasibility of 
recruiting a large number of subjects infected with CRE pathogens, no formal power 
calculations have been performed for this study,” and that “the sample size is based on 
practical considerations.” It also states that enrollment is to continue until at least 45 
subjects (30 meropenem/vaborbactam, 15 BAT) with cUTI or AP are documented to 
have a baseline CRE organisms and until at least 30 subjects with cIAI (20 
meropenem/vaborbactam, 10 BAT) are enrolled, and that “Once the specified number of 
subjects are enrolled in the cUTI and/or cIAI indications, data from these subjects may be 
submitted to regulatory agencies in support of a marketing application, and the 
enrollment of additional subjects into the specific indication(s) where enrollment was met 
may be stopped.” However, in this application the data have been submitted despite 
lower sample sizes than the 45 CRE patients specified for the cUTI cohort. 
 
As noted in Section 3.2.2, there was a common data safety monitoring board to review 
accumulated safety data for Studies 505 and 506 when the total combined enrollment in 
both trials was approximately 25% and 50%. This board did not recommend any study 
modifications after either review of safety data. 
 

Reference ID: 4100884



The protocol for Study 506 was amended once, before the first subject was enrolled, and 
the statistical analysis plan was amended once in August 2015 while the study was 
ongoing. The changes to the statistical analysis plan modified secondary, safety, and 
exploratory endpoints, clarified certain definitions, and modified the planned tabular 
presentation of certain results.  
 
Many secondary endpoints were defined in the statistical analysis plan. These endpoints 
differed for subjects with cUTI/AP, cIAI, HABP/VABP, and BSI, and were 
predominately defined by considering all-cause mortality and the previously described 
Clinical Outcome endpoint at various combinations of analysis populations and study 
visits.  
 
3.3.3 Study 506 Patient Disposition, Demographic, and Baseline Characteristics 
 
This section presents tables from the Study 506 interim clinical study report summarizing 
the baseline disposition of enrolled subjects. There were a total of 41 subjects 
randomized, with 25 randomized to meropenem/vaborbactam and 16 randomized to the 
BAT control group. Only 2 randomized subjects did not receive the assigned study drug, 
and thus were not included in the MITT analysis population. Both were in the 
meropenem/vaborbactam group and were enrolled in the United States. One of these 
subjects experienced an adverse event of rash after randomization but prior to dosing that 
led to study withdrawal, and the Sponsor requested that the other subject not receive 
study drug because he was on continuous venovenous hemofiltration. 
 
Approximately 73% of enrolled subjects were in the m-MITT population with a 
microbiologically confirmed baseline bacterial pathogen, and 61% of enrolled subjects 
were in the mCRE-MITT population with a microbiologically confirmed CRE infection 
at baseline. The most common types of infections were complicated urinary tract 
infections and acute pyelonephritis (23 total subjects), followed by bacteremia (12 total 
subjects). There were few subjects with HABP/VABP (5 total subjects), or cIAI (1 
subject). 
 
Approximately two thirds of randomized subjects completed the study treatment and 
completed the study. The most common reason for non-completion was an adverse event. 
 
Subjects were predominately enrolled in Europe, and had a variety of comorbid 
conditions at baseline. There was a significant representation of diabetics, patients with 
impaired renal function, immunocompromised patients, and patients with high Charlson 
comorbidity scores.   
 
The predominant pathogen in this trial was K. pneumoniae, which respectively infected 
15 and 9 subjects in the meropenem/vaborbactam and BAT groups of the m-MITT 
population. In the meropenem/vaborbactam group, 1 subject also had a cUTI due to P. 
aeruginosa and 1 subject had HABP due to A. baumannii. In the BAT control group 3 
subjects had E. coli, 2 subjects had E. cloacae infections, 1 subject had S. marcescens, 1 
subject had P. mirabilis, and 1 subject had unspeciated coliform. 
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To the best understanding of this reviewer, 14/23 (60.9%) meropenem/vaborbactam 
subjects and 9/16 (56.3%) BAT subjects in the MITT population received prior 
antibacterials for systemic use, defined as antibiotics within 2 weeks of study enrollment 
that was discontinued before the first dose of study drug. This was considered low, as 
naively one would expect almost all patients at risk for CRE to have receipt of prior 
therapy before enrollment. The most common prior antibacterials were vancomycin, 
meropenem, and piperacillin/tazobactam. 
 
