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CLINICAL PHARMACOLOGY & BIOPHARMACEUTICS REVIEW

NDA: 21-318 SUBMISSION DATE: 11-11-00, 01-10-01, 04-10-01,
06-25-01

BRAND NAME: Forteo™

GENERIC NAME: TeﬁparatiQe (rDNA origin) for subcutaneous injection
3 mL cartridge

REVIEWERS: Sang M. Chung, Ph.D.

Xiaoxiong (Jim) Wei, M.D., Ph.D.
Sam H. Haidar,R. Ph., Ph.D. (Pharmacometrics

Consultant)
SPONSOR: Eli Lilly and Company

Indianapolis, IN 46285
TYPE OF SUBMISSION: NME, Code: 1S

SYNOPSIS;

The sponsor submitted an original NDA 21-318 for teriparatide (Forteo™) for the treatment of
osteoporosis in postmenopausal women and in men on November 11, 2000.

Teriparatide (M.W.=4117.8 Dalton) is 34 amino acids of N-terminal human parathyroid hormone (PTH)
and recombinant DNA originated. It is the first PTH mimetic molecular entity for the indication. The
proposed dosage regimen is 20 pg q.d. by subcutaneous (SC) injection with prefilled delivery device.

Dose proportionality: There is a trend that apparent clearance CLF of teriparatide decreases with dose
increased in the dose range from 20 to 80 pg by subcutaneous injection in a single dose, placebo-
controlled, five-period crossover study in 11 healthy men and 11 healthy women aged from 50 to 84
years.

Absorption: The absolute bioavailability of teriparatide is about 75% after 20 pg s.c. injection. The rate
of absorption was relatively slow (absorption half-life: 1.5 hour) compared to the rate of elimination (the
elimination half-life: 8.5 minutes). Peak serum concentration was reached at 30 minutes and the serum
concentrations were below detection limit around 3 hours after S.C. injection.

Distribution: Teriparatide has a mean volume of distribution of 0.32 L/kg. No apparent drug
accumulation occurred after chronic treatment.

Metabolism and elimination: No metabolism or excretion studies have been performed with teriparatide
by the sponsor. However, there have been extensive study reports in literature for the fate of teriparatide
~and PTH. According to the literature, elimination pathway is renal excretion after the cleavage into
fragments mainly in hepatic Kupper cells. The systemic clearance of teriparatide is about 90 L/hr.

Drug interactions: There was no significant effect of intravenous furosemide or oral hydrochlorthiazide
on teriparatide pharmacokinetics. Although the sponsor conducted asteady state digoxin interaction
study with single dose of teriparatide based on the evaluation of pharmacodynamic changes, the study is
not acceptable because there is 1 week lag time between the PD change and PK change by digoxin and
the response to digoxin in healthy subjects may not be the same as patients under digoxin therapy.

Special population studies In severely renal impaired patients, the AUCq and T1/2 of teriparatide
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were increased by 73% and 77%, respectively in comparison with healthy subjects. CL/F was decreased
by 32%. The age did not show significant impact on teriparatide disposition.

Pharmacokinetics/pharmacodynamics relationship: Despite the pharmacokinetic differences between

gender or between sites of injection (thigh and abdominal), there were no significant differences with
respect to safety, tolerability, or lumbar spine bone mineral density (BMD) responses to the peptide.

RECOMMENDATION:

The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical Evaluation 1
(OCPB/DPE-2) has reviewed NDA 21-318 (Teriparatide (rDNA origin) for subcutaneous injection
3 mL cartridge / Forteo™) submitted on November 11, 20007 The overall Human Pharmacokinetic

Section is acceptable to OCPB. This recommendation, general comments (page 17) and labeling
comments (page 17) should be sent to the sponsor as appropriate.
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B3D-MC-GHAC Population pharmacokinetic/pharmacodynamic analyses of GHAC: 44
effect of LY333334 in the treatment of postmenopausal women with
osleoporosis.

B3D-MC-GHAJ Population pharmacokinetic/pharmacodynamic analyses of GHAJ: 48
effects of LY333334 in the treatment of men with osteoporosis.

PPD ANALYSES | Population pharmacodynamic analyses of GHAC AND GHAJ: Effect of 51
OF GHAC LY333334 in the treatment of osteoporosis in postmenopausal women
&GHAJ and in men.

B3D-LC-GHBR Randomized, single-blind, crossover interaction study of LY333334 and 54
digoxin pharmacodynamics in healthy volunteers

BACKGROUND:

What is the mechanism of drug action of teriparatide?

Teriparatide [Forteo™ |, LY333334, human parathyroid hormone (1-34), rhPTH (1-34)] is a
recombinant DNA originated 34 amino acids of N-terminal parathyroid hormone (PTH). Endogenous 84-
amino-acid parathyroid hormone (PTH) is the primary regulator of calcium and phosphate metabolism in
bone and kidney. The biological actions of PTH are mediated through binding to PTH-specific cell-surface
receptors. Teriparatide binds to these receptors and has the same actions in bone and kidney as PTH.
Teriparatide is the first of a new class of bone formation agents based on a novel strategy to treat
osteoporosis. Once-daily administration of teriparatide stimulates osteoblasts to synthesize new bone.
The molecular formula of teriparatide is C 181 H 291 N 55 O 51 S 2 with molecular weight 4117.8 Dalton.
A representation of the primary structure of teriparatide is shown in the following figure.

BIOPHARMACEUTICS

Drug Formulation

Are the clinical trial formulations the same as thevto-be-marketed (TBM) formulation?

Two formulations were used in the develooment of this drug product. A’ —
containing ——— was used for early Phase | and Phase Il clinical trials.
The tyophilized contents were reconstituted with either normal saline or with a supplied preserved diluent
solution for clinical use. A preserved solution-filled cartridge formulation was used for some clinical
pharmacology studies and for Phase ill clinical trials. It was developed for commercial use. Its
formulation is summarized in the following table.
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Table 1: Composition of preserved solution-filled
cartridge formulation

Ingredient 250 pg/mlL
rhPTH(1-34) 250 pg
Glacial Acetic Acid 0.41 mg
Sodium Acetate 0.10 mg
Mannitol 454 mg
Metacresol 3.00 mg
Water for Injection q.s.to 1 mbL

Reviewer's Comment:

There are no bioequivalence studies in this submission. Although there were two formulations
used in the drug development, the formulation used in pivotal Phase 3 clinical trials is the same as the
commercial formulation. Therefore, BE studies may not be necessary.

