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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% Cls (1.02-1.11 for
AUCO-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
HCI to deliver 2.0 mg per single 0.4 mL injection. The 2.0 mg dose is the recommended
maximum initial dose of naloxone HCI given intravenously (1V) (or IM/SC administration
if IV route is not available) as specified in the approved labeling for Narcan (naloxone
HCI 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

Reference ID: 3990007



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 NAl 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 HCI 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 minand 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 1J-900DV-030 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 HCI using two 0.4 mg NAI given 2 minutes apart, and a 2.0 mg NAIl 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

(a) (b)
—a—2.0 mg EVZIO injection (2.0 mg/0.4 ml)

10 4 —&—0.8 mg (two 0.4 mg EVZIO injections [0.4 mg/0.4 ml])

T —a—0.4 mg EVZIO injection (0.4 mg/0.4 ml)
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Naloxone Plasma Concentration (ng/mL)
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Reference ID: 3990007



Table 1 Summary of Naloxone Pharmacokinetic Parameters and Statistical Analysis of

Dose Proportionality

Cmax Tumx Tle'l AI;CD-( A-[-:ClJ-iuf
Treatment Statistic (pg/mL) (h) (h) (pg.lymL) (pg.h/mL)
Pharmacokinetic Parameters
Reference Mean (SD) 1328(836) 1.58(0.457) 1817 (290) 1995 (326)
(0.4 mg NAD* %CV 62.9 289 16.0 16.3
Median 980 025 1.47 1864 1991
(Min-Max) (503-4220) |(0.09-0.84)| (1.05-2.76) | (1322-2269) | (1427-2688)
Test (0.8 mg Mean (SD) 2156(1021) 1.52(0.360) | 3498 (691) 3776 (720)
naloxone HCI %CV 474 237 198 19.1
[two 0.4 mg .
NAIS])* Median 1855 021 1.40 3435 3776
(Min-Max) (913-4160) |(0.09-0.85) (1.11-2.39) | (2334-5186) | (2584-5438)
Test (2.0 mg NAT) | Mean (SD) 7905 (3617) 1.53(0.382) | 9657(1488) | 10330(1565)
%CV 458 250 154 152
Median 6950 025 1.47 9703 10410
(Min-Max) (3020-14900) (0.13-0.67) (0.90-2.31) | (6896-12760) | (7420-13150)
Statistical Assessments of Dose Proportionality
Dose normalized | GMR 1.24 1.06 1.05
20mg/04me" [900,CT forratio | 1.04.1.49 1.02.1.11 1.01,1.09
Dosenormalized | GMR 0.85 0.96 0.94
08mg/04me 900, CT forratio | 0.71.1.02 092.1.00 | 091,098
Power Model Slope 1.15 1.04 1.03
(linear regression) ["gso, 097.133 098111 | 097.1.09

The PK of a single 2.0 mg NAl 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 NAl 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% Cls 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 HCI (two 0.4 mg NAI given 2 min apart) because the 90%
Cls 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 HCI
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 HCI delivered
via a standard syringe. The 2.0 mg NAI showed about 5-fold AUC and Cmax values
compared to the the 0.4 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.

Table1 Mean Pharmacokinetic Parameters (CV%) for Naloxone Following EVZIO
(Naloxone HCI) Intramuscular/Subcutaneous Administration to Healthy Subjects

0.4 mg EVZIO 0.8 mg (two 0.4 mg EVZIO) 2 mg EVZIO

Parameter (N=24) (N=24) (N=24)

Tumax () 0.25 (0.09, 0.84) 0.21 (0.09, 0.85) 0.25 (0.13, 0.67)

Conax (ng/mL) 1.33 (62.9) 2.16 (47.4) 7.91 (45.8)

AUC, (ng h/mL) 1.82 (16.0) 3.50 (19.8) 9.66 (15.4)

AUC iy (ng h/mL) 2.00 (16.3) 1 3.78 (19.1) 1 10.33 (15.2)

Ty (h) 1.58 (28.9) 7T 1.52 (23.7) 1t 1.53 (25.0)

T T nax reported as median (minimum, maximum)
ft N=23 for AUC()_inf and T1 o)

Figure 1

Intramuscular/Subcutaneous Administration using EVZIO

(a)

Naloxone Plasma Concentration (ng/mL)

—=— 2.0 mg EVZI0 injection (2.0 mg/0.4 ml)
10 A —a—0.8 mg (two 0.4 mg EVZI0 injections [0.4 mg/0.4 ml])
T —a— 0.4 mg EVZIO injection (0.4 mg/0.4 ml)
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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 Appendix

3.1 Clinical Pharmacology Filing Memo
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 (NAD HD 2.0 mg
OCP Division (I IL, IIL, IV, V) 1 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 Regi Opioid antagonist
Date of Submission April 19, 2016 | Route of Administration | IM or SC injection
Primary Review Goal Date (GRMP) | Sept 25, 2016 Spensor Kaleo Inc
Priority Classification Priority
PDUFA Due Date October 19, Relevant INDs IND 112292
2016
Clin. Pharm. and Biopharm. Information
“X"if Number of | Number Critical Comments If any
included | studies of studies
at filing | submitted | reviewed
STUDY TYPE
Table of Contents present and x
sufficient to locate reports, tables,
data, etc.
Tabular Listing of All Human Studies x
HPK S ¥ x
Labeling x
Reference Bioanalytical and Analytical X
Methods
L Clinical Pharmacology
Mass balance:
Isozyme characterization:
Blood/plasma ratio:
Plasma protein binding:
Pharmacokinefics (e.g., Phase I) -
Healthy Volunteers-
single dose: x 1 Dose proportionality studv 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 pnmary drug:
In-vivo effects of primary drug:
In-vitro:
Suk 1 As -
ethmcity:
gender:
pediatrics:
genatrics:
renal impairment:
hepatic impairment:
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PD-