This section also displays the initial BAT control group regimens of the m-MITT 
population. Colistin or polymyxin B was used by 5/13 (38.5%) subjects, an 
aminoglycoside was used by 6/13 (46.2%) subjects, ceftazidime-avibactam was used by 1 
subject, tigecycline was used by 2/13 (15.4%) subjects, and a regimen containing a 
carbapenem was used by 7/13 (53.8%) subjects.  
 
The final table in this section shows that over half the subjects in this trial used 
concomitant systemic antibacterials on or after the first infusion of study drug. In the 
MITT population, such therapy was used by 11/23 (47.8%) subjects in the 
meropenem/vaborbactam group and 10/16 (62.5%) subjects in the BAT control group.    
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Table 36: Study 506 analysis populations 

 
Source: Interim Clinical Study Report 506, Table 5. 
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Table 37: Study 506 subject disposition (MITT population) 

 
Source: Interim Clinical Study Report 506, Table 4. 
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Table 38: Study 506 demographics (MITT population) 

 
Source: Interim Clinical Study Report 506, Table 6. 
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Table 39: Study 506 baseline characteristics (MITT population) 

 
Source: Interim Clinical Study Report 506, Table 7. 
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Table 40: Study 506 summary of baseline pathogens (m-MITT population) 

 

 
Source: Interim Clinical Study Report 506, Table 14.1.4.1. Baseline pathogens were 
identified based on both local and central laboratories. 
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Table 41: Study 506 initial BAT regimens (m-MITT population) 

Subject ID 
Age 

(years) 
Gender Country 

Primary 
infection 

type 

Baseline 
pathogen 

Initial BAT 
regimen 

300-002-602 68 Female Greece AP E. coli 
Ciprofloxacin 
400 mg BID 

840-019-601 52 Male USA AP K. pneumoniae 
Polymyxin B 
850,000 q12h 

076-003-601 80 Male Brazil cUTI E. coli 
Colistin 150 mg 
q12h 

376-005-601 64 Male Israel cUTI K. pneumoniae 

Amikacin 500 
mg + 
meropenem 1g 
IV q8h 

840-006-601 49 Male USA cUTI E. cloacae 
Gentamicin 360 
mg IV q24h 

840-010-601 55 Female USA cUTI 
E. cloacae 

K. pneumoniae 

Meropenem 1g 
IV q8h + 
gentamicin 150 
mg IV q24h 

376-005-602 81 Male Israel BSI K. pneumoniae 

Gentamicin 160 
mg QD + 
meropenem 1 g 
q8h 

380-003-601 50 Male Italy BSI K. pneumoniae 

Meropenem 1.5 
g q6h + colistin 
4.5 MU q12h + 
ertapenem 1 g q 
24h 

380-005-601 53 Female Italy BSI K. pneumoniae 

Colistin 4.5 MU 
q12h + 
tigecycline 100 
mg q12h + 
meropenem 2 g 
q8h + 
gentamicin 240 
mg q24h 

840-006-602 63 Female USA BSI K. pneumoniae 
Ceftazidime-
avibactam 2.5 g 
q8h 

840-010-603 57 Male USA BSI S. marcescens 

Meropenem 1g 
IV q8h + 
ertapenem 1 g 
IV q24h 

840-004-601 67 Male USA VABP K. pneumoniae 

Colistin 150 mg 
q12h + 
gentamicin 500 
mg q12h 
(adjusted for 
renal function) 

826-002-601 75 Male 
Great 

Brittain 
cIAI 

E. coli 
K. pneumoniae 

Meropenem 1g 
IV q8h + 
tigecycline 50 
mg q12h 

Source: Interim Clinical Study Report 506, Table 12. 
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Table 42: Study 506 concomitant antibacterials for systemic use started on or after 
the first infusion of study drug (MITT population) 

 
Meropenem/vaborbactam 

(n = 23) 
BAT control group 

(n = 16) 
Any antibacterial for systemic use 11/23 (47.8%) 10/16 (62.5%) 

Amikacin 2 (8.7%) 1 (6.3%) 
Amoxicillin 0 (0.0%) 1 (6.3%) 

Bactrim 2 (8.7%) 2 (12.5%) 
Cefazolin 1 (4.3%) 0 (0.0%) 

Ciprofloxacin 1 (4.3%) 0 (0.0%) 
Clarithromycin 1 (4.3%) 0 (0.0%) 

