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1 Executive Summary

1.1 Recommendation

The Office of Clinical Pharmacology / Division of Clinical Pharmacology II (OCP/DCP-
IT) has reviewed the clinical pharmacology data submitted under NDA 22-505, dated
05/29/2009, and finds it acceptable provided that a mutual agreement regarding the label
language can be reached between the sponsor and the Agency.

1.2 Phase IV Commitments
None

1.3 Summary of Important Clinical Pharmacology Findings

The sponsor has submitted NDA 22-505 for EGRIFTA (Tesamorelin Acetate or
Tesamorelin), which is proposed to be indicated to induce and maintain a reduction of
excess abdominal fat in human immunodeficiency virus (HIV)-infected patients with
lipodystrophy. The proposed daily dose for tesamorelin is 2 mg administered by
subcutaneous (s.c.) injection to HIV patients with lipodystrophy. Lipodystrophy affects a
significant proportion of HIV infected patients treated with combination antiretroviral
therapy (ART) and is characterized by excess visceral adipose tissue (VAT)
accumulation, loss of extremity and subcutaneous fat in association with dyslipidemia
and insulin resistance. Increased VAT in these patients is associated with elevated
cardiovascular risk. HIV lipodystrophy is also associated with lowered growth hormone
(GH) levels (basal and pulse amplitude).

Mechanism of Action

Tesamorelin is a synthetic analogue of human hypothalamic Growth Hormone-Releasing
Factor (hGRF), also known as Growth Hormone-Releasing Hormone (GHRH).
Tesamorelin has 44- amino acid sequence of hGRF on which a hexenoyl moiety, a C6
chain with a double bond on position 3, has been anchored on Tyr at the N-terminal part
of the molecule. With the addition of this hydrophobic side chain, binding affinity to
hGRF receptors has been shown to be comparable to that of hGRF, while resistance to
enzymatic degradation in human serum is increased. Tesamorelin, like hGRF, acts on the
pituitary somatotroph cells to stimulate the synthesis and release of endogenous growth
hormone (GH). Growth hormone is known to play an important physiological role in the
formation and the function of fat cells, as well as in the overall regulation of fat
metabolism. GH has been shown to reduce total fat mass through a combination of
several actions, including inhibition of adipocyte differentiation, and stimulation of fat
mobilization and oxidation.

Sponsor’s Phase 3 Program

The Phase 3 program for this NDA consisted of two multicentre, randomized, double-
blind, placebo-controlled pivotal Phase 3 studies to assess the efficacy and safety of
Egrifta in HIV infected patients with lipodystrophy. The primary endpoint for the Phase 3
studies was to demonstrate a reduction in visceral adipose tissue (VAT), as assessed by
computed tomography (CT), after 26 weeks of treatment with tesamorelin 2 mg per day
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as compared to placebo. The secondary efficacy endpoints, in the Phase 3 trials, included
improvement in blood lipids (triglycerides, total cholesterol: high density lipoprotein-
cholesterol [HDL-C] ratio), improvement in patient related outcome (PRO) related to
body image, and increase in insulin-like growth factor-1 (IGF-1) levels. Sponsor’s
analysis of the Phase 3 data suggests that 2 mg daily s.c. dose of tesamorelin for 26
weeks, in the pooled studies, resulted in a significant decrease from baseline in VAT
(13.1% in tesamorelin -treated patients versus an increase of 2.3% in placebo-treated
patients) and this effect was sustained during the second 26 weeks of the trials (studies
TH9507II/LIPO/010 (extension phase) and TH9507-CTR-1012).

Sponsor’s Clinical Pharmacology Programs

Clinical pharmacology of tesamorelin, under this submission is supported with 10 clinical
pharmacology studies. Amongst these 10 studies, six studies are single or multiple doses
pharmacokinetics (PK) or pharmacokinetics/pharmacodynamics (PK/PD) studies in
healthy and HIV infected patients, two bioavailability studies, and two drug-drug
interaction studies.

PK/PD of Tesamorelin in Healthy Subjects
PK/PD of tesamorelin in healthy subjects was evaluated following single and multiple
subcutaneous administrations of 1 mg and 2 mg doses in healthy volunteers. The serum
growth hormone (GH) and insulin growth factor -1 (IGF-1) serum levels were used for
PD evaluation. Following a single s.c. administration of tesamorelin (1 or 2 mg), the time
to reach maximum plasma concentration (Tp,x) Was approximately 8-9 minutes (8 min
after a single 1 mg dose and 9 min following a single 2 mg dose). The mean elimination
half-lives (t,, el) were 7.8 min following a single 1 mg dose and 13.2 min following a
single 2 mg dose. The apparent clearance (CL/F) was comparable between doses and
days. No tesamorelin accumulation was seen following multiple dose administration at 1
mg and 2 mg dose. Dose related increase in plasma concentration was seen at 1 mg and 2
mg c}&)se (Figure 1).
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Figure 1: Mean Plasma Concentrations of tesamorelin following s.c. administration

in healthy subjects A) 1 mg Dose, B) 2 mg Dose: Linear Scale*
* Source- Copied from Sponsors electronic report for study TH9507/CTR/1016
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For both 1 mg and 2 mg doses, a decrease in Cy,,x Was observed on Day 14 as compared
to those on Day 1 and Day 7 (Figure 3). Despite the decrease in Cpax of tesamorelin, the
IGF-1 increased significantly overtime and GH production was comparable after multiple
administrations of tesamorelin 1 mg or 2 mg dose (pharmacodynamic markers for
tesamorelin activity) (Figure 2).

In healthy subjects, the growth hormone levels were higher following 2 mg s.c. dose as
compared to 1 mg dose. Growth hormone production, as expressed in terms of area under
effect curve (AUEC), was approximately 68% higher following administration of the 2
mg dose when compared to the 1 mg dose. Similarly, baseline corrected IGF-1 levels
were approximately 26% greater for the 2 mg dose when compared to the 1 mg dose. In
healthy subjects IGF-1 levels increased from Day 1 to Day 7 to Day 14. The IGF-1 level
seems to reach a maximum level after 13 days (Figure 2).
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Figure 2: Tesamorelin Dose-Response (IGF-1 Levels) in Healthy Subjects (Dose:
1mg and 2 mg)

PK/PD of Tesamorelin in HIV Infected Patients

In HIV infected patients without lipodystrophy, the pharmacokinetic parameters after s.c.
administration were similar to those in healthy subjects (Figure 3). In HIV infected
patients, no tesamorelin accumulation was seen following multiple dose s.c.
administration of EGRIFTA at 2 mg dose. In HIV infected patients, the mean Tyax Was
observed approximately 10 minutes post dose following single (Day 1) and multiple (Day
14) doses with values ranging from 4 minutes to 20 minutes. The mean elimination half-
life (t, el) was 18 min and 37 min following single and multiple s.c. injections,
respectively. Similar to healthy subjects, in HIV infected patients a decrease in Cpax Was
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observed on Day 14 as compared to Day 1. The decrease in Cp,x is of no clinical
relevance since the IGF-1 level increases, similar to healthy subjects, significantly
overtime.
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Figure 3: Tesamorelin PK in Healthy and HIV Infected Patients following 2 mg s.c.
Dose

In HIV infected patients, the IGF-1 serum concentrations increased gradually after daily
2 mg tesamorelin dose from day 1 to day 14. The ratio of Day 14 to Day 1 predose IGF-1
concentration was 2.21. The increase in the IGF-1 serum concentration in HIV positive
patients is comparable to the one observed in healthy volunteers (Figure 4)
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Figure 4: PD Effect (IGF-1 Levels) of Tesamorelin in Healthy and HIV Infected
Patients following 2 mg Dose
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Absolute Bioavailability in Healthy Subject

In healthy subjects, following intravenous administration the mean elimination half-life
(t, el) was observed to be 7.2 min on Day 1 and 7.8 min on Day 15 of administration,
respectively. The absolute bioavailability of tesamorelin after subcutaneous injection
was estimated to be less than 4%.

Drug-Drug Interaction
In vivo drug-drug interaction studies showed that tesamorelin has no clinically significant
impact on the metabolism of simvastatin and ritonavir.

Effect of Immunogenicity on the Pharmacokinetics of Tesamorelin

Effect of anti-tesamorelin IgG antibodies on the pharmacokinetics of tesamorelin was
evaluated in Phase 3 study (Study#010). No definitive conclusion can be made on the
effect of immunogenicity on PK of tesamorelin due to limited number of subjects studied
and high variability in the data set. In the Phase 3 study, PK sampling was conducted in
very few subjects (8 subjects studied for PK analysis) and the PK sampling scheme was
not appropriate to characterize the PK of the drug. Also, the analytical method was not
validated to evaluate the PK of tesamorelin in the presence of drug specific IgG
antibodies. Thus, no definitive conclusion can be made on the effect of immunogenicity
on PK of tesamorelin However, in the Phase 3 studies, the sponsor has demonstrated that
immunogenicity has no effect on efficacy of tesamorelin in HIV infected patients with
lipodystrophy. Pooled analysis of pivotal studies (main phase) showed that the percent
change in VAT (primary efficacy endpoint) as a function of anti-tesamorelin antibody
status was similar between antibody positive and antibody negative patients. Please refer
to Dr. Ali Mohamadi’s (Medical Officer) review for further details.

In conclusion, from clinical pharmacology standpoint this NDA 22-505 is acceptable
provided that the mutual agreement on the labeling language can be reached between the
sponsor and the Agency.
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2 Question-Based Review (QBR)

2.1 General Attributes of the Drug and Drug Product

EGRIFTA™ (TH9507 or Tesamorelin) is a sterile lyophilized powder for injection.
EGRIFTA is available as 1.1 mg/vial as a single unit dose for reconstitution with 1.1 mL
of sterile water for Injection USP. EGRIFTA is indicated to induce and maintain a
reduction of excess abdominal fat in HIV infected patients with lipodystrophy. The
proposed daily dose for EGRIFTA is 2 mg administered by subcutaneous (s.c.) injection
to HIV patients with lipodystrophy.

EGRIFTA is a synthetic analogue of human hypothalamic Growth Hormone-Releasing
Factor (hGRF), also known as Growth Hormone-Releasing Hormone (GHRH),
comprised of the 44- amino acid sequence of hGRF on which a hexenoyl moiety, a C6
chain with a double bond on position 3, has been anchored on Tyr at the N-terminal part
of the molecule. The binding affinity of EGRIFTA to hGRF receptors is comparable to
that of natural hGRF and has an increased stability and half-life in humans.

2.1.1 What are the highlights of the chemistry and physicochemical properties of the
drug substance and the formulation of the drug product as they relate to
clinical pharmacology and biopharmaceutics review?

Tesamorelin

Description white to off-white powder

Chemical [N-trans-3-Hexenoyl] Human Growth Hormone Releasing Factor (1-44),

Name Acetate

Molecular C221H366N72067S. x C2H402

Formula

Molecular

Weight 5135.9 (free base)
e NYNH
\—< h—OH
/\“wﬁgfﬁmmgﬁifﬁ IT N{“Nxf 50
\v\o _(NHK

Structural | | 0 . e e T o {1

Formula Ty myg;“ ”rgi f{*(cx */gﬁ;;r@l T“Hg\“

el
e
Hw\qguJ\ KN\CLK”‘%NHQ
- It is freely soluble in acetic acid, soluble in water and slightly soluble in
Solubility
methanol and PBS pH7.2
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Formulation: Tesamorelin, sterile lyophilized powder, 1.1 mg/vial is available as a
single unit dose for reconstitution with 1.1 ml of Sterile Water for Injection USP for a
final concentration of 1 mg/mL.

Table 1: Composition of EGRIFTA

Quantity %0 Of the
Component el Function total unit
(mng/vial) weight*
2
N-[trans-3-Hexenoyl]-Human . .
. Active Pharmaceutical
Growth Hormone-Releasing Factor 1.1%* Ineredient cetHe 0.1
(1-44) Acetate, In-house =
Mannitol USP 55 mg Bulking agent (b) (4)
Water for injection USP ##% | cemeemen Solvent | e
O@— ®@
*  Based on a theoretical unit filling weight of 1.1mg
=% This weight is corrected for peptide content
(b) (4)

2.1.2 What is the mechanism of action and therapeutic indication?

EGRIFTA is indicated to induce and maintain a reduction of excess abdominal fat in HIV
infected patients with lipodystrophy. Lipodystrophy affects a significant proportion of
HIV infected patients treated with combination antiretroviral therapy (ART) and is
characterized by excess visceral adipose tissue (VAT) accumulation, loss of extremity
and subcutaneous fat in association with dyslipidemia and insulin resistance. Increased
VAT in these patients is associated with elevated cardiovascular risk. HIV lipodystrophy
is also associated with lowered growth hormone (GH) levels (basal and pulse amplitude).

