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Executive Summary

1.1

Recommendation

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP-2)
has reviewed the NDA submissions dated July 19, 2013, November 22, 2013, and
December 20, 2013 and finds them acceptable from clinical pharmacology perspective.
OSI reviewers recommend that the data from the clinical and analytical portions of
pivotal comparative bioavailability study IJ-900DV-03O are acceptable for Agency
review.
1.2

Phase IV Commitments

None.
1.3

Summary of Clinical Pharmacology Findings

Key clinical pharmacology findings:
EVZIO NAI exhibited 15% greater Cmax and comparable AUC values of naloxone in
comparison to the reference (0.4 mg naloxone HCl delivered via a standard syringe).
EVZIO NAI is a single-use auto-injector that delivers 0.4 mg (0.4 mL) naloxone HCl via
subcutaneous or intramuscular injection.

(b) (4)
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(b) (4)

Naloxone HCl, which is approved for intravenous (IV), intramuscular (IM), and
subcutaneous (SC) administration, is not currently available in an auto-injector. EVZIO
NAI is designed to deliver a previously approved formulation and dose of naloxone HCl
using approved routes of administration via a user-actuated, single-use auto-injector.
Kaleo Inc submitted a 505(b)(2) NDA 205787 for EVZIO NAI and proposed to rely on the
Agency’s previous finding of the safety and efficacy of the listed drug, Narcan (NDA
016636). Because Narcan has been discontinued and is no longer marketed and generic
naloxone HCl products are commercially available in pre-filled syringes and vial
presentations, in the pivotal comparative bioavailability Study IJ-900DV-03O, sponsor
used the generic product to Narcan, International Medicinal System (IMS) Limited’s 2
mg/2 mL single dose disposable LUER-JET naloxone HCl injection USP pre-filled
syringe (National Drug Code number: 0548-1469-00, ANDA #072076) to establish the
PK bridge. This approach was deemed acceptable per the Agency’s advice letter dated
May 24, 2012. The IMS product has been approved for IV, IM and SC administration.
The clinical/clinical pharmacology database for this NDA consists of one pivotal
comparative bioavailability study (Study IJ-900DV-03O) conducted in 30 healthy
volunteers. Because the approved initial dose of Narcan is from 0.4 mg to 2 mg in
adults, sponsor conducted the comparative bioavailability study to demonstrate that
EVZIO NAI will provide comparable or higher naloxone exposure in comparison to the
reference product at the tested dose of 0.4 mg.
Relative Bioavailability of EVZIO NAI in Comparison to the Reference Product
EVZIO NAI exhibited equivalent naloxone AUCt and AUCinf values in comparison to the
reference drug product as the 90% confidence interval (CI) of EVZIO NAI:reference
geometric mean ratios for naloxone AUCt and AUCinf fell within the bioequivalent limits
of 80 to 125%. EVZIO exhibited 15% greater Cmax values than the reference drug
product. The medium Tmax value of naloxone for EVZIO NAI was similar to the
reference product (0.25 h vs. 0.33 hr).
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2

Question Based Review

2.1

General Attributes of the Drug

1. What pertinent regulatory background or history contributes to the current
assessment of the clinical pharmacology of this drug product?
Naloxone HCl is approved for intravenous (IV), intramuscular (IM), and subcutaneous
(SC) administration. Narcan (NDA 016636) has been discontinued and is no longer
marketed. Generic naloxone HCl products are commercially available in pre-filled
syringes and vial. According to Narcan’s labeling, Narcan may be administered
intravenously, intramuscularly, or subcutaneously. In adults with opioid overdose, an
initial dose of 0.4 mg to 2 mg of Narcan may be administered intravenously.
Intramuscular or subcutaneous administration may be necessary if the intravenous route
is not available.
EVZIO NAI is a single-use auto-injector that delivers 0.4 mg (0.4 mL) naloxone HCl via
subcutaneous or intramuscular injection. Kaleo Inc submitted a 505(b)(2) NDA 205787
for EVZIO NAI and proposed to rely on the Agency’s previous finding of the safety and
efficacy of the listed drug, Narcan (NDA 016636).
As indicated in the Agency’s comments to regulatory Question #2 at the Pre-IND
meeting, for a 505(b)(2) application, the listed drug relied upon for approval must be a
product approved under section 505(b) (NDA) of the Food, Drug, and Cosmetic Act.
When an ANDA product must be used for a bio-bridging study because the NDA product
is no longer available in the market, the Sponsor must identify an NDA product as the
listed drug and do a patent certification against that NDA product.
Because the NDA product Narcan is not available, in the pivotal comparative
bioavailability Study IJ-900DV-03O, sponsor used the generic product, International
Medicinal System (IMS) Limited’s 2 mg/2 mL single dose disposable LUER-JET
naloxone HCl injection USP pre-filled syringe (National Drug Code number: 0548-146900, ANDA #072076 ) to establish the PK bridge. This approach was deemed acceptable
per the Agency’s advice letter dated May 24, 2012.
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2. What are the highlights of the chemistry and physico-chemical properties of
the drug substances, and the formulation of the drug product?
Table 1 Physical-Chemical Properties of Naloxone Hydrochloride
Drug Name

