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1 Executive Summary

Accretropin™ (somatropin,[===_]) (formally known as L__——=_1) is a recombinant human
Growth Hormone (thGH) by recombinant DNA technology in an E.coli expression system. The
proposed indications contain[_—— | treatment of pediatric patients who have growth failure
due to an inadequate secretion of normal endogenous growth hormone (Growth Hormone
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Deficiency) and treatment of short stature associated with Turner syndrome in pediatric patients
whose epiphyses are not closed.

This 505(b)(1) submission included the following three clinical studies:

¢ Study GA-002 compared the bicavailability of AccretropinTIVl to Humatrope® in Somatostatin
suppressed normal, healthy, non-smoking male subjects.

e Study GA-005/5A assessed the safety and efficacy of Accretropin™ for the treatment of short
stature in children diagnosed with growth hormone deficiency (GHD) in the dose range of 0.03 to
0.05 mg/kg/day administered subcutaneously 6 times per week.

o Study GA-007/7A assessed safety and efficacy of Accretropin'™ for the treatment of short
stature in prepubertal children with Turner Syndrome using the dose of 0.06 mg/kg/day
subcutaneously 6 times per week.

1.1  Recommendation

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP-2) has
reviewed this NDA submitted on May 10, 2006 and finds it acceptable provided that a mutually
satisfactory agreement can be reached between the sponsor and agency regarding to the
language in the package insert. Labeling comments should be conveyed to the sponsor as
appropriate.

1.2 Phase IV Commitments
None.

1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings

The point estimates of the geometric mean ratios of AccretropinTM and Humatrope® for hGH
AUCt, AUCinf, and Cmax were 94.23%, 96.88%, and 103.84%, respectively. The corresponding
90% confidence intervals were 88.70-100.10% for AUCt, 93.28-100.61% for AUCinf and 95.73-
112.63% for Cmax. The mean values of Tmax for Accretropin™ and Humatrope® were 3.83 and
4.40 hours, respectively. The mean half-life values for AccretropinTM and Humatrope® were 3.63
and 3.46 hours, respectively.

Blood levels of IGF-1, IGFBP-3, and glucose were similar following administration of either
Accretropin™ or Humatrope®.

2 Question Based Review

21 General Attributes of the Drug

1. What are the highlights of the chemistry and physico-chemical properties of the drug
substance, and the formulation of the drug product as they relate to clinical pharmacology
and biopharmaceutics review?

AccretropinTM (somatropin [rDNA origin]; recombinant human growth hormone (rhGH)) is a
protein produced by recombinant DNA technology. It is produced during fermentation in E.coli
yielding a protein containing 192 amino acids. The N-terminal amino acid, methionine, is later
removed to yield a protein that is chemically, immunologically and physicochemically identical to
pituitary derived human growth hormone, consisting of 191 amino acids in a single polypeptide
chain.
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Accretropin™ is presented as a liquid solution containing 1 mL of a 5 mg/mL solution of rhGH (15
{U/mL). Table 1 outlines the composition of the dosage from.

Table 1. Formulation/Composition of Accre’tropinTM recombinant human growth hormone

Component Preclinical/Clinical Commercial
Concentration Concentration Concentration Concentration
(ina 1 mLfillvial) [ (as mglvial) (in a 1 mL fill vial) | (as mg/vial)
Pluronic F68 0.2% 2mg 02% 2mg
Sodium phosphate, T
[ Sodium  phosphate, ———
e 1 ‘\/__J\“
Phenol 0.34% 3.4 mg
Sodium chloride 0.75% 7.5mg 0.75% 7.5mg
Recombinant human 5mg 5mg 5mg 5mg
growth hormone
(rhGH)
,,m.f«"""‘"'—'“\

Due to the: — .of phenol concentration - (preclinical/clinical studies) batches to
‘0.34% in the commercial batches, the Agency requested the sponsor to investigate the effect of
phenol concentrations on the structure and biological activity during the Pre-NDA meeting. The
ONDQA Reviewer, Dr. Yvonne Yang, reviewed and concluded that the pre-clinical and clinical
drug substance/drug product and commercial drug substance/drug product are comparable
(Please refer to ONDQA review).

2. What are the proposed mechanism(s) of action and therapeutic indication(s)? -

Somatropin stimulates linear growth in pediatric patients who lack adequate normal endogenous
growth hormone.

Accretropm (somatropin) is indicated for ———— treatment of pediatric patients who have
growth failure due to an inadequate secretion of normal endogenous growth hormone and
treatment of short stature associated with Turner syndrome in pediatric patients whose epiphyses
are not closed.

