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EVALUATION OF THE RESULTSOF THE ESTABLISHMENT INSPECTION REPORT

On October 15, 2008, the Division of Scientific Investigation completed their review of the
results of the establishment inspection report (EIR) for NDA 22-239, Intraject Sumatriptan,
sponsored by Zogenix, Inc. Theclinical site [Covance Global Clinical Research Unit, Inc.,
Dallas, TX] was inspected between 6/16-19/2008 and analytical site ® ()

was inspected between 9/22-25/2008. Following the inspections Forms
483 were issued citing several items. Three items which might have an impact on the PK
data of four subjects were evaluated by this reviewer.

ITEM 1

The first item involved two subjects, 1053 and 2042. These subjects received the last dose
of the previoustrial 6 days before receiving the first dose on the following trial when 30
days were required between trials. The deviation is reported in the submission.

REVIEWER COMMENT:
The second sequence for both subject 1053 and subject 2042 wasthe arm. Since the arm
was eliminated as a site of injection, this does not impact the final outcome of the study.

ITEM 2

The 5 original samples from subject 1009 were reassayed because the original results were
above the upper quantitation limit. The sponsor speculated that the samples were
contaminated. Although the reassay confirmed the original data, the data from the subject
1009 were excluded from PK analysis.

REVIEWER COMMENT:

The 5 samplesin question were from the TEST dose in the Arm (Sequence D, Period 3). In
Sequence D, Subject 1009 received doses in the abdomen (TEST then REFERENCE)
followed by dosing in the arm (TEST then REFERENCE) (TABLE 1). Each dose
administration was followed by awashout period. Any possible contamination of the blood



samples from the ARM should not affect the data from the Abdomen, which was dosed first.
Since the arm was eliminated as a site of injection, this does not impact the study which
evaluated only the Abdomen and the Thigh.

__ Tablel: Assigned Treatment Sequences

Period I Wash- Period II Wash- Period III Wash- Period IV
Sequence (Study Day 1) (Study Day 2) out (Study Day 3) | Out (Study Day 4)
IMITREX-abdomen Intraject—abdomen IMITREX thigh Intraject—thigh
Intraject—abdomen IMITREX-abdomen Intraject—thigh IMITREX—thigh
Intraject—abdomen IMITEEX -abdomen Intraject—arm IMITREX-arm
IMITREX-abdomen Intraject—abdomen IMITREX -arm Intraject—arm
IMITREX—arm Intraject—arm IMITEEX thigh Intraject—thigh
Intraject—thigh DMITREX —thigh Intraject-arm IMITREX-arm
REF: Appendix 16.1.1.1

ITEM 3:

The firm stated that period 1 samples for subject 1042 were reassayed to investigate possible
mislabeling between subjects 1042 and 2042. The firm stated that the reassayed data for
subject 1042 were reported because they confirmed the original data.
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REVIEWER COMMENT:
In the submission, the firm stated that subject 1042 withdrew prematurely and was excluded
from all PK analysis.

RECOMMENDATION

The Office of Clinical Pharmacology has reviewed the DSI establishment inspection report
(EIR) for NDA 22-239, Intraject Sumatriptan, sponsored by Zogenix, Inc. Theissues found
during the inspection were determined not to impact the bioequivalence evaluation of
Intraject Sumatriptan in the abdomen and the thigh.
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I. EXECUTIVE SUMMARY

The sponsor is seeking approval for Intraject® sumatriptan for the same indications as the reference
product, IMITREX® STAT dose, which is indicated for the acute treatment of migraine attacks, with
or without aura, and the acute treatment of cluster headache episodes. The IMITREX® STAT dose
delivers sumatriptan subcutaneously with a needle-based injection device. Intraject® is a needle-free
delivery device which will be used to administer sumatriptan subcutaneously.

In support of the Clinical Pharmacology section of the application, the Sponsor has included one
acceptable pivotal BA/BE study conducted in the US and three pilot studies conducted in Australia
(not reviewed). The sponsor has also submitted PLR labeling for the product.

1.1 RECOMMENDATIONS

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 1 has reviewed the Clinical
Pharmacology information submitted on December 28, 2007, June 18, 2008 and September 12, 2008
under NDA 22-239. Pending an acceptable DSI inspection, DCP1 finds the Clinical Pharmacology
information acceptable provided that a mutual agreement can be reached between the Agency and
the Sponsor regarding recommended changes in the labeling. The reviewer’s labeling changes shown
by track changes are given on pages 15 to 23 (See II1. ).

1.2 PHASE IV COMMITMENTS
None

1.3 SUMMARY OF CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS FINDINGS

Sumatriptan succinate is a migraine-specific triptan agent with proven clinical benefits. The sponsor
is submitting this New Drug Application (NDA) for sumatriptan needle-free injection, 6 mg, under
Section 505(b)(2) using IMITREX STATdose, 6 mg, as the referenced product (NDA 20-080).
Intraject® sumatriptan, was developed as an alternative dosage form of the reference listed product.

The IMITREX STATdose delivery system consists of an auto-injector with a needle and drug- filled
cartridges. Intraject® sumatriptan (sumatriptan succinate), is a drug-device combination product
which uses a needle-free drug delivery system. Both systems administer a subcutaneous 0.5 mL
dose of sumatriptan succinate equivalent to 6 mg of sumatriptan as the base. The sponsor is seeking
approval for the same indication as IMITREX, the acute treatment of migraine attacks with or
without aura and the acute treatment of cluster headache episodes.

A list of the pivotal and pilot pharmacokinetic studies submitted by the sponsor is shown in the
following table.
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Table 1. Pilot and Pivotal PK/BA Studies
Nominal No. Total
Study Country Study Population Injection / Sites Is)t;(ilgyn %:}:Egg:ssl;?; N;gfl:; !
Injections®
Pivotal PK/BE U.S. (IND) | N=54 healthy adult Clinician injected to | 4-way N=36 N=108
Study Z.X001- M/F subjects. abdomen, arm, crossover,
0601 and/or thigh. incomplete
block.
Pilot PK Study Australia N=18 healthy adult Clinician injected to | 4-way N=12 N=36
SUM-04-01 M/F subjects. abdomen, arm, Crossover,
and/or thigh. incomplete
block.
Pilot Self- Australia N=24 healthy adult Self-injected to 4-way N=16 N=48
injection PK M/F subjects. abdomen, arm, CrOsSOVver,
Study ARD- and/or thigh. incomplete
2100-0501 block.
Total N=96 Total nominal no. of Intraject® injectionsa N=192
Subjects
a The number of nominal injections represent the number of planned injections per product Intraject® sumatriptan or
IMITREX/Imigran Mk 11, per injection site and may have differed from the actual number of injections administered during the
study.

The three pilot studies were conducted in Australia using the sumatriptan injectable product
approved in Australia as the Reference. These studies were not reviewed and will not be used to
support the approval of the clinical pharmacology portion of the application. Approval will rely on
the results of the pivotal study conducted with the U.S. approved product as the reference.

Pivotal Study

STUDY ZX001-0601, was a Phase 1, randomized, open-label, single-dose, 4-way crossover in an
incomplete-block treatment design in 54 healthy adult male and female subjects between the ages of
18 and 55. Each subject received the TEST (Intraject® sumatriptan, 6 mg) and the REFERENCE,
(Imitrex® STATdose System, 6 mg) in two of the three possible injection sites (i.e., abdomen, arm,
and/or thigh). The injections were made by a clinician. Each subject was randomly assigned to
receive four of six treatment/administration site combinations in one of the following sequences:

PeriodI Period IT ~ PeriodIIl __ . PeriodIV
Wash- Wash- Wash-
(Study Dav 1) o (Study Dray 2) (Study Day 3 (Study Day 4)
Sequence &4 3 | IMITEEX-abd Intraject-abd IMITEEX -thigh Intraject-thigh
Sequence B 3> Intraject-abd IMITREX -zbd Intraject-thigh IMITEEX -thigh
Intraject-arm ITEEXN -amm

Sequence D = | IMITEEX -abd
Sequence E 3 | IMITEEX-amm
Sequence F 2 | Intraject-thizh

IMITREX-arm
IMITREX-thigh

Intrajeci-arm

Intraject-abd Intraject-arm

Intraject-anm

IMITREX-thigh

Intrajact-thigh

IMITEEX-arm

+
+
Sequence C 3 Intraject-abd B DMITREX-abd
>
>
>

de [ | k| b | | E
e | e[ | | |

Statististical Analysis Plan (SAP)

The sponsor developed a Statistical Analysis Plan (SAP) for assessing the bioequivalence of the
Intraject® sumatriptan product compared to the IMITREX product. This plan failed to determine
bioequivalence at any of the three sites of injection. The sponsor determined that the variability and
low doses in the arm was responsible for the failures. They removed subjects (2 from the abdomen
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group and ten from the arm group) identified as having received an incomplete dose (Visual Analog
Scale (VAS) of less than 2) and then reanalyzed the data. The results indicated bioequivalence at all
three sites of injection.