EGRIFTA is a synthetic analogue of human hypothalamic Growth Hormone-Releasing
Factor (hGRF), also known as Growth Hormone-Releasing Hormone (GHRH). hGRF
mediates the secretion of growth hormone (GH) by binding to its receptor on pituitary
somatotroph cells triggering GH synthesis and secretion. Since GH is known to be
lipolytic, restoring physiological levels and patterns of GH may be beneficial in HIV
patients with lipodystrophy.

In addition, GH has been shown to play an important role in the formation and the
function of fat cells as well as in the overall regulation of fat metabolism whereby GH
has been shown to reduce total fat mass through a combination of several actions,
including inhibition of adipocyte differentiation, and stimulation of fat mobilization and
oxidation. GH actions are mediated directly through the GH receptor and indirectly
through the stimulation and release of insulin-like growth factor-1 (IGF-1) in the liver
and other tissues.
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2.1.3 What are the proposed dosage and route of administration?

The proposed daily dose for Egrifta is 2 mg administered by subcutaneous (s.c.) injection
to HIV patients with lipodystrophy

2.1.4 Is any DSI (Division of Scientific Investigation) inspection requested for any of
the clinical studies?

No, DSI inspection was not requested from clinical pharmacology standpoint.

2.2 General Clinical Pharmacology

2.2.1 What are the design features of the clinical pharmacology and clinical studies
used to support dosing or claims?

Efficacy and Safety Program:

The efficacy and safety of EGRIFTA in the treatment of excess abdominal fat in HIV-
infected patients with lipodystrophy is supported by three multicenter, randomized,
double-blind, placebo-controlled Phase 3 trials (TH9507III/LIPO/010, TH9507-CTR-
1011, and TH9507- CTR-1012). In the Phase 3 trials, the primary efficacy endpoint was
the percent change from baseline in visceral adipose tissue (VAT), as assessed by
computed tomography (CT) scan, after 26 weeks of treatment with EGRIFTA. In Phase 3
trials the 26-week main treatment phase (TH9507/11I/LIPO/010 and TH9507-CTR-1011)
was followed by a 26-week extension phase (TH9507/I1I/LIPO/010 Extension Phase and
TH9507-CTR-1012).

The primary objective of the Phase 3 trials was to demonstrate a reduction in visceral
adipose tissue (VAT), as assessed by computed tomography (CT), after 26 weeks of
treatment with tesamorelin 2 mg per day as compared to placebo. The secondary efficacy
endpoints included improvements in lipids (triglycerides, total cholesterol to HDL-
cholesterol ratio) and patient reported outcomes (PRO) related to body image,
accompanied by an increase in insulin-like growth factor-I (IGF-I) level after 26 weeks of
treatment.

The Phase 3 trial was based on a Phase 2 study (TH9507/II/LIPO/008) in which subjects
were randomized to receive either placebo, tesamorelin 1 mg, or tesamorelin 2 mg once
daily by subcutaneous injection for 12 weeks. Study TH9507/II/LIPO/008 was a Phase 2,
multicenter, randomized, double-blind, placebo-controlled study to evaluate the efficacy
and safety of tesamorelin (1 mg or 2 mg/day) in HIV subjects with excess abdominal fat
accumulation.

Clinical Pharmacology Program:

Clinical pharmacology of tesamorelin, under this submission is supported with 10 clinical
pharmacology studies. Amongst these 10 studies, six studies are single or multiple doses
pharmacokinetics (PK) or pharmacokinetics/pharmacodynamics (PK/PD) studies in
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healthy and HIV infected patients, two bioavailability studies and two drug-drug
interaction studies.

2.2.2 What are the basic pharmacokinetic and pharmacokinetic/pharmacodynamic
characteristics of tesamorelin in healthy subjects?

Pharmacokinetics and pharmacodynamics of tesamorelin was evaluated in Phase 1,
parallel, randomised, open-label, multiple doses study following single and multiple
subcutaneous administrations of 1 mg and 2 mg doses in healthy volunteers (study #
CTR-1016). The serum growth hormone (GH) and insulin growth factor -1 (IGF-1)
serum levels were used for PD evaluation.

Pharmacokinetics of tesamorelin in Healthy Subjects:

Following a single s.c. administration of tesamorelin (1 or 2 mg), the time to reach
maximum plasma concentration (Tmax) Was approximately 8-9 minutes (8 min after a
single 1 mg dose and 9 min following a single 2 mg dose). Mean elimination half-life (t,
el) of tesamorelin was 7.8 min following a single 1 mg dose and 13.2 min following a
single 2 mg dose. The clearance (CL/F) was comparable between doses and days. No
tesamorelin accumulation was seen following multiple dose administration. Dose related
increase in plasma concentration was seen at 1 mg and 2 mg dose (Figure 5).
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Figure 5: Mean Plasma Concentrations of tesamorelin following s.c. administration
in healthy subjects A) 1 mg Dose, B) 2 mg Dose: Linear Scale*
* Source- Copied from Sponsors electronic report for study TH9507/CTR/1016

Descriptive statistics of pharmacokinetic parameters of tesamorelin at 1 mg dose and 2
mg dose on Day 1, Day 7, and Day 14 is presented below in Table 2 and 3
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Table 2: Summary of pharmacokinetics parameters of tesamorelin on Day 1, Day 7,
and Day 14 at 1 mg dose*.

Parameters Day 1 Day 7 Day 14
X e, N Geo. . . Geo.
AUC,. (pgh/ml) |301.63 15000 5274 26810 5401 [403.90 17460 4322 36001 4701 (30426 25040 8526 23206 8505
AUCre (Pebml) 132318 16657 5154 28933 5264 (38057 15356 4035 33334 4211 |363.72 20206 8030 28015 79.23
AUCq. Pebml) 134743 17017 5232 30447 5423 [41635 16040 38352 38045 4009 |41813 36246 8660 31816  86.19
AUC,.." (%) 8593 700 815 - - 87.06 714 820 - R 7783 727 934
Coon (pg/mL} 13384 4617 3449 12599 3893 |13916 4488 3225 13142 3854 10217 4076 3989 9597 3692
T (h) 0138 0033 2432 - - 0120 0026 1003 - - 0.153 0061 3002
T (h) 0150 0054 - - - 0150 0050 - - - 0150 0013 -
K.’ (0 53488 17070 3191 - - 46050 10631 2309 - - 45231 29648 6555 -
Tou (h) 014 004 3123 - - 016 004 2722 - - 026 022 8676
CIF’ (Lith-kg)) | 5057 2461 4866 - - 3824 1320 3452 - - 5226 3103 5938 -
VAF®  (Likg) 961 427 4445 - - 875 451 5138 - - 1207 138 1142
For these parameters, n.= 11 for Day 1, n =10 for Day 7 and n = 9 for Day 14.
Median and interquartile ranges are also presented.
" =Not applicable.
* Source- Copied from Sponsors electronic report for study TH9507/CTR/1016
Table 3: Summary of pharmacokinetics parameters of tesamorelin on Day 1, Day 7,
and Day 14 at 2 mg dose*.
Parameters Day 1 Day 7 Day 14
X Geo. N . . ., Coen.
Mom DG G N Mo | Mo SD G Mean SDE) (o) npewn  Memn
AUC.,*  (pgyml) |77472 347.03 7061 63462 7236 |B449% 66557 7877 66124 8203 |68632 46591 67.88 35780 T8.IT
AUCs (Pebiml) 185560 56740 6632 71070 7057 [88373 65472 7409 71019 7590 (77191 50627 6559 63378 7588
AUC,,, @gbml) 85008 60565 7034 70633 7235 [05420 75263 7887 75037 8054 [82854 61121 7377 66571 7863
AUC,, (%) 9271 475 512 - - 8825 487 532 - - 8435 983 1165 - -
Cue (pgml)  |30764 1027.5 3340 28746 4387 |21356 8020 37.56 20132 3655 18432 6156 3340 17449 36.54
Taex () 0.147 0052 3305 - - 0.150 0048 3178 - - 0.150 0.043 2843 - -
Tass (h) 0150 0063 - - - 0150 0063 - - - 0150 0013 - - -
K, ! ) 53507 27280 5098 - - 34848 20662 5929 - - 29734 18073 6078 - -
T.a® () 021 022 10807 - - 035 038 10704 - - 043 042 0803 -
CUF’ (Li(kg)) | 4897 30.17 6161 - - 4672 3115 6668 - - 5029 208 3930 - -
VoF" (Liks) 939 306 3262 - - 1474 733 4972 - - 2232 2290 10258 - -

Median and interquartile ranges are also presented.

Wkt #

=" =Not applicable.
For these parameters, n = 11.
For this parameter. n = 12 for Day 1 and n = 11 for Day 7 and Day 14.

For these parameters, n = 11 for Day 1 and Day 7 and n = 12 for Day 14.

* Source- Copied from Sponsors electronic report for study TH9507/CTR/1016

For the 1 mg and 2 mg dose, a decrease in Cp,,x was observed on Day 14 as compared to
Day 1 and Day 7. The decrease in Cyax is of no clinical relevance, since the IGF-1
increases significantly overtime, and GH production is comparable after multiple

administrations of tesamorelin 1 mg and 2 mg doses.
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Reviewer’s Comment: For several subjects (002, 015, and 017), tesamorelin
concentrations were detected at pre-dose and also at 24 hours post dose samples. The
half-life of this tesamorelin is very short and thus, quantifiable pre-dose and post dose
concentrations after 24 hours were not expected. Sponsor later found out that the detected
pre-dose concentrations could be due to elevated background signal caused by human
anti-rabbit antibodies (HARA) that essentially cross-linked the two polyclonal rabbit
antibodies used in the bioanalytical method. Also, anti-tesamorelin antibodies were
detected for subjects 002, 005, 008 and 012, which can potentially interfere with the
analytical assay for the quantitation of tesamorelin. Reviewer did reanalysis of the PK
data excluding these subjects. Table 4 and Table 5 represent the summary of PK
parameters in healthy subjects after reanalysis of PK parameters.

Table 4: Summary of pharmacokinetics parameters of tesamorelin on Day 1, Day 7
and Day 14 at 1 mg dose*

Pararmete Day 1 Day 7 Day 14
Mean | CV (%) 1\(/[;:;1 (iz)vh{/e‘)i;n Mean |CV (%) 1\(/[;::;1 l\fl;::n Mean |CV (%) 1\(/[;::;1 l\fl;:;)n
(CV %) (CV %)
(}[:gl*]l?/l?l-[t) 310766.29 55.8 268.5 58.2 i31656é5.9 ol 337.9 45.4 i3238; 84.5 | 258.6 81.9
(pg/";’i) iféé? 35.5 1258.8 40.5 ijgg; S 1320.7| 39.7 12;53 447 | 941.3 39.9
rew | % | e e
g | 4254 | 57 S | S5 | 4
VA/F (L/kg) fz'és g% fjs 516 illl.'fz 1.2

* Source- Reviewer’s Reanalysis of Data

Table 5: Summary of pharmacokinetics parameters of tesamorelin on Day 1, Day 7
and Day 14 at 2 mg dose*

Paramete Day 1 Day 7
y Y Day 14
r
Geo Geo Geo Geo Geo Geo
Mean [CV (%) Mea;l Mean | Mean |CV (%) Mea;l Mean | Mean |CV (%) Mea;l Mean
(CV %) (CV %) (CV %)
AUC 0-t 794.8 71.6 642.6 76.5 844.9 78.7 661.2 82.0 686.3 67.8 557.8 78.1
(pg*h/mL) | +569 £665.5 +465
2181.6
Chax 3094.7 | 34.7 37.7 1797.5 34.7 1698.6
(pg/mL) |£1075.7 2874.5 46.2 +824.3 2052.3 37.7 1623 37.0
014
36.8 0.14 32.4 0.15 29.8
Tomax (h) +0.05 10.04 +0.04
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022
1053 034 | 1083 042 | 1047
Tiz() [ £0.23 £0.37 +0.44
cuF | B0 | 6sa 467 | 666 502 | 593
(L(h*kg) : +31.1 £29.8
VA/F (L/kg) 2'373 31.0 :7‘; 497 3222'38 102.5

* Source- Reviewer’s Reanalysis of Data

Pharmacodynamics Effect of Tesamorelin on Growth Hormone in Healthy Subjects

Linear plots of the mean plasma concentrations of growth hormone at 1 mg and 2 mg
tesamorelin dose are presented in Figure 6. In healthy subjects, the growth hormone
levels were higher following 2 mg s.c. dose as compared to 1 mg dose Table 6 and 7.
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Figure 6: Mean serum growth hormone concentrations time profile in healthy
subjects* (A: Dose =1 mg, B: Dose =2 mg)