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

The proposed dosage is sterile liquid for subcutaneous injection.

2.2 General Biophamaceutics

1. What is the relative bioavailability of hGH after administration of Accretropin compared to
Humatrope® in Somatostatin suppressed normal subjects? What are the levels of IGF-1,
IGFBP-3, and glucose after a single dose administration of Accretropm or Humatrope®?

A single-dose, double-blind, randomized, two-way crossover study (Study GA-002) was
conducted to compare the bloavallablhty of hGH and levels of IGF-1, IGFBP-3, and glucose after
administration of 4 mg Accretropln Mand 4 mg Humatrope® in 24 somatostatin suppressed
normal healthy male subjects under fed condition.
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Somatostatin suppression of endogenous hGH secretion by an infusion of somatostatin is a
commonly used method of analysis of exogenous GH metabolism and elimination, without
interference from endogenously produced hGH. In this study, Sandostatin was given for 42 hours
at a rate of 25 ug/h, starting from 25 hours prior to drug administration until 17 hours after drug
administration.

AccretropinTM (Treatment A) or Humatrope® (Treatment B) was administered as a subcutaneous
injection in the abdominal region at 25 hours after the start of an intravenous infusion of
Sandostatin, after a standard breakfast. The washout period between hGH administrations in
each period was 7 days.

The pharmacokinetic profiles of hGH after administration of Accretropin™ (also known as

i previously) and Humatrope® are presented in Figure 1. Pharmacokinetic h(4)
parameters of hGH are summarized in Table 2.

Figure 1. Concentration-time profiles of hGH after administrations of Accretropln and
Humatrope®
.. e e e
S}J‘MI LOG MEBEAN SERUM hGH CONCENTRA’I‘ION VERSUS TIME CURVES
N=20

Foappe] e
E : aee Al {:} 5 mg/mL. (Cangeri, Banads) !
20 !»*”*5%««» oo B Fmaiope, 5 mgiml (@i Ly Canade) | | D{4)
5 275 5’ *8- N“‘«\':gé‘;‘t\ :

fad N :

£ 150 TR

S =

% a0 ‘ %\Q\\M :

£ 025~ P

‘E S . \\“s\\\'ff

H N

= ~100 .

Q 3 6 g 12 15 18 24 24 27
Tine ()
CONFIDENTIAL :
L()\FIDF,NI'I:\! U’YAGH(‘E X B ..

Y?:cmﬁmmu{mm!hx;s!x:dyrqw;tn!csalymws;:‘fon!am:onlmmml S f i indarasition orntined Wil 3 sitcds protibited without Briften donsest Som.
1 spihser. GALDZ Blidy sepst page 101 01215

C:\dmautoptemp\WMDataNDA reviewNDA 21-538CPB_21-538_final.doc 4



Table 2. Pharmacokinetic parameters of rhGH of Test (AccretropinTM) and Reference
(Humatrope®) after a single dose

PHARMACOKINETIC RESULTS
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The point estimates of the geometric mean ratios of Accretropin™ and Humatrope® for hGH
AUCt, AUCinf, and Cmax were 94.23%, 96.88%, and 103.84%, respectively. The corresponding

90% confidence intervals were 88.70-100.10% for AUCHt, 93.28-100.61% for AUCinf and 95.73-
112.63% for Cmax.

In addition, the biologic and metabolic effects of hGH on IGF-1, IGFBP-3, and glucose were
similar following administration of either AccretropinT"’I or Humatrope® (Table 3).

Table 3. Summary of IGF-1, IGFBP-3, and Glucose Levels after a Single Dose Administration of
Accretropin™ or Humatrope®
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The sponsor stated that based on natural log-transformed hGH data, the 90% confidence
intervals of ratios of the test and reference products for AUCs and Cmax are within the 80-125%
reqwrements for bioequivalence. It was further concluded that the test product, Cangene’s
Accretropm is bioequivalent to the reference product, Eli Lilly’'s Humatrope®.

2.3 Analytical Section

1. How is hGH measured in serum in the clinical pharmacology study?

The sponsor stated that serum levels of hGH were measured by a validated enzyme linked
immunosorbent assay (ELISA). A set of five non-zero standards ranging from 0.1875 ng/mL to
3.0 ng/mL were used. It was claimed that the validation showed that accuracy and precision met
acceptable levels across the range of the method and so only one quality control level, known as
the Internal Control Standard (ICS) was assayed on each plate. Repeat testing was performed on
samples for which initial tests failed valid assay criteria such as poor replicate coefficient of
variation (CV%), standard curve not meeting acceptance criteria, or other causes such as
procedural errors. Eleven of the 48 sample sets required repeat testing of either all or part of the
test. The resuit from the repeat experiment was used as the reportable value.