Phase 1:

Phase 2:

Phase 3:

PK/PD -

Phase 1 and/or 2. proof of concept:

Phase 3 clinical tnal:

Analyses -

rK

Data nich:

Data sparse:

II. Biopharmaceutics

Absolute bioavailability

Relative bioavailability -

solution as reference: X

@

See above

alternate formulation as reft e:

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

Genotvpe/phenotvpe studies

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

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

I Content Parameter

|Yes[No|.\'/Al

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?

v

(b) (4)——
to-be-

marketed product was used 1n the
dose proportionality study

S8}

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

Has the sponsor submutted bioavailability
data satisfying the CFR requirements?

No new findings in the proposed
label.

(b) (4) dose
proportionality study was conducted
to compare the proposed product (2
mg) and the approved product (0.4

mg).

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

Has a rationale for dose selection been
submutted?

Match the exposure of the list drug

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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Is the clinical pharmacology and
biopharmaceutics section of the NDA
legible so that a substantive review can
begin?

Is the electronic submission searchable,
does 1t have appropriate hyperlinks and do
the hyperlnks work?

C

]

¥

teria for Assessing Quality of an NDA (Preliminary Assessment

of Quality)

Data

Avre the data sets, as requested during pre-
submussion discussions, submitted in the
appropriate format (2.g., CDISC)?

10

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

Studies and Analvses

11

Is the approprate pharmacokinetic
information submitted?

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

Y

13

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

Y

14

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

Y

15

Avre 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 mformation 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 mvestigation to meet
basic requirements for approvability of this
product?

19

‘Was the translation (of study reports or

Y
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other study information) from another
language needed and provided n this
subnussion?

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-030
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 1s 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 1ssues 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 seck approval of a new 2.0 mg strength of
Naloxone Auto Injection (NAT) 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.

Sponsor _onducted 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.

Reference ID: 3990007

11



Reference ID: 3990007

NDA 205-787 S007: EVZIO

(Naloxone Hydrochloride Injection)

« Sponsor: Kaleo Inc.
= Naloxone Auto Injector (NAI) delivering 0.4_mg naloxone HCI
(naloxone HCI concentration of 1 m%/mL) via SC or IM
injection was approved on April 3, 2014 under 505(b)(2)
— Reference ggducﬁ: ANDA 72076 to the RLD (NDA 16636 Narcan®
which has been discontinued), 1 mg/mL for IV, IM and SC injection.
— Narcan® PI: “An initial dose of D_%img_uﬁmgsof naloxone HCI
be administered intravenously. ~...IM or SC administration
m be necessary if IV route is not available.”
Current submission: Seeking approval of a new 2.0 mg

strength NAT or NAI-HD which 13 designed to deliveran
\}ql)proved dose strength by approved toutes of administration

— Formulation is identical to the 0.4 mg NAI formulation except itis
formulated to a drug concentration 6f 5 mg/mL

— Device constituent component same for 0.4 mg or 2.0 mg Injection E

(0.4 mL mjection of 1 mg/mL or 5 mg/mL)

Pre-NDA MM (12/23/2014)

_m strongly recommend that you perform a

inetic (PK) study te better understand the PK profile of your product and to
LA II' e B . e

rescribers

12



Reference ID: 3990007

Pre-NDA MM (12/23/2014)

Uwestion 154, In general, does FDA believe o 2-period, 2-freatment (Evzie 0.4 mg and
NAFLHP 2.0 mg), crossover pharmacekinetic (PK) study in 8 fo |2 subjects will he

) P A i )
stefficient (o fforn labeling and prescribers and provide the informarion recommended
v FDA pertaining to linearity of the pharmacolinelics over the therapeniic dose range?

The Agency stated agreement with the Sponsor’s proposal and added that the munimum final
anal yzablz sample size is 12 subjects for each teatment group 1o establish dose proportionality,
Furthermaore, the Sponsor should melude a dose nomalized AUC and € ., 1o target the 80 - 125
range Lor the 90% conflidence intervals i the dose propertionality linearity analvsis, The

Agency requested this analysis, however, the Aweney is inainlv interested i the PR profile fus
the 2 ma dose and how the product will perform. Dose praportionality outside of the 80 - 125
ranze will not necessanily preclude approval. The Agzency stated that the Sponsor must use the

Tmal w-be-marketed product in the PR study.