Colistimethate sodium 2 (8.7%) 1 (6.3%) 
Colistin 2 (8.7%) 2 (12.5%) 

Combinations of antibacterials 0 (0.0%) 2 (12.5%) 
Daptomycin 0 (0.0%) 2 (12.5%) 
Doripenem 0 (0.0%) 1 (6.3%) 

Doxycycline 1 (4.3%) 0 (0.0%) 
Ertapenem 0 (0.0%) 1 (6.3%) 

Fosfomycin 1 (4.3%) 1 (6.3%) 
Gentamicin 3 (13.0%) 2 (12.5%) 

Linezolid 1 (4.3%) 1 (6.3%) 
Meropenem 1 (4.3%) 5 (31.3%) 

Metronidazole 1 (4.3%) 2 (12.5%) 
Piperacillin/tazobactam 2 (8.7%) 0 (0.0%) 

Polymyxin B 1 (4.3%) 0 (0.0%) 
Primaxin 1 (4.3%) 0 (0.0%) 

Teicoplanin 0 (0.0%) 2 (12.5%) 
Tigecycline 2 (8.7%) 2 (12.5%) 

Unacid 0 (0.0%) 1 (6.3%) 
Vancomycin 5 (21.7%) 1 (6.3%) 

Source: Interim Clinical Study Report 506, Table 14.1.6.12. 
 
3.3.4 Study 506 Results and Conclusions 
 
The tables in this section display efficacy results in Study 506 for Day 28 all-cause 
mortality, Clinical Outcome at the TOC visit, and Microbiological Outcome at the TOC 
visit. Results are presented for the MITT analysis population, the m-MITT analysis 
population with a baseline pathogen, the mCRE-MITT analysis population with a CRE 
baseline pathogen, and baseline subgroups defined by infection types and pathogens. 
 
Because patients with serious carbapenem-resistant infections are generally considered to 
have unmet medical needs, and therapeutic options used in the control group such as 
colistin, tigecycline, and aminoglycosides may have suboptimal efficacy, a favorable 
efficacy finding in this setting would ideally be a demonstration of improvement relative 
to the BAT control group rather than similarity to the BAT control group. 
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The sample sizes from this interim analysis were too small to meaningfully characterize 
efficacy. The MITT mortality rates of approximately 18% per group were considered low 
for a CRE study compared to relevant literature, but the confidence interval for the 
difference in mortality rates between meropenem/vaborbactam and the BAT control 
group could not exclude either a very large treatment benefit or treatment detriment. 
Point estimates for clinical cure rates were approximately 45% in each group. 
Interpretation of this endpoint is more limited than all-cause mortality due to the open-
label design and potentially subjective definition of “cure.” Few subjects in either 
treatment group achieved documented microbiological eradication at the TOC visit. The 
main limitation of this microbiological endpoint in Study 506 was the fact that a majority 
of subjects had an outcome classified as indeterminate, although in some cases this was 
simply due to subjects having died before the scheduled TOC visit. 
 
Due to the small number of subjects in this study, results in subgroups defined by 
infection type and baseline pathogen were very limited by small sample sizes. Even 
descriptive analysis was not meaningful for body site-specific subgroups, such as for the 
4 subjects with HABP/VABP or the single subject with cIAI. For cUTI subjects in the 
meropenem/vaborbactam group, there were 2 deaths out of 15 subjects, whereas in the 
previously discussed cUTI Study 505 the mortality rate was <1%. This likely reflects 
differences in underlying characteristics of cUTI patients in Studies 505 and 506. 
 
Another limitation of this study was the unblinded interim nature of the analysis. 
Although this was an open-label trial, it is recommended that studies be conducted as if 
they are blinded trials in all ways other than through the physician and patient having 
knowledge of the treatment assignment. This would include the Sponsor being unaware 
of the treatment assignments and there not being any summary of the trial by randomized 
treatment groups until after database lock.  
 
Results are also shown for serious adverse events. The safety population of randomized 
subjects analyzed by drug received exactly coincided with the MITT population. In the 
meropenem/vaborbactam group, the only SAE experienced by more than 1 subject was 
anemia. Because the reported SAEs were generally fatal, it was difficult to disentangle 
effects on SAEs from effects on mortality. 
 