Bioequivalence:

The sponsor did a post-hoc analysis to determine the relative bioavailability independently at each
injection site. This is the appropriate method since the variability of each injection site is different.
This analysis included the 12 subjects previously eliminated due to incomplete injections. The
summary PK parameters are shown in the following table. The sponsor also determined the area
under the curve until the 15 minute time point. [AUC(0-15)] to determine bioequivalence during
early exposure. The sponsor also analyzed the thigh and abdomen pooled data and
determined bioequivalence.

Table 2. Summary Pharmacokinetic Parameters by Site of Injection

Parameter Test® Reference” Test/ 90% P-Value® | Within Power
(units) (Intraject®) (IMITREX) Ref (%) b Confidence Subject %
Interval° CV%

Abdomen (n=35)

Cmax 76.9 853 90.1 83.92, 96.80 17.8% 86.9%

(ng/mL)

AUCt 93.2 102 91.0 87.12,94.97 10.7% >99%

(ng*hr/mL)

AUCinf 94.3 104 91.0 87.17,94.99 10.6% >99%

(ng*hr/mL)

AUCO-15 14.4 14.2 101 92.03,111.43 —

(ng*hr/mL)

Tmax (hr) 0.200 0.200 — -0.150, 0.100 0.0355

Thigh (n=32)

Cmax 70.6 66.5 106 100.82,112.01 12.5% >99%
(ng/mL)
AUCt 91.0 98.5 92.3 90.93, 93.79 3.7% >99%
(ng*hr/mL)
AUCinf 92.1 99.8 92.3 90.91, 93.72 3.6% >99%
(ng*hr/mL)
AUCO0-15 13.1 11.4 115 105.55,124.99 | —
(ng*hr/mL)
Tmax (hr) 0.200 0.225 — -0.183- 0.150 0.0470

Arm (deltoid) N=34)
Cmax 59.2 81.6 72.5 52.88,99.49 89.9% 0%
(ng/mL)
AUCt 51.7 97.4 53.0 34.28, 82.06 1448.4% | 0%
(ng*hr/mL)
AUCinf 72.7 98.5 73.8 58.69,92.71 58.1% 0%
(ng*hr/mL)
AUCO0-15 11.0 14.9 74.0 52.42,104.48 —
(ng*hr/mL)
Tmax (hr) 0.150 0.175 — -0.183, 0.050 <0.0001

a Least-squares mean from ANOVA. Natural log (In) parameter means calculated by transforming the natural log means
back to the linear scale (i.e. geometric means). Medians are presented for Tmax.

b Ratio of parameter means for In-parameter (expressed as a percentage). Natural log-transformed ratios were
transformed back to linear scale.

¢ 90% confidence interval for ratio of parameter means of In-transformed parameter (expressed as a percentage). Natural
log-transformed confidence limits were transformed back to linear scale.

d Wilcoxon’s signed-rank test.
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The mean plasma concentrations of sumatriptan (log scale) versus time for the abdomen, thigh, and
arm (deltoid) are shown in the following figures.
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Figure 11-2. Geometric Mean Concentration-Time Profile for Intraject
sumatriptan vs. IMITREX STATdose in Plasma on the Log-Linear Scale Following
Single Injection in the Abdomen
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Figure 11-3. Geometric Mean Concentration-Time Profile for Intraject
Sumatriptan vs. IMITREX STATdose in Plasma on the Log-Linear Scale Following
Single Injection in the Thigh
EEF: Table 14.21-1b
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Figure 114. Geometric Mean Concentration-Time Profile for Intraject
Sumatriptan vs. IMITREX STATdose in Plasma on the Log-Linear Scale Following

Single Injection in the Arm (Deltoid)
EEF: Table 14.2.1-1c

The following conclusions can be drawn from the study based on the independent analysis of relative
bioavailability at each site:

Abdomen:

Thigh:

AUC 0-c0: Following single injections in the abdomen, Intraject® sumatriptan, 6 mg and
Imitrex® STATdose System, 6 mg have similar AUC 0-o. The geometric mean ratio and
90% confidence intervals for Intraject® sumatriptan, 6 mg vs. Imitrex® STATdose System,
6 mg were 91.0% (87.17%, 94.99%).

Cmax: Peak sumatriptan concentrations following administration of Intraject® sumatriptan,
6 mg in and IMITREX® STATdose System, 6 mg in the abdomen were similar. The
geometric mean ratio and 90% confidence intervals for Intraject® sumatriptan, 6 mg vs.
IMITREX® STATdose System, 6 mg were 90.1 (83.92, 96.80).

Tmax: The median Tmax for Intraject® sumatriptan, 6 mg was the same [0.2 hours (range
0.10-0.33)] as that of IMITREX® STATdose System, 6 mg [0.2(range 0.10-0.50)].

AUC 0-0: Following single injections in the thigh, Intraject® sumatriptan, 6 mg and
Imitrex® STATdose System, 6 mg have similar AUC 0-o. The geometric mean ratio and
90% confidence intervals for Intraject® sumatriptan, 6 mg vs. Imitrex® STATdose System,
6 mg were 92.3 (90.91, 93.72)
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e Cmax: Peak sumatriptan concentrations following administration of Intraject® sumatriptan,
6 mg, and IMITREX® STATdose System, 6 mg in the thigh were similar. The geometric
mean ratio and 90% confidence intervals for Intraject® sumatriptan, 6 mg vs. IMITREX®
STATdose System, 6 mg were 106% (100.82, 112.01%). The 90% CI for Cmax was
within the acceptable limit of 80-125%.

e Tmax: The median Tmax for Intraject® sumatriptan, 6 mg was [0.2 hours (range 0.067-
0.333)] compared to that of IMITREX® STATdose System, 6 mg [0.225 hours (range
0.100-0.500)].

Arm (Deltoid):

e AUC 0-o: Following single injections in the arm, AUC 0-o for Intraject® sumatriptan, 6
mg is 26.2% lower than Imitrex® STATdose System, 6 mg. The geometric mean ratio and
90% confidence intervals for Intraject® sumatriptan, 6 mg vs. IMITREX® STATdose
System, 6 mg were 73.8% (58.69, 92.71). The lower limit of the 90% confidence interval is
below the acceptable range (80-125%). Intraject® sumatriptan, 6 mg AUC 0-c is not
bioequivalent to the IMITREX® STATdose System, 6 mg.

e Cmax: Peak sumatriptan concentrations following administration of Intraject® sumatriptan,
6 mg in the arm is 27.5% lower than peak concentrations of IMITREX® STATdose System,

6 mg. The geometric mean ratio and 90% confidence intervals for Intraject® sumatriptan, 6
mg vs. IMITREX® STATdose System, 6 mg were 72.5% (52.88, 99.49%). The 90% CI for
Cmax was below the lower acceptable limit of 80-125%.

e Tmax: The median Tmax for Intraject® sumatriptan, 6 mg was [0.150 hours (range 0.050-
0.250)] compared to that of IMITREX® STATdose System, 6 mg [0.175 hours (range
0.100-0.33)].

Safety:

According to the Sponsor, safety was assessed throughout the study by monitoring AEs and changes
from baseline in clinical laboratory tests, vital signs, and ECGs for both Intraject and IMITREX.
There were fewer TEAEs following administration to the thigh than administration to the abdomen
or arm. According to the Sponsor, there were no clinically significant differences between
Intraject® and IMITREX in clinical laboratory findings, vital signs, ECG findings, or other safety
findings.

Local Injection Site Assessments:

According to the Sponsor, a higher incidence of swelling was observed at the local injection site for
Intraject® injection. With the exception of the localized transient swelling, the local injection site
signs that occurred were similar for both delivery systems. No subject discontinued the study due to
an injection site reaction.
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Reviewer Comments:

Bioequivalence: The reviewer calculated the relative bioavailability of Intraject® sumatriptan, 6 mg
compared to Imitrex® STATdose System, 6 mg for each site as a two-way crossover using all
subjects. The PK parameters, GSMean ratio and 90% CI support the Sponsor’s conclusion that the
Intraject® sumatriptan is bioequivalent to the IMITREX STATdose sumatriptan in the abdomen and
the thigh. The arm will not be recommended as a site of injection. The sponsor’s SAP was not used
in this determination.

Safety: Intraject® and IMITREX STATdose have similar safety profiles.
Local Site Reactions: With exception of the localized transient swelling, the Intraject® system has
local injection site signs that are similar to IMITREX STATdose. The differences should be

explained in the labeling.