Analytical Methodology

-
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CLINICAL PHARMACOLOGY

I. PHARMACOKINETICS (PK):

Is the pharmacokinetics of teriparatide linear?
What is the absolute bioavailability (F) of teriparatide?
What are the basic pharmacokinetic parameters?

Dose proportionality study:

In Study B3D-LC-GHBI and Amendment, the sponsor conducted a single-dose, single-blind,
partially randomized, placebo-controlled, five-period crossover study in 11 healthy men and 11 healthy
women aged from 50 to 84 years. The study determined the basic pharmacokinetic parameters including
absolute bioavailability and dose proportionality following administrations of 20, 40 and 80 pg of
teriparatide by subcutaneous injection and 17.5 pg by : ——— _ The pharmacokinetic
parameters are summarized in the following table.

SC Dose N CL/F AUCy, Cmax
(1) (L/hr) (pg hriml) (pg/mi)
20 22 1523+ 91.2 165+ 67.6 151.0156.9

40 16 1243+ 658 393 + 161 256.21117.5
80 22 1044+ 279 816 + 202.2 552.8+183.6
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Clearance (CLF) appeared to be decreased with doses increased. The reviewers communicated
with the sponsor about this matter. The sponsor analyzed their data by transforming into log scale and
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stated that teriparatide has linear dose proportionality in the dose range from 20 to 80 pg based on their
power model [AUCo. = a x (dose)t3). Their analysis is shown in the figure above (95% of confidence
interval of the siope included the value of 1 for the combined data or when separated by gender).

Reviewer's Comment:

The apparent clearance is regarded as a standard parameter to measure linearity of
pharmacokinetic characteristics. There is a clear trend that apparent clearance CL/F decreased with dose
increased. Furthemore, the data should not have been transformed into log scale for analysis of dose
proportionality because the data and variations would become smaller under log scale. Therefore, the
sponsor’'s conclusion is not acceptable.

Absorption:

In the same study, the rate and extent of absorption and absolute bioavailability were also
determined. The following figure showed the serum concentration time profiles of 17.5-ug teriparatide by
S.C. injection and 1.V. infusion.
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The results showed the overall disposition of the peptide after S.C. injection was determined by
absorption rate (absorption half-life of 90 minutes), which was much slower than elimination rate (half-life
of 8.5 minutes). The following table is the summary of pharmacokinetic parameters.

Tlll Klumnd Tmn
N {min) (1/min) (min)
SC, 20 pg 22 90.2 + 107 0.0124 + 0.0073 3241145
SC, 40 ug 16 63+19.2 0.012 + 0.0036 28.8+12.4
SC, 80 pg 22 52.21+22.6 0.0159 £ 0.0075 34.0115.7
IV, 17.54 pa 22 8.53+2.80 0.0886 + 0.0265 3.49+1.14

The bioavailability was estimated by both noncomparffhental and population approaches (Study
GHBI). The asolute bioavailability of 75% and 85% were determined by the noncompartmental and
- population approaches, respectively. The details of results are summarized in the following table.

Noncompartmental Approach Population Approach
Dose AUCH g F AUCoimt F AUCor F
(ug) (pg hr/ml) (%) (pg hr/ml) (%) (pg hr/m!) (%)
SC
20 All 165.3+67.6 75.4 £ 30.0 322.0+132.9 152+ 89.5 95
Male 143.2 + 66.6 72.9+24.3 339.3+1825 119+ 23.8 229 96.5+19.2
Female 187.4 + 64.0 77.6+35.5 304.7 £59.38 181+116 281 - 1935+132
v
17.5 All 192.3+48.0 205.2+49.34
Male 164.3+31.7 176.5+ 33.11 214
Female 223.1+446 236.6+45.72 253

The comparison between conventional noncompartmental and population pharmacokinetic
analyses is summarized in the following table:

Noncompartmenta! approach Pogulation approach
Ka (1/min) 0.0124 0.0099
Ty:2 (Min) 8.53 5
CL (L/hr) 90.34 77.1
V(L) 18.2 9.6
F (%) 75 95

Reviewer's comments:

Absolute bioavailability of 95% was claimed based on population approach. However, the value
was significantly higher than the estimated F (75%) based on noncompartmental method using AUCq4as1.
It was found by the reviewer and concurred by the pharmacometrics reviewer that the population
approach was too sensitive for boundary conditions to reproduce the sponsor's results. In addition, the
results of F estimation using population approach were requested for 40 and 80-pg SC administration in
order to compare the boundary conditions to those of 20-pg SC but the sponsor has not submitted the
resuits. Also, F (152%) calculated using the AUC,.ny was Significantly overestimated because of errors in
the extrapolation of AUC after SC administration. Therefore, we concluded that conventional approach
(75%) based on AUC from time zero to last sampling was the only acceptable estimation of absolute
bioavailability. The above issue was conveyed to the sponsor through the telephone conference (20-FEB-
2001).

_ The effect of administration sites on absorption was investigated in the single-dose dose-ranging
study (Study LC-GHAB). The results showed that AUCy., values were 14% higher for the thigh than for the
abdomen at the 60-pg dose and 21% higher for the thigh than for the abdomen at 75-pg dose. However,
the magnitude of difference was not statistically significant and the sponsor claimed it was also not
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clinically relevant for safety and effectiveness of teriparatide in the pivotal Phase lil studies. The
pharmacokinetic parameters are summarized in the following table.

Dose Rout of . AUCq, Cmax
| (ug) { Administration | N |(pg hr/ml)| (pg/ml)
30 | Abdominal wall | 8 741 381
Thigh 9 766 402
60 Abdominal wall | 9 1541 744
Thigh 6 1785 772
75 | Abdominalwall | 8 1698 777
Thigh 7 2951 905

Reviewer’s comments:

At an internal meeting, the medical safety reviewer confirmed that the difference in plasma levels
due to the site administration was not clinically relevant for safety and effectiveness of teriparatide in the
pivotal Phase Il studies.

Distribution:

The sponsor claimed the volume of distribution (Vd) of teriparatide as an average of 1.7 Ukg.

There was no accumulation with daily administration of teriparatide according to an open-labeled,
partially randomized, outpatient healthy postmenopausal women study with 40-pg teriparatide once-daily
SC administration (Study B3D-LC-GHAD). Mean pharmacokinetic parameters are summarized in the
following table.