* Source- Copied from Sponsors electronic report for study TH9507/CTR/1016
Growth hormone production, as expressed in terms of area under effect curve (AUEC),
was approximately 68% higher following administration of the 2 mg dose when

compared to the 1 mg dose. The maximum growth hormone release (Emax) was 38%
greater for the 2 mg dose than for the 1 mg dose (Table 8).
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Table 6 : Summary of Growth Hormone PD parameters after administration of 1

mg tesamorelin

Day 1 Day 14
Parameters Mean  SD () CV (%) ,flf‘:" 'fu“:n Mean  SD (=) CV (%) flt“.’" ‘::I:(:n
CV(%) CV(%e)
AUEC (pgh/ml)|2043504 11890.50 5819 17086.80 73.54 | 1638393 8888.46 5425 1445529 56.06
Eux  (pgml) 1051386 620227 50.85 879355 7243 | 0113.02 527860 57.92 798212 55.68
Teme  (h) 0807 0221 2741 - i 0417 0151 3627 - -
Teaw® () 0667 0333 i - i 0333 0084 - - -

*Medians and interquartile ranges are presented

Table 7: Summary of Growth Hormone PD parameters after administration of 2 mg
tesamorelin

Day 1 Day 14
Parameters Mean SD(xy OV (%) ’f;:.':n fl:ll}n Mean SD(E£) CV (%) .::I'IE::" \(l:.;'l)ll
CV{(%) CV(%)
AUEC (pgh/ml}| 2825290 16367.15 38.64 2390319 &£731 [33126.52 13577.30 4702 2928550 5084
E.x (pg/ml) |13156.19 999368 7505 1014628 8820 (14518290 500444 4067 1321280 351.79
Tepax (k) 1.86 274 147.16 - - 0614 0423 68.82 - -
Temm™ (k) 0.834 0.501 - - - 0.342 0.429 - - -

*Medians and interguartile ranges are presented.

Table 8: Growth hormone ratios of treatment B (2 mg) vs treatment A (1 mg) and
90% ClIs*

Parameter | Ratio (%) 0% Cl1

Lower (%) | Upper (%)
168.35 11524 24504
| 138.20 0525 200351

" Caleulated using the C5 variance-covariance matix.
- Caleunlated using the CSH variance-covariance matrix.

*Source- Copied from Sponsors electronic report for study TH9507/CTR/1016

AUEC

Pharmacodvnamics Effect of Tesamorelin on IGF-1 in Healthy Subjects

Baseline corrected IGF-1 levels were approximately 26% greater for the 2 mg dose when
compared to the 1 mg dose. In healthy subjects IGF-1 levels increased from Day 1 to Day
7 to Day 14. The IGF-1 levels seem to reach a maximum level after 13 days (Figure 7).
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Figure 7: Tesamorelin Dose-Response (IGF-1 Levels) in Healthy Subjects (Dose:

1mg and 2 mg)

Summary of baseline adjusted IGF-1 mean pre-dose concentrations (ng/mL) for treatment
A (1 mg dose) and treatment B (2mg dose) is presented in Table 9 and 10:

Table 9: Baseline adjusted IGF-1 mean pre-dose concentrations (ng/mL) for

Treatment A (1 mg Dose)*

Day 7| Day 13 | Day 14
Mean 93 52 145
5D (%) 41 70 64
CV (%) 4337 | 4504 | 4417
Geo. Mean 86 140 135
Geo. Mean CV(%) | 4938 | 4338 | 4031
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Table 10: Baseline adjusted IGF-1 mean pre-dose concentrations (ng/mL) for
Treatment B (2 mg Dose)*

Day 7 |Day 13| Day 14
Mean 139 193 200
5D (=) 73 6l a6
CV (%) 5370 | 31.16 | 3329
Geo. Mean a8 182 189
Geo. Mean CVi%0) | 214.73 [ 4578 3744

*Source- Copied from Sponsors electronic report for study TH9507/CTR/1016

The IGF-1 serum concentrations increased gradually after daily administration of the 1
mg and the 2 mg tesamorelin doses. For 1 mg dose, the ratio of Day 14 to Day 1 predose
IGF-1 concentration was 1.84. At 2 mg dose, the ratio of Day 14 to Day 1 was 2.14.

Table 11: Mean IGF-1 pre-dose concentration (ng/mL) at tesamorelin 2 mg dose.

Day 1 Day 7 Day 13 Day 14
Mean 183 32 78 383
SD (=) 34 64 60 a7
CV (%) 2071 19.97 15.89 17.63
Geo. Mean 175 316 373 377
Geo. Mean CV(%) 32148 20.93 16.52 1878

2.2.3 What are the basic pharmacokinetic and pharmacokinetic/pharmacodynamic
characteristics of tesamorelin in HIV infected patients?

Pharmacokinetics and pharmacodynamics of tesamorelin was evaluated in Phase 1, 1-
way study in which HIV-positive patients received a daily s.c. injection of 2 mg
tesamorelin for 14 consecutive days (study # CTR-1015).

Pharmacokinetics of Tesamorelin in HIV Infected Patients:

In HIV infected patients, no tesamorelin accumulation was seen following multiple dose
s.c. administration of Egrifta at 2 mg dose. The mean Ty,.x wWas observed approximately
10 minutes post dose following single (Day 1) and multiple (Day 14) doses with values
ranging from 4 minutes to 20 minutes. The mean elimination half-life (t,, el) was 18.6
min and 37.8 min following single and multiple s.c. injections, respectively.

Linear plots of the mean plasma concentrations of tesamorelin 2 mg dose are presented in
Figure 8. Summary of pharmacokinetic parameters for each patient are shown in Table
12 for Day 1 and Day 14, respectively.
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Figure 8: Mean Plasma Concentrations of tesamorelin (Dose =2 mg): Linear Scale*

*Source- Copied from Sponsors electronic report for study TH9507/CTR/1015

Table 12: Summary of pharmacokinetics parameters of tesamorelin on Day 1, and
Day 14 following 2 mg s.c. injection dose

Pharmacokinetic Parameters

Day 1(n=17)

Dayv 14 (n=15)

Bt 1t e . Gieo. . Geo,
Parameters Mean  SD &) CV (%) \(]'“" Mean | Mean SD () CV (%) ,f]"“"' Mean

xlean (\‘{q‘u} yiean (I\{nfu}

AUC,, (pzh/ml)|114955 100870 8775 85280 0187 |111723 03340 8534 79468 10859

AUChar (pe/ml)|125540 110449 8708 93335 9004 |131260 112419 8565 94040 10473
AUC.: (%) | 9144 362 396 _ ~ | 8473 639 754 ; _
Cawe  (pzml) | 31064 13753 4427 28223 4889 | 23333 11850 5078 20132 6652
Ty (h) 0162 0060 3723 - - | 0157 o042 2661 - ]
Toe' (h) 0150  0.000 ] _ - | 0150 0025 ] ; _
K, MY | 43214 27194 62903 - ~ 25071 19692 7854 - _
T.. (h) 031 032 10479 - ] 063 061 9654 - ]
CIF (Lihke) | 3871 2685 6938 - _ | 4097 3115 7604 - _
VJ,F  (Lke) | 1048 610 5825 - ~ | 2019 987 4890 - _

* Median and mterquartile ranges are also presented.

""" = Not applicable.

*Source- Copied from Sponsors electronic report for study TH9507/CTR/1015

Similar to healthy subjects, in HIV infected patients a decrease in Cyax Was observed on
Day 14 as compared to Day 1. The decrease in Cp,y is of no clinical relevance since the
IGF-1 increases significantly overtime. In HIV infected patients without lipodystrophy,
the pharmacokinetic parameters after subcutaneous administration were similar to healthy

subjects (Figure 9).
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Figure 9: Tesamorelin PK in Healthy and HIV Infected Patients following 2 mg
Tesamorelin Dose

Pharmacodynamics Effect of Tesamorelin on IGF-1:

In HIV infected patients, the IGF-1 serum concentrations increased gradually after daily
2 mg tesamorelin dose from day 1 to day 14. The ratio of Day 14 to Day 1 predose IGF-1
concentration was 2.21. The increase in the IGF-1 serum concentration in HIV positive
patients is comparable to the one observed in healthy volunteers (Figure 10)
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Figure 10: PD Effect (IGF-1 Levels) of Tesamorelin in Healthy and HIV Infected
Patients following 2 mg Dose
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2.2.4 What is the effect of immunogenicity on the PK of tesamorelin?

Effect of anti-tesamorelin IgG antibodies, on the pharmacokinetics of tesamorelin was
evaluated in Phase 3 study. Summary of pharmacokinetic parameters is shown in Table
13. Due to an inadequate number of patients (8 patients), inappropriate PK sampling, and
limitation of analytical method to accurately evaluate PK of tesamorelin in presence of
drug specific IgG antibodies, the PK data generated is highly variable and not accurate.

Table 13: Summary of Pharmacokinetics parameters in anti-tesamorelin I1gG
positive patients

Pharmacokinetic Parameters of TH9507 in Patient

Visit Study Day AUC,, AUC s Cone T Ka Tya VzF CIF
(pgh/ml)  (pgh/ml)  (pgml) ) o' () 18} (L)
2 Day 0 N 7 7 7 7 7 7 7 7
n 7 2 7 7 2 2 2 2
Mean 58348 53546 2049.6 0.133 4.8504 0.14 795.97 3912.91
SD () 31824 161.41 4519 0,047 0.7573 0.02 118.68 1179.55
Jack Knife 5D - - - - NC -
Harmonic Mean - - - 0.14 - -
CGreom, Mean 508.57 52315 19257 - - - 791.53 382208
Creom, Mean CV/(%) 64,13 31,35 38.0 - - - 15,05 31,35
4 Week 13 N 5 5 5 5 5 5 5
n 5 3 5 3 3 3 3
Mean 6709.60 14430.92 25130 0.300 1.3342 538 1450.69 246138
SD () 1244281 21005 .46 3049.6 0225 1.9987 7.32 43214 383293
Jack Knife 5D - - - - - 917 - -
Harmonic Mean - - - - - 052 - -
CGreom, Mean 124270 3676.84 1622.6 - - - 1407.04 543,94
Geom, Mean CV(%)  869.19 2005.69 121.0 - - - 31.25 2005.69
[3 Week 26 N [3 [3 [3 [3 [3 [3 [3 [3
n 6 5 6 6 5 5 5 5
Mean 527453 T089.35 12883 0472 0.6946 317 2559.51 1521.75
SD () 9780.82 11800.94 681.7 0.434 0.9269 2.89 132930 1501.01
Jack Knife 5D - - - - - 318 - -
Harmonic Mean - - - 1.00 - -
Geom, Mean 176817 255282 11257 - 2196.73 78345

Creom, Mean CV(%)  276.13 316.05 66,2 - - - 75,04 316.05

NC =Not calculable,

Reviewer’s Comment: No definitive conclusion can be made on the effect of
immunogenicity on PK of tesamorelin due to limited number of subjects studied and high
variability in the data set. However, in the Phase 3 studies, the sponsor has demonstrated
that immunogenicity has no effect on efficacy of tesamorelin in HIV infected patients
with lipodystrophy. Pooled analysis of pivotal studies (main phase) showed that the
percent change in VAT (primary efficacy endpoint) as a function of anti-tesamorelin
antibody status was similar between antibody positive and antibody negative patients.
Please refer to Dr. Ali Mohamadi’s (Medical Officer) review for further details.

2.2.5 Are the active moieties in the plasma appropriately identified and measured?

Yes. Tesamorelin concentrations in plasma from HIV infected patients and healthy
volunteers were quantified using sandwich ELISA method. For details see section 2.6.
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2.2.6 Exposure Response

2.2.6.1 What are the characteristics of the dose-response relationships for efficacy?

Dose-response relationship was explored in a Phase 2 (008) trial. The Phase 2 trial was a
multicenter, randomized, double-blind, and placebo controlled study, in which subjects
were randomized to receive either subcutaneous injection of placebo, tesamorelin 1 mg,
or tesamorelin 2 mg for 12 weeks.

In this trial a dose- response relationship was seen where only 2 mg daily administration
of tesamorelin for 12 weeks resulted in statistically significant decreases from baseline to
Week 12 in VAT.
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Figure 11 : Mean change from baseline in VAT (ITT population) following placebo,
1mg and 2 mg daily s.c. administration of tesamorelin*.