Pooled Bioequivalence Evaluation: The pooled bioequivalence will not be used to support
approval of the NDA.

1.4. SIGNATURES

Reviewer: Carol Noory Date:
Acting Team Leader: Veneeta Tandon Date:
ce list:
DEFS: NDA 22-165
HFD-860: (NooryC, UppoorR, MehtaM, TandonV)

HFD-120: (ChenL, KatzR, LaughrenT, HeimannM, FreedL, BastingsE, HarrisR)
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I1. QUESTION BASED REVIEW

2.1 GENERAL ATTRIBUTES OF THE DRUG

2.1.1 What pertinent regulatory background or history contributes to the current
assessment of thisdrug?

Sumatriptan injection was first approved for marketing in the United States on 28 December
1992 (NDA 20-080) for the acute treatment of migraine attacks, with or without aura, and
the acute treatment of cluster headache episodes. Triptans can be administered subcutaneously
by self-injection, orally (including by orally disintegrating tablets) or as a nasal spray.
IMITREX Injection remains the only injectable triptan available to patients. A list of approved
triptans and their approval dates is provided in Table 3.

Table 3. Triptan Therapies Approved for Use in the U.S.
Trade | (generic) Name | Route of Delivery | NDA | Approval Date
IMITREX Tablets (sumatriptan) Subcutaneous injection 20-080 December 28, 1992
Injection
IMITREX® (sumatriptan) Tablet 20-132 June 1, 1995
IMITREX® Nasal Spray | sumatriptan) Nasal spray 20-626 August 26, 1997
Zomige (zolmitriptan) Tablet 20-768 November 25, 1997
Amerges (naratriptan) Tablet 20-763 February 10, 1998
Maxalte /Maxalt-MLTe | /(rizatriptan) Tablet/ 20-864/ June 29, 1998
OoDT 20-865
Zomig-ZMTe (zolmitriptan) Orally dissolvable tablet 21-231 February 13, 2001
Axerte (almotriptan) Tablet 21-001 May 7, 2001
Frovae (frovatriptan) Tablet 21-006 November 8, 2001
Relpaxe (eletriptan) Tablet 21-016 December 26, 2002
Zomige (zolmitriptan) Nasal spray 21-450 September 30, 2003

2.1.2. What are the highlights of the drug delivery system and the drug product as they
relate to clinical pharmacology and biopharmaceutics evaluation?

Drug:

Sumatriptan succinate is a migraine-specific acute triptan with proven statistical and clinical benefit.
The proposed strength is the same as the approved IMITRIX injectable product which is 6 mg of
sumatriptan/0.5 mL dose.

Dosage Form:

The dosage form is a single-use, disposable, needle-free delivery system, Intraject®, which combines
a compressed nitrogen gas power source, an activation mechanism, and a prefilled glass drug capsule
to simplify subcutaneous dosing. The Intraject® system (figure 4) provides a needle-free alternative
for patients with concerns about using a needle injector.
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Figure 4: Intraject® Sumatriptan Drug Product

/—// Class Capzule Collar Caer

I ndication:

The indication is the same as the approved IMITREX sumatriptan injectable product.
e Acute treatment of migraine attacks with or without aura
e Acute treatment of cluster headache episodes

2.1.3. What are the proposed dosage(s) and route(s) of administration?

The 0.5 mL of solution with 6 mg sumatriptan (base) as the succinate drug is delivered
subcutaneously with the Intraject® drug delivery system.

2.2. GENERAL CLINICAL PHARMACOLOGY

2.2.1. What are the design features of the Clinical Pharmacology Study used to Support
the Dosing or Claims?

Bioequivalence:

The sponsor evaluated the relative bioavailability of Intraject® compared to IMITREXSTATdose at
three sites, the arm, the abdomen and the thigh. STUDY ZX001-0601, was a Phase 1, randomized,
open-label, single-dose, 4-way crossover in an incomplete-block treatment design in 54 healthy adult
male and female subjects between the ages of 18 and 55. Each subject received the TEST
(Intraject® sumatriptan, 6 mg) and the REFERENCE, (Imitrex® STATdose System, 6 mg) in two
of the three possible injection sites (i.e., abdomen, arm, and/or thigh). The injections were made by a
clinician. Each subject was randomly assigned to receive four of six treatment/administration site
combinations in one of the following sequences:
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Sequence A: IMITREX-abdomen — Intraject®-abdomen — IMITREX-thigh — Intraject®-thigh
Sequence B: Intraject®-abdomen — IMITREX-abdomen — Intraject®-thigh — IMITREX-thigh
Sequence C: Intraject®-abdomen — IMITREX-abdomen — Intraject®-arm — IMITREX-arm
Sequence D: IMITREX-abdomen — Intraject®-abdomen — IMITREX-arm — Intraject®-arm
Sequence E: IMITREX-arm — Intraject®-arm — IMITREX-thigh — Intraject®-thigh

Sequence F: Intraject®-thigh — IMITREX-thigh — Intraject®-arm — IMITREX-arm

The Sponsor also evaluated the safety and injection site reactions with both treatments.

2.2.2. Can the dose and dosing regimen be justified based on the studies conducted?
The dose and dosing regimen are based on the established dose and dosing regimen for
IMITREXSTATdose, 6 mg.

2.3. PHARMACOKINETIC CHARACTERISTICS

2.3.1. What are the single-dose pharmacokinetics of I ntraject® succinate?

The single dose pharmacokinetic parameters of Intraject® sumatriptan succinate are comparable to
the PK parameters of IMITREXSTATdose at the abdomen, arm and the thigh sites and are shown in
the following table.
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Table 11-5. Summary of Additional Analysis of Mean Sumatriptan
Pharmacokinetic Parameters. PK Analytic Population

Treatment, Siter | G, T ATCy s AUC, AUC,, Tour K,
Parameater {n='ml) (br) /mlL br/mL /ml. (hr} (Lhr) |
[ Tnmaject, abanmen
Mean 709 0.300 150 6.0 771 171 041
()] (7.0 [ (0100, 0333) [3.73) {12.3) (2.4 [0.206) | (0.048)
N EE] 33 33 33 33 33
IMITEEX, abdomen _
Mean 6.1 0,200 45 102 103 170 042
I I S R () 13.4) (12.0) [N Y] d) | o081 |
N EX] EE] EE] ] EE] k] EX]
Imiraject, amm
Mean ERl 0.150 17.0 ] 503 1.71 (]
(5D (19.0] | [0.0500. 0250} | (3.08) {116 (113} (0375 | (0,061}
b 4 24 24 24 24 24 24
[ TRITRE R, am
Wean LA ] | LI L T LIS
()] (1871 [ (0.100.0333) [2.53) {11.0) (10.8) 0200 | (0.063)
N 4 4 4 H 4 ] 4
Intraject, thigh
Mean LY 0.200 134 18 529 172 042
14, 667, 0.333] 3.03) (11.6) (12.8] (0.365) | [0.072
_gg)__ _Lnﬂ_'Lﬁ_ Lﬂ kR kM K ZTL
[ TMITRER, tugh
Mean [ 0.135 121 (K] 101 1.71 041
G0 (16.3) | (0.100, 0.500) 4.30) {13.3) (13.6) (0.236) | (0.053)
N 31 32 31 32 31 32 31

~Nore: Al subjects with a VAS scare =2 were encluded from analyses.
* Median {min, max) presented for T
BEF: Table 14.2.2-1b.

2.3.2 General ADME Characteristics of the Drug
The absorption, distribution, metabolism, and excretion of sumatriptan as a molecular entity
are described in the label for the reference listed drug, IMITREX STATdose, 6 mg, (NDA

20-080). The labeling for Intraject® sumatriptan should be changed to reflect the PK data
from the pivotal study.

Pharmacokinetic parameters following a 6-mg subcutaneous dose of Intraject® sumatriptan into the
thigh were determined in 32 subjects (males and females). The maximum serum concentration
(Cmax) was (mean + standard deviation) 70.6 + 14.4 ng/mL; the time to peak concentration (Tmax)
was 0.2 hours after injection (range, 0.067 to 0.33 hours); and the terminal half-life was 1.72 + 0.365
hours..

Pharmacokinetic parameters following a 6-mg subcutaneous dose of Intraject® sumatriptan into the
abdomen were determined in 36 subjects (males and females). The maximum serum concentration
(Cmax) was (mean + standard deviation) 76.9 + 17.3 ng/mL ; the time to peak concentration (Tmax)
was 0.2 hours after injection (range, 0.1 to 0.33 hours); and the terminal half-life was 1.70 + 0.207
hours.
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2.3.2 What isthe inter-subject variability used to determine sample size compared to the
inter-subject variability in PK parameter?