Naloxone Hydrochloride

Chemical Name

17-Allyl-4,5a-epoxy-3,14-dihydroxymorphinan-6
hydrochloride

Structure

C19H21NO4HCl2H2O
Molecular Weight

(b) (4)

Appearance

White to off-white powder

Solubility

Soluble in water, in dilute acids, and in strong alkali;
slightly soluble in alcohol, and practically insoluble in ether
and in chloroform

EVZIO NAI formulation is identical to a listed drug product (International Medicinal
Systems, Limited 2 mg/2 mL (single dose disposable LUER-JET prefilled syringe) NDC
number: 76329-3369-1, ANDA 072076. The components and compositions of EVZIO
NAI formation are listed in Table 2.
The device component of EVZIO NAI is a

(b) (4)

, needle-based system that

delivers the prescribed dose of naloxone HCl into the user. When activated, EVZIO NAI
will inject a single dose of 0.4 mg of naloxone HCl (0.4 mL). EVZIO NAI is designed to
be a single use device.
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12 minutes). In a neonatal study the mean plasma half-life was observed to be 3.1  0.5
hours.
2. What moieties in the plasma appropriately identified and measured to assess
the pharmacokinetics?
Naloxone and total naloxone (free naloxone plus naloxone-3-glucuronide) are
measured in the pivotal PK study.
2.3

Intrinsic Factors

1. What is the pediatric plan?
(b) (4)

Clinical team and
PeRC do not agree with the Applicant’s

(b) (4)

request and believe that, given

the safety margin of naloxone, NAI can be labeled for all pediatric age ranges.
2.4

General Biopharmaceutics

1. What are the relative bioavailabilities of naloxone following the administration
of EVZIO NAI in comparison to the reference, injection via standard syringe?
EVZIO NAI exhibited equivalent naloxone AUCt and AUCinf values in comparison to the
reference product using standard syringe. A 15% higher Cmax values was observed
following the EVZIO NAI injection compared to the reference.
The relative bioavailability of naloxone following the administration of EVZIO NAI in
comparison to the reference drug were evaluated in a randomized, fasting, 2-period
cross-over study (Study IJ-900DV-03O) in 30 healthy subjects. Subjects were
randomized to receive either test investigational medicinal product (IMP) (single injection