* Source- Copied from Sponsors electronic report for study TH9507/11/LIPO/008

The mean change from baseline in VAT was significant in the tesamorelin 2 mg group at
Week 6 (-13.657 cm?; p=0.0052) and at Week 12 (-21.500 cm* p=0.0286). Mean
decreases in VAT were also observed in the tesamorelin 1 mg and placebo groups.
However, neither group was significantly different from baseline, from each other nor
from the tesamorelin 2 mg group (Table 14).
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Table 14 : Statistical summary of Mean VAT (cm®) measurement (ITT population)
following placebo, 1 mg and 2 mg daily s.c. administration of tesamorelin*.

Placebo 1mg 2mg Between-group
Baseline 1905 + 757 1578 = 566 160.2 + 535 0.229
Change at week 6 -5.81 £ 27486 -2.18+£22.39 **.13.66 + 15.98 0.577
Change at week 12 -12.02 = 3248 -1184 = 2871 *21.50 = 27.92 0.447
Change at last observation 1239+ 31332 -11.87 + 27.80 *19.10 + 26.62 0.563
Source: Post-rext tables 11-13 * p<0.05 within-group ** p<0.01 within-group

* Source- Copied from Sponsors electronic report for study TH9507/11/LIPO/008

In this study, 2 mg daily dose, which was efficacious in reducing VAT, had a superior
effect when compared to the 1 mg dose. Also, the daily administration of TH9507 at 2
mg dose had a consistently superior effect on IGF-1(an integrated measure of GH and a
surrogate endpoint of the biological activity of tesamorelin production) when compared
to the 1 mg dose. Based on these results, the sponsor investigated only one dose, 2 mg
daily s.c. administration, of tesamorelin for the Phase 3 trials. Phase 3 trials have no
exposure data and only 2 mg dose is used in the Phase 3 trials, so no additional
exposure/dose response relationship was evaluated from Phase 3 data.

2.2.6.2 What are the characteristics of the dose-response relationships for safety?

In the Phase 2 trial, the sponsor monitored various safety variables like glucose
homeostasis, lipid profiles, bone mineral density (BMD), bone formation and resorption
markers were explored for dose-response relationship for safety. No dose-response
relationship for safety was evident from this trial. Please refer to Dr. Ali Mohamadi’s
(Medical Officer) review for further safety related issues in details.

2.3 Intrinsic Factors

2.3.1 What is Effect of Age on the Pharmacokinetics and Pharmacodynamics of
tesamorelin?

The effect of age on the pharmacodynamics and pharmacokinetics was investigated in a
randomized, cross over, open label study following s.c. administration of tesamorelin 2
mg once (Treatment A) or 2 mg twice daily (Treatment B) for 14 days in elderly patients
aged between 70 and 85 years (study #009). Twice daily (b.i.d.) subcutaneous dosing
(Treatment B) with 2 mg tesamorelin for 14 days provided a greater increase in both IGF-
1 levels (Table 15) and GH levels (Table 16) as compared to once daily (q.d.) dosing
(Treatment A) for the same period.
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Table 15 : Arithmetic Mean £SD (Geometric Mean) IGF-1 (ng/mL) by treatment
(Treatment A: Once daily s.c. injection, Treatment B: twice daily s.c. injection)

Day
1 4 8 15
Treatment A 111 =282 182 £53.7 202 +68.9 232+£73.0
(108) (174) (192) (221)
Treatment B 117+£29.5 253 £76.7 278 +£79.8 300=85.9
(114) (243) (267) (285)

Table 16: Arithmetic Mean £SD (Geometric Mean) GH AUEC (ng*h/mL) by

treatment. (Treatment A: Once daily s.c. injection, Treatment B: twice daily s.c.

injection)

Day 1 Day 14
Treatment A 273=x159 355+20.1

(23.3) (30.9)
Treatment B 23.6=x10.9 40.2+16.6

(20.4) (37.1)

Reviewer’s Comment: No pharmacokinetics results were presented in this report. The
ratio of Day 1 to Day 14 of predose IGF-1 levels was approximately 2.1. This ratio is
similar to that from healthy young subjects. However, the mean plasma levels of IGF-1 in
elderly subjects were lower than the healthy young subjects (Table 11). The clinical
impact of low IGF-1 levels on safety and efficacy in elderly subjects is not known. In
Phase 3 safety and efficacy clinical trials, no subjects above 65 years of age were
enrolled.

2.4 Extrinsic Factors

2.4.1 Drug-Drug Interaction

2.4.1.1 What is the Effect of Tesamorelin on the PK of Simvastatin?

The effect of tesamorelin on the pharmacokinetic of simvastatin was evaluated in a
randomized, open-label, two-period, two-sequence, two treatment, two-group crossover,
drug-drug interaction study in healthy volunteers under fasting conditions (study # CTR-
1019). There were 2 treatment arms in this study. For Treatment A, a single s.c. injection
of tesamorelin, as a 2 mL x 1 mg/mL (2 mg) was administered once daily for 7
consecutive days along with a single oral dose of simvastatin co-administered as a 1 x 80
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mg tablet on Day 6. For Treatment B, no study drug was administered on Days 1 to 5 and
7. On Day 6, a single oral dose of simvastatin (1 x 80 mg tablet) was administered.

In this study, it was shown that there is no clinically significant impact of tesamorelin on
the PK profile of simvastatin. For simvastatin, the estimated ratios of LSM and
corresponding 90% CIs for AUCyy, AUCqinr and Cpa were contained within the
acceptance range of 80-125%. For the metabolite simvastatin acid, the lower CI for
AUC.inr (78.6%) fell outside of the acceptance range (Table 17). This decrease in
metabolite exposure is not expected to have any clinical implication.

Table 17: Statistical Summary of Pharmacokinetic Parameters for Simvastatin and
Simvastatin Acid

Geometric Mean Ratio (%) 90 % Confidence Interval
Tesamorelint+Simvastatin/Simvastatin
Simvastatin Simvastatin Acid Simvastatin [Simvastatin
Acid
AUC(0-t) [92.2 86.3 83.5-101.9 [80.2-92.7
AUC(0-inf)[91.7 R5.2 83.0-101.3 [78.6-92.4
Cmax 105.3 99.0 94.6-117.1 1[91.4-106.7

Reviewer’s Comment: In this study, fifty-eight (58) healthy adult subjects were enrolled
and dosing was conducted in two groups: Group 1 consisted of Subjects 001-029 and
Group 2 consisted of Subjects 030-058. The dosing interval between two groups was
approximately 10 days. Sponsor’s analysis of PK data based on two groups showed
different results in Group 1 and Group 2, as shown in Table 18.

Table 18: Summary of ANOVA of simvastatin and simvastatin acid for each group

Group 1 Group 2
A/B Ratio | 90% CI A/B Ratio 20% CI
(%a) (%) (%) (%)
Simvastatin
AUC, 81.0 70.5-929 105.4 92.1-120.7
AUC g0 80.6 704-923 104.6 91.2-1199
{ G— 94.5 80.1-1114 117.6 103.1-1342
Simvastatin acid
AUCq, 71.6 70.9-549 96.8 87.2-1074
AUC o j0r 76.3 68.6 —84.8 949 8461065
Cr 94 4 850-10438 1043 936-116.2

(b) (4)
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Sponsor investigated into the causes that could have possibly contributed to the group
effect. However, no major differences were identified between the two groups with
respect to demographics (e.g. gender, race, and body mass index) and meals served.
Thus, due to the absence of a clinically-based reason for the group effect, this reviewer
also agrees with the sponsor’s pooled analysis of PK data from the two groups. Pooled
analysis showed no clinically significant impact of tesamorelin on the pharmacokinetics
of simvastatin.

2.4.1.2 What is the Effect of Tesamorelin on the PK of Ritonavir ?

The effect of tesamorelin on the pharmacokinetic of ritonavir was evaluated in a single
centre, randomised, open-label, two-period, two-treatment crossover study in thirty two
healthy volunteers (study# CTR-1020). The subjects were given a single dose of ritonavir
with and without prior subcutaneous administration of tesamorelin once daily for 7 days.
In treatment A daily s.c. injection of Tesamorelin (2 mg) was administered from Day 1 to
7 and a single dose of ritonavir 100 mg was administered on Day 6 after standard
breakfast. Treatment B a single dose of ritonavir 100 mg was administered on Day 6 after
standard breakfast

The mean concentration versus time profiles for ritonavir for both Treatments A
(tesamorelin + ritonavir) and B (ritonavir) are presented in Figure 12.

MEAN GRAPH

-t Treatrment A
¢+ Treatmant B

CONCENTRATION (ngimL)
g B 8 & B 8

Figure 12: Mean Plasma Concentrations time profile of ritonavir: Linear Scale

Statistical analysis of the PK parameters calculated from plasma concentrations of
ritonavir showed that the acceptance limits of 80-125% for the ratio and 90% CI of
Treatment A/Treatment B were met for AUC and AUCy.,r. However, for Cpayx, the
lower CI was 74.80%, which is outside of the acceptance limits (Table 19).
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Table 19: Statistical Summary of Pharmacokinetic Parameters for ritonavir

Geometric Means” AB Ratio (%) Q0% Cls
Treatment A | Treatment B Lower | Upper
(o) (Yo)
AUC: (ng-h/mL) 33788 37226 90.8 838 983
AUC 4 (ng-h'ml ) 34653 37999 91.2 844 98.6
Cr (ng/mL) 404.2 452.7 893 74.8 106.6

* Caleulated by exponentiating the LSM from a model using a log-transformed response
Fefarence: Appendiz 16.1.9 (Appendix 8.3 2)

Reviewer’s Comment: The literature suggests that human growth hormone may
modulate cytochrome P450 (CYP) enzyme activity and expression. Since tesamorelin
induces the secretion of GH, the potential impact of tesamorelin on CYP3A4 activity was
investigated in the drug-drug interaction studies.

In this study, after multiple dose administration of tesamorelin, the ritonavir mean
exposure and 90% CI was within limits of 80-125% for treatment with and without
tesamorelin. However, for Cpax, the lower CI was 74.80%, which is outside of the 80%-
125% range. This lowering of Cpax Will not be of any clinical significance since ritonavir
is commonly used as adjunct therapy to boost the effect of other HIV protease inhibitors.
No definitive conclusion on the effect of tesamorelin on CYP3A4 activity can be drawn
since ritonavir itself is a very strong inhibitor for CYP3A4. Thus the slight decrease in
AUC and Cpax observed in this study could be due to self-inhibitor effect of ritonavir on
its own pharmacokinetics.

2.5 General Biopharmaceutics

2.5.1 What is bioavailability of Eqgrifta following s.c. administration?

The absolute bioavailability of Egrifta was evaluated from a Phase 1, parallel,
randomized, open-label, two periods, single-dose study after a single s.c. (2 mg)
(Treatment A) or i.v (Treatment B) injection (200 pg), given on two different occasions
separated by a 14-day washout period in healthy forty four healthy subjects (Study
#1017). In healthy subjects, following intravenous administration the mean elimination
half-life (t,, el) was observed to be 0.12 h on Day 1 and 0.13 h on Day 15 of
administration, respectively. The absolute bioavailability of tesamorelin after
subcutaneous injection was estimated to less than 4%. Summary of PK parameters
following s.c. and i.v. administration is shown in Table 20 and Table 21, respectively.

Table 20: Summary of the PK Parameters for Treatment A (2 mg S.C. injection) for
Period 1 (Day 1) and for Period 2 (Day 15)

NDA @@ 29



Period 1 (Day 1) Period 2 (Day 15)
Parameters Mean SD (=) ;:; ﬁ::n \c_[r::n Mean SD (£) ;f:} ﬁ:‘:"u \c;:;n
CV (%) CV (%)

ATTCq, (pg-h/ml) | 880.80 34407 39.06 82405 3821 907.61 56971 6277 T44.44 74.39

AUCq s (pgh/mL) |957.90 40480 4226 888 96 40.17 93597 58935 6297 TFT77.20 70.39
AUC, in_f. (%3] 92.79 4.07 438 - - 91.24 4.30 471 -

Clpax (pg/ml) |3171.8 969.46 30.57 30490 28.82 29030 12447 4288 26702 44 68
Topax (h) 0.128 0030 2338 - - 0.119 0025 21.05 -
T (h) 0.133  0.050 - . - 0.100 0.050 -
Kel‘ {h'.'} 41441 1.7735 4280 - - 43910 22901 5216 -
Tiw (h) 026 032 121.80 - - 025 022 89.05 -
CLUF"  (Likke)) | 3649 1328 3638 - - 4777 2943 61.60 - -
\-"d-"F. (L'kg) 10.38 5.96 57.38 - - 12.321 710 57.64 -

-

" = Not annlicahle

For these parameters, n = 15 for Period 2 (Day 15).
Median and interquartile ranges are also presented.