Dose Na G Toans AC
(40 per) {pr'ml.) {min) (pe*hriml.)
1 18 479 54 802
{204 -875) (40-90) (354-1140)
14 16 438 62 767 ¢
(146 - 497) 140-91)  (290- 114
Overall 34 460 58 773¢
(146 - 875) (40-91) (290 -1143)
p-Value 0.723 0816 0.167

a Represents the number of subjects sampled following the 1st and 14th doses. Subjects 2111 and 2114 did not receive
the 14th dose.
b AUC 0-2.5 = area under the curve to 2.5 hours.

¢ Subject 1996 is not included in the AUC summary for dose 14 (n=15) and the AUC overall (n=33).
No serum or plasma protein binding studies have been performed with teriparatide.

Reviewer’s comments:

The proposed Vd value (1.7 L/kg) was significantly overestimated compared to the values in
Phase | studies (referring to the following table). The overestimation is apparent by the reflection of Vd of
0.24 + 0.078 L/kg after IV and Vd of 0.32 Ukg after 20 ng SC. There appears to be errors in the
application of the method to calculate Vd (Vd=CLg ¢. /k) mainly because of using k, (0.0124 + 0.0073 min’
') instead of k (0.0886 + 0.0265 min™") after SC.
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Vd/F L
Phase | (LC-GHBI)  Phase Il

Dose (ug) 20 20 or 40
Female 9.1 94.4
Male 10.1 133

‘Metabolism and Elimination:

No metabolism or excretion studies have been done with teriparatide. However, the elimination
mechanisms have been studied and published in literature. Teriparatide is reported to be fragmented in
the hepatic Kupper cells and then excreted into urine.

Elimination from systemic circulation was rapid with 8.5 minutes serum elimination half-life and
serum systemic clearance of 890.34 L/hr (Study B3D-LC-GHBI).

Il. Special Populations:

Do special populations and disease state patients (renal, hepatic) require adjustment in their dosage
regimens?
Is the pharmacokinetic profile of teriparatide in elderlv population different from that in vouna population?

Renal:

In the Study LC-GHAW, the effect of chronic impaired renal function on teriparatide was
assessed in a phase |, multi-center, single-blind, randomized, crossover study in healthy subjects and
patients with mild to severe renal insufficiency. The study design had two treatments: treatment A:
teriparatide 40 pg SC + placebo, total 25 (male 14, female 11) and treatment B: teriparatide 40 ug SC +
furosemide 20-100 mg IV, total 26 (male 15, female 11) with three different groups under each treatment
arm: Group 1: healthy subjects with age and gender generally matched for the chronic renal insufficiency
(CRI) groups (CrC! 290 mL/ min); Study Group 2: Stable mild to moderate CRI subjects (CrCl of 31-75
mL/ min); and Study Group 3: stable severe CRI subjects (CrCl < 30 mL/ min) .

There were no significant differences in any pharmacckinetic parameiers in mild to moderate
renal insufficiency (creatinine clearance of 31-75 ml/min, N=10) compared to hezithy subjects (N=8).
Although there was no statistically significant difference in Cnax, AUCo, and T1/2 between subjects with
severe renal insufficient (N=10) and healthy subjects, the T1/2 and AUCy, was increased 77% and 73%,
respectively (see the following table).
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There was a correlation between AUCq, and creatinine clearance. As depicted in the following
figure, AUG,. increased as creatinine clearance decreased (p=0.027, , open circles = Treatment A,
closed circles =Treatment B). However, the sponsor concluded that there was no need to consider
special dosing consideration for renal insufficiency.
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Reviewer’'s comments:
In severely renal impaired patients, the AUCq, and T1/2 of teriparatide were increased by 73%
and 77%, respectively (@=0.12 and 0.06). CLUF was decreased by 32%.

Hepatic:

A specifically designed study of the effect of impaired hepatic function on teriparatide has not
been performed. However, the impact of hepatic function was evaluated in the pivotal Phase il studies
(LC-GHAC: Population PK/PD and GHAJ: Population PK) within the range of paramneters incluced in the
analysis, which were serum bilirubin, alanine transaminase, aspartate transaminase and gamrna glutamyl
transferase concentrations. The sponsor concluded that there was no significant association between
teriparatide disposition and these hepatic function tests.

Reviewer’s comments:

Based on the study report, patients with severe hepatic dysfunction were excluded from the
study. Therefore, it is not known what the effect of the impaired hepatic function has on teriparatide
disposition. The hepatic tests (measurement of serum bilirubin, alanine transaminase, aspartate
transaminase or gamma glutamyl transferase concentrations) in these patients with osteoporosis may not
be adequate enough to define the association between hepatic function and disposition of teriparatide
because the majority of patients were within normal ranges. Therefore, the study can not be accepted.

Age:

The effect of age on teriparatide pharmacokinetics was explored in Study GHAJ as a covariate in
the population pharmacokinetic analysis. The spectrum of patients’ age is depicted in the following figure.
It was concluded that there was no association between teriparatide clearance and age.

Ape i Stxty Entry 1)
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Ethnic:

In Study GHAC, the influence of ethnic origin on teriparatide disposition was examined. The
populations were predominantly Caucasian with less than 1.5% representing Asian or other origins. Due
to the limited ethnic diversity, the influence of race cannot be conclusively determined.

Gender:

In women, AUCg, values were higher than in men for IV dose of 17.5 pug (Study LC-GHBI). The
difference in systemic exposure was 26% at the dose.

Brief summary of Study LC-GHBI related to gender

Dose Sex AUCpas1 F

(129) (pg hr/ml) (%)
SC Male 143.2 + 66.6 72912243
20 Female 1874 + 64.0 776+ 35.5
v Male 164.3 + 31.7

17.5 Female 223.1+ 446

Reviewer's comments:

The difference in these pharmacokinetic parameters between men and women was not corrected
by the body weight. The population pharmacokinetic analysis indicated that body weight had impact on
pharmacokinetic parameters, However, in Phase lll clinical trials, it was concluded that there were no

gender differences with respect to response to the teriparatide (referring to Pop PK/PD review in
Appendix).

Pediatric: No pediatric study was conducted.

1. DRUG INTERACTIONS

Do furosemide and hydrochlorothiazide interact with teriparatide in chronically renal impaired patients ?
Is there any significant effect of teriparatide on digoxin therapeutic effect ?