7

Reference ID: 3474593

of 0.4 mg naloxone HCl for injection administered using EVZIO NAI) or reference IMP
(single injection of 0.4 mg naloxone HCl for injection administered using a standard
syringe) on consecutive days. Dosing was performed by trained, qualified personnel
designated by the Principal Investigator. The test or reference product was administered
via injection into mid-anterolateral thigh on the morning of Day 1 according to
randomization. The alternate treatment was administered via injection into the same
mid-anterolateral thigh on the morning of Day 2. Sponsor stated that the injection
process for the test and reference product consisted of full insertion of the exposed
needle length at a 90 degree angle to the injection site (into the mid-anterolateral thigh)
prior to expulsion of the naloxone formulation through the needle into the tissue. The
issue layer location (i.e., subcutaneous space vs. intramuscular space) for the injection
was dependent on the depth of fat under the skin and overlying the muscle and
independent of the injection process. The needle length for EVZIO NAI is a nominal 0.5”
and the needle length for the reference was 5/8”, according to the information provided
in the study manual. Blood samples were collected at 5 min prior to dosing and 5, 10,
15, 20, 30, 40, and 50 minutes and 1, 1.25, 1.5, 2, 3, 4, and 6 hours post-dose for each
dosing period.
The naloxone plasma concentration-time profiles are shown in Figure 1. The median
Tmax values are similar for both treatments (0.25 h vs. 0.33 h). The statistical analysis
results for the assessment of relative bioavailability are presented in the Table 3. EVZIO
NAI exhibits equivalent AUCt and AUCinf values in comparison to reference as the 90%
CIs of EVZIO NAI:reference geometric mean ratios for naloxone AUCt and AUCinf
values fell within the bioequivalence limits of 80 to 125%. A 15% greater Cmax values is
observed for EVZIO NAI compared to reference product. The geometric mean ratio is
1.15 with a 90% CI of (0.97, 1.37). The half-life values following administration of EVZIO
NAI are similar the reference product (1.28 hr vs. 1.36 hr). The total naloxone plasma
concentration-time profiles are shown in Figure 2. Consistent with naloxone data, total
naloxone Cmax values following the administration of EVZIO NAI appears to be higher.
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Figure 1 Mean naloxone plasma concentration (ng/mL) time profiles following the
administration of EVZIO NAI and Reference (0.4 mg injection via standard syringe) (N =
30)

Table 3 Naloxone PK parameters following 0.4 mg naloxone injection via EVZIO NAI
(Test IMP) and standard syringe (Reference IMP) and statistical analysis
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Figure 2 Total Naloxone concentration time profiles following the administration of
EVZIO NAI and Reference (0.4 mg injection via standard syringe)

OSI inspected the clinical and analytical sites of this pivotal comparative bioavailability
study IJ-900DV-03O and OSI reviewers recommend that the data from the clinical and
analytical portions of pivotal comparative bioavailability study IJ-900DV-03O are
acceptable for Agency review.
2.5

Analytical Section

1. Do the bioanalytical methods adequately validated for determining plasma
concentrations of naloxone and total naloxone?
Validated LC/MS/MS methods were used for the determination of unconjugated
naloxone and total naloxone (including both unconjugated naloxone and naloxone
conjugates) in human plasma. The assay precision and accuracy of the analytical
methods are summarized in Table 4.
Table 4 Naloxone Assay Precision and Accuracy
Nominal range for the

Free naloxone

Total naloxone

2 – 1000 pg/mL

100 – 100,000 pg/mL

calibration curve
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Metabolism
Naloxone is metabolized in the liver, primarily by glucuronide conjugation with naloxone-3glucoronide as the major metabolite.
Elimination
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. Following a single
EVZIO injection, the mean ( SD) plasma half-life of naloxone in healthy adults was 1.28 (
0.48) hours. In a neonatal study the mean plasma half-life was observed to be 3.1 ± 0.5
hours. In a neonatal study the mean plasma half-life was observed to be 3.1 ± 0.5 hours.
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4.2

Individual Study Summary

18

Reference ID: 3474593

21

Reference ID: 3474593

22

Reference ID: 3474593

--------------------------------------------------------------------------------------------------------This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
--------------------------------------------------------------------------------------------------------/s/
---------------------------------------------------WEI QIU
03/20/2014
YUN XU
03/20/2014

Reference ID: 3474593

ONDQA Initial Quality Assessment (IQA) and Filing Review
For Pre-Marking Applications

Richmond VA 23059
6. SUBMISSION PROPERTIES:
Review Priority:

Priority Review

Submission Classification
(Chemical Classification
Code):
Application Type:

505(b)(2)

Breakthrough Therapy
Responsible Organization
(Clinical Division):

No
DAAAP

7. CONSULTS:
CONSULT
Biometrics
Clinical Pharmacology
Establishment Evaluation
Request (EER)
Pharmacology/Toxicology
Methods Validation
Environmental Assessment
CDRH
Other

YES

NO
X
X

X

EES entered January 10, 2014 by Luz Riviera
X
X
X

X
X

Office of New Drug Quality Assessment (ONDQA)
Effective Date: 09/01/2013

Reference ID: 3449872

COMMENTS: (list date of request if already sent)