Overall, this trial does not provide statistically meaningful evidence for the efficacy of 
meropenem/vaborbactam in patients with serious carbapenem-resistant infections. The 
interpretations of this ongoing trial are limited by small sample sizes, the descriptive 
nature of the study, and inconclusive results.  
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Table 43: Reviewer’s summary of Day 28 all-cause mortality results in Study 506 
Subgroup of MITT 

population 
Meropenem/ 
vaborbactam 

BAT control 
group 

Difference 
95% confidence 

interval 
Entire MITT 

m-MITT 

mCRE-MITT 

Infection type 
cUTI/AP 

BSI 
HABP/VABP 

cIAI

Baseline pathogen 
K. pneumoniae 

E. coli 
Enterobacter cloacae 

species complex 
P. aeruginosa 
A. baumannii 

P. mirabilis 
S. marcescens 

Unspeciated coliform 
Note: There was 1 subject in the meropenem/vaborbactam group of the mCRE-MITT 
population with acute pyelonephritis at baseline who died on Day 35. All other deaths 
recorded in the trial occurred at or before Day 12. 
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Table 44: Reviewer’s summary of Clinical Outcome at the TOC visit in Study 506 
Subgroup of 

MITT 
population 

Meropenem/ 
vaborbactam 

BAT control 
group 

Difference 
95% confidence 

interval 

Entire MITT     
Cure 

Failure 
Indeterminate 
Not Assessed 

m-MITT
Cure 

Failure 
Indeterminate 
Not Assessed 

mCRE-MITT
Cure 

Failure 
Indeterminate 
Not Assessed 

cUTI/AP
Cure 

Failure 
Indeterminate 
Not Assessed 

BSI
Cure 

Failure 
Indeterminate 
Not Assessed 

HABP/VABP
Cure 

Failure 
Indeterminate 
Not Assessed 

cIAI
Cure

Failure
Indeterminate
Not Assessed 

Note: All subjects who died before Day 28 had a Clinical Outcome of failure at the TOC 
visit. The meropenem/vaborbactam subject in the mCRE-MITT population with acute 
pyelonephritis who died on Day 35 had a Clinical Outcome of indeterminate. 
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Table 45: Reviewer’s summary of Microbiological Outcome at TOC in Study 506 
Subgroup of the 

m-MITT 
population 

Meropenem/ 
vaborbactam 

BAT control 
group 

Difference 
95% confidence 

interval 

Entire m-MITT     
Eradication 
Persistence 
Recurrence 

Indeterminate 
mCRE-MITT

Eradication 
Persistence 
Recurrence 

Indeterminate 
cUTI/AP

Eradication 
Persistence 
Recurrence 

Indeterminate 
BSI

Eradication 
Persistence 
Recurrence 

Indeterminate 
HABP/VABP

Eradication 
Persistence 
Recurrence 

Indeterminate 
cIAI

Eradication
Persistence
Recurrence

Indeterminate
Note: All m-MITT subjects who died before Day 28 had a Microbiological Outcome of 
indeterminate at the TOC visit. The meropenem/vaborbactam subject in the mCRE-MITT 
population with acute pyelonephritis who died on Day 35 had an outcome of eradication. 
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Table 46: Study 506 serious adverse events (safety population)  

 
Source: Interim Clinical Study Report 506, Table 19. The safety population exactly 
coincided with the MITT population. 
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3.4 Evaluation of Safety in Study 505 
 
This section describes the safety findings in Study 505. Safety results for Study 506 were 
discussed in the previous subsection. The tables below are taken from the Clinical Study 
Report and pertain to the safety population of randomized subjects who received any 
dose of study drug (analyzed according to treatment received rather than treatment 
randomized). This population completely overlapped with the MITT population, because 
no subjects received the incorrect therapy. As with efficacy, the trial design only allowed 
safety evaluation of the meropenem/vaborbactam regimen, and not of the added safety 
risks from vaborbactam.  
 
The following table shows that the overall rates of treatment emergent adverse events and 
serious adverse events were similar between the meropenem/vaborbactam and 
piperacillin/tazobactam groups. Approximately 37% of randomized subjects experienced 
an adverse event, while only about 4% of the cUTI subjects in this trial experienced a 
serious adverse event. In this trial there were few deaths, serious adverse events 
considered related to study drug, or study drug discontinuations due to adverse events.  
 
Table 47: Study 505 overview of adverse events (Safety population) 

 
Source: Clinical Study Report 505, Table 36. 
 