Dose Proportionality Study KA-900DV-05A

» R, 3-Seq, 3-Per CO Dose Proportionality Stud\é in Healthy
Subjecto (n =24} with a washout period of 24

Treatment A (Reference). IMISC |I'II]EC1|'CIH 071 0.4 mg naloxone HCI
WIh a single jection using an NAIEVZIO

— Treatment B (Test 1) IM/SC injection of 0.8 m% naloxone HCI using
Wwo -3 mg NATS [EVZIO) given 2 minutes apa

- I[ﬁﬁalmﬂlc_&e%ﬁ IM/SC administration of 2.0 mg naloxone HCI
with a single injection using a NAI

— Injection site: anterolateral aspect of the thigh. IM or SC depending
on the tissue layer hickness of the subject
+ Treatment A and C: nght thigh
+ Treatment B: lefi thigh
» PK sampling: pre- doaeand 2.5 75 10 15, 20, 25 30, 40,
and 50 minand 1, 1.25, 1.5, 2,3, 4, 'and & h'post-dose '

13
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Conax Taax Tia AlUCy, AUCy s
Treanment Statistic (/L) [T} () (pgh/mL) (pghmL)
Phamuacolanetic Parameters
Reterence Mem (SD) 1325 (336]) 158({0.457) 1217 250 1995 (325)
DAmg NI Fo ey 620 189 16.0 163
Median 950 0.1s 147 1564 1591
(M- DAL (503-4220)  [{0.09-0.84)| (105-2.76) | (1322-2269) | ( 1427-2638)
Test (0.8mg Mem (ST1) 2156 (10713 157003600 | 349R(FO1) | 3776(72H
wmloxome HCl oV 174 1y 7 95 191
[ 0.4 mp | '" = ) .-\_ _;
NAIL]* Median 1855 0.zl 1.40 3435 376
(Wlin=Nax) (9134160 HORG0858 (111239 | (233451861 | (2584-5438)
Tesl (2.00mg NAT) | Mo (S0} 7905 (361T) 1.53(0.382) | 9657 (1488 | 10330 (1555)
WV 458 250 54 152
Median 50 0.8 147 a0 10410
(Wi Max) (I020-149000 [0.13-0.67Y (0.50-2.31) | (G896-12760] | (T420-13150)
Sratistica Assessments of Doss Proporionality
Drose mommealized ChiR 1.24 1.0% 105
20w/ 04mg"  [oie, 7 for atio | 1.04, 142 L0, 111 1,00, 109
Dose gomulized | ChR 08 .06 .04
U8mg/04mg G5 Ol fortamn | 0,71 LO2 U955 100 | 05L0gs
Povaer Model Slope 115 1 103
(linear vegression} [gse, o1 0.97,1.33 098, 1.11 0.97,1.09

* Fileable from clin pharm perspective

- Datasets for cancentrations and PK parametars are
included

— Analytical report and validation report are included

— NO 08l ingpection will be requested because usually
QSlinspection is not requested for sNDA. OS|
inspection was requested for the ariginal NDA for the
PK study between the 0.4 mg auto-injection and 0.4
mg Narcan and the study was acceptable. This sNDA
plans to introduce an auto injector with 2 mg dose,
and its PK profile l[ocoks reasonable compared to the
0.4 mg aute-injector.
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3.2 Individual Study Summary

2 SYNOPSIS
Name of Sponsor/Company: Individual Study Table Referring to | (For National Authority Use Only)
kaleo, Inc. Part of the Dossier

Name of Finished Product: ) _ )
EVZIO (naloxone HCI mjection) Volume: Not applicable

Name of Active Ingredient:
naloxone hyvdrochloride USP

Page: Not applicable

Title of Study: A Randomuzed, Three-Sequence, Three-Period, Pharmacokinetic Bioavailability and
Dose Proportionality Study of Naloxone Hywdrochloride Administered Using a
Naloxone Auto-Injector m Healthy Human Volunteers

Principal Investigator: Ronald Goldwater MDCM, MSc(A)

Study Center: PAREXEL Early Phase Clinical Unit, Baltimore, USA
Publication: None at the time of writing this report

Development Phase: Phase 1, comparative bicavailability and safety study
Studied Period: First subject enrolled: 26 Aug 2015

Last subject completed: 13 Sep 2015

Study Objectives:
The primary objectives of the study were:
* To evaluate the dose proportionality of 0.4 mg and 2.0 mg naloxone hydrochloride (HCL) following
intramuscular (IM)/subcutaneous (SC) injection using a naloxone auto-injector (NAT).

* To charactenize the pharmacokinetic (PK) profiles of 0.4 mg, 0.8 mg (two 0.4 mg injections) and 2.0 mg
naloxone HCI following IM/SC injection using NATs.

The secondary objective of the study was:
*  To assess the safety and tolerability of 0.4 mg. 0.8 mg and 2.0 mg naloxone HCI injection using NATs.

Study Desizn and Methodology:
This was a randomized. open-label, single-dose. 3-period crossover study in fasted. healthy male and female subjects to
evaluate the dose proportionality of 0.4 mg and 2.0 mg naloxone HCI administered using an NAI and characterize the PK
profiles of 0.4 mg. 0.8 mg and 2.0 mg naloxone HC] administered using NAIs. Twenty-four adult volunteers were planned
to be enrolled and receive study dmug. Subjects were randomized to receive the following study treatments in 1 of 6
sequences (ABC, ACB, BCA, BAC, CAB or CBA). Study drug was administered on Day 1. Day 2 and Day 3:

s Treatment A- IM/SC administration of 0.4 mg naloxone HCI with a single injection using an NATI (EVZIQ).

