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1 Executive Summary

1.1 Recommendation

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP-2) 

has reviewed the NDA submissions dated April 19, 2016 and finds them acceptable from 

clinical pharmacology perspective.  

1.2 Phase IV Commitments

None. 

1.3 Summary of Clinical Pharmacology Findings

Key clinical pharmacology findings:
Dose proportionality for naloxone AUCt and AUCinf was demonstrated between 

approved 0.4 mg NAI and proposed 2.0 mg NAI because the 90% CIs (1.02-1.11 for 

AUC0-t comparison and 1.01-1.09 for AUCinf comparison) for the geometric mean ratios 

of dose normalized AUCt or AUCinf were contained within the bioequivalence criteria 

(0.80, 1.25). Naloxone Cmax values were slightly greater than dose proportional for the 

same comparison because the geometric mean ratio of the dose normalized Cmax 

values was 1.24 with the upper bound of the 90% CI (1.04, 1.49) greater than 1.25.

Kaleo Inc. submitted an efficacy supplement (S-007) to propose the addition of 2.0 mg 

strength of Naloxone Auto-Injector (NAI) for intramuscular (IM) or subcutaneously (SC) 

administration. The 2.0 mg NAI was developed at a concentration of 5 mg/mL naloxone 

HCl to deliver 2.0 mg per single 0.4 mL injection. The 2.0 mg dose is the recommended 

maximum initial dose of naloxone HCl given intravenously (IV) (or IM/SC administration 

if IV route is not available) as specified in the approved labeling for Narcan (naloxone 

HCl injection, NDA 16636). The proposed formulation for 2.0 mg NAI is identical to the 

approval 0.4 mg NAI formulation except for naloxone concentration. The proposed 

indications are the same as that for 0.4 mg NAI.

Per the Pre-NDA meeting held on December 23, 2014, Division recommended sponsor 

 characterization of the 
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pharmacokinetic (PK) profile for the new 2.0 mg strength NAI, and documentation of PK 

linearity over the therapeutic dose range. 

In this current submission, sponsor characterized the PK of 2 mg NAI and dose linearity 

over dose range of 0.4 to 2 mg NAI in Study KA-900DV-05V. Study KA-900DV-05A is a 

randomized, single-dose, three-sequence, three-period crossover dose proportionality 

study in 24 healthy subjects. All 24 subjects completed the study. The treatments include 

a single 0.4 mg NAI, a 0.8 mg naloxone HCl using two 0.4 mg NAI given 2 minutes 

apart, and a single 2.0 mg NAI. Study drug was administered on Day 1, Day 2, and Day 

3. All injections were given in the mid-anterolateral aspect of the thighs. Blood samples 

for PK determination were collected pre-dose and at 2, 5, 7.5, 10, 15, 20, 25, 30, 40, and 

50 min and 1, 1.25, 1.5, 2, 3, 4, and 6 h post-dose.  

Naloxone plasma concentration was determined by a validated LC/MS/MS analytical 

method which was utilized for the comparative BA Study IJ-900DV-03O submitted in the 

original NDA. Lower limit of quantification is 2 pg/mL. For all QCs (5.00, 12.0, 45.0, 160, 

and 750 pg/mL), inter-assay precision (%CV) is 3.33 to 5.06% and inter-assay accuracy 

(% bias) is -2.13 to 1.22% difference from theoretical.  

Mean naloxone plasma concentration time profiles (N = 24) for a single 0.4 mg NAI, 0.8 

mg naloxone HCl using two 0.4 mg NAI given 2 minutes apart, and a 2.0 mg NAI are 

shown in Figure 1. Naloxone PK parameters from all 24 subjects and statistical analysis 

of dose proportionality are shown in Table 1. 

Figure 1 Mean Naloxone Plasma Concentration Time Profiles, (a) 0-6 h and (b) 0-1 h 
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Table 1 Summary of Naloxone Pharmacokinetic Parameters and Statistical Analysis of 

Dose Proportionality

 

The PK of a single 2.0 mg NAI is adequately characterized in Study KA-900DV-05A. 

Mean Cmax of 7.90 ng/mL was reached at a median Tmax of 15 min. The mean T1/2 is 

1.53 h. The median Tmax and mean T1/2 values were similar for the 2.0 mg NAI and 0.4 

mg NAI. At each time points, naloxone concentrations for the 2.0 mg NAI are greater 

than the 0.4 mg NAI. 