The next table describes all adverse events seen at a rate of ≥1% in either treatment 
group. Headache was the most common adverse event, occurring in 8.8% of subjects in 
the meropenem/vaborbactam group and 4.4% of subjects in the piperacillin/tazobactam 
group. Note that the FDA label for meropenem lists headache as an event that occurred at 
a noticeable rate in previous clinical studies. Events other than headache were relatively 
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rare in Study 505, occurring at rates <4%, and it was not possible to statistically 
differentiate the meropenem/vaborbactam and piperacillin/tazobactam groups. 
 
Table 48: Study 505 adverse events with ≥1% in either group (Safety population) 

 
Source: Clinical Study Report 505, Table 37. 
 
Treatment emergent serious adverse events are shown in the next table. For each system 
organ class and preferred term, event rates were relatively rare, with no obvious statistical 
differences between the two treatment groups. 
 
The 2 deaths in the meropenem/vaborbactam group (due to bronchoaspiration and sudden 
cardiac death) and 2 deaths in piperacillin/tazobactam group (due to septic shock and 
pulmonary embolism) are also summarized. The meropenem/vaborbactam deaths 
occurred after the treatment period at Day 14 and Day 11, while the 
piperacillin/tazobactam deaths occurred earlier at Day 2 and Day 3. None of the deaths 
were considered by study personnel to be related to study drugs. 
 
Nonfatal but life-threatening events were reported in 3 meropenem/vaborbactam subjects, 
which respectively were congestive cardiac failure, septic shock secondary to salpingo-
oophoritis, and an infusion-related reaction. No nonfatal life-threatening events were 
reported in the piperacillin/tazobactam group. 
 
Overall, the statistical evidence in this trial supported a similar safety profile between 
meropenem/vaborbactam and piperacillin/tazobactam, but had little power to differentiate 
the groups with respect to infrequent serious events. Although there were no noticeable 
safety signals, statistical determination of causality is difficult with rare events, and hence 
deference is made to the clinical reviewer for a further assessment of causality and safety 
based on examination of patient narratives.  
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Table 49: Study 505 serious adverse events (Safety population) 

 
Source: Clinical Study Report 505, Table 40. 
 
Table 50: Study 505 deaths (Safety population) 

 
Source: Clinical Study Report 505, Table 39. 
 
 
 
 
 

Reference ID: 4100884



4. STUDY 505 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS 
 
This section summarizes subgroup results from Study 505. As there was nearly universal 
success for the primary efficacy endpoint of Overall Response at the EOIV visit, 
subgroup analyses for this endpoint were uninteresting because the success rates were 
invariably high across subgroups. Therefore, subgroup results are instead presented for 
the endpoints of microbiological eradication at the TOC visit and clinical cure at the TOC 
visit. All subgroups are assessed within the m-MITT primary analysis population of 
randomized subjects who received at least 1 dose of study drug and had a 
microbiologically confirmed baseline pathogen. 
 
Note that Microbiological Outcome at the TOC visit was indeterminate for 12.5% of 
meropenem/vaborbactam subjects and 18.7% of piperacillin/tazobactam subjects, while 
Clinical Outcome at the TOC visit was indeterminate or not assessed in only 4.2% and 
7.7% of subjects in the respective treatment groups. Consequently, clinical cure results 
may be more reliable than microbiological results in the sense that they are less affected 
by missing data. In the tables below, these missing outcomes are considered as failures. 
 
4.1 Gender, Race, Age, and Geographic Region 
 
The following tables display microbiological and clinical results at the TOC visit across 
demographic subgroups. Numerical trends were favorable to meropenem/vaborbactam in 
females. Because Study 505 enrolled mostly Whites from Europe, it was not possible to 
characterize efficacy in other groups with any precision.  
 