Table 21: Summary of the PK Parameters for Treatment B (200 pg 1.V. Injection)
for Period 1 (Day 1) and for Period 2 (Day 15)

. o -

Period 1 (Day 1)

Period 2 (Day 15)

Parameters CV  Geo. *3::.1 . CV  Geo. *3::.1
Mean SD() o4y Aean cv | Mem SDE 0 Mean  cV
%) %)
AUCe (pgh/mL)|235427 41808 17.76 230194 18.74 |2662.58 591.84 2223 261440 18.64
AUChu (pgh/mL)|2394.00 41925 17.51 233924 18.50 |2701.62 59134 2189 2653.91 18.44
AUCue (%) | 9830 053 054 - - | 851 o040 o040 - ;
Cam  (pg/mL) |19644.1 41945 2135 194615 21.08 |23644.5 10759.0 45.50 22438.10 29.08
Tonas @ | 0051 0004 714 - - | oo0so o000 o000 @ - -
Tou @ | 0050 0000 - ; - | ooso o000 - - -
K 0" | 57903 08877 1533 - - | s6413 09940 1762 - -
Tuu (h) 012 002 1484 - - 013 003 2305 - -
¢l Lihke)| 125 034 2678 - ; 109 020 1851 - ;
Va Lke) | 022 006 2638 - - 020 006 3036 - -

Median and mterquariile ranges are also presented.

= Not applicable.

2.6 Analytical

2.6.1 How are the active moieties identified and measured in the plasma/serum?

Concentrations of tesamorelin in plasma samples from healthy volunteer and HIV
infected patients were measured using validated sandwich ELISA method.

NDA
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2.6.2 What bioanalytical methods are used to assess concentrations?

In this application, the PK data collected in the early Phase 1 studies (study # 10-98, 002,
and 009) in healthy volunteers were analysed using radioimmunoassay (RIA) methods
that detected tesamorelin immunoreactive fragments, especially at later time points (i.e.,
the elimination phase), in addition to the intact peptide. Due to the limitations of the
initial RIA method used in the early Phase 1 studies the sponsor developed a new PK
program, following the development and validation of an enzyme-linked immunosorbent
assay (ELISA) for tesamorelin.

Tesamorelin concentrations in plasma from HIV infected patients and healthy volunteers
were quantified using validated sandwich ELISA method (Validation Reports: #E-PCL-
177, E-PCL-272 and E-PCL-273). The ELISA method developed uses antibody raised in
rabbits against N- and C- terminal epitopes of tesamorelin. The sponsor’s cross reactivity
analysis suggested that the antibodies are specific for intact tesamorelin with negligent
cross reactivity for endogenous hGRF (4%) and also negligible cross reactivity for other
biodegradation product of tesamorelin. A brief summary of the assay characteristics is
shown below in Table 22.

Table 22: Assay Validation Results for Tesamorelin

Tesamorelin

Standard Curve Range
150 pg/mL- 6000 pg/mL

QC Sample Concentrations 400, 1500, 4500 pg/mL

TN
flfleli;slioor;igﬁggzlman Intra-Assay: 6.0 % to 16.8 %
Inter- Assay: 8.4 % to 13.7 %
Plasma)
A %
ccuracy'(' ©) Intra- Assay: 86.3 % to 115.2 %
(HIV Positive Human I A 2936 % to 105.3 %
Plasma) nter- Assay: 93.6 % to 105.3 %
Precision (%CV) Intra- Assay: 2.3 % to 11.7 %
(Normal Human Plasma) Inter- Assay: 5.2 % to 11.4 %
Accuracy (%)(Normal Intra- Assay: 86.7 % to 109.6%
Human Plasma) Inter- Assay: 88.1% to 104.3%
Dilution Linearity 53,333 fold in HIV positive plasma matrix
26,667 fold in normal plasma matrix
Reference Standard TH9507
Lot No: FHEXGRF0201 (98.95% purity)
Specificity No Interference
Stability Room Temperature Stability: Approx 2 hours in normal plasma and approx 3

hours in HIV positive plasma.

Stability at 4°C and on Ice:  Approx 3 hours in both HIV and normal plasma
matrix

Freeze/ Thaw Stability: 3 FT Cycle at -80°C

Long Term Matrix Stability: 91 Days at -80°C in stabilized normal plasma and
171 days at -80°C in HIV positive plasma*
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¥Note: Data presented is based on the validation report (E-PCL-177).

Reviewer’s Comment: The sponsor later tested the potential interference of anti-
tesamorelin immunoglobulin G (IgG) antibodies on the quantification of tesamorelin
using ELISA. Results indicated that anti-tesamorelin IgG antibodies can potentially
interfere with the analytical assay for the quantitation of tesamorelin. Depending on the
nature of the antibodies, interference occurs at low titers and thus this reviewer excluded
subjects with positive antibody status when evaluating PK results.
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3 DETAILED LABELING RECOMMENDATION

The following are the labeling recommendations relevant to clinical pharmacology for
NDA 22505. The red-strikeoutfont is used to show the proposed text to be deleted and
underline blue font to show text to be included or comments communicated to the
sponsor.

HIGHLIGHTS OF PRESCRIBING INFORMATION
DRUG INTERACTIONS
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4 APPENDIX

4.1 OCP FILING MEMO
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

Office of Clinical Pharmacology

New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA/BLA Number 11-505 Brand Name EGRIFTA
OCP Division (L IL, IIL, IV, V) DCPII Generic Name TESAMORELIN
ACETATE
Medical Division DMEP Drug Class

OCP Reviewer

Ritesh Jain, Ph.D.

Indication(s)

To induce and maintain
a reduction of excess
abdominal fat in HIV-
infected patients with
lipodystrophy

OCP Team Leader

Wei Qin, Ph.D.
(Acting)

Daosage Form

Lyophilized powder
containing 1.1 mg of
tesamorelin acetate and
55 mg of mannitol.

Pharmacometrics Reviewer

Dosing Regimen

2 mg subcutaneous
injection, once daily

Date of Submission Route of Administration Subcutaneous
Estimated Due Date of OCP Review Sponsor Theratechnologies, Inc
Medical Division Due Date Priority Classification S

PDUFA Due Date

Clin. Pharm. and Biopharm. Information

“X" if included | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and sufficient to X
locate reports, tables, data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X
Methods
L. Clinical Pharmacology
Mass balance:
Isozvine characterization:
Blood/plasma ratio:
Plasma protein binding:
Pharmacokinetics (e.g., Phase I) -
Healthy Volunteers-
single dose: X 1 Study: TH9507-CTR-1014
nultiple dose:
Patients-
single dose:
multiple dose:
Dose proportionality -
fasting / non-fasting single dose:
fasting / non-fasting multiple dose:
Drug-drug interaction studies -

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for

NDA BLA or Supplement 090808
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

In-vivo effects on primary dmg:

In-vive effects of pnmary drg: X 2 Studies: TH9507-CTR-1019,
THO507-CTR-1020
In-vitro:
Subpopulation studies -
ethnicity:
gender:

renal Impairment:

hepatic impairment:

PD -
Phase 2:
Phase 3:
PE/PD -
Phase 1 and’er 2, proof of concept: X 5 Studies: TH9507-CTR-1013,
TH9507-CTR-1015, TH9507-
CTR-10146,
THOS0T/IHV/002,

THO50T/IPEFD/009

Phase 3 clinical trial:

Population Analyses -

Daata rich:

Data sparse:

II. Biopharmaceutics
Absolute bicavailability X

(3

Studies: TH9507-CTR-1017,
TCHUV 10-9§

Relative bioavailahility -

solution as reference:
altermate formulation as reference:
Bioequivalence studies -
traditional design; zingle / multi dose:
replicate design; single / multi dose:
Food-drug interaction studies
Bio-waiver request based on BCS
BCS class
Dissolution study to evaluate alechol induced
dose-dumping
II1. Other CPB Studies
Genotvpe/phenotype studies
Chronopharmacokinetics
Pediatric development plan
Literature References
Total Number of Studies 10

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 Y Sponsor used the same formulation
data comparing to-be-marketed product(s) 1 their pivotal clinieal trial as to be
and those used in the pivotal clinical trials? marketed formulation

(]

Has the applicant provided metabolism and | +/ Studies TH9507-CTR-1019,
drug-drmg interaction information? TH9507-CTR-1020 are submitted to
evaluate the effect of Tesamorelm on
Rutonavir and Simvastatin PK

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for

NDA BLA or Supplement 090308
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

Has the sponsor submutted bioavailability
data satisfying the CFR requirements?

Studies: TH9507-CTR-1017, TCHUYV 10-98

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

Lh

Has a rationale for dose selection been
submitted?

Is the clinical pharmacology and
bropharmaceutics section of the NDA
organized, mdexed and paginated m a
manner to allow substantive review to
begin?

Is the clincal 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 submutted in the appropriate format?

Studies and Analvses

11

Is the appropriate pharmacokinetic
information submitted?

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 prvotal studies)?

—
["¥]

Are the appropriate exposure-response (for
desired and undesired effects) analyses
conducted and submutted as described i 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?

—
L

Avre the pediatric exclusivity studies
adequately designed to demonstrate
effectiveness, if the drug 1s indeed
effective?

Deferral

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for

NDA BLA or Supplement 090808
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

16

Did the applicant submit all the pediatric y Deferral
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 mvestigation to meet
basic requirements for approvability of this
product?

19

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

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE?
YES

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 1dentify and list any potential review issues to be forwarded to the Applicant for the 74-day letter.

Ritesh Jamn 07/17/2009
Reviewimg Clinical Pharmacologist Date
Wei Qiu (Acting) 07/17/2009
Team Leader/Supervisor Date
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

Filing Memo (Internal Memo)

1. Background

Tesamorelin (TH9507), a stabilized analogue of human hypothalamic growth hormone-
releasing factor (hGRF)/growth hormone-releasing hormone (GHRH), is proposed as a
freatment to induce and maintain a reduction of excess abdominal fat in human
immunodeficiency virus (HIV) - infected patients with lipodystrophy. Tesamorelin is
comprised of the 44-amino acid sequence of hGRF on which a hexenoyl moiety, a C6 chain
with a double bond on position 3. has been anchored on Tyrl at the N-terminal part of the
molecule. With the addition of this hydrophobic side chain. resistance to enzymatic
degradation in human plasma is increased.

The recommended daily dose, after reconstifution, is 2 mg administered by subcutaneous
(sc) injection.

2. Clinical Pharmacology Studies:

In the Clinical Pharmacology Program sponsor has submitted a total of 10 studies. Amongst
these 10 studies, six studies were single or multiple dose PK/ PK-PD studies, two
bioavailability studies and two drug-drug interaction studies.

The PK data collected in the early Phase 1 studies in healthy volunteers were generated
using radioimmunoassay (RIA) methods that most likely detected tesamorelin
immunoreactive fragments, especially at later time points (i.e., the elimination phase), in
addition to the intact peptide. Due to the limitations of the initial RIA method used in the
early Phase 1 studies (TCHUV 10-98 and TH9507/I/HV/002) the sponsor developed a new
PK/PD (pharmacodynamic) program. following the development and validation of an
enzyme-linked immunosorbent assay (ELISA) for tesamorelin. This PK/PD program
comprises the core of the tesamorelin clinical pharmacology program. The following studies
are done using ELISA and will be reviewed in this application.

Core studies:
PK/PK-PD Studies
s The TH9507-CTR-1016: a 14-day PK/PD study in healthy volunteers comparing 1
mg and 2 mg sc doses of tesamorelin;
e The TH9507-CTR-1017: a 14-day PK study comparing sc versus infravenous (i.v.)
single dose administration of tesamorelin in healthy volunteers;
e The TH9507-CTR-1015: a 14-day PK study of a 2 mg sc dose of tesamorelin in HIV
infected patients.
Drug-Drug Interaction Studies
In addition to the aforementioned PK/PD studies, two drug-drug interaction clinical studies
were undertaken during the clinical development program of Tesamorelin and will be
reviewed.

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

e The (TH9507-CTR-1019): potential impact of tesamorelin on PK profile of
ritonavir.

¢ The (TH9507-CTR-1020): potential impact of tesamorelin on PK profile of
simvastatin.

In addition to the core studies two supplemental studies were also submitted. These studies
will also be reviewed.
Supplemental studies
¢ The TH9507-CTR-1014: a pilot PK study of a single 2 mg sc dose of tesamorelin
from 2 different tesamorelin lots conducted in healthy volunteers: and, ) @)

In addition to these seven studies (five that constitute the core of tesamorelin’s clinical
pharmacology program and two that are supplemental studies): three other studies (see
below) were conducted during the earlier stages of the clinical development program of
tesamorelin. They were primarily aimed at evaluating the PD response, establishing dose
response curves and obtaining preliminary PK data. These studies were:

¢ The TCHUV 10-98: a first-in-man, single-dose dose-ranging PK/PD/bioavailability
study in healthy volunteers.
The TH9507//HV/002: a 7-day dose-ranging PK/PD study in healthy volunteers.
The THO507/I/PKPD/009: a 14-day study in which a 2 mg once daily (qd) dose was
compared to a 2 mg twice daily (bid) dosing of tesamorelin.