The validation report showed that the assay is accurate with percent recovery of 87 to 106% over
the concentration range of 2 to 100 ng/mL. The assay is also precise with inter-assay precision of
less than 16% for all concentrations tested including 2, 5, 10, 20, 50, and 100 ng/mL. The assay
was specific with average recovery of 88%. The limit of quantitation was 0.1875 ng/imL. The
sponsor provided an amendment for method validation where three QC standards were included
in the hGH clinical ELISA in place of the ICS. The nominal concentrations of these QC standards
are 0.22, 0.76, and 1.9 ng/mL. The results demonstrated that the inter-assay precision (%CV)
was less than 9.55% for all QC standards.

The in-study validation data showed that between-run precision of ICS I::::}for Study GA-

002 was 7.30%. The concentrations for standard curve included 0.1875, 0.3750, 0.7500, 1.500,
3.0000 ng/mL. For all standard curve concentrations, between-run accuracy ranged from -6.14 to
5.01% of nominal values and between-run precision (%CV) ranged from 3.35% to 7.98%. Due to
the supportive role of Study GA-002, the QC data provided by the sponsor are adequate.

3 Detailed Labeling Recommendations

h(4)

C:\dmautop\temp\MDataNDA reviewNDA 21-538CPB_21-538_final.doc 6

b(4)



l Page(s) Withheld

___ Trade Secret / Confidential (b4)

Zg_ Dratt Labeling (b4)

Draft Labeling (b5)

Deliberative Process (b5)

Withheld Track Number: Clin Pharm/Bio-



4 Appendix

4.1 Study Synopsis

{ o
{ [Hunan Growth Hormone Smdy
Stidy No. 2256-99:280 (GA=002 versmn 2.1)

‘ January 2007
2.0 SYNOPSIS :
_ ,ﬁ‘;’ame of: Spwg;oi‘fc‘én{pany: i ' Volame: ! Aufhonty Lse
Cangene Corpoiation
104-Chancellor Matheson Road
Winnipeg, Manitoba R3T 5Y3, Canada t
Name of Firshed Product i Rager
Name of Active Ingredient:
Recombinant Human Growth Hormone (rhGH):
| Title of Study: ' A
% Comparative Biogvailabilty of[ﬁ snd memtmpe@ in Sx)mafostazm Stip Sresse
Subjects; L
‘_I:ivesﬁgmors: o o
Stiidy Centrefs):
Clinical Facility:
.| Stalistical and Repost
- Writing Facility:
- Analytical Facilities: Cangene Corporatmn Bwtechuology Dmsxon, 26 Henlow Bay Wmmpeg,
_ Mamtc)b'x RAY. 1G4, Canada
. "iS'mdy Period; (D‘osii':g"-D.’mé}w BaitDate) . : the of:Development:: -
“ Period 1: I\ovemberB 1999 - NQchberé 1999 | Phase I Study
- Period 2: Nc»ember 10,1999 - Nsvember 11, 1999 .
i Qlyecme
: To cempare the bivavailability ofl:‘:l to Humairopu@ it Sornatostatin suppressed normal
] Icallhy xaun~smokmg male subjects.
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ﬁ FEurar Growth Hormone Study
Study No. 22699280 (GADOZ version 2.1)

. Fanuary 2002
2.0 SYNOPSIS (Cont’d)
Name of Sponsor/Company: Volume: (For National Authority Use
only)
Cangene Corporation

104 Chancellor Matheson Road
| Winnipeg; Manitoba R3T 5Y3, Canada

Name of Finished Product; Pape: »

(I

Red

- Neme-of Active Ingredient:

ombinant Human Growth Horfnone (thGH).

Methodology:

A singlesdose; dotible-blind, siaﬁdar randoniized, two-way cmssover stndy desxgncd 10 compare
the bioavailability of i Hbe
sappressed, healthy, normat o

bicels, under fed condmon
A total of:23 subjects received 4 nig ;{:or Humatrope®,

Safety and phanmacoKinetic data ds assessed by serum levels of imman gmwth hormone (hGH) of
allsubjects who compietﬁd the study were detennmeé
Pharmacodynathic: pammeters were asset;sed

Number of subjects (plarned and analyzed):

Twenty-four subjects were enrolled in the study

4 Twenty-thres subjects were dosed thh elthermor Humatmpe and twenty of tlgese subjecis
L completed:the study. Serum - samples from all 23:5u jects dosed were ana1y7ed for hG 3E ]
L fand . : =

HUCOSE,

LEe el e e e e e e e .