Table 51: Reviewer’s summary of Study 505 microbiological eradication at the TOC 
visit in demographic subgroups of the m-MITT population 

Subgroup 
Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 
95% confidence 

interval 
Gender     

Male 44/67 (65.7%) 40/62 (64.5%) 1.2% -15.1% to 17.5% 
Female 88/125 (70.4%) 73/120 (60.8%) 9.6% -2.3% to 21.3% 

Race     
White 127/178 (71.3%) 105/169 (62.1%) 9.2% -0.7% to 19% 
Black 2/3 (66.7%) 2/2 (100%)   
Asian 1/4 (25.0%) 1/3 (33.3%)   
Other 2/7 (28.6%) 5/8 (62.5%)   

Age (years)     
<65 95/130 (73.1%) 75/105 (71.4%) 1.6% -9.7% to 13.3% 

65-74 20/35 (57.1%) 19/39 (48.7%) 8.4% -14.1% to 30.1% 
≥75 17/27 (63.0%) 19/38 (50.0%) 13.0% -11.5% to 35.5% 

Region     
North America 2/3 (66.7%) 1/6 (16.7%)   

Europe 124/173 (71.7%) 105/163 (64.4%) 7.3% -2.7% to 17.2% 
Asia Pacific 1/4 (25.0%) 1/3 (33.3%)   

Rest of World 5/12 (41.7%) 6/10 (60.0%)   
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Table 52: Reviewer’s summary of Study 505 clinical cure at the TOC visit in 
demographic subgroups of the m-MITT population 

Subgroup 
Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 
95% confidence 

interval 
Gender     

Male 58/67 (86.6%) 55/62 (88.7%) -2.1% -14.0% to 9.9% 
Female 116/125 (92.8%) 102/120 (85.0%) 7.8% 0.0% to 16.1% 

Race     
White 162/178 (91.0%) 147/169 (87.0%) 4.0% -2.6% to 10.9% 
Black 3/3 (100%) 2/2 (100%)   
Asian 4/4 (100%) 2/3 (66.7%)   
Other 5/7 (71.4%) 6/8 (75.0%)   

Age (years)     
<65 122/130 (93.8%) 96/105 (91.4%) 2.4% -4.4% to 10.0% 

65-74 30/35 (85.7%) 30/39 (76.9%) 8.8% -9.7% to 26.6% 
≥75 22/27 (81.5%) 31/38 (81.6%) -0.1% -20.9% to 18.6% 

Region     
North America 3/3 (100%) 5/6 (83.3%)   

Europe 158/173 (91.3%) 141/163 (86.5%) 4.8%  
Asia Pacific 4/4 (100%) 2/3 (66.7%)   

Rest of World 9/12 (75.0%) 9/10 (90.0%)   
 
4.2 Other Special/Subgroup Populations 
 
The next tables display microbiological and clinical results at the TOC visit in baseline 
subgroups defined by infection type, creatinine clearance, diabetes status, SIRS status 
[systemic inflammatory response syndrome], Charlson comorbidity score, bacteremia, 
and baseline pathogen. 
 
The majority of subjects in Study 505 had acute pyelonephritis, and numerical trends 
were supportive of meropenem/vaborbactam for this form of infection. Likewise, 
subgroup analysis did not raise concerns for subjects with diabetes, bacteremia, or a 
higher level of baseline comorbidities. There were limited data with which to characterize 
efficacy in subjects with suboptimal renal function. Results for meropenem/vaborbactam 
were similar to piperacillin/tazobactam in subjects with E. coli or K. pneumoniae 
infections. Subgroups defined by other baseline pathogens had relatively small sample 
sizes. 
 
Table 53: Reviewer’s summary of Study 505 microbiological eradication at the TOC 
visit in various baseline subgroups of the m-MITT population 

Subgroup 
Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 
95% confidence 

interval 
Infection type     

Acute pyelonephritis 91/120 (75.8%) 68/101 (67.3%) 8.5% -3.4% to 20.4% 
Removable source 19/37 (51.4%) 23/43 (53.5%) -2.1% -23.5% to 19.4% 

Non-removable source 22/35 (62.9%) 22/38 (57.9%) 5.0% -17.3% to 26.6% 
Creatinine clearance (mL/min)     

<30 1/1 (100%) 0/1 (0.0%)   
30-50 12/20 (60.0%) 15/22 (68.2%) -8.2% -35.8% to 20.3% 

>50 117/169 (69.2%) 97/156 (62.2%) 7.1% -3.3% to 17.3% 
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Diabetes status     
Yes 17/32 (53.1%) 20/34 (58.8%) -5.7% -28.7% to 17.9% 
No 115/160 (71.9%) 93/148 (62.8%) 9.0% -1.4% to 19.4% 

SIRS status     
Yes  45/55 (81.8%) 36/61 (59.0%) 22.8% 6.2% to 38.2% 
No 87/137 (63.5%) 77/121 (63.6%) -0.1% -11.8% to 11.6% 