*  Treatment B: IM/SC administration of 0.8 mg naloxone HCI using two 0.4 mg NATs (EVZIO) given 2 minutes
apart. The first injection defined time 0 for the purpose of Treatment B PK sampling.

e  Treatment C: IM/SC administration of 2.0 mg naloxone HCI with a single injection using an NAT.
During the Screeming Visit (Day -28 to Day -2), subjects signed the informed consent and then completed procedures to
determine eligibility. Eligible subjects reported to the clinic on the day before dose admmistration and remained in the
clinic until the final postdose blood sample was collected and all discharge procedures were completed for the third dosing
period (Day 3). Subjects were randomly assigned to treatment sequence. There was a washout period between doses of
approximately 24 hours. Safety assessments were conducted throughout the study.
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Number of Subjects (Planned and Analyzed):

Safety Population Pharmacokinetic Population
Planned 24 24
Randomuzed 24 24
Evaluable 24 24
Diagnosis and Main Criteria for Inclusion:
Criteria Range for Inclusion
Age 18 to 55 years of age, mclusive
Weight; Body Mass Index =50 kg and = 100 kg: 18.5 and 32 kg/m?®, inclusive
Sex Male and female
Pathelogy/other criteria Not applicable, healthy subjects

Study Drugs:

* Reference: Naloxone HCI for mjection at a concentration of 1.0 mg/mL (1.e.. 0.4 mg/0.4 mL adnunmistered using
an NAT [sourced from commercial supplies of EVZIO]), Lot Number FO115414AA

* Test: Naloxone HCI for mjection at a concentration of 5.0 mg/mL (1e.. 2.0 mg/0 4 mL administered usmg an
NAT), Lot Number F0119415BB.

Duration of Treatment:

The duration of study participation for each subject was less than 5 weeks (up to 4 weeks for the screening period and
4 days for m-subject admussion to complete the 3 dosing periods [1.e. Treatment A. Treatment B and Treatment C]).
Subjects were randomly assigned to receive the study treatments in 1 of 6 sequences (ABC. ACB, BCA, BAC, CAB or
CBA).

Criteria for Evaluation:

Safety:

Routine safety monitoring was conducted during the in-house phase of the study. Safety and tolerability were evaluated by:

s Vital signs (blood pressure [BP). pulse, respiratory rate and oral body temperature)
+  Twelve-lead electrocardiograms (ECGs)
*  Clinical laboratory testing (hematology, clinical chemistry and urinalysis)
*  Physical exanmunation
*  Adverse event (AE) assessments
+ Injection site evaluation
+  Concomitant medication assessments
Pharmacokinetics:
Blood samples for PK assessment were collected 5 minutes predose and 2, 5, 7.5 10, 15, 20, 25, 30, 40 and 50 nunutes and
1.,1.25,15,2, 3, 4 and 6 hours postdose for each treatment period (18 time points).
The following PK parameters were estimated from plasma naloxone concentrations:
*  Maximum plasma concentration (Cope)
e Time to Cpay (T
+  Ternunal elimination half-life (T.;)

+  Elimination rate constant (Lambda z)
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*  Area under the concentration-time curve from baseline to the last measurable concentration (AUCy,)

*  Areaunder the plasma concentration-time curve from time 0 extrapolated to infinity (AUC )

Statistical Methods:
Sample Size Estimation:

Sample size estimates were based on PK data obtained 1n 30 subjects following administration of 0.4 mg naloxone using an
NAI (EVZIO) and a standard syringe. Reference estimates of within subject vanability using the NAT and a standard
syringe were 12.6% for AUC and 40.9% for C.. Due to the lugh variability of C_.,. the within subject vanability for
AUC provided the basis for the projections of power described below.

The sample size estimation was performed based on AUC within subject vanability using SAS PROC POWER as a
multiplicative equivalence test for mean ratio with lognormal data. Analysis was based on the two 1-sided testing
procedure.

The power calculations estimated a total sample size of 12 would have over 95% power to reject the null hypotheses. Due
to the wide range in the expected vaniability of naloxone between AUC and Cp.. the total sample size for this study was
selected as 24 subjects total, with replacements to ensure 24 subjects complete all 3 treatment periods.

Data Presentation/Descriptive Statistics:

All demographic. safety and PK data are listed and summanzed m tabular format by descriptive statistics as appropriate.
Pharmacokinetic data are alse displayed graphically as appropriate.

Pharmacokinetic parameters for naloxone were estimated wsing noncompartmental analysis. The C,.. and T, were
determined directly from the data and lambda z and T, were estimated from a linear regression of the terminal log-linear
concentrations versus time. The AUC,, was calculated using the linear-log trapezoidal method and extrapolated to infinity
(AUC ).

The natural loganthmuc transformation was applied to the PK parameters Cpyy. AUC, and AUCq gy, which were analyzed
via a mixed-effects linear model for the 3-period crossover design. Summary statistics based on the model were used to
document bioavailability.

Dose Proportionality:

For each of the naloxone PK parameters Cpae. AUC: and AUCp e a linear mixed model analysis of vanance (ANOVA)
was used to test the significance of the effects of sequence, period and treatment. In thus analysis, subject nested within
sequence was assumed to be a random effect; sequence, period and treatment were modeled as fixed factors.

A 90% confidence mierval (CI) for each treatment ratio was obtained by taking the anti-logarithm of the 90% CI endpoints
for each mean difference. Ewidence of dose proportionality was obtamned if the 90% CI for the primary comparison
(Treatment C versus Treatment A) was contaimned within the interval (0.8, 1.25).

A power model approach was also used for the PK parameters C,... AUC,, and AUC; . to assess for evidence of dose
proportionality. In this analysis 1t was assumed the natural logarithm of the PK variable was linearly related to the natural
logarithm of the dose. This model was fit with a simple linear regression to produce an estimate and a 2-sided 95% CI for
the slope coefficient. Estimated values of the slope close to 1 were evidence of dose proportionality. All dose levels
(0.4 mg_ 0.8 mg.and 2.0 mg) were included 1n this analysis.