Based on previous studies, the maximum inter-subject coefficient of variation (%CV) for
log-transformed ratios was up to 25%. The Sponsor estimated that 26 subjects were required
to provide >90% power at an alpha=0.051. In the pivotal study, at least 32 subjects
completed the study, the within subject %CV was less than 18% and the power was greater
than 86%.

2.4. GENERAL BIOPHARMACEUTICS

2.4.1. What isthein vivo relationship of the proposed to-be-marketed formulation to the
pivotal clinical trial formulation?

The formulation used in the pivotal trial is the same as the to-be-marketed formulation.

2.4.2. What isthe relative bioavailability of the I ntraject® sumatriptan compared to the
marketed I mitrex STATdose?

The relative bioavailability of Intraject® sumatriptan was within the 90% confidence intervals
limits for AUC and Cmax for both the abdomen and thigh site of injection. The Tmax at both
sites was similar. Injection in the arm was not comparable. The arm was eliminated as a
recommended injection site for Intraject® sumatriptan because injection into the lateral arm was
associated with wet or incomplete injections, which resulted in a failure to establish bioequivalence.
The abdomen and the thigh will be recommended as injection sites.

Table 4. Post Hoc Primary Bioequivalence Analysis
Parameter (units) Test® Reference? Test/ 90% Confidence
(Intraject®) (IMITREX) Ref (%) b Interval ©

Abdomen (n=35)

Cmax (ng/mL) 76.9 85.3 90.1 83.92, 96.80
AUCt (ng*hr/mL) 932 102 91.0 87.12,94.97
AUCinf (ng*hr/mL) 94.3 104 91.0 87.17, 94.99
AUCO-15 (ng*hr/mL) 14.4 14.2 101 92.03,111.43
Tmax (hr) 0.200 0.200 — -0.150, 0.100

Thigh (n=32)

Cmax (ng/mL) 70.6 66.5 106 100.82,112.01
AUCt (ng*hr/mL) 91.0 98.5 923 90.93,93.79
AUCinf (ng*hr/mL) 92.1 99.8 92.3 90.91, 93.72
AUCO0-15 (ng*hr/mL) 13.1 11.4 115 105.55, 124.99

Tmax (hr) 0.200 0.225 — -0.183-0.150
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Arm (deltoid) N=34)

Cmax (ng/mL) 59.2 816 725 52.88, 99.49
AUCE (ng*hr/mL) 517 974 53.0 34.28, 82.06
AUCinf (ng*hr/mL) 72.7 98.5 73.8 58.69, 92.71
AUCO-15 (ng*hr/mL) 11.0 14.9 74.0 52.42, 104.48
Tmax (hr) 0.150 0.175 — -0.183, 0.050

a Least-squares mean from ANOVA. Natural log (In) parameter means calculated by transforming the natural log
means back to the linear scale (i.e. geometric means). Medians are presented for Tmax.

b Ratio of parameter means for In-parameter (expressed as a percentage). Natural log-transformed ratios were
transformed back to linear scale.

¢ 90% confidence interval for ratio of parameter means of In-transformed parameter (expressed as a percentage).
Natural log-transformed confidence limits were transformed back to linear scale.

2.4.3 Was the I ntraject® drug delivery system acceptable for patient usage?

The drug was administered by the clinician in the pivotal study. The sponsor has completed
a usability study in migraine patients where the drug is self-injected.

2.5. ANALYTICAL

2.5.1. Were the correct moieties identified and properly measured?

Yes, the active moiety, Sumatriptan, and the concomitant medications, acetaminophen and
ibuprofen were identified and measured. The lower limit of quantitation for sumatriptan
was 0.200 ng/mL.

2.5.2. What bioanalytical methods are used to assess concentrations?

Sumatriptan in human plasma with lithium heparin as anticoagulant was analyzed using a
validated liquid chromatography (LC) with tandem mass spectrometric (MS/MS) detection.
The method was validated over the concentration range of 0.200 to 200 ng/mL using a
sample volume of 0.100 mL. Sumatriptan and the internal standard (ISTD), sumatriptan-d6,
were extracted from human plasma by liquid-liquid extraction. After evaporation of the
organic layer under nitrogen, the residue was reconstituted and analyzed using LC with
MS/MS detection. Results were calculated using peak area ratios, and calibration curves
were generated using a weighted (1/x) linear least-squares regression. The method
demonstrated acceptable precision and accuracy. Details of the analytical method are
summarized in the following table.
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Table 5. Analytical Method Parameters

Validation Study Number; 2100-839
Mnemonic: SUMHPC
Analyte/Metabolite Name(s): Sumatriptan
Internal Standard Name(s): Sumatriptan-dé
Species/Matrix: Human Plasma
Anticoagulant (if applicable): Lithium Heparin
Sample Volume: (.100 mL -
Curve Range(s): 0.200 to 200 ng/mL for Sumatriptan
Extraction Type: Liquid-Liquid Extraction
Automation (if applicable): 96-Well Format, Tomtec
Instrumentation/Detection: LC-MS/MS (API 3000, EST+)
Cyele Time: 2.5 minutes
Sample Storage Temperature: -10to -30°C
Freeze/Thaw Matrix Stability: Four cycles
Room Temperature Matrix Stability: | At least 26 hours
Processed-Sample Viability: At least 90 hours at 2 to §°C
Frozen Matrix Stability: At least 176 days at -10 to -30°C

At least 176 days at -60 to -80°C
Stock Standard Solution Stability: Sumatriptan: At least 172 days at 2 to §°C
Intermediate Standard Solution Sumatriptan: At least 82 days at 2 to 8°C
Stability:
Special Storage/Treatment NA
Requirements:
Method Developed By: (b) ¢4)

REFEREMNCE:

Ricksecker, K., “Validation of a Method for the Determination of Sumatriptan in Human
Plasma by HPLC with MS/MS Detection,” method validation report, | ®) @Study
No. 2100-839. )

II1. DETAILED LABELING RECOMMENDATIONS

Several changes, as indicated by track changes, have been recommended in Section 7
(DRUG INTERACTIONS); Section 8 (SPECIFIC POPULATIONS) and Section 12
(CLINICAL PHARMACOLOGY).

(b) (4)

8 pages of draft labeling
withheld immediately after
this page as B4 (TS/CCI)
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IV. PIVOTAL STUDY

Study ZX001-0601 (Pivotal PK Study)

Title of Study: A Randomized, Open-Label, Single-Dose, Four-Way Crossover Study to
Evaluate the Pharmacokinetics and Bioequivalence of Sumatriptan Delivered via the
Intraject® System Versus the IMITREXSTATdose System® at Three Injection Sites in
Healthy Adult Subjects [Protocol No. ZX001-0601]

Investigator: Patricia A. Chandler, MD,
Medical Director,
Covance Global Clinical Pharmacology

Study center: Covance Global Clinical Pharmacology,
1341 West Mockingbird Lane, Suite 400E,
Dallas, TX 75247

Studied period: November 20, 2006 Phase 1-December 23, 2006
Phase of development: 1

Objectives:
e Primary: To evaluate the pharmacokinetics of sumatriptan delivered subcutaneously
[Intraject® (TEST) compared to IMITREX STATdose System® (REFERENCE)] at

each of three injection sites (abdomen, thigh, and arm [deltoid]).

e Secondary: To evaluate the bioequivalence during early exposure of sumatriptan
delivered by the Intraject® system (TEST) compared to the IMITREX STATdose
System (REFERENCE) at three injection sites (abdomen, thigh, and arm [deltoid])..

e Other:
o To evaluate the bioequivalence of the Intraject® system (TEST) compared to the

IMITREX STATdose System (REFERENCE) pooled across three injection sites
(abdomen, thigh, and arm [deltoid]).
o To evaluate injection site reactions (bleeding, swelling, erythema and bruising)

Design: This was a randomized, open-label, single-dose, partial-block, four-period, four-
way crossover study conducted in 54 healthy men and women at a single US site.

Treatment: Each subject was assigned to four of the six sequences.

Sequence A: IMITREX-abdomen — Intraject®-abdomen — IMITREX-thigh — Intraject®-thigh
Sequence B: Intraject®-abdomen — IMITREX-abdomen — Intraject®-thigh — IMITREX-thigh
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Sequence C: Intraject®-abdomen — IMITREX-abdomen — Intraject®-arm — IMITREX-arm
Sequence D: IMITREX-abdomen — Intraject®-abdomen — IMITREX-arm — Intraject®-arm
Sequence E: IMITREX-arm — Intraject®-arm — IMITREX-thigh — Intraject®-thigh
Sequence F: Intraject®-thigh — IMITREX-thigh — Intraject®-arm — IMITREX-arm

0 Study Products:

o Test: Intraject® sumatriptan; each injector delivers 0.5 mL of sterile, isotonic solution
of 6 mg sumatriptan (base) as the succinate salt; subcutaneous administration; lot
number PD05141.

o Reference: IMITREX STATdose System; each injector contained 0.5 mL of solution
of 6 mg sumatriptan (base) as the succinate salt; subcutaneous administration; lot
number C255698.