Microbiology Consult Sent: January 8, 2014
Jessica Cole is the assigned Micro. Reviewer

Internal Quality Procedure 5106 Record A
Page 2 of 15

ONDQA Initial Quality Assessment (IQA) and Filing Review
For Pre-Marking Applications

Initial Quality Assessment
Naloxone Auto-injector (NAI) is a combination drug-device product, to be used as a single-use
injection to deliver 0.4mg of naloxone hydrochloride (HCl) either subcutaneously or
(b) (4)
intramuscularly. NAI is filled in a Type I
glass cartridge and enclosed by an
(b) (4)
(b) (4)
plunger and
lined crimp cap as the primary container closure system.
(b) (4)

NAI is intended for persons at risk of serious opioid-related toxicity due to opioid exposure,
including overdose. This NDA has been granted a Fast-Track, High Priority Status by the
Division.

Office of New Drug Quality Assessment (ONDQA)
Effective Date: 09/01/2013

Reference ID: 3449872

Internal Quality Procedure 5106 Record A
Page 5 of 15

ONDQA Initial Quality Assessment (IQA) and Filing Review
For Pre-Marking Applications
Parameter
Are drug substance manufacturing
sites identified on FDA Form 356h or
associated continuation sheet? For
each site, does the application list:

7.

 Name of facility,
 Full address of facility including
street, city, state, country
 FEI number for facility (if previously
registered with FDA)
 Full name and title, telephone, fax
number and email for on-site contact
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X
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NDA/BLA Number
OCP Division (I, II, III, IV, V)
Medical Division
OCP Reviewer

OCP Team Leader
Pharmacometrics Reviewer
Date of Submission

Information
205-787
II
DAAAP
Wei Qiu, Ph.D.

Primary Review Goal Date (GRMP)

Yun Xu, Ph.D.
N/A
July 19, 2013 and
Nov 22, 2013, and
Dec 20, 2013
May 27, 2014

PDUFA Due Date

June 20, 2014

Proposed Brand Name
Generic Name
Drug Class
Indication(s)

Information
EVZIO 0.4 mg Naloxone Auto-Injector
Naloxone HCl injection, USP
(b) (4)

Dosage Form, Strength
Dosing Regimen
Route of Administration

Solution for injection, 0.4 mg/0.4 mL
Opioid antagonist
IM or SC injection

Sponsor
Priority Classification
Relevant INDs

Kaleo Inc
Priority/Fast Track
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.
Tabular Listing of All Human Studies
HPK Summary
Labeling
Reference Bioanalytical and Analytical
Methods
I. Clinical Pharmacology
Mass balance:
Isozyme characterization:
Blood/plasma ratio:
Plasma protein binding:
Pharmacokinetics (e.g., Phase I) -

x

x
x
x
x

Healthy Volunteerssingle dose:
multiple dose:

x

1

Single pilot relative BA study IJ-900DV-03O

Patientssingle 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:
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CLINICAL PHARMACOLOGY FILING FORM/CHECKLIST
geriatrics:
renal impairment:
hepatic impairment:
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:
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

x

(1)

See above

1

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

Content Parameter
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?
2 Has the applicant provided metabolism and
drug-drug interaction information?
3 Has the sponsor submitted bioavailability
data satisfying the CFR requirements?

4

5
6

Did the sponsor submit data to allow the
evaluation of the validity of the analytical
assay?
Has a rationale for dose selection been
submitted?
Is the clinical pharmacology and
biopharmaceutics section of the NDA

Yes

No N/A

Comment

√

To be marketed formulation was
used in the relative BA study

√

No new findings in the proposed
label.
Relative BA study was conducted
with a generic drug product (ANDA
72076) since the NDA product
Narcan (NDA 016636) is
discontinued (not due to safety or
effectiveness reason).