Furosemide:

In the Study LC-GHAW, the serum pharmacokinetics of teriparatide was evaluated following
single doses of 40 pg teriparatide with placebo (Treatment A) and 40 pg teriparatide with intravenous
furcsemide (Treatment B). Serum concentrations of teriparatide were assessed in blood samples
collected for up to 24 hours for Treatment A and up to 3 hours for Treatment B.

The pharmacokinetic changes are summarized in the following table.

Table GHAW.11.2.  Statistical Summary of Serum LY333334
Pharmacokinetic Parameters:
Treatment B Versus Treatment A
B3D-LC-GHAW

Least -Squares Mean
b d
Pharmsacokinetic Treatment A Treatmen! B Percent Significance

Parameter? Mean Ratio  p-Value
Can - 236.9 215% 91.1 0.450
(pg/ml)
AUGCys 369.6 37X 914 039
(pg-hr/mL)
AUCq, 4649 337 .3 0.058
(pg - Wwiml)
AUG,.. 575.7 S840 101.5 0.929
(pg-br/mL) (0.287p
tin 6.7 - 103 % 149.0 0.033
(min) (0.025)
CLF 9.9 81.% 84.] 0.035
(L) (0.287p
C\Data\NDA reviewiN v(/:‘) 1379 1773 128.6 0.063 13

Abbreviations: Cenaa = maximum serum concentation: AUCq.y = area undar the curve from time 0 to
3 hours, AUCo., = area unda the curve from time 0 to time of last concentration above BQL,
AUCg— = area-under-the-serum-concentralion- versus-time curve to infinity: t) 2 = balf-life;

CL/F = apparent sysicmic clearance; V/F ~ apparent volume of distribution.

4 p-values for the log-transfarmed vanables.




The pharmacodynamic interactions regarding calcium was also determined. The changes in the
serum and urine calcium levels are summarized in the following tables.

Table GHAW.116.  Serum lonized Calcium AUCyp.z24: Comparison of
LY333334 40 g Administered with
Intravenous Furosemide and LY333334 40 ug
Administered with Placebo
B3D-LC-GHAW
AUCo 2 Pairwise Percent Mcan P-Value
(LS Mcan. mAiishr) ¢ amparisn Rano
Treatment
A 4Dug 29.17 — - -
LY333334
B: 80y 29.06 BviA 99.65 0.592
LY333334 with
Furoscrmide
Gresup
}: Normal 30.16 —_— —_ —_
2 28 82 2w i 95.57 0022
Mild’'Moderate
3. Scvere 28.37 Jvs} 94.0K 0023
Abbreviations  AUC) 74 = arca under the curie fiom ime 0 to 24 hours; vs » versus.

Table GHAW.11.7. Urine Calcium Excreted in 24 Hours: Comparison of
LY333334 40 ug Administered with Intravenous Furosemide
and LY333334 40 pg Administered with Placebo
B3D-LC-GHAW

Urine Calcium (mmol) Pairwisc Percent Mcan P-Value for
Excreted in 24 Hours  Coiparison Ratio Ratio

Treatmment

A: 40 g 2.280 — — —

LY333334 with

Placebo

B: 40ug 3120 BvsA 136.8 0.00051

LY333334 with

Furosemide

Group

J: Normal 4.632 — —_ —_

2: 1.846 2wvs | 39.85 0.002

Mild/Moderate

3. Severe 1.624 ivsl 35.06 0.004

Abbreviations: v = versus.

The sponsor concluded that there were no statistically significant treatment differences in the

primary pharmacokinetic parameters except the terminal elimination half-life (49% higher) and CL/F (16%

lower) following teriparatide with furosemide (Treatment B) than with placebo (Treatment A).

Reviewer’s comments:

The study design, results, and conclusions are acceptable. The effect of furosemide on

teriparatide PK parameters is very limited.
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14



Atenolol and Calcium Channel blockers

In Study B3D-LC-GHAE, the effect of oral antihypertensive drugs on teriparatide was assessed in an
open-label, nonrandomized, outpatient investigation. Drugs were atenolol (25-50 mg), diltiazem (240-300
mg), nifedipine (30 mg), felodipine (10 mg), and nisoldipine (10 mg). Drug interaction was evaluated only
through pharmacodynamic measure, which was serum calcium level. Mean serum total calcium
concentration versus time profiles is depicted in the following figure.

101 4
100 A
29
98 4 e
9.7 4
95 -
95

Serum Calcium Conc (mgidl.)

94—

/] 2 4 6 8
Time (br.)

—&— Bata Agrenergc Antagorst Day 1
—@— B&a Adrenorpc Antagonist Day 2
—©— Calcumn Channal Antagonist Day 1
—a— Caicaen Channel Antagonist Day 2

The sponsor concluded that when administered as a once-a-day treatment for hypertension, neither
calcium channel antagonists nor atenoiol potentate the early period blood pressure response associated
with teriparatide.

Reviewer's comments:

According to the safety reviewer, the serum caicium level is reasonable and reproducible surrogate
marker for serum levels of teriparatide. The major concern is number of subjects in each drug interaction
studies (referring to the following table). The results should not be generatized based on number of
subject(s) but could be presented with subject(s) in the study. The results should not be included for
diltiazem and felodipine and nisoldipine because there were only 1 — 2 subjects.

Drug Dose N
(mg)
B-adrenergicReceptor atenolol 25-50 6
Antagonist
CalciumChannel Antagonist Cardizem® CD 240-300 2
(diltiazem)
Procardia® XL 30 5
(nifedipine) v
Plendil® (felodipine) 10 1
Sular® (nisoldipine) 10 1

Hydrochlorothiazide (HCTZ):

The effect of oral HCTZ on teriparatide was assessed in a single-blind, partially randomized,
placebo-controlled study. Number of subjects was total 21 (male 10, female 11) but one woman did not
complete the study. HCTZ 25 mg was given as a single oral dose on study days 4 through 11 and it was
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administered with placebo (Treatment D) and teriparatide 40 ig (Treatment E). Drug interaction was
evaluated with serum or urine calcium response. The co-administration of HCTZ 25 mg orally did not
have a clinically significant effect on either serum or urine calcium response by SC administration of
teriparatide 40 pg. Neither the magnitude nor the time course of the serum calcium response was
different as a result of the co-administration of HCTZ with teriparatide. The results are shown in the
foliowing table.