0 Blood Samples: Blood samples for PK analysis were collected 15 minutes before dosing
and at 3, 6,9, 12, 15, 20, and 30 minutes and at 1, 1.5, 2, 3, 4, 6, 8, and 10 hours after
dosing on each of 4 treatment days.

Statistical methods:
Demographics and baseline characteristics: Demographics were summarized overall and
by treatment sequence. Baseline physical examination and medical history data were listed.
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Table 11-3. Demographic and Baseline Data, Pharmacokinetic Analysis Population

Randomly Assigned Treatment Sequence
Demographic! A B C D E F All Subjects
Statistic (n=1) {n="0) {n=0) (n="1) (n=1) n=0) (n=54)

Age, vears

IMean (SD) 33{11.3) | 38 (9.6 J0¢8.3) | 334112 | 42(2D 40¢12.1) | 36{10.8)

Min-max 21-53 22-51 20-47 22-52 30-50 21-55 20-35
Welght, kg

Mean (5D) TATC09 T45(8.9) | TLA2(1000 (697 (121 770 (1210 7208 7)Y | 730(104)

IMin-max 63.0-88.6 | 38.1-88.7 | 384870 |326-014 SS 7 S'E.'- 548-833 | 326887
Height, cm

IMean (SD) 16803.7) | 168 (114 | 169(8.00 | 168 (5.5 [ 1700102y | 168 (5.5 168 (71.5)

Min-max_ 163-174 153-184 162-186 | 161-176 | 150-182 158-176 150-1856
BMI, kg/m”

Mean (5D 26504.3) | 267036) | 262040 | 2463, 270( 5735 | 81038

IMin-max 221-331 | 199303 | 216332 |199.328| 21.3- 31 023900 | 192332
(Fender, n (%:)

Female G (66.7%) | 6(66.7%) | 5(55.6%) |T(77.8%) | 5(35.6%) [ 3 (55.6%) | 34 (63.0%)

Male F3333%) | 3(333%) | (444 (2022 2%) | 444 4% [ 4 (44.4%) | 20 (37.0%)
Ethnicity, n (%:)

Hispanic or Latino [1(01.1%) [ 1¢11.1%) [ 1{11.1%) [222.2%)[ 2(22.2%) | 2{22.2%) | 9(16.7%)
Face. n (%)

Black or African- |2 (22.2%) | 3(333%) | 3(333%) |3 (33.3%)| 4(44.4%) | 3 (333%) | 18(33.3%)

American

White or Caucasian| 7 (77.8%) | 6(66.7%) | 6 (66.7%) |6 (66.7%) | 5(33.6%) | 6 (66.6%) | 36 (66.7%)
F1t=pﬁt'1“k Skin Typing l'es.t

1 0 {0%) 0 {0%) 1i111%0 [ Df0ee) 0 {0%:) 0 {0%) 1{1.8%)

I 1010.1%3 ] 0{0%) 2022 2% [2022.2%) ] 0003 0 {0%) 5{9.3%)

I 4({444%) | 5{356%) | 2(222%) |4(44.4%) | 3(33.3%) | 3 (55.6%) | 23 (42.6%)

IV F333%) | 4044 4%) | 3(333%) |3(333%) | 4044.4%) | 4 (44.4%) | 21 (38.9%)

WVto VI 101 1%) | 000%) 1ill1%) [ 0{0%e) | 2(22.2%) 0 (0%) 4 (7.4%)

EEF: Appendices 16.2.4-2, 16.2.4-4, and 16.2.12 and Table 14.1-2b

Pharmacokinetics/Bioequivalence: Plasma sumatriptan concentrations were measured
using a validated assay method. AUCs [AUCt, partial AUC g.15 min), AUCinf], Cmax, Tmax,
Thalf, and Kel were determined. Point estimates for each of the mean ratios were obtained
from the antilogs of the mean differences of the log-transformed data. The 90% confidence
intervals were obtained from the antilogs of the lower and upper bounds of the 90%
confidence intervals for the differences in the means of the log-transformed data.

Analytical:

Study samples were stored in a freezer set to maintain -10 to -30°C prior to analysis.
Sumatriptan and the internal standard (ISTD), sumatriptan-d6, were extracted from human
plasma by liquid-liquid extraction. After evaporation of the organic layer under nitrogen, the
residue was reconstituted and analyzed using LC with MS/MS detection.
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Results were calculated using peak area ratios, and calibration curves were generated using a
weighted (1/x) linear least-squares regression. The method demonstrated acceptable
precision and accuracy. No interfering peaks were found in the areas of interest that were
determined to significantly impact the data. The analytical summary information is given in
the following table.

Report Number 6538-542 ]
Laboratory ®@
Dates of Analysis Dec. 15, 2006 to March 7, 2007

Drug Name Sumatriptan

Internal Standard Sumatriptan d6

Matrix Human Plasma

Anticoagulant Lithium Heparin

Extraction type Liquid-Liquid

Method LC-MS/MS (API 3000, ESI+)

Sample volume 0.1 ng/mL

Standard Range 0.2 to 200 ng/mL

Correlation Coefficient n=57 0.9995

Precision 14t05.8

Quality Control Samples 0.6, 30.0, and 160 ng/mL

Accuracy (%) n=114 91.7-100.7

Precision 2.1t05.0

Stability-Freezer -10 to -30 for 41 days

Room Temperature 26 hours

Results:

A total of 57 subjects were enrolled in the study. Subjects were randomized to the six
sequences as follows:

A |B |C |D J|E |F Total
9 10101019 |9 57

The injections in the abdomen were in Sequence A, B, C, and D: n=39
Injections in the arm were in Sequences C, D, E, and F: n =38
Injections in the Thigh were in Sequences A, B, E, and F: n=37

Subjects excluded from the PK analysis and the reason they were excluded is shown in the
following table:
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Table 11-13. Exclusions from PK Statistical Analyses

Period'
Subject | Sequence Site Beaszon for and Tvpe of Exclusion
Excluded from PK Analysis Popnlarion and A Subseguent Analvses©
1021 B Period 1/ | Withdrew prematurely and was excluded from the PE analy=is population.
Abdomen
1022 D Period 2/ | Was withdrawn prematursly and excleded from the PE analyvsis population.
Abdomen
1042 C Period 1/ | Withdrew prematurely and was excluded from the PE analv=is population.
Abdomen
Excluded from PK Analysis Populatnon and Al Subsequent Analyses for One Injection Siue
1009 C Period 3/ | This subject had plasma sumatriptan concentration data inconsistent with the
Arm maximmm deliverzble dese (pessibly twough sample contammanon), without an
exapzerated phammacological effact, and was excludad from the PE analysis for the
arm. Specifically, the subject had much higher concentrations compared to other
subjects in the same treatment group (Infraject, arm). A spike in the concentiation-
time profils was also obzsrved between the 9-, 12-) 13- and 20-mimte Smepoints.
The concentrations for this subject were confirmed by reassay.
1010 D Period 1/ | Missing concenfration values at the (.2-hour {12-punwte) tmepoimt. Thes subject was
Abdomen | excluded from the PE analvzis for the sbdomen.
1011 F Period 1/ | Thase subjects had scheduled timepoints with duplicate actual collection times at 3, &,
1012 Thigh 12, amdfor 15 mmutes; as thev were missing plasma concentration data near the
1019 expected Tye of 9-12 munutes, they were excluded from the PE analvsis for the tugh
1032 I Period 3/ | Mizsing concentration values at the 0 2-hour {12-minute) timepoint This subject was
Ao exclnded from the PK analyzs for the amm
1051 B Period 3/ | This subject did not recerve a complete injection with Infraject in the thagh (WVAS =27
Thigh and was excluded from the PE analy=is for the thagh.
Incinded in PE Analysis bur Excluded from One or More Subseguent Analyses for One Injecrnion Sire
1044 E Period 2/ | This subject had an AUCY, extrapolated of = 30%. As a result, the AUC yvalue for
Arm this subject was not reported. Mo deviations ccourred duning desing. As a result, thas
subject was meludad in the PE analysiz for the amm, but excluded from the additional
statisfical analyzis due to the AUUC, 4 value not reportad for thus subject.
1045 D Period 4/ | This subjact had very low concentrations that cnly went out to 0.2 hours (12 minmitas)
Arm postdose, while the other concentrations wers below the ot of quantification. &
spike In concentration was also obsarved at 0,15 hours (9 punutes) postdosze. Mo
deviatons ccowted duning dosme. As a result, this subject was meluded m the PE
analyais but excluded from the additienal statistical analysis for the arm due to the
lack of a discernable elimination phaze required fo detarmme ATUC, .