The PK data for these studies was obtained using the RIA method mentioned above. Due to
the limitations of this method, this data is considered as preliminary, supportive data only.
Also the effect of immunogenicity on the PK of tesamorelin was studied in phase 3 trial
(Study TH9507/III/LIPO/010) on few subjects. This data will also be reviewed.

3. Phase 3 Studies
This program included three multicentre, randomized. double-blind, placebo-controlled
pivotal Phase 3 studies

v Study TH9507/IILLIPO/010

v Study TH9507-CTR-1011

v Study TH9507-CTR-1012
The primary endpoint of the studies was to demonstrate a reduction in visceral adipose
tissue (VAT), as assessed by computed tomography (CT), after 26 weeks of treatment with
tesamorelin 2 mg per day as compared to placebo. The secondary efficacy endpoints
included improvement in blood lipids (triglycerides, total cholesterol: high density
lipoprotein-cholesterol [HDL-C] ratio)., improvement in PRO related to body image. and
increase in insulin-like growth factor-1 (IGF-1) levels. Belly appearance distress, belly size
estimation and belly profile assessment, the main PRO secondary endpoints, were measured
using a validated PRO questionnaire, the Body Image Impact Module (BIIM). Other study
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

parameters included trunk fat, fotal faf. lean body mass, limb fat, and non-HDIL-C. The
extension phases were designed to assess long-ferm safety and explore duration of effects
following end of treatment.

Potential Key Review Questions

v’ What are the PK and PK/PD characteristics of Tesamorelin in healthy and HIV
infected patients?

What is effect of tesamorelin on pharmacokinetics of ritonavir and simvastatin?
What is the absolute bicavailability of Tesamorelin?

What is the dose-response relationship for the Phase 3 dose selection?

What is the effect of immunogenicity on the pharmacokinetics of tesamorelin?

ASANENEN
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

ATTACHMENT

Tablel Core Climical Pharmacology Studies: Pharmacokinetic Studies in Healthy Subjects and HIV-Patients Using a
Validated ELISA Method

Type
= 3
Sty LD Duration Subjects (M/F) Cose j p— AUCw., AUCh Tid
Location Tesign Type Dase/route (eml) (W) (pzlml) (pehml) ()
Control tvpe Age (range)
Year : v '
Analvtical method Arithmetic Means
THOSDT-CTR-1017  BATPK Safery 44 (J61E) Period |
Single-dose Healthy voluntesrs 2mgsc 3172 01218 2381 os58 026
Canada FRandomized Open P 36 v (1E-640 200 ng iv L0644 0031 2354 2304 012
2008 -
ELISA Perted 2
Imgsc 2003 o11e o08 936 025
200 pg 13643 0.030 2663 2702 $13
THPH0T-CTR-1016  FR/PD/Safery Day !
Multiple-dose (14 days) 1 mgz sc daily 1333 o138 302 42 014
Canaidn FRandornized Open P 2 myg se daily 3076 0147 TI5 B&1 r21
2008 : Day 7
ELISA 37 .l T
1 mg =c daily 1392 Q129 404 416 016
2 mg =c daily 2136 0150 345 054 i35
Dy 14
1 mg sc daily 1022 0.153 304 418 026
2mg sc daily 1843 0.150 [0 B9 43
- Type
S Duration Subjects (MIF) e T AUCy,  AUCyy Twa
T oeatin Design Type Duseroute (pg'mL) (h) {pg'vmL} (pg-hmL} )
¥ Control type Age (range)
ear
Aualytical method Avithmetic Means
THPIOT-CTR-I015  PE/PDSafety 18 {14:4) Day !
Mulnple-dose (14 days) HIV-posiuve patients 2 mg sc dmly 3104 0142 1150 1255 03t
Canada Open 40 v (26-38)
2008 Single Group -
ELISA 5 G Lo o 2
2 mg sc daily 2333 0157 1nir 1313 063

PD: pharmacodynamacs: PR- pharmscckmetics: Pr parallel-grovp: X cross-over; ELISA: Enzyme-lnked snmunosorbent assay
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Table 2 Supplemental Clinical Pharmacology Studies: Pharmacokinetic Bioequivalence Studies in Healthy Subjects Using a

Vahdared ELISA merhod

Tape
Study TD 5 o -

z Duration Subjects (M'E) Cune Tamax AUC,; AUCo Tua
bt Design Tvpe Dose/route (pg/mL) () (pghml) (pghml) (W)
Year Contrel iype Age (range)

s znb Arithmetic Means
THOOT-CTR-1014 PR Safety 12 (48] 12 se Lot SM30D 3681 0151 1312 1405 0.31
Single-dose Healthy wohmieers
Canada Famidomized Open X 31y (25-62) 2mg se Lot 51263 4278 0138 1429 1314 D.28
2006 R
ELTSA
THO307-CTR-1013 BEPEPD/Safery 88 (7612) T g sc! 3910 0.158 1202 1255 022
Single-dose Healthy volunieers
Cadkada Randomized Open X 40y (1B-65)
2004-2007 -
ELTSA

BE: baoequivalence: PD: pharmacodvnanucs; PR pharmacokmencs: X cross-over: ELISA: Enzyme-hioked immunosarbent assay

Table 3 Drug-Drug Interaction Pharmacokinetic Studies

Type Substate (Simyvastatin or Ritonavic)
Study ID ' . .
4 Duration Subjects (MF) L
iaa Design Trpe Substrate/interacting drug Conas AUCH  Couratin AUCq, ratio
Y':: B Control type Age (range) (ozfml) (oghiml) et Sk
q e e e
Anatytical merhod P e {CTpm) (o}
THO507-CTR-1012 PEL DD Safety 53 (34M) Siwrvasirin
Miulriple-dose (7 days) Healitry volunteers Treatment A tesamerelio 2 mg sc daily =
Canada Randomuzed Open X ¥ T days: 80 mg saavastabm om Day & 1633 9313
2008 -
LCMSMS for simuastarin Treanmear B: no tesamorelin days 1-7;
awd sumvastann acid B0 g samvastatm o= Day b 1535 1054
Simvastatin acid
Treatment A - resamorelin 2 mg sc daily
= 7 davs: 80 mp smvastti on day § 421 34.60 0.0 86.3%
(91.0-106.7) (80.2-02.7)
Treament B 0o tesmmoreln days 1-7
80 iy sanrvastam oa Day d 4.4 4211
THOT-CTR-1020 PE/DDI Safery 32 (24/8) Ritmavir
Wiudriple-dose (7 days) Healtlry vohereers  Treamment A tesamorelin 2 mg se daity x
Canada Randomized Open X 43 v (19-63) 7 davs; 100 mg ritemavir on day & 403 5 33351 B 3% S0 8%
1008 - (T4.8-106 1) (83 84083y
LCMEMS for nitonave Treamear B: o e uposelio days 1-7;
100 myg teaavar on Day & 4504 ELPER |

PE- pharmacolineties: X eross-over: LOMSAS: Ligusd chromato graplyy/mass speciroue iy mass specirometry
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Table 4  Early Clinical Pharmacology Studies Providing Additional Information: Pharmacokinetic Studies in Healthy
Subjects Using a RLA Method

Type
S L Duration Subjects (M/F) Come Tax AUCh, AUCy g Tsia
) Design Type Dose/ronte (ng/mL} (h) (ng-b'mL) (ng-h'mL) ()
Location
Confiol tvpe Age (vange)
Year Aualytical method
¥ Avithinetic Means
TCHUV 19-98 BAPKPDSafety B (/00 100 pg 5c 042 L] 0w L 03
Single-dose Healhy velunteers 300 ug se (.81 LN 0.22 024 0.1
Switzerland Randomized DB (one Open amm) X 24 v (21-28) 0 pgsc | [ Jrl] 0zl 0.3 0.52 04
1999 PC 1500 pg s 172 024 0.Ep LIRS 04
EIA 200 g or g - 12 23 0x
THOSOTTHVG? PRPDSatery 30 (3000 First dase
Multiple-dose (7 days) Healthy volunteers 0.5 mg sc daily 23 04 1.40 2212 453
Capada Randomized DB (one Open aseed P 54 v (50800 05 mig s bid 189 a4 1.469 235 171
2001 PC L0 g se daily 412 0 £ 405 105
EIA 10 mg sc daily 7.67 0z 57 §.70 13l
Lasr dfose
0.5 mg se daily 184 L 230 415
0.5 mg se bid L34 020 28 133
1.0 mg sc daily 474 LRL 4.09 1.94
10 mg sc daily 588 020 .04 143

BA: bieavailability; PD- phammacodvnamics: FK: phammacokinetics: DB: double-blind; PC: placebo-controlled: P: parallel-group: X: cross-over; RIA.

radioumminoassay
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Table 5 Summary of Pharmacodvnamic Studies - Growth Hovmone
Type
Study ID !

T Duration Subyjects (MUF) E s Ty AUEC
Tacatian Design Type Dose/route (ng/ml ) by (ng-h/ml)
Year Control rype Age (range)

Amnalvtical thod
A — Arithmetic Means + SD
THOS07-CIR-L013 BETPETDSafery 88 (T6L)
Smple-dose Healthy volaoteers 2 mg sc” 129+ 12 24+ 10 324+ 713
Canada Elandomezed Open X My (18-65)
2006-2007 -
ELISA
THOS0T-CTR-L016  PETD/Safety Day I
Mulriple-dosa (14 days) 11ng s dnly 08+
Canada Fandomized Opea P 2 mg o daily 19+
2008 - Dav 14
ELISA 1 me sc daily 04 D2
21 s daily 06 04
THE507TPEPD00  PRPDVSafity Day !
Multiple-dose (14 days) ¥ 2 myg ac dmly iF]
Canada Fandomized Open X T3 (70-T7) 2 mg sc bid a3
2003 2 Day 14
Rla 2 mg s daily ma
2 mg sc bid ua
Earlier studies
TCHUW 13-98 BAPE/PDSafety a (#0) Saline % 2
Smale-dose Healthy volunteers 20 pg sc 14+
Sonrzerlznd Pandomized DB {oae Openam) X 24 v (21-28) A ugsc L5=
199 PC 100 pg sc 13+
IRMA M0 pg s 12+
400 g s Lo+
1500 jig sc 12+
20 ug iv 15+
Type
Study ID 3
¥ Duration Subjects (M/F) T AUEC
Location el o Type Duse/route (ng/'ml) (h) (mg-h/mL)
Confral rvpe Age (range)
TR Analytical method
- Arithmetic Means & 5D
THP307 T/HV 002 PE/PDVsafery 39 (3947 Day |
Mnltiple-dese {7 davs) Healdyy vohateers  placebo 18+ 10 Lo
Canada Randomuzed DB {one Open amm) P 54 {30-60) 0.5 mg sc daily Gl i34 4
2001 FC 0.5 mg sc bid 87+ 34 1}
ICMA 1 mg sc daly 116 75 0.6
1 mg e danly 114+ 64 3
0.5+ 04 0e= 035
49+ 335 20= 60
0.5 mg st ad 70+ 43 166= 114
1 mug s daly 89+ 34 18B= T
2 mg sc daily 68+ 3.0 123= 62