Treatment AUC 0-24 (LS Pairwise Percent P-Value for
Mean, mM*hr) | Comparison Difference | difference
C: Forteo 40pg 53.00 - — —
E: Forteo 40pg + HCTZ 55.93 EvsC 5.5% 0.434
-

Reviewer's comment:

The study design, results, and conclusions are acceptable. The interaction between HCTZ and
teriparatide is limited and may not be clinically significant.

Raloxifene:

The interaction between raloxifene and teriparatide was assessed in a phase 1, multicenter,
double-blind study. Twenty-six of postmenopausal women with osteoporosis were enrolled in the study. It
was part of a 3-month safety study designed to evaluate the renal effects of teriparatide administered
alone or in combination with raloxifene HCI or hormone replacement therapy. The sponsor concluded
that raloxifene did not alter the effects of teriparatide based on safety data.

Reviewer’s comment:

The safety reviewer agreed with the conclusion drawn by the sponsor because serum calcium
level was remaining unchanged and there was no obvious adverse reaction after the co-administration of
raloxifene and teriparatide.

Digoxin:

The Study B3D-LC-GHBR was to determine whether there was a clinically significant
pharmacodynamic interaction between the transient calcemic effects of teriparatide and the therapeutic
effects of digoxin. This report was submitted in June 26, 2001 as amendment to the original NDA.

The interaction was assessed with a phase |, randomized, single-blind, crossover study in healthy
male (N=2) and female (N=13). The Interaction was evaluated through pharmacodynamic (PD)
measurements of calcium-mediated markers and a noncalcium-mediated marker. The measured
parameters were QS;¢ (refer the definition in the following table), two STlis (left ventricular ejection time
(LVET) and pre ejection period (PEP)), total serum calcium concentration, and heart rate. The parameters
were measured within 60 minutes before dosing and at approximately 0.5, 2, 4, and 6 hours after

receiving dose. -
Definition
QSzc QS; corrected for heart rate _
QsS; The time interval in milliseconds (msec) from the Q wave on

electrocardiogram to the closure of the aortic valve when recorded
simultaneously by Doppler echocardiogram

LVET The time interval from the opening to the closing of the aortic valve based
on digitized doppler echocardiogram data
PEP The time interval from the origin of the Q wave on ECG to the opening of

the aortic valve.
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The sponsor proposed STl evaluation as a useful pharmacodynamic measure to evaluate a
digoxin-calcium interaction because 1) the measure has been shown to correlate with tissue digoxin
levels, 2) STis have been used in interaction studies, and 3) the mode of digoxin action is mediated by
calcium and elevated serum clacium is shown to shorten STls. The results showed that for STI
measurements, There was significant mean difference (23-25 msec) between teriparatide alone
{treatment A} and digoxin treatment after steady state. However, there was no significant difference
between digoxin plus placebo and digoxin plus teriparatide. Summary of QS,c, LVET, and PEP are
depicted in the following figure and those statistical results are summarized in the following table.

Paramerer Tresument Mean Comparison Difference P-Valued
QSzc (mscc) A 3728 Bwsa 230 <0001
B 349.8 CwvA -24.7 <0.001
C 3481 CwB -17 0.784
LVET, (msec) A 294.1 BviA -16.0 <0.001
B 2781 CwiA -15.7 <0.00)
C 21785 CwB 03 0.993
PEP, (msec) A 808 Bvsa -1.9 <0.001
B 2.9 Cvs A -8.9 <0.001
C 719 CvB -1.0 0.829
Abbreviations: A = LY333334 Alone; B = Digexin plus Placebo: C = Digoxin plus LY333334;
V5 = versus.

* Sutistical significance at p<0.05.

For the heart rate, digoxin lowered the HR compared to teriparatide alone (A vs. B) and
digoxin plus 20 pg SC teriparatide increased 3 bpm right after the administration compared to digoxin plus
placebo (B vs. C). The results are shown in the following figure and table.

Parameter  Treatment Mean Comparison Difference P-Values

HR (bpm) A 72.6 Bvs A 6.2 0.009
B 66.4 CviA 4.6 0.062
C 68.0 CwiB 1.6 0.695
Abbreviations: A = LY333334 Alone, B = Digoxin plus Placebo; C = Digoxin plus LY333334
Vs = versus.
a Suanstical significance at p<0.05.

For serum calcium concentrations over time, There was no exacerbation or reduction of the effect
of teriparatide on total serum calcium by dosing to steady state with digoxin.’

Measurement Treatment Mean Change (mmol/L) P-Value
Tiroe (br) A B C BvsA CwvsA CvsB
0.5 0.018 0.017 0.017 0.929 0929 1.000
2 0.050' 0.000 0.028 0.009 0.249 0.133
a 0.025 -0.027 0.025 * 0.007 1.000 0.007
6 0.030 -0.033" 0.030' 0.001 1.000 0.001
Abbreviations: A = 1Y333334 Alone; B = Digoxin plus Placebo. C = Digoxin plus LY333334
VS = versus.

2 Sutistical significance for change from pretreatment baseline at p<0.05.

Reviewer's Comment:
The sponsor assessed the effect of teriparatide on digoxin through pharmacodynamic evaluation.

There are three comments on the study:
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1) It is known that digoxin PD change has about 1 week lag time compared to the digoxin plasma
concentration change. Therefore, the information should be provided with digoxin plasma profile or PD
evaluation after at least 7 days co-administration of teriparatide and digoxin.

2) The sensitivity to the change of serum calcium and the response to digoxin may be different in patients

compared to healthy subjects. Therefore, the results of changes in serum calcium levels and
pharmacodynamics in healthy subjects may be difficult to transiate into patients under digoxin therapy.

IV. PHARMACOKINETIC/PHARMACODYNAMIC RELATIONSHIPS

Do the patient factors such as gender, age affect on the response of teriparatide?

The sponsor conducted population pharmacodynamic analyses on data from two studies GHAC
and GHAJ. The objectives of the pharmacodynamic analyses were to describe the time course of lumbar
spine BMD and biochemical marker responses to teriparatide treatment in men and postmenopausal
women with osteoporosis, to evaluate the effect of gender on the pharmacodynamic responses and to
identify patient factors that influence response to teriparatide treatment.

Comments from the pharmacometrics group of DPE 2/0CPB:

The sponsor has performed a thorough analysis in evaluating the population PK and dose-response
relationship in men and women. It is unfortunate that the study in male patients was terminated
prematurely. An exposure-response relationship was demonstrated for the 20 pg and 40 pg doses. This
relationship did not differ between women and men with osteoporosis. A gender-related effect on PK was
observed; however, it does not appear that this difference resulted in a gender-related difference in
response. Gender-related differences in the effect of covariates on BMD response was shown. For
example, older women showed greater response. In men, baseline BMD values were the important
predictor for response. Dose adjustment based on gender or other covariates evaluated does not appear
necessary (see Appendix 1).