Reference ID: 3990007
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Results:

Pharmacokinetics Results:

Naloxone plasma concentrations were quantifiable over the §-hour sampling period postdose for all subjects in all treatment
groups. Naloxone concentrations were lughest followimng the single 2.0 mg NAI injection for the entire mean naloxone
concentration-time profile. There were no significant concentration outliers observed. and there were no significant
sampling time deviations. Seventeen subjects had at least 1 period where the predose naloxone concentration was above the
lower limit of quantitation (2.0 pg/mL). 1 each instance. the concentration represented 1.1% or less of Cpa, for the
treatment and the values were not considered significant.

The median T,.. for naloxone for all 3 treatment groups was simular (0.2094 hour to 0.2531 hour). Peak plasma
concentrations of naloxone were greatest after administration of a single 2.0 mg NAT myection, with a geometric mean
(GM) Cpax (2CV%) of 7113 pg/mL (50.7%), compared with the GM of two 0.4 mg NAT mjections (0.8 mg naloxone HCI)
or a single 0.4 mg NAI mjection, 1942 pg/mL (49.3%) and 1146 pg/mL (57.2%). respectively.

Plasma concentrations declined over the 6-hour sampling period with a similar T across all treatment groups; the GM T,
(gCV*%) values following a single 2.0 mg NAT iyjection. two 0.4 mg NAT igections (0.8 mg naloxone HCL) and a single 0.4
mg NAT injection were 1.479 hours (25.9%). 1481 hours (22.3%) and 1.526 hours (26.8%), respectively.

Both AUC,.; and AUCqyr naloxone exposure was greatest following a single 2.0 mg NAI injection. compared with two
0.4 mg NAT mgections (0.8 mg naloxone HCI) or a single 0.4 mg NAT mjection. For AUC;.. the GM (gCV%) was
9547 pg.h/mL (15.6%), 3434 pg b/mL (19.8%) and 1793 pgh/mL (17.0%) following administration of 2.0 mg. 0.8 mg and
0.4 mg naloxone HCl using NAIs, respectively. Sinularly, for AUCpy the geometric mean (gCV%) was 10210 pg.h/mL
(15.5%). 3713 pgh/mL (19.0%) and 1969 pgh/mL (16.8%) following administration of 2.0 mg, 0.8 mg and 04 mg
naloxone using NATs, respectrvely.

Total (AUC) systemic naloxone exposure was dose proportional for the primary companson of a single 2.0 mg naloxone
HCI injection and a single 0.4 mg naloxone HCI injection administered using NAIs. The geometric mean ratio (GMR)
(90% CI) was 1.06 (1.02, 1.11) for AUC,, and 1.05 (1.01, 1.09) for AUCy4, Maximum (Cp,.) exposure was slightly
greater than dose proportional for the same treatment comparison. The GME (90% CI) for Cpay, 1.24 (1.04, 1.49), was
within the target mterval but the upper 90% confidence bound exceeded the upper target of 1.25.
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Statistical Assessment of Dose Proportionality Using Dose-Normalized Pharmacokinetic Parameters for 0.4 and
2.0 mg Naloxone HC1 Following Intramuscular/Subcutaneous Injection Using a Naloxone Auto-Injector

Treatment A Treatment C Treatment C/Treatment A
Parameter N GM 95% CI N GM 95% CI GMR 90% CI rMSE
&;-:Ji-'mg) 24 | 28654 | (2381.39, 3447.80) 24 | 3556.4 | (2955.68.427926) | 124 | (1.04.149) 374
é:i"&img) 24 | 44833 | (4177.97,4810.91) 24 | 47736 | (4448.40,512240) | 1.06 | (1.02,1.11) 85
a‘:i‘]ﬁm&) 23 | 4877.1 | (4551.13. 5226.39) 24 5106 | (4766.72,5460.32) [ 1.05 | (1.01,1.09) 78

CI = confidence intervals: GM = geometric mean; GMRE. = ratio of geometric means; tMSE = square root of the residual error from the
model

Treatment A = 0.4 mg naloxone (single 0 4 mg injection); Treatment C = 2.0 mg naloxone (single 2.0 mg injection)

Pharmacokinetic parameters (AUCy . AUC,, and C,,) for naloxone were natural log-transformed prior to analysis and evaluated
separately using a linear mixed effects model with fixed effects terms for sequence, period and treatment. In this analysis, subject nested
within sequence is considered a random effect

Dose proportionality was also assessed for 0.8 mg naloxone HC1 (two 0.4 mg NAT mjections, Treatment B) and 0.4 mg
naloxone HCI (Treatment A). Total (AUC) systemic naloxone exposure was dose proportional for the comparison of
0.8 mg naloxone HCI and 0.4 mg naloxone HCI administered using NAIs. The GMR (90% CI) was 0.96 (0.92, 1.00) for
AUC, and 0.94 (0.91, 0.98) for AUCpqy Maximum (Cp..) exposure was slightly less than dose proportional for the same
treatment comparison. The GMR (90% CT) for C,,. 0.85 (0.71, 0.98), was within the target mterval but the lower 90%
confidence bound was below the lower target of 0.80.

A sumple hinear regression of the natural loganthm of C.,, and AUC on the natural loganthm of the dose was also
performed to assess the dose proportionality/lineanty of the relationship of 0.4 mg, 0.8 mg and 2.0 mg naloxone HCI
administered with NATs. The results indicate that C_, and AUC are dose proportional, as the pomnt estimate of the slope
was close to 1.0 for each parameter (1.03 for AUCqne. 1.04 for AUCy; and 1.15 for Cupae). A range of possible values for
the slope was provided by a 95% CI estimate. and each range contained 1. indicating dose-proportionality: AUC, .- = (0.97.
1.09), AUCq, = (0.98. 1.11) and Cmex = (0.97. 1.33).