*Individual plasma concentrations for these excludad subjects are listed in Tables 14.2.1-1a, 14.2.1-1hb, and 14.2.1-1c and
portrayed graphically in Appendix 16.2.5-3.
EEF: Appendices 16.2.2 and 16.2.5-1 and data on fils.

The final number of subjects by injection site is shown in the following table.
Bioequivalence was determined by post-hoc analysis of the different injection sites on an
independent basis.
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Table 11-1. Subject Population Summary, by Injection Site

Arm Thizh Abdomen

Number of Subjects Intraject | IMITREEX Intraject IMITEEX | Imeraject | IMITREX

Enrolled and teated (safery 38 33 37 37 39 39

population)

Withdrew" 2 2 1 1 3 3

Complatad all study procedures 36 36 36 i6 36 36

Included m PE parameters analvsis 4= ig4® 32 321 35® 35°

Included m desceniptive and 348300 348320 32 32 35 35

infarential statistics (plamned

primary and secondary analysas)”

Included m pest hoc prmary and 34 M4 32 32 35 35

secondary analyses’

Includad m additional primary 244 244 32 32 33* 33F
.s=tatlstica] znalyzis M

* Three raplacement subjects were enrolled: 2021, 2022, and 2042

" Subjects 1021, 1022, and 1042 withdrew and were axcluded from the PE parameters analysis.

 Subjects 1009 and 1032 weare excludad.

# Subjects 1011, 1012, 1019, and 1051 were excluded.

* Subject 1010 was excluded.

T All subjects that were excluded from the P parameters analysis were excluded from all subsequent statistical analyses.
# The primary analyses consisted of AUC, €, and AUC, ¢ For the arm, 34 subjects were included in the AUC, and
Ciuax analyzes and 32 subjects were included i the AT, 4 analysis for both Infraject and IMITREEX (34/32).

B Subjects 1044 and 1045 were excluded.

PAIL subjects with 2 VAS =2 were excluded m addition to thoss excluded from the PE analyzes.

i Subjects 1009, 1011, 1012, 1026, 1028, 1029, 1032, 1044, 1045, 1047, 2022, and 2042 were excludad.

k Subjects 1010, 1047, and 2022 were excluded.

EEF: Appendix 16.2.1, Table 14.1-Ia

The descriptive summary statistics for the key kinetic parameters by treatment and injection
site are shown in the following table:
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Table 11-4. Summary of Mean Sumatriptan Pharmacokinetic Parameters:
PEK Analyvtic Population

Treatment, Site/ Conz T AUC - AUC, AUC, Toar K,

Parameter {ng'mL}) (hr) {ng*hr'mL) | (nghr'ml) | (ng=hr/mL) {hr) (1 lur)
Intrzject, abdomen

Mean 78.6 0.200 14.3 943 9353 1.70 0.42

(5D {17.3) (0,100, 0.333) (3.72) (14.0] (14.2) (0.207) (00507

N 35 35 35 35 35 35 15
IMITREX, sbdomen

Mean 873 0200 14 5 103 104 1.69 042

(5D0 {18.7) {0,100 0500 {4.47 (12.5) (12.6% (0.249) (00593

N 35 35 35 35 35 35 35
Intraject, arm

Mean T6.6 0.150 148 T6.6 §2.5 1.65 045

(5D0 (304 (0.0500, 0.250) {6.13) (29.6) (23.2) (0441 034

N 34 4 M4 14 32 i3 i3
IMITEEX, arm

Mean 514 0.175 15.5 952 953 1.72 041

(k1)) {17.5) (0,100, 0333 ) (4.24) (12.&) (12.9) (0.2659) {00597

N 34 34 M4 14 32 33 33
Intraject, thizh

Mean 710 0.200 114 513 929 1.72 042

(50 (144 (0.0667, 0.333) (3.05) (12.6] (12.8) (0.365) (0.072)

N 32 32 32 32 32 32 32
IMITEEX, thigh

Mean 68.3 0225 12.1 994 101 1.71 041

5Dy (163 10,100, 05007 (4.207 (13.5) (13.6) (0.228) (00523

N 32 32 32 32 32 32 32

* Median (nun, max) presented for T
W E nix

FEF: Table 14.2.2-1a

Bioequivalence: The sponsor’s attempt to determine primary bioequivalence using the
Statistical Analysis Plan that they developed, resulted in a failure to demonstrate
bioequivalence at all three injection sites. A Post-Hoc analysis of the data comparing each
injection site independently was completed and based on mean ratio analyses of AUCt,
AUCinf, and Cmax, Intraject® sumatriptan was found bioequivalent to reference IMITREX
STATdose at the abdomen and thigh injection sites, but not at the arm (deltoid). Lack of
bioequivalence at the arm was associated with an increased incidence of incomplete
injections for Intraject® at this injection site, resulting in low mean values and high variance
estimates for Cmax, AUCt, and AUCinf sumatriptan PK parameters. The Sponsor also
evaluated the bioequivalence of the partial AUC to 15 minutes to determine equivalence
during early exposure. The results are shown in the following table.
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Post-Hoc Bioequivalence Analysis:
Intraject® Sumatriptan vs. IMITREX STATdose

Parameter (units) Test® Reference® Test/ 90% Confidence
(Intraject®) (IMITREX) | Ref (%) " | Interval®
Abdomen (n=35)
Cmax (ng/mL) 76.9 85.3 90.1 83.92, 96.80
AUCt (ng*hr/mL) 93.2 102 91.0 87.12,94.97
AUCinf (ng*hr/mL) 94.3 104 91.0 87.17,94.99
AUCO0-15 (ng*hr/mL) 14.4 14.2 101 92.03,111.43
Tmax (hr) 0.200 0.200 — -0.150, 0.100
Thigh (n=32)
Cmax (ng/mL) 70.6 66.5 106 100.82,112.01
AUCt (ng*hr/mL) 91.0 98.5 92.3 90.93, 93.79
AUCinf (ng*hr/mL) 92.1 99.8 92.3 90.91, 93.72
AUCO0-15 (ng*hr/mL) 13.1 11.4 115 105.55, 124.99
Tmax (hr) 0.200 0.225 — -0.183-0.150
Arm (deltoid) N=34)
Cmax (ng/mL) 59.2 81.6 72.5 52.88,99.49
AUCt (ng*hr/mL) 51.7 97.4 53.0 34.28, 82.06
AUCinf (ng*hr/mL) 72.7 98.5 73.8 58.69, 92.71
AUCO0-15 (ng*hr/mL) 11.0 14.9 74.0 52.42,104.48
Tmax (hr) 0.150 0.175 — -0.183, 0.050

Tmax.

a Least-squares mean from ANOVA. Natural log (In) parameter means calculated by transforming
the natural log means back to the linear scale (i.e. geometric means). Medians are presented for

b Ratio of parameter means for In-parameter (expressed as a percentage). Natural log-transformed
ratios were transformed back to linear scale.

¢ 90% confidence interval for ratio of parameter means of In-transformed parameter (expressed as
a percentage). Natural log-transformed confidence limits were transformed back to linear scale.

The mean plasma concentrations of sumatriptan (log scale) versus time for the abdomen, thigh, and

arm (deltoid) are shown in the following figures.
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EEF: Table 14.2.1-1c

Pooled Bioequivalence: Bioequivalence was demonstrated for the Intraject® system
relative to IMITREX STATdose for pooled abdomen and thigh sumatriptan concentration
data based on mean ratio analyses of AUCt, AUCinf, and Cmax.

Supportive Bioequivalence Analysis: Intraject® vs. IMITREX STATdose
Parameter N Test N Ref | Test Mean Ref. Mean Mean Ratio 90% CI
(units) (Intraject®) | IMITREX) | T/R
Cmax 51 53 74.1 76.6 96.7 (91.77, 101.99)
(ng/mL)
AUCt 51 53 92.8 102 90.8 (88.14, 93.49)
(ng*hr/mL)
AUCinf 51 53 93.9 103 90.8 (88.19, 93.50)
(ng*hr/mL)
a Geometric means

Safety: According to the Sponsor, safety was assessed throughout the study by monitoring
adverse events (AEs), clinical laboratory tests, vital signs, electrocardiograms (ECGs), and
physical examination findings. Overall, treatment-emergent adverse events (TEAEs) were
reported by 75.4% of the subjects. A total of 95 TEAEs were reported following
administration of Intraject®, of which 86.3% were considered possibly or probably related
to study treatment, and 100 TEAEs were reported following administration of IMITREX, of
which 90.0% were considered possibly or probably related to study treatment. The most
frequently reported TEAESs for either treatment were headache, non-cardiac chest pain,
paraesthesia, vertigo, hypoaesthesia oral, and nasal discomfort. All TEAEs were mild and
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transient. There were no clinically significant differences between Intraject® and IMITREX
in clinical laboratory findings, vital signs, ECG findings, or other safety findings.