GENERAL COMMENTS (TO BE SENT TO THE SPONSOR):

(1) There were inconsistent values of essential pharmacokinetics parameters between noncompartmental
and population approaches in Study LC-GHBI (Phase I). The pharmacokinetic parameters derived from
conventional noncompartmental approach are more reliable than those from the population approach
when their results are conflict. In addition, extrapolated AC from time zero to infinity showed significant
overestimation after SC administration and thus parameters such as apparent clearance and volume of
distribution derived from extrapolated AUC are not acceptable in noncompartmenta!l method.

(2) For the hepatic special population study, the sponsor did not conduct the effect of impaired hepatic
function on teriparatide according to the Agency’s guidance. The impact of hepatic function was
evaluated in the pivotal Phase |l studies (LC-GHAC: Population PK/PD and GHAJ: Population PK).
Based on the study report, patients with severe hepatic dysfunction were excluded from the study. The
hepatic tests (the measurement of serum bilirubin, alanine transaminase, aspartate transaminase or
gamma glutamyl transferase concentrations) in these patients with osteoporosis may not be adequate
enough to define the association between hepatic function and disposition of teriparatide because the
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majority of patients in the study had normal ranges of these tests. Therefore, the study can not be

accepted.

LABELING COMMENTS:

m 3
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Appendix 1. Pharmacometrics Review

CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS

Division of Pharmaceutical Evaluation 11

NDA: 21-318

Brand® Name FORTEO™

Generic Teriparatide Injection (rDNA)
Submission Date: November 29, 2000

Sponsor: Elli Lilly and Company
Consult: - Population PK, PK-PD

Pharmacometrics Scientist: Sam H. Haidar, R.Ph., Ph.D.

Background

NDA 21-318 for teriparatide (FORTEO™) injection was submitted by Elli Lilly and Company
on November 29, 2000. Teriparatide injection (rDNA origin) [recombinant human parathyroid
hormone (1-34), thPTH(1-34)] is the first in a new class of bone formatijon agents. The proposed
indication for teriparatide is the - _
The recommended dose is 20 pg every day, administered by subcutaneous injection into the
thigh or abdomen.

Terniparatide is a polypeptide that is identical in sequence to the 34 N-terminal of the natural
human parathyroid hormone (PTH). Endogenous PTH has a sequence of 84-amino acids, and it
is the primary regulator of calcium and phosphate metabolism in bone and kidney. 1t stimulates
bone formation by acting on osteoblasts (bone-forming cells), increasing the renal tubular
reabsorption of calcium and excretion of phosphate, and increasing intestinal absorption of
calcium.

This pharmacometric consult evaluated population PK and PD studies that provided
answers to important questions about teriparatide properties. These are listed below.

Was an exposure/response relationship observed for teriparatide in male and female
osteoporosis patients?

What are the PK and PD properties of teriparatide?

Were there gender-related differences in PK and/or PD?

What covariates/demographic factors had a significant effect on the PK and PD of
teriparatide in the patient population? Is d'ose adjustment needed?

Answers to above are questions are detailed in the studies reviewed below and in the Reviewer
Comments section at the end.

Study B3D-MC-GHAJ evaluated the population pharmacokinetics and PK-PD relationship of
teriparatide in men with osteoporosis. Similarly, Study B3D-MC-GHAC evaluated the above in
women with osteoporosis.

Details of the studies are given below.
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Study B3D-MC-GHAJ

Title: Population pharmacokinetic analysis of GHAJ: Effects of LY333334 in the treatment of
men with osteoporosis

Methods:

This was a multi-center, double-blind, calcium- and vitamin D-controlled, parallel, randomized,
Phase 3 trial. A total of 437 men with primary osteoporosis were enrolled. Subjects were
randomly assigned to three treatment groups: 40 pg daily dose, 20 pg daily dose, or placebo.
Additionally, all subjects in the study were given calcium and vitamin D.

Sampling:
Single blood samples were obtained following 1, 3, 6, and 12 months of treatment.

Pharmacokinetics:
Pharmacokinetic analysis was performed using nonlinear mixed effect modeling and first order

maximum likelihood in NONMEM. A one-compartment model with first order absorption and
elimination, which was developed in previous studies, served as the base structural model for the

disposition of LY333334 (teriparatide) following subcutaneous administration. Two estimation
methods were used: first order conditional (FOCE) and first order conditional with interaction.
Three interpatient variability models were tested: 1) 1 on CVF, 2) 1 on CI/F and V/F, and 1 on
CVF and V/F with covariance (omega block). Three residual error models were tested: additive,

proportional, and a combination of the two. Covanates evaluated for significance included the
following: treatment, site of injection, age, race, weight, body mass index, blood chemistries (including
AST, ALT, alkaline phosphatase, GGT, BUN, bilirubin and serum creatinine) and baseline free
testosterone.

Pharmacodynamics:

A separate PD analysis was not performed for Study B3D- MC GHAJ; however, data from this
study was pooled and evaluated with Study B3D-MC-GHAC. More details are provided under
B3D-MC-GHAC.

Results:

A l-compartment model, with first order absorption and first order elimination provided the best
fit. PK parameters of the final model are listed in Table I. Weight appeared to have a significant
effect on the volume of distribution. Patient body weight in this study ranged from 48.2 kg to
129.5 kg. Table 11 shows the effect of the full range of body weight on the predicted volume of
distribution. In addition to weight, the site of injection was also found to affect the volume of
distribution. Patients injecting teriparatide in the thigh had a 30% larger volume of distmbution
compared to those injecting in the abdomen. This resulted in lower Cmax compared to the
abdomen.
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Teriparatide CI/F was found to correlate with creatinine clearance. Creatinine clearance (CLcr)
values measured for patients in Study B3D-MC-GHAJ ranged from 40.9 to 310.1 mL/min. It
was estimated that a 67% decrease in CLcr resulted in 31% decrease in teriparatide CI/F.

Figure 1 illustrates the effect of the above covariates on the predicted plasma profiles of
teriparatide.

Table 1. Population PK parameters following subcutaneous administration of teriparatide in men
with osteoporosis.