Safety Results:

There were no serious adverse events (SAEs). deaths or treatment-emergent AEs (TEAES) that led to discontmuation from
the study. Owerall, 10 subjects experienced 15 TEAEs. The most frequently reported TEAE was nuld erythema observed
in all treatment groups and noted as localized ervthema due to pressure markings from the device (10 events reported in 7
subjects). Events of catheter site swelling, injection site bruising, dizziness, headache and contact dermatitis were reported
m 1 subject each. All TEAEs were considered mild by the Investigator except for the event of headache that was
considered moderate 1n intensity. The events of erythema, mjection site bruising and headache were considered possibly
related or related to study drug. All events had an outcome of resolved.

With the exception of erythema. no TEAEs occurred in more than 1 subject and no treatment-specific trends in TEAEs were
noted between the 3 treatments. The number of subjects experiencing ervthema was similar between the treatments given
the fact that Treatment B involved 2 mjections.

There were no chmically sigmificant safety laboratory values, vital signs, ECGs values or physical exanunations findings.
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Conclusions:

This was a randomized, open-label, single-dose, 3-period crossover study in fasted, healthy male and female subjects to
evaluate the dose proportionality of 0.4 mg and 2.0 mg naloxone HCI admumistered using an NAI and characterize the PK
profiles of 0.4 mg. 0.8 mg and 2.0 mg naloxone HCl administered using NATs. Twenty-four subjects were randonuzed to
recetve the study dmg treatments (Treatment A: 0.4 mg naloxone HCL Treatment B: 0.8 mg naloxone HCI [two 0.4 mg
naloxone HCI iyjections]. and Treatment C: 2.0 mg naloxone HCI) in 1 of 6 sequences (ABC. ACB. BCA. BAC, CAB or
CBA). All 24 subjects completed the study per protocol

Pharmacokinetics Conclusions:

The naloxone PK profiles of 0.4 mg 0.8 mg and 2.0 mg naloxone HCI using NAIs were characterized over a 6-hour
sampling period. Administration of a single 2.0 mg naloxone IM/SC mjection using an NAT resulted 1 the greatest plasma
concentrations compared with the single 0.4 mg NAT mjection or two 0.4 mg NAT mjections (0.8 mg naloxone HCI). The
median Ty values were simalar for all treatment groups, ranging from 0.2094 hour to 0.2531 hour. Naloxone plasma
concentrations declined with similar Ty, across all treatment groups, ranging from 1.479 hours to 1.526 hours.

Dose proportionality was assessed using 2 approaches. The first approach used an ANOVA method. where the
dose-normalized treatment ratios between groups for the PK parameters Cpay, AUCq, and AUCq g were evaluated, and
evidence of dose proportionality was obtained if the 90% CI for the comparison was contained within the interval (0.8,
1.25). The primary comparison was between the single 2.0 mg NAT mjection and a single 0.4 mg NAT injection. Both
AUC; and AUC s were dose proportional as the GMR values were near unity and the 90% CIs fell within the interval
(0.8. 1.25). The overall vaniability for both AUC parameters was low (< 20%). The companson of C_,, between the single
2.0 mg naloxone HCI injection and a single 0.4 mg naloxone HCI injection suggested that maximum naloxone exposure
was slightly greater than dose proportional as the GME and the lower 90% CI fell within the predefined limits but the upper
90% CI was greater than the upper limit (1.49 compared to 1.25).

The 0.8 mg naloxone HCI dose (two 0.4 mg naloxone HCI injections) and a single 0.4 mg NAT injection were also assessed
for dose proportionality usmg the ANOVA method. As observed with the primary comparison. both AUC, and AUC ¢
were dose proportional as the GMR values were near unity and the 90% CIs fell within the iterval (0.8, 1.25). By contrast,
comparison of Cg,, between 0.8 mg naloxone HCI (two 0.4 mg NAI injections) and a single 0.4 mg NAI injection
suggested maximum naloxone exposure was slightly less than dose proportional. as the GMR and upper 90% CI limit fell
within the predefined limuts but the lower 90% CI was less than the lower limut (0.71 compared to 0.8). There was
moderate variability (gCV%) averaging approximately 50% for Cpa. across all treatment groups that may have contributed
to the slight trend towards dispropertional Cyp, exposure assessments. In addition, the current study was powered based on
the within subject vanability for AUC observed in the previous NAI study (IJ-900DV-030) instead of using the more
variable Cpgy data as the basis for the power projections.

Linear regression of the natural logarithm of Cpey and AUC on the natural loganthm of dose was also performed to assess
the dose-proportionality/linearity of the relationship. Estimated slope values of the slope near unity are considered evidence
of dose proportionality/linearity. All 3 parameters (Cpax. AUC, and AUCq¢) had point estumates of the slope near 1
{range 1.03 to 1.15). indicating naloxone exposure as a result of 0.4 mg. 0.8 mg and 2.0 mg naloxene HCl administration
using NATs 1s dose proportional and linear within the range 0.4 mg to 2.0 mg.

In summary:
+ Following administration of 0.4 mg_ 0.8 mg (two 0.4 mg injections) and 2.0 mg naloxone HCI using NATs, the
Ty of naloxone occurred rapidly (median 02094 to 0.2531 hour) and was simular for all treatment groups.
Plasma concentrations declined simularly 1n all doses with a Ty, of 1.479 hours to 1.526 hours.