BA- binavalability, BE: baequivalence; PV pharmacodynamies; PR pharmacokinencs: DB: double-blmd, PC: placebo-controlled; P- parallel-group: X: cross-
over; ELISA: Enmvme-hoked imannosorbent assay, RIA- radiodmmmmosssay; IRMA Immumoradiomernic assay. ICMA - immuonochemihimmemetnic assay
na- Mot avalable
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Table 6 Summary of Pharmacedynamic Studies - IGF-1 (ng/mL) and IGFBP-3 (ng/L) mean pre-dose concentration
- Type
LA Duration Snbjects (M/F) IGF-1 IGFBP-3
3 1 i i ng/mL m
Lecation Design Type . Dose/route Time point g g/l
Year Control type Age (range)
Amalvtical method Arithmetic Means = SD
TH2307-CTR-1016 FEPDVSafery 2424400 1 mg s daily Ty 1 167 + 34
Multigle-dose {14 days) Healthy velunteess 2 mag se daify ’ 183 + 54
Canada Randomized Open P S (45-60) b . N
2008 - 1 mg s dadly Dy 262 = 63
RIA 2 mg s daily ! 322 =
1 mg se oty Day 13 320 & 47
21 se ddly ’ 378 = 40
1 mg zc daily - 33+ 92
3mg se daily Day 14 1+ 67
THO507-CTR-1015 PEPTNSafery 18(1414) 2 mg se daly Diary 1 176 = 71
Muinple-dose {14 days) HIV-positive patients ’ Day 7 320 = 105
Camada Open 40 ¥ (26-58) Day 13 370 &+ 134
1008 - Diay 14 380 + 143
RI4
THO;OPTPEPDA0Y  PR/PDVSafety 241212 2 mg sc daily . 11 =28 286 = 081
Multiple-dose {14 days) Healthy vohmteers 2 mg s bid Dy 1 117 + 30 292 £ BG5
Canada Randesized Open X 73y (70-7T) . . ~
2003 - 2 mg sc daily — 182 = 54 155 = 003
R1A 2 mg sc bad ¥ 53 =TT 352 =D
2 ma se daily 202 + o9
g o bid Day & 178 + 80
2mg s dadly 1[I
_\;E e bid Day 15 300 £ 86
Eartier studies
THO:07THV/002 PRPDVSafety 30300 Placcho Dy 1 163 £ 37
Nnftiple-dose (7 days) Healthy vohinreess 5 156 + 28
Canada Randomized DB {pne Open armm) P 54 v (30-60) 141 + 40
1001 PC 163 & 51
RI4 20 mg sc duly 140 + 26
- Type
R Dmration Subjects (M/F) IGF-1 IGFBP-3
Location Dresign Type Daoseroute Time point ng/mL mg/L
Year Control type Age (range) |
Amnalvtical method Arithmetic Means + SD
Placebo Dy 7 174 + 35 -
0.5 mg se daily 18 + 68
0.5 mg se bid 70 - 52
1.0 mg sc daily 286 = 15
2.0 myg se daily 284 & 55 -

BA: bioavadabality: BE: bieequivalence: PD: pharmacodynamics: PE: phasmacclinetics: DB: double-blind: PC: placebo-contralled: P: parallel-grovp: X cross-
over: BIA: radioimmunoassay: - Not measursd
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

Office of Clinical Pharmacology

New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA/BLA Number 22-505 Brand Name EGRIFTA
OCP Division (I, II, I1I, IV, V) DCP 11 Generic Name TESAMORELIN
ACETATE
Medical Division DMEP Drug Class
OCP Reviewer Ritesh Jain, Ph.D. Indication(s) To induce and maintain
a reduction of excess
abdominal fat in HIV-
infected patients with
lipodystrophy
OCP Team Leader Wei Qiu, Ph.D. Dosage Form Lyophilized powder
(Acting) containing 1.1 mg of
tesamorelin acetate and
55 mg of mannitol.
Pharmacometrics Reviewer Dosing Regimen 2 mg subcutaneous
injection, once daily
Date of Submission 05/29/2009 Route of Administration Subcutaneous
Estimated Due Date of OCP Review 02/05/2010 Sponsor Theratechnologies, Inc
Medical Division Due Date 03/05/2010 Priority Classification S
03/29/2010
PDUFA Due Date
Clin. Pharm. and Biopharm. Information
“X” if included | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and sufficient to X
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 Study: TH9507-CTR-1014
multiple dose:
Patients-
single dose:
multiple dose:
Dose proportionality -
fasting / non-fasting single dose:
fasting / non-fasting multiple dose:
Drug-drug interaction studies -

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for
NDA_BLA or Supplement 090808
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In-vivo effects on primary drug:
In-vivo effects of primary drug: 2 Studies: TH9507-CTR-1019,
TH9507-CTR-1020
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: 5 Studies: TH9507-CTR-1013,
TH9507-CTR-1015, TH9507-
CTR-1016,
TH9507/1/HV/002,
TH9507/1/PKPD/009
Phase 3 clinical trial:
Population Analyses -
Datarich:
Data sparse:
11. Biopharmaceutics
Absolute bioavailability 2 Studies: TH9507-CTR-1017,
TCHUYV 10-98
Relative bioavailability -
solution as reference:
alternate formulation as reference:
Bioequivalence studies -
traditional design; single/ multi dose:
replicate design; single / multi dose:
Food-drug interaction studies
Bio-waiver request based on BCS
BCS class
Dissolution study to evaluate alcohol induced
dose-dumping
II1. Other CPB Studies
Genotype/phenotype studies
Chronopharmacokinetics
Pediatric development plan
Literature References
Total Number of Studies 10
On initial review of the NDA/BLA application for filing:
\ Content Parameter \ Yes | No \ N/A \ Comment

Criteria for Refusal to File (RTF)

1 | Hasthe applicant submitted bioequivalence N Sponsor used the same formulation
data comparing to-be-marketed product(s) in their pivota clinical trial asto be
and those used in the pivotal clinical trials? marketed formulation

2 | Hasthe applicant provided metabolismand | Studies TH9507-CTR-1019,

drug-drug interaction information?

TH9507-CTR-1020 are submitted to
evauate the effect of Tesamorelin on
Ritonavir and Simvastatin PK

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for

NDA_BLA or Supplement 090808
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Has the sponsor submitted bioavailability
data satisfying the CFR requirements?

\/

Studies: TH9507-CTR-1017, TCHUYV 10-98

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

assay?

\/

Has arationale for dose selection been
submitted?

Isthe clinical pharmacology and

bi opharmaceutics section of the NDA
organized, indexed and paginated in a
manner to allow substantive review to
begin?

Isthe clinical pharmacology and

bi opharmaceutics section of the NDA
legible so that a substantive review can
begin?

I's 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

I's 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 relationshipsin
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 isindeed
effective?

Deferral
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16

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

\/

Deferral

17

I's there adequate information on the
pharmacokinetics and exposure-responsein
the clinical pharmacology section of the
label?

General

18

Arethe clinical pharmacology and

bi opharmaceutics 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
other study information) from another
language needed and provided in this
submission?

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE?

__YES

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.

Ritesh Jain 07/17/2009
Reviewing Clinical Pharmacol ogist Date
Wei Qiu (Acting) 07/17/2009
Team L eader/Supervisor Date
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Filing Memo (Internal Memo)

1. Background

Tesamorelin (TH9507), a stabilized analogue of human hypothalamic growth hormone-
releasing factor (hGRF)/growth hormone-releasing hormone (GHRH), is proposed as a
treatment to induce and maintain a reduction of excess abdomina fat in human
immunodeficiency virus (HIV) - infected patients with lipodystrophy. Tesamorelin is
comprised of the 44-amino acid sequence of hGRF on which a hexenoyl moiety, a C6 chain
with a double bond on position 3, has been anchored on Tyrl at the N-terminal part of the
molecule. With the addition of this hydrophobic side chain, resistance to enzymatic
degradation in human plasmais increased.

The recommended daily dose, after reconstitution, is 2 mg administered by subcutaneous
(sc) injection.

2. Clinical Pharmacology Studies:

In the Clinical Pharmacology Program sponsor has submitted a total of 10 studies. Amongst
these 10 studies, six studies were single or multiple dose PK/ PK-PD studies, two
bioavailability studies and two drug-drug interaction studies.

The PK data collected in the early Phase 1 studies in healthy volunteers were generated
using radioimmunoassay (RIA) methods that most likely detected tesamorelin
immunoreactive fragments, especially at later time points (i.e., the elimination phase), in
addition to the intact peptide. Due to the limitations of the initial RIA method used in the
early Phase 1 studies (TCHUV 10-98 and TH9507/1/HV/002) the sponsor developed a new
PK/PD (pharmacodynamic) program, following the development and validation of an
enzyme-linked immunosorbent assay (ELISA) for tesamorelin. This PK/PD program
comprises the core of the tesamorelin clinical pharmacology program. The following studies
are done using ELISA and will be reviewed in this application.

Core studies:
PK/PK-PD Studies
e The TH9507-CTR-1016: a 14-day PK/PD study in healthy volunteers comparing 1
mg and 2 mg sc doses of tesamorelin;
e The TH9507-CTR-1017: a 14-day PK study comparing sc versus intravenous (i.v.)
single dose administration of tesamorelin in healthy volunteers;
e The TH9507-CTR-1015: a 14-day PK study of a2 mg sc dose of tesamorelinin HIV
infected patients.
Drug-Drug Interaction Studies
In addition to the aforementioned PK/PD studies, two drug-drug interaction clinical studies
were undertaken during the clinical development program of Tesamorelin and will be
reviewed.

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for
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e The (TH9507-CTR-1019): potential impact of tesamorelin on PK profile of
ritonavir.

e The (TH9507-CTR-1020): potential impact of tesamorelin on PK profile of
simvastatin.

In addition to the core studies two supplemental studies were also submitted. These studies
will also be reviewed.
Supplemental studies
e The TH9507-CTR-1014: a pilot PK study of a single 2 mg sc dose of tesamorelin
from 2 different tesamorelin lots conducted in healthy volunteers; and,
e The TH9507-CTR-1013: a single-dose PK/PD and bioequivalence study conducted

in healthy volunteers comparing the proposed 1 mg/mL formulation () (4)
(b) (4),

In addition to these seven studies (five that constitute the core of tesamorelin’s clinical
pharmacology program and two that are supplemental studies); three other studies (see
below) were conducted during the earlier stages of the clinical development program of
tesamorelin. They were primarily aimed at evaluating the PD response, establishing dose
response curves and obtaining preliminary PK data. These studies were:

e The TCHUV 10-98: a first-in-man, single-dose dose-ranging PK/PD/bioavailability
study in healthy volunteers.

e TheTH9507/1/HV/002: a 7-day dose-ranging PK/PD study in healthy volunteers.

e The TH9507/1/PKPD/009: a 14-day study in which a 2 mg once daily (qd) dose was
compared to a2 mg twice daily (bid) dosing of tesamorelin.

The PK data for these studies was obtained using the RIA method mentioned above. Due to
the limitations of this method, this data is considered as preliminary, supportive data only.
Also the effect of immunogenicity on the PK of tesamorelin was studied in phase 3 tria
(Study TH9507/111/L1PO/010) on few subjects. This datawill also be reviewed.

3. Phase 3 Studies
This program included three multicentre, randomized, double-blind, placebo-controlled
pivotal Phase 3 studies

v’ Study TH9507/I11/L1PO/010

v’ Study TH9507-CTR-1011

v’ Study TH9507-CTR-1012
The primary endpoint of the studies was to demonstrate a reduction in visceral adipose
tissue (VAT), as assessed by computed tomography (CT), after 26 weeks of treatment with
tesamorelin 2 mg per day as compared to placebo. The secondary efficacy endpoints
included improvement in blood lipids (triglycerides, total cholesterol: high density
lipoprotein-cholesterol [HDL-C] ratio), improvement in PRO related to body image, and
increase in insulin-like growth factor-1 (IGF-1) levels. Belly appearance distress, belly size
estimation and belly profile assessment, the main PRO secondary endpoints, were measured
using a validated PRO questionnaire, the Body Image Impact Module (BIIM). Other study
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parameters included trunk fat, total fat, lean body mass, limb fat, and non-HDL-C. The
extension phases were designed to assess long-term safety and explore duration of effects
following end of treatment.

Potential Key Review Questions

v

AN NN

What are the PK and PK/PD characteristics of Tesamorelin in healthy and HIV
infected patients?

What is effect of tesamorelin on pharmacokinetics of ritonavir and simvastatin?
What is the absolute bioavailability of Tesamorelin?

What is the dose-response relationship for the Phase 3 dose selection?