DBiagnosis andmain eritevie forinclusion:

Male.
Age 18:55 years:
Weight within the range 135 2’70 pounds (61-100 kg) and - within £15 % of normai for héight and”

Non-smoker:

- body frame as per the btand'\rd tabies  provided in Appendr( flof the. sludy protocol

“Busal cndogmous hGHserum level below 5 ng/ml.

: Norma! and healthy as detcnmncd by medical history,; physxcal exammaimn elec{rocardmgram
- ‘4(I:CG} and vital signs. :

.- Healthy as determined by results from tests of tiver, k:dney, and Tiematological functichs.
';Gran{mv wrilten Informed Consent. - :

‘Aceepiable alcohol and drug sereen atcheck-in

~Testing negative for Anti-HIV (Huxmn Immunodeficiency Virus);

* Anti-HBV (Hepatitis-B Virus) and Anti-HCV (Hepatitis-C Virus),
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1

Human Growth Hormone Study’
: lbmdy No. 226:09:280 (GA-D02 version 2:1)

b(4)

Januiary 2002

: 2.0 0 SYNOPSIS (Cont’d)
Name of Sponsor/Company: Volume: (For Nutional Author zty Use
: | only)
L Cangene Corporation

*:1:104 Chancellor Matheson Road
Winnipeg, Maniioba R3T 5¥3, Canada

Name of Finished Product: -~ Page:

| ‘Name of Active Ingredient:

: :'Recqmbinam Human Growth Hermone (thGH):

: Test product:
£ Bateli (Loty namber:

Dose:

“Mode of adminisiration:;

I:j (Cangene Cﬂrp@rgtion, Canada)

44128032
4 mag/subject

Sibeutancous Injection

‘Reference product:
1 Batch {(Loty number:
' Dose:

ﬁumaﬁopgﬁ@ (Eli Lilly and Campany;'éé\nad;i)}

(a)-zmzmk** '
4mg,subject o

| Mode of administration: Subcutanewe Imectmn :

Duration of treatment:

= Safetys

] he reiauvc mean measired Cuy of the test 16 reference formulation betwcen 8 ’/o and 125 Y.

’ Saf'ety was assessed based-on the severily aﬂd causality of adverse events cxpencnccd by:subjécts who
S underwent dmg '1dmmxstranon .
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; Wmmpeg, Manitoba R3T 53

> Name of me‘:ed Prq‘duct;

_products.

- :‘Axmlysxs of Variance (ANOVA) was also
i pammeters andon the untran

Human Growth Hormoné Study
E::]smdy i\o 226—99»280 {GA002 version 2. 1)

2.0 SYNOPSIS (C‘ani’d)

chme of Sponsar/Company

Volome:
© - only)

Cangene Corporation O .

104 Chancellor Matheson Road

Page:

Name of dctive Ingredient:

Recombinant Himan Growih Ho

T (ForNanona[ Authori ay Use 1

,.Smtist}‘cal -Me{hods*'

Descriptive - statistics - were -caleulated tor )

) Gcometm meansof AUC;, AL
b)  Ratios'of geometric freans of the tes

AUC], and (xmx~

s for AUCH,.
S

19 9% conﬁdenoe intervals of the AU/

viacokinetic parameters of boih test :z'md reference

camed out on the: naiural log-iransmrmed AUC1, AUC;, andt
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— h(4)
i Homdn Growih Hormone Study.
Study NQ;’Z_%&Q—ESO (GA-OQZ version 2.0) i Januaty 2002
2.0 SYNOPSIS (Cont'd)

 SUMMARY-CONCLUSION

PHARMACOKINETIC RESULTS

(Uncorrected for Mca;;ui‘cd Prug Content)
Test {A) Reference (B) - - Ratig 90% Geom. | Intra-
Paramecter Geometiie Mean ' of Geon. Confidence | Subject
; ¢ ICLLIC hiean : 5 : 5ry KT 04
Arithmetic Mean (CV,% ,Mf:aljs (%) - Intervil ( %) \ (}V( /3)
AUCy 232",‘93 . : ‘247.2(} - 94:9% 8870 '100; 10| 1080
| (ng:hml) 238.09 (18.53) |- 254.09 (18.20) ' 1 0
AUG, 249637 1o 25767 9688 | 932810061 676
{ng:h/mL) 25531 (16.85) | 26349 (17.38) o i
Connx oo 2818 10384 | 9573~ 112:63 | 1452
(ng/mb) 29.40(28.23) : o -
/ t;,,g-sv* {hours) 3._50»{!20‘!' -
Axh D203 2190 <
t* (hours) 3.63 (’35::75)1 i T
R b is expressed as median (STD), A and t; are expressed aé»asfit}a’metic mean (CV %) only:

. (Corrected for Measured Drug Content)

Parameter Test{A) % ,Rcféiiéripfefci(}}) | Ratioof 90% Geom,
P Geometric " Confidence

5 o, ¢ D,
. Geometric Mean ST Means () B} E étegval )
- AlGy 23423 Coooa32 | 963 9081 102,23

25108 253.42 99.06 9546 10281
. {n g/mL) 28.34 26,69 10.6.,.17 98405_* 11497
SAFETY RESULTS:

: 'Tﬁéfc were:no safety concerns:related _ié. vifal Qigp;) and physical findings during the conduct of the study: The test product
[T Cangene Corporation, Capada) was: found to be’ as similarly well foferated -as ‘the reference product
{(Humatrope®, Eli Lilly and Company; Canada), under single-dose conditions:

CONCLUSION: b(4)
4Bz\1§éd:m}th/_e fesults of the pharmiacokinetic compatisons between Cangene’s test product,

‘ [ land Bl Lilly and
. Company’s reference product, Humatrope®[ | was found 1o be bisequivalent to Humatrope®, under singlesdose
. conditions:
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4.2 Filing Memo

Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

eneral Information About the Submission

Information information
NDA Number 21-538 Brand Name Accretropin
OCP Division QCP 2 Generic Name Somatropin
Medical Division HFD-510 Drug Class | Protein

OCPB Reviewer

Kiaoxiong (Jim) Wei

Indication{s)

Growth hormons

Classification

deficiency

OCPB Team Leader Hae-Young Ahn Dosage Form solution

Dosing Regimen’ 0.03malkg/day
Date of Submission 05-10-2006 Route of sC

Administration
Estimated Bue Date of Sponsor Cangene, Canada
OCPB Review
PBDUFA Due Date 03-10-2007 Priority 18

Division Due Date

Clin. Pharm. and Biopharm. Information
X7 Number of | Number of | Critical Commentis if
included at | studies studies any
filing stbmitted reviewed
STUDY TYPE
Table of Contents present and X
sufficient to locate reports,
tables, data, efc. '
Tabular Listing of All Human X
Studies
HPK Summary X
Labeling X
Reference Bicanalytical and X
Analytical Methods
1. Clinical Pharmacology
Mass balance:
Isozyme characterization:
Blood/plasma ratio:
Plasma protein binding:
Pharmacokinetics {e.g.,
Phasel} -
Healthy Volunteers-
single dose: X 1
muliiple dose:
Patients-
single dose:
muitiple dose:
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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:

geniatrics:

renal impairment;

hepatic impairment:

PD:
Phase 2:
Phase 3.
PK/PD:
Phase 1 andfor 2, proof of
concept:

Phase 3 clinical trial:

Pepulation Analyses -

Data rich:

Data sparse:

il. Biopharmaceutics

Absolute bioavailability:

Relative bicavailability -

solution as reference:

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / multi

dose:
replicate design; single / multi
dose:
Food-drug interaction
studies:
Dissolution:
{IVIVC):

Bio-wavier request based on
BCS

BCS class

{li. Other CPB Studies

Genolypelphenotype studies:

Chronopharmacokinetics

Pediatric development plan
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Literature References
Total Number of Studies 4
Filabiity and QBR comments
“X” if yes Comments
Application filable? Yes June 21, 2008, The sponsor submitted analytical assay
validation for human PK study {GA-002) after
requested.
Comments sent to firm? Ne

Briefing in Content:

The sponsor is seeking marketing their growth hormone under 505 (o) (1).

The sponsor conducted only one human pharmacokinetic study, in which bioequivalence
between Accretropin and Humatrope was demonstrated in healthy subjects with somatostatin
suppression. However, the study was conducted in 1999 using an early fornmlation, in which there
were] __Jamounts of phenol compared to the commercial formulation. The sponsor did not submit
analytical assay and validation reports in the original submission. The sponsor provided the assay
validation after requested. '

C:\dmautop\temp\MDataNDA reviewNDA 21-538CPB_21-538_final.doc

15

b(4)



‘23 Page(s) Withheld

Trade Secret / Confidential (b4)
K Draft Labeling (b4)
Draft Labeling (b5)

Deliberative Process (b5)

 Withheld Track Number: Clin Pharm/Bio-



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Wei Qiu
2/7/2007 04:25:32 PM
BIOPHARMACEUTICS

Xiao-xiong Wei
2/9/2007 05:35:11 PM
BIOPHARMACEUTICS