Dose proportionality for naloxone AUCt and AUCinf was demonstrated between 0.4 mg 

NAI and 2.0 mg NAI because the 90% CIs for the geometric mean ratios of dose 

normalized AUCt or AUCinf were contained within the bioequivalence criteria (0.80, 

1.25). Naloxone Cmax values were slightly greater than dose proportional for the same 

treatment comparison because the geometric mean ratio of the dose normalized Cmax 

values was 1.24 with the upper bound of the 90% CI (1.04, 1.49) greater than 1.25. It is 

also noted that the naloxone concentrations at each time point after administration are 

much higher for the 2.0 mg NAI than the 0.4 mg NAI.  
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Dose proportionality for naloxone AUCt and AUCinf was also demonstrated between 0.4 

mg NAI and 0.8 mg naloxone HCl (two 0.4 mg NAI given 2 min apart) because the 90% 

CIs for the geometric mean ratios of dose normalized AUCt or AUCinf were within the 

bioequivalence criteria (0.80, 1.25). Cmax was slightly less than dose proportional 

because the geometric mean ratio of the dose normalized Cmax values (90% CI) for 

Cmax was 0.85 with the lower bound of the 90% CI (0.71, 1.02) less than 0.80. 

From clinical pharmacology perspective, sponsor has adequately characterized the PK 

of the proposed new strength of NAI (2 mg) and dose proportionality between 0.4 mg 

NAI and 2 mg NAI. According to the approved labeling for Narcan (naloxone HCl 

injection), the list drug product identified for NAI in the original NDA submission, an initial 

dose of 0.4 to 2.0 mg is given IV (or via IM/SC administration if IV route is not available). 

In the original NDA, the 0.4 mg NAI exhibited slightly (15%) greater Cmax and 

equivalent AUC values of naloxone in comparison to the 0.4 mg naloxone HCl delivered 

via a standard syringe.  The 2.0 mg NAI showed about 5-fold AUC and Cmax values 

compared to the the o.4 mg NAI; and the naloxone concentrations at each time point 

after administration are much higher for the 2.0 mg NAI than the 0.4 mg NAI. These PK 

results support the addition of the new strength for the indication of opioid overdosage.  

2 Labeling Recommendations 
(RED Strikeout text should be removed from labeling; Blue underlined text should be 
added to labeling)

The following edits are per discussion within the review team and as of today (9/22/16) 

labeling negotiation with sponsor is still ongoing. 

Under Section 12.3 CLINICAL PHARMACOLOGY: Pharmacokinetics

In a pharmacokinetic study in 30 healthy subjects, a single 0.4 mg subcutaneous or 

intramuscular naloxone injection administered using EVZIO provides equivalent 

naloxone AUC and 15% greater naloxone Cmax in comparison to a single 0.4 mg 

subcutaneous or intramuscular naloxone injection administered using a standard 

syringe.
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Following a single 0.4 mg EVZIO injection, the median Tmax of naloxone was reached 

at 0.25 hours (range 0.08 to 1.23 hours), with a mean (CV%) Cmax value of 1.24 (51.4%  

CV) ng/mL.  The mean (CV%) plasma half-life of naloxone in healthy adults was 1.28 

(38.0%  CV) hours.  In the same study, following administration of a single dose of 0.4 

mg naloxone injection using a standard syringe, the median Tmax was 0.33 hours 

(range 0.08 to 2.03 hours) and the mean (CV%) Cmax value was 1.07 (45.1% CV) 

ng/mL.  The mean  plasma half-life was 1.36 (23.5% CV) hours.

A second pharmacokinetic study in 24 healthy subjects using a crossover design, 

evaluated a single 0.4 mg EVZIO injection, a single 2.0 mg EVZIO injection, and two 0.4 

mg EVZIO injections administered two minutes apart (0.8 mg naloxone hydrochloride 

total).  The pharmacokinetic parameters obtained in this study are shown in Table 1 and 

the plasma concentration time profiles of naloxone are in Figure 1.

Table 1 Mean Pharmacokinetic Parameters (CV%) for Naloxone Following EVZIO 
(Naloxone HCl) Intramuscular/Subcutaneous Administration to Healthy Subjects

Parameter
0.4 mg EVZIO

(N=24)
0.8 mg (two 0.4 mg EVZIO)

(N=24)
2 mg EVZIO

(N=24)
Tmax (h)† 0.25 (0.09, 0.84) 0.21 (0.09, 0.85) 0.25 (0.13, 0.67)
Cmax (ng/mL) 1.33 (62.9) 2.16 (47.4) 7.91 (45.8)
AUC0-t (ng h/mL) 1.82 (16.0) 3.50 (19.8) 9.66 (15.4)
AUC0-inf (ng h/mL) 2.00 (16.3) †† 3.78 (19.1) †† 10.33 (15.2)
T1/2 (h) 1.58 (28.9) †† 1.52 (23.7) †† 1.53 (25.0)

† Tmax reported as median (minimum, maximum)
†† N=23 for AUC0-inf and T1/2

 
Figure 1 Mean ± SD Plasma Concentration of Naloxone, (a) 0-6 h and (b) 0-1h Following 

Intramuscular/Subcutaneous Administration using EVZIO
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Distribution

Following parenteral administration, naloxone is distributed in the body and readily 

crosses the placenta.  Plasma protein binding occurs but is relatively weak.  Plasma 

albumin is the major binding constituent but significant binding of naloxone also occurs 

to plasma constituents other than albumin.  It is not known whether naloxone is excreted 

into human milk.