What is the effect of immunogenicity on the pharmacokinetics of tesamorelin?
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ATTACHMENT

Table 1  Core Clinical Pharmacology Studies: Pharmacokinetic Studies in Healthy Subjects and HIV-Patients Using a
Validated ELISA Method

Study ID Type :
- Duration Subjects (M/F) Conax Tmax AUCq AUCq Twa
L L Type Dose/route (pg/mL) M)  (pglmL) (pgh/mL) (b
Caontrol type Age (range)
Year - 2 o d
Analytical method Arithmetic Means
THO507-CTR-1017  BA/PE/Safety 44 (26/18) Period 1
Single-dose Healthy volunteers 2 mg sc 3172 0.128 881 958 026
Canada Randomized Open P 36 v (18-64) 200 ug iv 10644 0.051 2354 2304 0.12
2008 -
ELISA Bamind 1
Period 2
2 mg sc 2003 0119 908 036 025
200 pg iv 23645 0.050 2663 2702 013
THO507-CTR-1016 ~ PK/PD/Safety 24 (24/0) Day I
Mulriple-dose (14 days) Healthy volunteers 1 mg sc daily 1338 0.138 302 342 0.14
Canada Randomized Open P 52y (45-60) 2 mg sc daily 3076 0.147 173 861 0.21
2008 N Day 7
ELISA 1 mg sc daily 1392 0.129 404 0.16
2 mg sc daily 2136 0.150 845 054 035
Day 14
1 mg sc daily 1022 0.153 304 418 026
2 mg sc daily 1843 0.150 686 820 043
Type
Study ID - ) . =
¥ Duration Subjects (M/F) T T AUC. AUCq Tsa
T v Design Type Daose/route (pg/mL) () (pg'/mL) (pg-h/mL) ()
Year Control type Age (range)
Analytical method Arithmetic Means
THO507-CTR-1015  PE/PD/Safety 18 (144 Day 1
Multiple-dose (14 days) HIV-positive patients 2 mg sc daily 3106 0.162 1150 1255 031
Canada Open 40 v(26-38)
2008 Eﬁ%:Gmup Day 14
2 mg sc daily 2333 0.157 1117 1313 0.63

PD: pharmacodynamics; PK: pharmacokinetics; P: parallel-group: X: cross-over: ELISA: Enzyme-linked immunosorbent assay
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Table 2 Supplemental Clinical Pharmacology Studies: Pharmacokinetic/Bioequivalence Studies in Healthy Subjects Using a
Validated ELISA method
Tvpe
Study ID - . ; . T
udy Duration Subjects (M/F) Comax Tonax AUC,4 AUCq; Tya
Location Design Type Daose/route (pg/mL) () (pg:h/mL) (pg-h/mL) (h)
Control type Age (range)
Year Analytical method
naty Arithmetic Means
THO507-CTR-1014 PK/Safety 12 (4/8) 2 mg sc Lot SM390 3681 0.151 1312 1405 0.31
Single-dose Healthy volunteers
Canada Randomized Open X 52 ¥ (25-62) 2 mg sc Lot 51263 4278 0.138 1429 1514 028
2006 -
ELISA
THO507-CTR-1013 BE/PEK/PD/Safety 88 (76/12) 2 mg sc' 3910 0.158 1202 1255 022
Single-dose Healthy volunteers
Canada Randomized Open X 40 v (18-65)
2006-2007 -
ELISA

BE: bicequivalence; PD: pharmacodynamics; PK: pharmacokinetics; X cross-over: ELISA: Enzyme-linked immunosorbent assay

Table 3  Drug-Drug Interaction Pharmacokinetic Studies
T Substrate (Simvastatin or Ritonavir)
Study ID W : , ' '
" Duration Subjects (M/F) X _
Location Design Tvpe Substrate/interacting drug Cunax AUCo:  Cya ratioc AUCq. ratio
e Contral type Age (range) (ng/mL) (ngh/ml)  (A/B) (A/B)
Analvtical method ) - ~ (Clages) (Clopn)
- Geometric Means
THO307-CTR-1019 PK/DDI'Safety 38 (34/4) Simvastatin
Multiple-dose (7 days) Healthy volunteers Treatment A: tesamorelin 2 mg sc daily x
Canada Randomzed Open X 41 ¥ (20-60) 7 days; 80 mg simvastatin on Day & 16.35 93.15 1053% 02.2%
2008 - (94.6-117.1) (83.5-101.9)
LC/MS/MS for simvastatin Treatment B: no tesamorelin days 1-7.
and simvastatin acid 80 mg simvastatin on Day 6 15.35 10054
Simvastatin acid
Treatment A : tesamorelin 2 mg sc daily
x 7 days: 80 mg simvastatin on day 6 422 36.60 99.0% 86.3%
(91.9-106.7) (80.2-02.7)
Treatment B: no tesamorelin days 1-7;
80 mg simvastatin on Day 6 424 42.12
THO507-CTR-1020 PEK/DDI/Safety Ritonavir
Multiple-dose (7 days) Treatment A: tesamorelin 2 mg sc daily x
Canada Randomized Open X 7 days: 100 mg ritonavir on day 6 403.9 332511 80.3% 90.8%
2008 - (74.8-106.6) (83.8-98.3)
LC/MS/MS for ritonavis Treatment B: no tesamorelin days 1-7;
100 mg ritonavir on Day 6 450.4 3678.3

PK: pharmacolinetics; X: cross-over;: LC/MS/MS: Liquid chromatography/mass spectrometry/mass spectrometry
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Table 4 Early Clinical Pharmacology Studies Providing Additional Information: Pharmacokinetic Studies in Healthy
Subjects Using a RIA Method

Study ID Dype
ucy Duration Subjects (M/F) Cinax Tomax AUCq, AUCq Tia
Location Design Type Dase/route (ng/mL) (h) (ng-h/mL) (ng-h/mL) (h)
Caontrol tvpe Age (range)
S Analytical method
; Y Arithmetic Means
TCHUV 10-98 BA/PK/PD/Safety 6 (6/0) 100 pgsc  (N=1) 0.42 0.09 0.17 03
Single-dose Healthy volunteers 200 pgse  (N=1) 0.81 0.22 0.24 01
Switzerland Randomized DB (one Open arm) X 24 y (21-28) 400 pgse  (N=2) 0.70 039 0.52 04
1009 PC 1500 pgsc (N=3) 1.72 0.80 0.96 0.4
RIA 200 pgiv  (IN=6) 196 - 22 23 0.2
THO507/THV/002 PK/PD/Safety 39 (39/0) First dose
Multiple-dose (7 days) Healthy volunteers 0.5 mg sc daily 231 0.14 1.40 222 4.53
Canada Randomized DB (one Open arm) P 54 v (50-60) 0.5 mg sc bid 1.89 0.14 1.69 235 37
2001 PC 1.0 mg sc daily 412 023 379 425 195
RIA 2.0 mg sc daily 7.67 0.24 5.79 6.70 331
Last dose
0.5 mg sc daily 1.86 1.76 239 4.25
0.5 mg sc bid 3.56 212 2.54 2.55
1.0 mg sc daily 474 377 4.00 1.94
2.0 mg sc daily 8388 6.37 6.94 243

BA: hioavailabality; PD: pharmacodynamucs: PK: pharmacokmetics: DB: double-blind: PC: placebo-controlled: P: parallel-group: X: cross-over; RIA:
radioimmunoassay
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Table S  Summary of Pharmacodynamic Studies - Growth Hormone

Type
Study ID -
¥ Duration Subjects (M/F) Eomns T AUEC
i 7 " ng/mL h ng-h/mL
e S Design _ Type Daose/route (ng/mL) (h) (ng )
Control type Age (range)
HETE Anal\'ticav] method
- Arithmetic Means + SD
THO507-CTR-1013 BEPE/PD/Safety 88 (76/12)
Single-dose Healthy volunteers 2 mg sc? 120+ 123 24+ 29 324+ 213
Canada Randomized Open X 40y (18-65)
2006-2007 -
ELISA
TH9507-CTR-1016 PK/PD/Safety 24 24/0) Day 1
Multiple-dose (14 days) Healthy velunteers 1 mg sc daily 105+ 63 0802 204= 119
Canada Randomized Open P 52 2 mg sc daily 132+ 100 19+ 27 283= 166
2008 - Day 14
ELISA 1 mg sc daily 01+ 53 0 4+ 02 16.4= 8.79
2 mg sc daily 145+ 59 06=04 331=15
THO507/T/PKPD/009 PK/PD/Safety 24(12112) Day ]
Multiple-dose (14 days) 2 mg sc daily 124+ 87 na 273= 158
Canada Randomized Open X 73y (70-77) 2 mg sc bid 00+ 53 na 236= 109
2003 N Day 14
RIA 2 mg sc daily 16.0= 116 na 35.5= 201
2 mg sc bid 166+ 11.0 na 402+ 166
Earlier studies
TCHUV 10-08 BA/PK/PD/Safety 6 (6/0) Salime (N=6) 23+ 18 38+ 18 3425
Single-dose Healthy velunteers 20 ng sc (N=6) 27+ 24 3413 4134
Switzerland Randomized DB (one Open arm) X 24 v (21-28) 40 ng sc (N=6) 24+ 30 1512 30=45
1000 PC 100 ugse  (N=6) 2719 13212 43224
IRMA 200 ug sc (N=6) 71+ 53 2+ 1.0 06= 6.0
400 ug sc (N=6) 48+ 29 1.0+ 08 6.0= 34
1300 pgse  (N=6) 127+ 113 2£ 053 223+ 189
200 ugiv  (N=6) 163+ 157 1503 33.0= 263
(b) (4)
Type
Study ID -
¥ Duration Subjects (M/F) Emax TEmax AUEC
i y ng/mL ) ng-h/mL
Location QeI Type Dase/route (ng/mlL) (h) (ng )
Year Cantrol type Age (range)
Analytical method Arithmetic Means £ SD
THO507THV/002  PK/PD/Safety 39 (39/0) Day I
Multiple-dose (7 days) Healthy volunteers placebo 18+ 10 21+ 10 1.8
Canada Randomized DB (one Open arm) P 34 (50-60) 0.5 mg sc daily 6.1= 54 08+ 04 135
2001 PC 0.5 mg sc bid 87+ 54 1.0+ 0.6 10.2
ICMA 1 mg sc daily 116+ 75 13+ 06 135
2 mg sc daily 114+ 64 20+ 33 = 16.1
Day 7
placebo 05+ 04 42+ 36
0.5 mg sc daily 48+ 35 06+ 02
0.5 mg sc bid T0x 43 05+ 02
1 mg sc daily 69= 34 06+ 02
2 mg sc daily 68= 30 00+ 00

BA: bioavailability; BE: bicequivalence: PD: pharmacodynamics; PK: pharmacokinetics: DB: double-blimd: PC: placebo-controlled: P: parallel-group: X: cross-
over; ELISA: Enzyme-linked immunosorbent assay: RIA: radioimmuncassay; IRMA: Immunoradiometric assay: ICMA: immunochemiluminometric assay
na: Not available

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for
NDA_BLA or Supplement 090808



CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

Table 6 Summary of Pharmacodynamic Studies - IGF-1 (ng/mL) and IGFBP-3 (mg/L) mean pre-dose concentration
. Type
Study ID & . y
y Duration Subjects (MUF) IGF-1 IGFBP-3
i y se/r i i ng/mL m
Location Design Type Dose/route Time point g o/l
Year Contral type Age (range)
Analytical method Arithmetic Means = SD
TH2307-CTR-1016 PE/PD/Safety 1 mg sc daily Dav 1 167 = 34 -
Multiple-dose (14 days) 2 me sc daily B 183 = 54 -
Canada Randomized Open P N i "
2008 - 1 mg sc daily Day7 262 = 68 -
RIA 2 mg sc daily : 322+ 64 -
1 mg sc daily Day 13 326 = 9? -
2 mg sc daily B 378 = 60 -
1 mg sc daily Dav 14 31? = 02 -
2 mg sc daily B 383 = 67 -
THOS07-CTR-1015  PE/PD/Safety 18 (14/4) 2 me sc daily 176 = 71 -
Multiple-dose (14 days) HIV-positive patients i i 320 = 103 -
Canada Open 40 v (26-58) 370 = 136 -
2008 - 380 = 143 -
RIA
THOS07TPKPD/009  PK/PD/Safety 2 me sc daily ) 111 = 28 286 = 0.81
Multiple-dose (14 days) 2 me e bid Day 1 117 + 30 202 = 065
Canada Randomized Open X N ~ . ~
2003 - 2 mg sc daily Dav 4 54 3-'-_‘3 = 095
RIA 2 mg sc bid ay 2 77 352 = 0.82
2 mg sc daily ) 202 = 69 380 = 094
2mgscbid Day 8 278 + 80 3.05 = 0.77
2 mg sc daily . 232+ 73 386 = 093
2 mg scbid Day 15 300 = 86 416 = 111
Earlier studies
THO507/T'HV/002 PK/PD/Safety Placebo Day 1 163 = 37 -
Multiple-dose (7 days) 0.5 mg sc daily 156 = 28 -
Canada Randomized DB (one Open arm) P 0.5 mg sc bid 141 = 40 -
2001 PC 1.0 mg sc daily 163 = 51 -
RIA 2.0 mg sc daily 140 = 26 -
Type
Study ID 2 . :
tL Duration Subjects (M/F) IGF-1 IGFBP-3
Location Design Type ) Dose/route Time point ng/mL mg/L
Year Control type Age (range) |
Analytical method Arithmetic Means + SD
Placebo Day 7 174 + 35 -
0.5 mg sc daily 218 + 66 -
0.5 mg sc bid 270 + 52 -
1.0 mg sc daily 286 = 25 -
2.0 mg sc daily 284 = 35 -

BA: bicavailability: BE: bicequivalence; PD: pharmacodynamics; PK: pharmacokinetics: DB: double-blind; PC: placebo-controlled; P: parallel-group: 3 cross-
wer; RIA: radioinnmmoassay; -: Not measured
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