+ Naloxone exposure was greatest following a single 2.0 mg NAT mjection compared with two 0.4 mg NAT
myections (0.8 mg naloxone HCI) or a single 0.4 mg NAI injection. For 0.4 mg. 0.8 mg and 2.0 mg naloxone
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HCl admimstered using NATs, the GM (gCV%) for AUCy, was 1793 (17.0), 3434 (19.8) and 9547 (15.6)
peh/ml. respectively and for AUC . was 1969 (16.8), 3713 (19.0) and 10210 (15.5), respectively.

For C_.. the GM (gCV%) was 1146 (57.2), 1942 (49.3) and 7113 (50.7) pg/mL for 0.4 mg. 0.8 mg and 2.0 mg
naloxone HCl administered using NATs, respectively.

AUC, and AUC,;, were dose proportional for the primary comparison of 2.0 mg naloxone HCI and 0.4 mg
naloxone HC1 administered using NATIs. Geometric mean ratios and (90% CI) were 1.06 (1.02, 1.11) and 1.05
(1.01, 1.09) for AUCq,; and AUCq s, respectively. Maximum (Cpy,.) exposure was slightly greater than dose
proportional for the same treatment comparison with GMR. (90% CI) of 1.24 (1.04, 1.49).

AUC,, and AUCq.i,r were also dose proportional for the companison of 0.8 mg naloxone HCL (two 0.4 mg
naloxone HCI myections) and 0.4 mg naloxone HCI administered using WATs. Geometric mean ratios and (90%
CI) were 0.96 (092, 1.00) and 0.94 (0.91, 0.98) for AUCy, and AUCque respectively. Maximum (Cp)
exposure was slightly less than dose propertional for the same treatment comparison with GMR (90% CI) of
0.85(0.71, 0.98).

Linear regression indicates that naloxone exposure 1s linear within the dose range of 0.4 to 2.0 mg naloxone HCI
following IM/SC admunistration using NATs.

Safety Conclusions:

No safety concerns were noted in the safety laboratory values, wvital signs, ECGs values, injection site evaluations or
physical exammations findings duning the study. Owerall, 10 subjects experienced 15 TEAEs. The most commonly
expenienced TEAE was muld erythema reported m all treatment groups, i a total of 7 subjects. All TEAEs were considered
mild mn intensity by the Investigator except for 1 TEAE of moderate mtensity (headache). All TEAEs had an outcome of
resolved. There were no SAEs or discontinuations associated with study dmg.

Overall Summary:

Administration of a single 2.0 mg naloxone HC1 IM/SC injection using an NAT resulted in the greatest plasma naloxone
concentrations compared to 0.8 mg naloxone HCI (two 0.4 mg NAT injections) or a single 0.4 mg naloxone HCI mjection
(EVZIO). The T and T.; were similar for the administration of 2.0 mg, 0.8 mg (two 0.4 mg NAT injections) and 0.4 mg
naloxone HCI using NATs. Total (AUC) systemic naloxone exposure was dose proportional for the primary comparison of
a single 2.0 mg NAT injection and a single 0.4 mg NAT injection. The 2.0 mg NAT injection was slightly greater than dose
proportional for the more variable C, ., parameter. All 3 treatments, 0.4 mg, 0.8 mg and 2.0 mg naloxone HCI admimstered
using NATs, were safe and well tolerated when adnunistered to healthy subjects i this study.

Date of Report: 29 Jan 2016

This study was conducted 1 compliance with International Conference on Harmomzation (ICH) Good Clinical Practice
(GCP) gmdelines and the Declaration of Helsinks.
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CLINICAL PHARMACOLOGY FILING FORM/CHECKLIST

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, IL III, IV, V)

11

Generic Name

Naloxone HCl injection, USP

Medical Division DAAAP Drug Class Opioid Antagonist
OCP Reviewer Wei Qiu, Ph.D. | Indication(s) @y
OCP Team Leader Yun Xu, Ph.D. | Dosage Form, Strength Solution for injection, 2.0 mg (0.4 mL of S 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, Relevant INDs IND 112292
2016
Clin. Pharm. and Biopharm. Information
“X” if Number of | Number Critical Comments If any
included | studies of studies
at filing submitted reviewed

STUDY TYPE
Table of Contents present and X
sufficient to locate reports, tables,
data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X
Methods
1. 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:

Clinical Pharmacology Filing Form/Checklist for NDA 205787 S007
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CLINICAL PHARMACOLOGY FILING FORM/CHECKLIST

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:

11. Biopharmaceutics

Absolute bioavailability

Relative bioavailability -

solution as reference: X

(U]

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

1I1. Other CPB Studies

Genotype/phenotype studies

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

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

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

No new findings in the proposed
label.

Has the sponsor submitted bioavailability
data satisfying the CFR requirements?

® @ §ocs
proportionality study was conducted
to compare the proposed product (2
mg) and the approved product (0.4

mg).

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

Has a rationale for dose selection been
submitted?

Match the exposure of the list drug

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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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
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 1J-900DV-030
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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NDA 205-787 S007: EVZIO
(Naloxone Hydrochloride Injection)

» Sponsor: Kaleo Inc.