Population Inter-Paticot
Parameter Description Estimate Variabitity
(% SEE) (% SEE)
Razte of Absorption
Paramcter for Ka (hrl) 164 (13.2) —
Clearance
Parameter for CL/F (L) 843311 31.8% (22.1)
Effect of creatinine clearance on CL/Fe 0.336 (31.3)
Yolume of Distribution
Parameter for V/F (L) 133 (3.86) 24.7% (243)
Effcct of body weight on V/FYkg-1) 0.0147 (16.0) —
Relative increase in V/F for thigh injection 0.298 (25.7) —
Inter-Patient Variahility 0.0689 (23.5)
Intcraction Term (CL/F and V/F) _
Residual Error (proportional) 38.6% (6.78)

Abbreviations: SEE = standard error of the estimate; Ka = absorption rete constant, CLJ/!’ = apparent
clearance: V/F = apparent volume of distribution.

aCLJF = 94.3*{(creatinine clearance/124.9)**0.336 )

bV/F = 133*EXP{{wreight — 75.1)*0.0147 )

Table II. Effect of body weight on volume of distribution estimates.

Population Estimate
Body Weight (kg) of Volume of Distribution2 (L)
48.2 (population minimum) 9 )
59.5 (5" percentile) ' i 106
740 (median) 131
94.B  (95° percentile) 178
129.5 (population maximum) 296

a For a patient injecting study drug into the abdomen.

C:\Data\NDA reviewANDA21318- teriparatide 11-11-00.doc 25



......

Body Weight (kg) Creatinine Clearance {mi/min)

160 160 -
3T 4
%5 o o ]
SE BE 60
25 B §
© _ 126
E§ lg c 40 7
&) &8 199
o - | L} 1) ¥ ] T 3 o - T T T L ¥ Ry ]
0 1 2 3 4 5 & 0 1 2 3 4 5 6
Time (Hours) Time (Hours)
Injection Site
160 7
=
2E o
§§ Abdomen
55 o Thigh
BE
GE
28w
o
0 - | i BN | T T T 1
0 1 2 3 4 5 6
Time (Hours)
Figure 1. Final population pharmacokinetic model: Predicted effect ot
covariates on LY333334 concentrations.
Selected covariatr values represent the mean, Sth, 25th, 75th, and 95th
percentile values (designations are listed for the Sth, mean, and 95th values)
from the patient population. Except where noted, patient is in 20-pg group
with abdominal injection, body of weight of 75 kg. and creatinine clearance of
126 ml/min. '
Study B3D-MC-GHAC
Title: Population pharmacokinetic/Pharmacodynamic analyses of GHAC: Effects of

LY333334 in the treatment of postmenopausal women with osteoporosis
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Methods:

This was a multi-center, double-blind, calcium- and vitamin D-controlled, parallel, randomized,
Phase 3 trial. A total of 1637 women with primary osteoporosis were enrolled. Subjects were
randomly assigned to three treatment groups: 40 pg daily dose, 20 pg daily dose, or placebo.
Additionally, all subjects in the study were given calcium and vitamin D.

Sampling:

Single blood samples were obtained following 1, 3, 6, 12 and 18 months of treatment.
-

Pharmacokinetics:

Pharmacokinetic analysis was performed using nonlinear mixed effect modeling and first order

maximum likelihood in NONMEM. A one-compartment model with first order absorption and
elimination, which was developed in previous studies, served as the base structural model for the

disposition of LY333334 (teriparatide) following subcutaneous administration. Two estimation
methods were used: first order conditional (FOCE) and first order conditional with interaction.
Three interpatient variability models were tested: 1) 1 on CUF, 2) n on CI/F and V/F, and i on
CI/F and V/F with covariance (omega block). Three residual error models were tested: additive,

proportional, and a combination of the two. Covariates evaluated for significance included the
following: treatment, site of injection, age, years postmenopausal, ethnic origin, weight, body mass index,
total body water, alcohol use, smoking status, blood chemistnies (including AST, ALT, alkaline
phosphatase, GGT, BUN, bilirubin) and creatinine clearance (calculated from 24 hour unine collection).

Pharmacodynamics:

PD models were developed for total lumbar spine BMD (bone mineral density), femoral neck
BMD, and several biochemical markers of bone formation and resorption. Covariates evaluated
in the PD modeling are listed in Table 11I. Three placebo-response models were evaluated:

Linear Model BMD = BMDy + © e Time
Proportional Model BMD = BMDy ¢ (1+ © e Time)

Exponential Model BMD = BMDy e £(©* Tim)

where BMDy is the individual’s baseline measurement. Those may be viewed as disease
progression models, with the caveat that the effect of Vitamin D and calcium supplementation
provided during the trial should be taken into account.

A back-propagation neural network analysis was ﬁerformed to evaluate different biochemical
markers as predictors of bone mineral density response to teriparatide treatment. According to
the sponsor, the relationship between changes in biochemical markers and effect on spine BMD
is complex and the appropriate model is unknown. Neural network analysis was chosen to avoid
a priori assumption of the model form.
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Table II1. Patient covariates evaluated in the population PD analysis.

LY333334 meatment group Bone-Specific Alkaline Phosphatase 3

Injection site (abdomen ar thigh) Urinary Free Deox ypyridinoline/Cyestinine ratio8
Age Urinary N-tclopeptide/Creatinine ratio®

Years postmenopausal Thyroid-stimulating Hormone at sceening

Ethnic arigin Endogenous PTH (1-84) at screening

Body waaght Procnllagen 1 Carboxy-Terminal Propeptide 8
Body Mass Index Number of vertebral fractures 8

Alcohol use Nurnber of nonvenchral fractures s

Smoking siats Total lumbar spinc bone mincral density s
25-hydroxyvitamin D et screcning Femoral neck bone mineral densitys

1.25-dihvdroxyvitamin D @
3 Only bascline value used in pharmacndynamic covariate analyses.

Results:

Phkarmacokinetics-

A 1-compartment model, with first order absorption and first order elimination provided
the best fit. PK parameters of the final model are listed in Table IV. The three
covariates retained in the final model included dose, weight, and site of injection. Dose
appeared to have a significant effect on bioavailability. The bioavailability of the 40 pg
dose was predicted to be 80% relative to the 20 pg dose. Body weight and site of
injection appeared to have a significant effect on the volume of distribution. Patient
body weight in this study ranged from 39.5 kg to 120 kg. Table V shows the effect of
the full range of body weight on the predicted volume of distribution. The site of
injection was also found to affect the volume of distribution. Patients injecting
teriparatide in the thigh had a 21% larger volume of distribution compared to those
injecting in the abdomen. This resulted in lower Cra compared to the abdomen. The
effect of the above covariates on the predicted plasma levels of teriparatide is iliustrated
in Figure 2.