Charlson comorbidity score     
≤2 69/89 (77.5%) 59/77 (76.6%) 0.9% -11.8% to 14.0% 
≥3 63/103 (61.2%) 54/105 (51.4%) 9.7% -3.7% to 22.9% 

Bacteremia     
Yes 10/12 (83.3%) 7/15 (46.7%)   
No 119/175 (68.0%) 105/164 (64.0%) 4.0% -6.1% to 14% 

Unknown 3/5 (60.0%) 1/3 (33.3%)   
Baseline pathogen     

Escherichia coli 91/125 (72.8%) 72/117 (61.5%) 11.3% -0.6% to 22.9% 
Klebsiella pneumoniae 19/30 (63.3%) 15/28 (53.6%) 9.8% -15.3% to 33.8% 
Enterococcus faecalis 6/13 (46.2%) 11/14 (78.6%)   

Proteus mirabilis 3/6 (50.0%) 7/12 (58.3%)   
E. cloacae species complex  8/10 (80.0%) 3/5 (60.0%)   

Pseudomonas aeruginosa 5/5 (100%) 4/10 (40.0%)   

 
Table 54: Reviewer’s summary of Study 505 clinical cure at the TOC visit in various 
baseline subgroups of the m-MITT population 

Subgroup 
Meropenem/ 
vaborbactam 

Piperacillin/ 
tazobactam 

Difference 
95% confidence 

interval 
Infection type     

Acute pyelonephritis 113/120 (94.2%) 86/101 (85.1%) 9.0% 1.1% to 17.9% 
Removable source 32/37 (86.5%) 39/43 (90.7%) -4.2% -20.1% to 10.4% 

Non-removable source 29/35 (82.9%) 32/38 (84.2%) -1.4% -19.4% to 16.2% 
Creatinine clearance (mL/min)     

<30 1/1 (100%) 1/1 (100%)   
30-50 16/20 (80.0%) 19/22 (86.4%) -6.4% -30.6% to 17.2% 

>50 155/169 (91.7%) 134/156 (85.9%) 5.8% -1.0% to 13.0% 
Diabetes status     

Yes 27/32 (84.4%) 27/34 (79.4%) 5.0% -14.4% to 24% 
No 147/160 (91.9%) 130/148 (87.8%) 4.0% -2.8% to 11.2% 

SIRS status     
Yes  53/55 (96.4%) 49/61 (80.3%) 16.0% 4.8% to 28.3% 
No 121/137 (88.3%) 108/121 (89.3%) -0.9% -8.8% to 7.2% 

Charlson comorbidity score     
≤2 84/89 (94.4%) 71/77 (92.2%) 2.2% -5.9% to 11.1% 
≥3 90/103 (87.4%) 86/105 (81.9%) 5.5% -4.5% to 15.5% 

Bacteremia     
Yes 9/12 (75.0%) 11/15 (73.3%)   
No 161/175 (92.0%) 144/164 (87.8%) 4.2% -2.3% to 11.0% 

Unknown 4/5 (80.0%) 2/3 (66.7%)   
Baseline pathogen     

Escherichia coli 114/125 (91.2%) 101/117 (86.3%) 4.9% -3.2% to 13.3% 
Klebsiella pneumoniae 25/30 (83.3%) 25/28 (89.3%) -6.0% -24.8% to 13.2% 
Enterococcus faecalis 13/13 (100%) 13/14 (92.9%)   

Proteus mirabilis 5/6 (83.3%) 11/12 (91.7%)   
E. cloacae species complex  9/10 (90.0%) 4/5 (80.0%)   
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5 SUMMARY AND CONCLUSIONS 
 
5.1 Statistical Issues 
 
This review focused on two Phase 3 trials: the cUTI noninferiority Study 505 and the 
multiple body site Study 506 in subjects with suspected CRE infections. 
 
The main statistical issues impacting the interpretability of Study 505 were as follows: 

 This trial was not designed to assess the added contribution of vaborbactam, 
because very few pathogens were carbapenem-resistant. Thus, the design only 
allowed assessment of the meropenem/vaborbactam regimen. 

 The pre-specified noninferiority margin of 15% was considered relatively wide. 
Based on clinical acceptability, the FDA guidance document on developing 
antibacterial drugs for cUTI recommends a margin of only 10%.   