Elimination

Following a single 0.4 mg EVZIO injection, the mean (CV%) plasma half-life of naloxone 

in healthy adults was 1.58 (28.9% CV) hours and 1.53 (25% CV) hours following a single 

2 mg EVZIO injection.  In a neonatal study of naloxone injection, the mean (± SD) 

plasma half-life was observed to be 3.1 (± 0.5) hours.

Metabolism

Naloxone hydrochloride is metabolized in the liver, primarily by glucuronide conjugation 

with naloxone-3-glucoronide as the major metabolite. 

 Excretion

After an oral or intravenous dose, about 25-40% of naloxone is excreted as metabolites 

in urine within 6 hours, about 50% in 24 hours, and 60-70% in 72 hours
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3.2 Individual Study Summary
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CLINICAL PHARMACOLOGY FILING FORM/CHECKLIST

Clinical Pharmacology Filing Form/Checklist for NDA 205787 S007

Office of Clinical Pharmacology
New Drug Application Filing and Review Form

General Information About the Submission
Information Information

NDA/BLA Number 205-787 S007 Proposed Brand Name EVZIO  Naloxone Auto-Injector (NAI) HD 2.0 mg
OCP Division (I, II, III, IV, V) II Generic Name Naloxone HCl injection, USP
Medical Division DAAAP Drug Class Opioid Antagonist
OCP Reviewer Wei Qiu, Ph.D. Indication(s)

OCP Team Leader Yun Xu, Ph.D. Dosage Form, Strength Solution for injection, 2.0 mg (0.4 mL of 5 mg/mL)
Pharmacometrics Reviewer N/A Dosing Regimen Opioid antagonist
Date of Submission April 19, 2016 Route of Administration IM or SC injection
Primary Review Goal Date (GRMP) Sept 25, 2016 Sponsor Kaleo Inc

Priority Classification Priority
PDUFA Due Date October 19, 

2016
Relevant INDs IND 112292

Clin. Pharm. and Biopharm. Information
“X” if 

included 
at filing

Number of 
studies 
submitted

Number 
of studies 
reviewed

Critical Comments If any

STUDY TYPE                                                                                                                           

Table of Contents present and 
sufficient to locate reports, tables, 
data, etc.

x                                                 

Tabular Listing of All Human Studies x                                                 
HPK Summary x                                                 
Labeling x                                                 
Reference Bioanalytical and Analytical 
Methods

x                                               

I.  Clinical Pharmacology                                                                                                  
    Mass balance:
    Isozyme characterization:
    Blood/plasma ratio:
    Plasma protein binding:
    Pharmacokinetics (e.g., Phase I) -                                                                                                  
Healthy Volunteers-                                                                                                  

single dose: x 1 Dose proportionality study KA-900DV-05A
multiple dose:

Patients-                                                                                                  
single dose:

multiple dose:
   Dose proportionality -                                                                                                  

fasting / non-fasting single dose:
fasting / non-fasting multiple dose:

    Drug-drug interaction studies -                                                                                                                           
In-vivo effects on primary drug:
In-vivo effects of primary drug:  

In-vitro:
    Subpopulation studies -                                                                                                                           

ethnicity:
gender:

pediatrics:
geriatrics:

renal impairment:
hepatic impairment:

Reference ID: 3940710

(b) (4)



CLINICAL PHARMACOLOGY FILING FORM/CHECKLIST

Clinical Pharmacology Filing Form/Checklist for NDA 205787 S007

    PD -                                                                                                                         
Phase 1:
Phase 2:
Phase 3:

    PK/PD -                                                  
Phase 1 and/or 2, proof of concept:  

Phase 3 clinical trial:
    Population Analyses -                                                  

Data rich:
Data sparse:

II.  Biopharmaceutics                                                                                                  
    Absolute bioavailability
    Relative bioavailability -                                                                                                  

solution as reference: x (1) See above
alternate formulation as reference:

    Bioequivalence studies -                                                                                                  
traditional design; single / multi dose:

replicate design; single / multi dose:
    Food-drug interaction studies
    Bio-waiver request based on BCS
    BCS class
   Dissolution study to evaluate alcohol 
induced dose-dumping
III.  Other CPB Studies                                                                                                                           
    Genotype/phenotype studies
    Chronopharmacokinetics
    Pediatric development plan
    Literature References
Total Number of Studies 1

On initial review of the NDA/BLA application for filing:

Content Parameter Yes No N/A Comment
Criteria for Refusal to File (RTF)
1 Has the applicant submitted bioequivalence 

data comparing to-be-marketed product(s) 
and those used in the pivotal clinical trials?

  to-be-
marketed product was used in the 
dose proportionality study

2 Has the applicant provided metabolism and 
drug-drug interaction information?

 No new findings in the proposed 
label. 