√

Match the exposure of the list drug

√

√

√
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organized, indexed and paginated in a
manner to allow substantive review to
begin?
Is the clinical pharmacology and
biopharmaceutics section of the NDA
legible so that a substantive review can
begin?
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
Submitted pediatric plan
√
adequately designed to demonstrate
effectiveness, if the drug is indeed
effective?
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
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NDA 205787: EVZIO
Naloxone HCl Auto-Injector, 0.4 mg (NAI)
• Sponsor: Kaleo Inc
• Dosage form: single-use auto injector that
delivers 0.4 mg naloxone HCl via SC or IM
injection
• 505(b)(2) NDA
• Reference product:
– Naloxone HCl Injection: ANDA 72076 to the RLD
(NDA 016636, Narcan®, now discontinued), 1 mg/1
mL for IV, IM, and SC administration, available as 2
mL single dose disposable prefilled syringes
1

Proposed Labeling vs. Listed Drug
•

Listed Drug
– DOSAGE AND ADMINISTRATION:
• Naloxone hydrochloride injection may be administered intravenously, intramuscularly,
or subcutaneously. The most rapid onset of action is achieved by intravenous
administration, and it is recommended in emergency situations.

– USAGE IN ADULTS: Narcotic Overdose – known or suspected
• An initial dose of 0.4 mg to 2 mg of naloxone hydrochloride may be administered
intravenously. If the desired degree of counteraction and improvement in respiratory
functions is not obtained, it may be repeated at 2 to 3 minute intervals. If no response is
observed after 10 mg of naloxone hydrochloride have been administered, he diagnosis
of narcotic-induced or partial narcotic-induced toxicity should be questioned.
Intramuscular or subcutaneous administra ion may be necessary if the intravenous
route is not available.

•

Evzio:
– DOSAGE AND ADMINISTRATION:
• Inject Evzio into the anterolateral aspect of the thigh, through clothing if necessary (NAI
force testing results).
• …Upon actuation, Evzio automatically inserts the needle intramuscularly or
subcutaneously, delivers 0.4 mg naloxone HCl injec ion, …

– USAGE IN ADULTS: Narcotic Overdose – known or suspected
• An initial dose of 0.4 mg of naloxone hydrochloride may be administered
intramuscularly or subcutaneously using Evzio. If the desired degree of counteraction
and improvement in respiratory functions is not obtained, after 2 or 3 minutes, ano her
Evzio dose may be administered. If no response is observed after 10 mg of naloxone
hydrochloride have been administered (including both Evzio and other naloxone
hydrochloride products), the diagnosis of opioid-induced toxicity should be questioned.

•

Clinical Pharmacology
– Same as the reference product (Naloxone HCl injection from International
Medication Systems, ANDA 72076)

Reference ID: 3435057

2

Comparative BA Study IJ-900DV-03O
• Randomized, Single-Blind, Two-Sequence, TwoPeriod Crossover Comparative Bioavailability
study, healthy (n = 30), PK, safety, and
tolerability
– Test: a single IM or SC injection of 0.4 mg naloxone
HCl for injection USP using NAI
– Reference: a single IM or SC injection of 0.4 mg
naloxone HCl for injection USP using a standard
syringe
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5

Recommendation
• Datasets for concentrations and PK
parameters are included
• Filable from clin pharm perspective
• OSI inspection request for the relative BA
study was sent on January 2nd, 2014.
Requested action goal date is March 15,
2014.
6
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Back up Slides

7

Previous Information Request
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9

AUVI-Q Epinephrine Injection Auto-Injector
(NDA 201739)
• Approved epinephrine reference product
labeling (IM or SC into the anterolateral aspect
of the thigh)
• Relative BA/BE Study
– R, SD, SB, 2-Trt, CO study
– Route of administration (either IM or SC)

• Approved AUVI-Q PI:
– IM or SC into the anterolateral aspect of the thigh
10
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Naloxone PK
• “Following parenteral administration, naloxone
hydrochloride is rapidly distributed in the body.
• It is metabolized in the liver, primarily by
glucuronide conjugation, and excreted in urine.
• In one study the serum half-life in adults ranged
from 30 to 81 minutes (mean 64 ± 12 minutes).
• In a neonatal study the mean plasma half-life
was observed to be 3.1 ± 0.5 hours.”
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Listed Drug PI: DOSAGE AND ADMINISTRATION
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Listed Drug PI: USAGE IN ADULTS

13

Listed Drug PI: USAGE IN CHILDREN AND
NEONATES
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