I njection Site Reactions. According to the Sponsor, injection sites were assessed for signs
of erythema, swelling, bleeding, and bruising reactions immediately following injection and
at 1, 8, and 24 hours following injection. A higher incidence of swelling was observed for
Intraject® injection.
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V.SPONSOR’S PROPOSED LABELING

DRAFT LABELING TEXT

| Draft Labeling Text

35 pages of draft labeling
withheld immediately after
this page as B4 (CCI/TS)
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VI. FILING FORM
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Office of Clinical P.r'la.rmaco."og}f and B.‘Op-‘?ﬁ.’!ﬂﬁﬂ&tf!‘.‘(ﬁ&‘
New Drug Application Filing and Review Form
General Information About the Submission

Information Informstion

NDA Number 22233 Brand Nams Intraject® Sumatriptan

OCFE Division (I IT, 1IT) DCP-1 Generic Name Sumatriptan Succinate

Medical Divizion HFD-120 Dirug Class Antimigraine Drug

OCFE Reviewer Jagan Mohan Parepally Indication{z) Acute Treatment of
Migraine with or without
Aura and Acute Treatment
of Cluster Headache

OCPE Team Leader Ramana Uppoor Dozage Form Injectable

Date of Submitsion 1252812007 Dosing Regimen B mg

Esfimated Due Date of OCFE Review | BI3172008

Route of Administration

Subcutaneous Injection

FDUFA Diue Date

1003112008

Sponsor

Zogenix Inc.

Division Due Date

8/2372008

Priority Classification

5

Clin. Pharm. and Biopharm. Information
Svmmary: This is a 305(b)(2) NDA to support the marketing approval of Intraject® Sumatriptan
(sumatniptan succinate) subcutaneous injection using Imitrex Statdose (sumatriptan injection), 6
mg, as the reference product (based on BE, no clinical efficacy trials)

Sumatriptan Intraject is a subcutaneous injection (6 mg) of sumatriptan succinate delivered
subcutaneously using the needle free Intraject drug delivery system (DDS). Development of the
Intraject sumatriptan DP was performed vnder investigational new drug application (IND) No. 71-
275.

Prior to the submission of the U.5 IND and the conduct of the Pivotal Pharmacokinetic/
Bioequivalence (PE/BE) Study Z3[001-0601, three non-IND active-controlled pharmacokinetic
studies (“Pilot PK Studies™) were conducted in Australia under Protocol Nos. SUM-04-01, ARD-
2100-0501 and ARD-2100-0504. These studies compared the safety, tolerability,
pharmacokinetics, and bioequivalence of Intraject sumatriptan (6 mg/0.3 mL) to the reference
product, sumatriptan injection as Imigran Injection (using the MK II Injector; 6 mg/0.5 mL) at
three potential injection sites: abdomen, arm, and thigh. Imigran Injection marketed in Auvstralia
employs the Mk II auto-injector that 1s the same device as the auto-injector (called STATdose
System) used for IMITEEX Injection in the U.S. All four studies evaluated single doses of 6 mg
sumatriptan/0 5 mL when administered by the Intraject Drug Delivery System (DDS) or the
Imigran TMITREX dmg delivery system (i.e., Mk IT Injector or STATdose System).

This submission includes bioavailability data from 4 completed studies including 1 pivotal
bioequivalence study and 3 pilot studies. A summary table of clinical pharmacology studies is
included 1n the Appendix.

“xif included | Number of MNumber of Critical Comments If any
at filing studies studies
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
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Labeling X
Reference Biocanalytical and Analytical X 1
Methods

I. Clinizal Pharmacology

Mass balance: - - -

Isozyme characterization:

Bloodiplasma ratio: - - -

Plasma protein binding: - - -

Pharmacokinetics (e.g., Phase ) -

Healthy Volunteers-

simgle dose: X 3 -

1, thigh a

mutigle dose:

Patients-

simgle dose: - - -

muftiple dose: - - -

Dose proportionality -
fasting / non-fasting single dose: - - -

fasting / non-fasting multiple dose: - - -

Drug-drug interaction studies -

In-vivg effects on primary drug: - - -

In-vivo effects of primarny drug: - - -

In-witro:

Subpopulation studies -

athnicity: - - -

gender: - - -

pediaines: - - -

geriatrics:

remal impairment: - - -

hepatic impairment: - - -

PO

Phase 2: - - -
Phase 3: - - -

PHIPD:

Phase 1 andior 2, proof of concept: - - -

Fhase 3 dinical tral: - - -

Population Analyses -

Diata rich: - - -

Ciata sparse: - - -

. Bigpharmaceutics

Absolute bicavailability: - - -

Relative bicavailability -

solution as reference:

alternate formulation as reference:

Bicequivalence studies -

tfraditional design; single  multi dose: X 1 Piw

[ ]

replicate design; single  multl dose:

Food-drug interaction studies: -




NDA 22-239 Intraject Sumatriptan Page 74 of 75

Dissclution: - - -
IVIVIC):
Bio-waiver request based on BCS - - -
BCS class

lll. Other CPB Studies
Genotype/phenctype studies: - - -

Chronopharmacokinetics - - -

Pediatric development plan - - -
Literature References X 4 References

Total Number of Studies 5

Filability and QBR comments
RN If yes Comments

Application filable? X Fezsons if the applicaton is not Alable (or an atachment if spplicable

For example. i3 cl

inical formuulation the same as the to-be-markered one?

Comments sent to firm?

GBR questions (key issues to be 5 BE shown between Infraject and Imitrex?
considerad) 5 BE shown with different adminisiration sites (arm, thigh and abdomen)?
COther comments or information not Request for DE] inspection: Pivoial pharmacokinetic/bioeguivalence Study ZX¥001-801

included above

Clinical Research Croanization (CRO):
(b) (4)

Analytical Laboratory:

(b) (4)

Primary reviewer Signature and Date

Secondary reviewer Signature and Date

CC: NDA 22239 HFD-850 (Electronic Entry), HFD-120, HFD-860 (Jagan Parepally, Ramana Uppoor, Mehul
Mehta)
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Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

General | nformation About the Submission

Information Information

NDA Number 22239 Brand Name Intraject® Sumatriptan

OCPB Division (I, 11, 111) DCP-1 Generic Name Sumatriptan Succinate

Medical Division HFD-120 Drug Class Antimigraine Drug

OCPB Reviewer Jagan Mohan Parepally Indication(s) Acute Treatment of
Migraine with or without
Aura and Acute Treatment
of Cluster Headache

OCPB Team L eader Ramana Uppoor Dosage Form Injectable

Date of Submission 12/28/2007 Dosing Regimen 6 mg

Estimated Due Date of OCPB Review | 8/31/2008 Route of Administration Subcutaneous Injection

PDUFA Due Date 10/31/2008 Sponsor Zogenix Inc.

Division Due Date 9/29/2008 Priority Classification S

Clin. Pharm. and Biopharm. I nformation
Summary: Thisisa505(b)(2) NDA to support the marketing approval of Intraject® Sumatriptan
(sumatriptan succinate) subcutaneous injection using Imitrex Statdose (sumatriptan injection), 6
mg, as the reference product (based on BE, no clinical efficacy trials)

Sumatriptan Intrgject is a subcutaneous injection (6 mg) of sumatriptan succinate delivered
subcutaneously using the needle free Intraject drug delivery system (DDS). Development of the
Intraject sumatriptan DP was performed under investigational new drug application (IND) No. 71-
275.

Prior to the submission of the U.S IND and the conduct of the Pivotal Pharmacokinetic/
Bioeguivalence (PK/BE) Study ZX001-0601, three non-IND active-controlled pharmacokinetic
studies (“Pilot PK Studies’) were conducted in Australia under Protocol Nos. SUM-04-01, ARD-
2100-0501 and ARD-2100-0504. These studies compared the safety, tolerability,
pharmacokinetics, and bioequivalence of Intrgect sumatriptan (6 mg/0.5 mL) to the reference
product, sumatriptan injection as Imigran Injection (using the MK 1l Injector; 6 mg/0.5 mL) at
three potential injection sites: abdomen, arm, and thigh. Imigran Injection marketed in Australia
employs the Mk |1 auto-injector that is the same device as the auto-injector (called STATdose
System) used for IMITREX Injection in the U.S. All four studies evaluated single doses of 6 mg
sumatriptan/0.5 mL when administered by the Intrgject Drug Delivery System (DDS) or the
Imigran/IMITREX drug delivery system (i.e., MK Il Injector or STATdose System).