3 Has the sponsor submitted bioavailability 
data satisfying the CFR requirements?

  dose 
proportionality study was conducted 
to compare the proposed product (2 
mg) and the approved product (0.4 
mg).

4 Did the sponsor submit data to allow the 
evaluation of the validity of the analytical 
assay?



5 Has a rationale for dose selection been 
submitted?

 Match the exposure of the list drug

6 Is the clinical pharmacology and 
biopharmaceutics section of the NDA 
organized, indexed and paginated in a 
manner to allow substantive review to 
begin?
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7 Is the clinical pharmacology and 
biopharmaceutics section of the NDA 
legible so that a substantive review can 
begin?



8 Is the electronic submission searchable, 
does it have appropriate hyperlinks and do 
the hyperlinks work?



Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality)
        Data
9 Are the data sets, as requested during pre-

submission discussions, submitted in the 
appropriate format (e.g., CDISC)? 



10 If applicable, are the pharmacogenomic data 
sets submitted in the appropriate format?



        Studies and Analyses
11 Is the appropriate pharmacokinetic 

information submitted?


12 Has the applicant made an appropriate 
attempt to determine reasonable dose 
individualization strategies for this product 
(i.e., appropriately designed and analyzed 
dose-ranging or pivotal studies)?



13 Are the appropriate exposure-response (for 
desired and undesired effects) analyses 
conducted and submitted as described in the 
Exposure-Response guidance?



14 Is there an adequate attempt by the applicant 
to use exposure-response relationships in 
order to assess the need for dose 
adjustments for intrinsic/extrinsic factors 
that might affect the pharmacokinetic or 
pharmacodynamics?



15 Are the pediatric exclusivity studies 
adequately designed to demonstrate 
effectiveness, if the drug is indeed 
effective?

 Submitted agreed initial pediatric 
study plan

16 Did the applicant submit all the pediatric 
exclusivity data, as described in the WR?



17 Is there adequate information on the 
pharmacokinetics and exposure-response in 
the clinical pharmacology section of the 
label?



        General
18 Are the clinical pharmacology and 

biopharmaceutics studies of appropriate 
design and breadth of investigation to meet 
basic requirements for approvability of this 
product?



19 Was the translation (of study reports or 
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other study information) from another 
language needed and provided in this 
submission?

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? 
___YES_____
  
This NDA is fileable from clinical pharmacology perspective. 

No OSI inspection needs to be requested because usually OSI inspection is not requested for 
supplemental NDA. OSI inspection on the pivotal comparative BA study IJ-900DV-03O 
comparing 0.4 mg auto-injection and 0.4 mg injection of Narcan included in the original NDA was 
acceptable. This sNDA introduces an auto injector with 2 mg dose and its PK profile looks 
reasonable compared to the already approved 0.4 mg auto injector.  

If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and 
provide comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter.

There are no comments for sponsor at this time. 

Reviewing Clinical Pharmacologist Date

Team Leader/Supervisor Date

Background:

Kaleo Inc submitted a NDA 205787 S007 to seek approval of a new 2.0 mg strength of 
Naloxone Auto Injection (NAI) for IM or SC administration. The formulation is identical to the 
approval 0.4 mg NAI formulation except it is formulated to a higher drug concentration of 5 
mg/mL. The proposed indication is the same as the approved one. It is for the management of 
serious opioid-related toxicity or acute opioid overdosage, including the complete or partial 
reversal of respiratory depression, in persons who may be intentionally or accidentally exposed 
to natural or synthetic opioids and certain opioid-antagonist analgesics. It is also indicated for 
diagnosis of suspected serious opioid toxicity or acute opioid overdosage.

Sponsor  conducted a dose proportionality study (KA-900DV-05A) 
comparing the proposed 2.0 mg auto injection and the approved 0.4 mg auto injection. 

Study KA-900DV-05A is randomized, single-dose, three-sequence, three-period crossover dose 
proportionality study in healthy subjects. In this study, Dose normalized Cmax for the test (2.0 
mg NAI) was 24% greater than the reference (0.4 mg NAI), while dose normalized AUC values 
were equivalent.  
Please find the filing slides for more details. 
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