 The primary efficacy endpoint of Overall Response at the EOIV visit did not 
incorporate clinically important outcomes relating to patient status after the end of 
intravenous therapy. This was done because oral step-down therapy may have 
complicated noninferiority assessments at later timepoints. Because of this, a 
review issue was also to consider results at the Day 15-19 TOC visit, in line with 
the current Agency guidance document for developing antibacterial drugs for the 
treatment of cUTI. 

 The primary endpoint based on microbiological eradication and investigator 
judgment of clinical response may have been an indirect and subjectively defined 
measure of patient feeling and function. 

 The study population was largely comprised of women with acute pyelonephritis, 
and due to exclusion criteria may not have been representative of more serious 
and co-morbid cases of cUTI. 

 
Study 506 results were included in this application to provide supportive evidence for the 
cUTI indication. Unlike Study 505, it only included subjects with suspected carbapenem-
resistant infections, and subjects had a greater level of underlying co-morbidities. 
However, statistical issues limiting the interpretability of this trial were the small sample 
size, planned descriptive analysis, and interim nature of analysis from this ongoing trial.  
 
5.2 Collective Evidence 
 
For the following reasons, the results of Study 505 provided statistical evidence for the 
efficacy of meropenem/vaborbactam for the treatment of cUTI: 

 The rates of success for the EOIV Overall Response endpoint in the m-MITT 
analysis population were 189/192 (98.4%) for meropenem/vaborbactam and 
171/182 (94.0%) for piperacillin/tazobactam. Although designed as a 
noninferiority trial, the primary efficacy analysis met statistical criteria for 
demonstrating superiority relative to the piperacillin/tazobactam control group. 
Therefore, the originally pre-specified noninferiority margin was not relevant to 
this analysis. Superiority findings are considered to provide relatively strong 
evidence of a treatment effect, and to be more robust than noninferiority 
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conclusions with respect to issues such as noncompliance, measurement error, and 
use of prior and concomitant therapy. 

 The efficacy findings were robust to the handling of missing and indeterminate 
data, and to the handling in the analysis of study sites with significant protocol 
violations. 

 Meropenem/vaborbactam led to acceptable results compared to the 
piperacillin/tazobactam control group not only with respect to the primary 
efficacy analysis, but also in rates of clinical success, microbiological eradication, 
and resolution of major cUTI symptoms at various timepoints ranging from the 
EOIV visit on Day 5-10 to the LFU visit on Day 22-26. 

 
Due to the statistical limitations described in Section 3.3.4, the ongoing Study 506 was 
not able to provide interpretable supportive evidence for this application. In subjects with 
cUTI/AP in the MITT population, the Day 28 mortality rates were 2/15 (13.3%) for 
meropenem/vaborbactam and 0/8 (0.0%) in the best available therapy control group. The 
main basis of evidence in this application is provided by Study 505 rather than Study 506.   
 
5.3 Conclusions and Recommendations 
 
Conclusions and recommendations from this review can be summarized as follows: 

 Study 505 provided statistical evidence that meropenem/vaborbactam is effective 
for the treatment of complicated urinary tract infections.  

 Study 505 did not allow statistical assessment of the added contribution of 
vaborbactam to the efficacy of meropenem for the treatment of complicated 
urinary tract infections. 

 Study 505 demonstrated that meropenem/vaborbactam and 
piperacillin/tazobactam lead to similar rates of adverse events and serious adverse 
events when used as treatments for complicated urinary tract infections. The most 
common adverse event associated with meropenem/vaborbactam appears to be 
headache, but it was not possible to statistically differentiate the treatment groups 
for specific adverse events. Further evaluation is deferred to the clinical reviewer 
regarding safety data, causality of events, and the potential for rare serious events. 

 The ongoing Study 506 has not provided reliable statistical evidence that 
meropenem/vaborbactam is safe and effective for the treatment of serious 
infections due to suspected carbapenem-resistant Enterobacteriaceae. 

 
5.4 Labeling Recommendations 
 
The applicant currently only proposes to indicate meropenem/vaborbactam for the 
treatment of cUTI, and does not propose to include any discussion of Study 506 in the 
Clinical Studies section of the label. 
 
The indication statement proposed by the applicant is that meropenem/vaborbactam  

“is indicated for the treatment of complicated urinary tract infections (cUTI) 
including pyelonephritis in patients 18 years or older caused by the following 
susceptible microorganisms:  Escherichia coli, Klebsiella pneumoniae, 
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