This submission includes bioavailability data from 4 completed studiesincluding 1 pivotal
bioequivalence study and 3 pilot studies. A summary table of clinical pharmacology studiesis
included in the Appendix.

“X" if included | Number of Number of Critical Comments If any
at filing studies studies
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

Reference Bioanalytical and Analytical
Methods

I. Clinical Pharmacology

Mass balance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g., Phase l) -

Healthy Volunteers-

single dose:

Pilot PK/BE Studies. Two
studies include 3 injection sites
(arm, thigh and abdomen). One
of the studies tested arm as the
only injection site.

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:

PD:

Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

Pivotal PK/BE study
Includes 3 injection sites

1) Arm
2) Thigh
3) Abdomen

replicate design; single / multi dose:

Food-drug interaction studies:




Dissolution: - - -

(IVIVC):

Bio-waiver request based on BCS - - -

BCS class

Ill. Other CPB Studies

Genotype/phenotype studies: - - -

Chronopharmacokinetics - - -

Pediatric development plan - - -

Literature References X 54 References

Total Number of Studies 5

Filability and QBR comments

“X” if yes Comments

Application filable? X Reasons if the application is not filable (or an attachment if applicable)
For example, is clinical formulation the same as the to-be-marketed one?

Comments sent to firm? -

QBR questions (key issues to be Is BE shown between Intraject and Imitrex?
considered) Is BE shown with different administration sites (arm, thigh and abdomen)?
Other comments or information not Request for DSI inspection: Pivotal pharmacokinetic/bioequivalence Study ZX001-601

included above

Clinical Research Organization (CRO):
)

Analytical Laboratory:

(b) 4

Primary reviewer Signature and Date

Secondary reviewer Signature and Date

CC: NDA 22239 HFD-850 (Electronic Entry), HFD-120, HFD-860 (Jagan Parepally, Ramana Uppoor, Mehul
Mehta)



Test Productiz); Healthy Subject: |Duration of Total Study Status;
Type of Study Location of Study Dezign and Dozage Regimen; Number of or Diagnosis of Subject Intraject Type of
Study Study Report | Objective(s) of the Study Type of Contral Route of Adminiztration | Subjects Patients Participation Injections | Report
FE/BE Module 3, To avaluate the Single center, Intraject neadle-frea 54 planned and | Healthy adult 6 days, total 111 Complatad;
(Pivotal Section pharmacokmatics and randomizad, injector I randomized, subjects Full CSE.
Active 5312 bicequivalence of Intraject™ I . markets 48 complatad
controlled sumatriptan vs. IMITREX® r crossover study at | product, IMITREX and evaluable
study) Injection at three injection 2 of 3 injection sitas Injection; 2 Infraject and
sites in healthy adult (abdomen, arm, thizh) |2 IMITREX mjections;
subjects phyzician administered;
subcutanecus
Clinical Module 3, To astablish best desizn Single-group study of | Different dasizn 300 planned, Generally healthy | 10 days, total 102 in near- | Complatad;
performance | PO95-002 Section configmration of Infraject by | subjects recerving 12 configurations of a 300 completed | male and famale fmal device | Full CSE
assessment 53131 avzluatmg injection saline iyjections to the |needle-free mjector (9 patiants adults aged 13-80 (total
(Device performance of diffarent bd at multiple {Infraject) using saline; recaived Vears EXpOSIIE
evaluation ign confimrations in a mjection sites ions; injections with =3612)
with saline group of subjects “near-final
iyection) davice)
Clinical ARDM- Module 3, To vertfy device design by | Single-zroup study of 200 planned, Generally healthy |4 days, total 754 Complatad;
performance | 02ZAC0-0104 | Section avaluating injection subjects recelving 191completed | male and female Full CSE.
verification 5331 performance in a large group | saline injections to the adults
(CPV) of mbjects bd at multiple
(Device (6} injection sites
SUM-04-01 Module 5, Pilot study to evaluate the Single-dose, open- Intraject neadle-fiee 18 plannad, Generally healthy |4 days, total 36 Complated:;
{Active Section okinatics and croszover |injector using sumatriptan | 18 completed [ male and female Full CSE.
controlled 53131 ance of Infraject i v, marketed rafarence adult subjects
study) sumatriptan vs. marketed ncomplete product, Imizran
referance product at 3 block desizn Injection; 2 Infraject and
injection sites zran physician
FK ARD-2100- Module 3, To establish the Single center, 24 plannad, Healthy adult 6 days, total 48 Complatad;
(Active 0501 Section bioequivalence of subjects | randomized, single- 24 completed | subjects Full CSE.
controlled 5331 dminister Intraject | dose, open-label 3. marketed refarence
study) incomparison | way crossover stud product, Imizran
to salf-admimisterad 2 of 3 injection sitas Injection; 2 Intraject nd
marketed referance product | (abdomen, amm, thigh) |2 Imizran self-injections;
at each of three injection subeutanecus
sites
FE ARD-2100- Module 3, To astablish & Intraject neadle-flee 24 plannad, 5 days, total 48 Complatad;
{Active 0504 Section bioequival gle- injector using sumatriptan | 24 complated | subjects Full CSE
controlled 5.331 dose, open-labal, three- |vs. marketed reference
study} sumatriptan in comparison | way crossover study product Imigran
to salf-admimisterad Injection; 2 Intraject and
marketed referance product 1 Tmizran; self-injections;
at each of thres injection subcutanecus
sites
In Vitre/In Module 3, To further understand if N/A; no test material 40 planned, Healthy adult 1 day, tatal 0 Complated;
Vive Section cartain skin attributes affect usad 40 complatad Eeport
Correlation 5354 the performance of the
(ZED Trial) Infraject® 5
in study POS5-002
Maive User | ARDM- Module 1, To evaluate the sxperience | Single center, three- Intraject neadle-fiee 102 planned, Healthy adult 1 day, total 0= Complatad;
Study 02A00-0204 [ Section of naive users as they were | group, open-label injector filled with sterile | 102 completed | subjects Report
11414 exposad to 2 progressive mudy of subject g | saline; 2 injections per
iteration of instmction mstructional material | subject; 2 subjects
followsd by the opportunity | to complete an injected a thid time
to snap off the cap, prime mjection into a foam
and actuate the Intraject pad
configured with the priming
mechanism and snap-off cap
Pilot ZIO00-0702 | Module 1, To create instuctions for Single center, two- Intraject neadle-flee 20 plannad, Healthy adult 1 day, total o= Complatad;
Usability Section use for Intraject sumatriptan | group, open-labe! injector d with non- 19 completed | subjects Feport
Study 11414 simple encugh fo be of subjects using | sterile salma; 1 injection
understoed by patients he test per subject
sxpeliencing a migraine mstructional material
attack. as 2 guide to complete
an igjection mio a
foam pad
*206 injections into a foam pad were completed during the Watve User study (ARDM-02A00-0204). 20 injections into 2 foam pad were completed during the Filot Usabdity study (ZX000-0702).




Table 2.5-4. Summary of Pivotal and Pilot Pharmacokinetic/Bioequivalence
Clinical Studies of Single-Dose Subcutaneous Injection, Intraject

Sumatriptan (6 mg/0.5 mL) vs. IMITREX STATdose/Imigran Mk I
Injector (6 mg/0.5 mL).

, Nominal No. q
1 . _ | Study Injection / Study ~omi al No - T.Om _
Study Country Population Sites i Injections Per | Nominal No.
P Design Injection Site® | of Injections®
Pivotal PK/BE Study |U.S. (IND) |N=54 healthy |Clinician 4-way Ccrossover, N=36 N=108
ZX001-0601 adult M/F mjected to incomplete block.
subjects. abdomen. arm,
and/or thigh.
Pilot PK Study Australia [N=18 healthy |Clinician 4-way Ccrossover, N=12 N=36
SUM-04-01 adult M/F mjected to incomplete block.
subjects abdomen. arm,
and/or thigh.
Pilot Self-injection PK |Australia |N=24 healthy |Self-injected to |4-way crossover. N=16 N=48

Study
ARD-2100-0501

adult M/F
subjects.

abdomen. arm,
and/or thigh.

incomplete block.

Total N=96 Subjects

Total nominal no. of Intraject injections” N=192

The number of nominal injections represent the number of planned injections per product Intraject

sumatriptan or IMITREX/Imigran Mk II, per injection site and may have differed from the actual number
of injections administered during the study.
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