» Naloxone Auto Injector (NAI) delivering 0.4 mg naloxone HCI
(naloxone HCI concentration of 1 m%/mL) via SC or IM
injection was approved on April 3, 2014 under 505(b)(2)

— Reference tg;roduc,t: ANDA 72076 to the RLD (NDA 16636 Narcan®
which has been discontinued), 1 mg/mL for IV, IM and SC injection.

— Narcan® PI: “An initial dose of 0.4 mg to 2 mg of naloxone HCI
may be administered intravenously. ~___IM or SC administration
may be necessary if IV route is not available.”

+ Current submission: Seeking approval of a new 2.0 mg
strength NAT or NAI-HD which is designed to deliver an
approved dose strength by approved routes of administration
via an approved auto-iniector

_ (b) (4)

— Formulation is identical to the 0.4 mg NAI formulation except it is
formulated to a drug concentration of 5 mg/mL

— Device constituent component same for 0.4 mg or 2.0 mg injection
(0.4 mL injection of 1 mg/mL or 5 mg/mL) 1

Pre-NDA MM (12/23/2014)

(b) (4)

Ouesrion 135

(b) (4)

® @) we strongly recommend that vou perform a
pharmacokinetic (PK) study to better understand the PK profile of vour product and to

inform labeling and prescribers. (b) (4)
(b) (4)
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Pre-NDA MM (12/23/2014)

Queestion 154, In general, does FDA believe o 2-period, 2-treatment (Evzio 0.4 mg and
NAI-HP 2.0 mg), crossover pharmacokineiic (PK) study in 8 ta 12 subjecis will be
sufficient to inform labeling and preseribers and provide the information recommended
by FDA pertaining to lineariiy of the pharmacekinetics over the therapeniic dose range?

[he Agency stated agreement with the Sponsor’s proposal and added that the minimum final
analyzable sample size is 12 subjects for gach treatment group to establish dose proportionality.
Furthermore, the Sponsor should include a dose normalized AUC and C ,y to target the 80 - 125
range for the 90% conlidence intervals m the dose proportionality linearity anulysis, The
Agency requested this analysis, however, the Agency is mainly interested in the PK profile for
the 2 me dose and how the product will perform, Dose proportionality outside of the 80 - 125
range will not necessarily preclude approval. The Apency stated that the Sponsor must use the
limal to-be-marketed product in the PR study.

Dose Proportionality Study KA-900DV-05A

* R, 3-Seq, 3-Per CO Dose Proportionality Studﬁ in Healthy
Subjects (n = 24) with a washout period of 24

— Treatment A (Reference): IMISC inljection of 0.4 mg naloxone HCI
with a single injection using an NAT (EVZ10)

— Treatment B (Test 1); IM/SC injection of 0.8 m?l naloxone HCI using
o U.4 mg NATS (EVZIO) given 2 minutes apart.

— Treatment C (Test 2): IM/SC administration of 2.0 mg naloxone HCI
with a single injection using a NAIL

— Injection site: anterolateral aspect of the thigh. IM or SC depending
on the tissue layer thickness of the subject
» Treatment A and C: right thigh
+ Treatment B: left thigh
* PK sampling: pre-dose and 2. 5, 7.5, 10, 15, 20, 25, 30, 40,
and S0 minand 1, 1.25, 1.5, 2, 3, 4, and 6 h post-dose

Clinical Pharmacology Filing Form/Checklist for NDA 205787 S007

Reference ID: 3940710



CLINICAL PHARMACOLOGY FILING FORM/CHECKLIST

)
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- T Tia AUC, AUCy ¢
Treatment Statistic (pg/mL) )y () (pg.'mL) (pg.mL)
Phannacokinetic Parameters
Reference Mean {SD)} 1328 (836) LAS8{045T) | 1817 (290) 1995 (326)
0AmeNAD®  Forey 629 289 16.0 16.3
Median 980 028 147 1864 1991
{Min-Max) (S03-42200 (009084 | (1.05-2.76) | (1322-2260) | (1427-26E8)
Test (0.8 mg Mean (SD} 2156(1021) L52(0.3600 | 3498 (691) ITIE(T2M
aloxone HC ek 474 23.7 19.8 19.1
[two 0.4 mg - - : :
NAT])* Median 1855 021 140 3435 3776
(M- Max) (91341600 0090858 (1.11-239) | (2334-5186) | (I584-5438)
Test (2.0 mg NAT} | Mean (5D} TR0 (3617 1.53(0.382) | 2657(1488) | 10330 (1565)
LV 458 250 154 152
Median 6050 0.5 147 9703 10410
(Min-Max) (3020-14900) K0.13-067) (0.90-231) | (6896-12760) | {T420-131500
Statistical Assessments of Dose Proportionality
Dose nomnalized | GMR 1.24 106 1.05
20mg 04mg"  [ape; O forratio | 104,149 L0111 | 101,109
Dose normalized | GME 0.85 096 094
08mg/04me 1 oec T forrano | 0.71. 1.02 052,100 | 091,098
Power Model Slope 1.15 1.04 1.03
(linear regression) [gze; o 0.97.1.33 0.98. 111 0.97.1.00

+ Fileable from clin pharm perspective

— Datasets for concentrations and PK parameters are
included

— Analytical report and validation report are included

— NO OSl inspection will be requested because usually
OSl inspection is not requested for sNDA. OS5I
inspection was requested for the original NDA for the
PK study between the 0.4 mg auto-injection and 0.4
mg Narcan and the study was acceptable. This sNDA
plans to introduce an auto injector with 2 mg dose,
and its PK profile looks reasonable compared to the
0.4 mg auto-injector.
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