Pharmacodynamics-

(Combined male and female patients: Studies GHAJ + GHAC)-

The median observation period was 21 months in women and 11 months in men. To eliminate
the effect of differences in duration of treatment, the effect of gender was evaluated at equal time
intervals (0 to 12 months for both groups) and with all data included (18 and 24 months for
women). Population PD analysis indicated no statistically significant gender differences in
lumbar spine BMD response. It should be noted, however, that interpatient variability was high.
Additionally, some patient factors affecting responst did differ between men and women. For
example, a greater BMD response was observed in older women or those with relatively high
levels of endogenous PTH. In men, an important determining factor for response was baseline
Jumbar spine BMD. Those with a higher baseline were more likely to show a greater increase in
BMD. Bone status at baseline, as reflected by biochemical markers, was a significant predictor
of response in both men and women. Patients with high bone turnover at the start of treatment
had a predicted increase in BMD that was 60% greater than patients with Jow bone turnover rate.
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The placebo model, which included vitamin D and calcium supplementation, predicted that a
typical patient would have a slight increase in total spine BMD (Figure 3). Age was an
important factor affecting response in women: a typical 80 year-old patient had about a 3%
increase in BMD at 24 months, while a typical 56 year-old patient had no change in BMD. In
men, on the other hand, baseline BMD was the significant patient factor. Those with a high
baseline spine BMD had a predicted 2.3% increase in BMD while those with a low BMD
baseline had a predicted 2.2% decrease in BMD (Figure 4).

The time course of the rate of BMD increase in response to therapy appears to be
greatest during the first year of treatment. A dose-response relationship was observed.
The exposure-response model predicted a 7.4% and 10.9% increase in lumbar spine
BMD following 12 months of treatment with 20 ug and 40 pg teriparatide, respectively

(Figure 5).

Table IV. Population PK parameters following subcutaneous administration of teriparatide in
post-menopausal women with osteoporosis.

Population Inter-Patient
Parameter Description Estimate Variability
: (5 SEE) (%SEE)

Biocavailability

Bicavailability of 40 pg relative to 20 ug 0.803 (5.26) —
Rate of Absorption

Paramcter for Ka (hr1) 10.4 (10.1) —
Clearance

Paramcier for CLJF (L/hr) 62.2 (3.65) 49.2% (17.4)
Volume of Distribution

Parametcr for V/F (L) 94.4 (4.92) 40.1% (23.9)

EfTzct of body weight on V/P» (kg-1) 0.0136 (20.0) -

Relative increase in V/F for thigh injection 0.211 (35.4) —
Inter-Patient Variability 0.125(21.0)
Interaction Term (CL/F and V/F)
Residual Error (sdditive) (pg/mL)2 109 (33.9)
Residual Error (proportional) 45.5% (7.54)

Abbreviatioas: SEE = standard arors of estimation; Ka = absorption rate consiant; CL/F = apparent
clearance; V/F = apparent volume of distribution.
* V/F = 94 4*EXP((weight - 65.1)*0.0136 )

-

Table V. Effect of body weight on predicted volume of distribution.

Body Weight Population Estimate

(kg) of Yolume of Distributions (L)
395 (population minimum) 66.6
65.6 (population average) 95.0
120 (population maximum) 199

* For a patient injecting study drug into the abdomen.
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covariates on LY333334 concentrations.

Weights represeat the mean, &, 25th, 75th, and 95th percentile values

(designations arc bisted for the 5th. mean, and 95th values) from the patient
population. Except where noted, patient is in 20-ug group with ahdominal

injection and 3 bady of weight of 66 kg.
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Figure 3 Final placebo-response model: Change In total lumbar

spine bone mineral density over time.

APPEARS THIS WAY
ON ORIGINAL

C:\Data\NDA reviewANDA21318- teriparatide 11-11-00.doc

31



Age &l Study Entry (y)
{Females)

e o
.8

Change from Baseline
Spina BMO (g/crm®)
o

& B

| S |

&
e n

%Change from Bassline

pine BMD

1
v
> o

0.02 [2
] -4
0.04 | BN S S R B S B e |
0 6 12 1B 2
Time (Morths)
Basaline Spine BMD (g/enm®) Baseiine Spine BMD (gfom”)
. °-°5; (Males) s 6 (Mades)
£ 004 3 4]
Sg 9 zo 3_ 14
35 i 11 o8 2 095
£0 0.02 0.9% Exp 1 j /0.85
£3 Pt 3+ Ee 0 0.76
@ po- 0.76 2c -1
&e ] 26 o4
ge .55 3 0.59
£ 002 5 -37
57 Yo R4
‘°~04 -l' L T v T ¥ T i | .5 T A T T T AN T M ]
0 6 12 18 24 (] 6 12 18 24
Time (Months) Time (Morths)
Figura 4 Final placebo-response model: Predicted effect of

covariates on change in total Jumbar spine bone
mineral density.

Selecied covariales represent the mean, 5th, 25th, 75th and 95th percentile
values from the respective placcho patient populations.

APPEARS THIS WAY
ON ORIGINAL

C:\Data\NDA reviewANDA21318- teriparatide 11-11-00.doc 32



20-pp Group (Females) 20-pg Group (Males)

0.3 1 0.8 7
@ e )
£ 0.2 T — - 2 0.2 e
st 3E
EAE) £ -
. tEnE 0.1 It = 014
i / _ 32 "
o9 007 T e 007
gg -’ §8 R :
c-= :
25 3 -
G 0.1 . O &1
'0'2—I—T T 7 7 1T 1T '02-r*177 | L A A |
0 6 12 18 24 (¢ 8 12 18 24
Tims (Months) Time (Months)
40-pg Group (Females) 40-ug Group (Males)
0.3 0.3 7

o
n
i

Change from Baseline
Spine BMD(g/crmy)
o ¢

Cheange {rom Baseline
Spine BMD{g/cm?)

o =]

(=] -l

l\\l

£ 1 j B 0.1
-0'2 ry 1 v 17 19 R} -0-2 —h T T T T T ¥ ]
0 8 12 18 24 0 6 12 18 24
Time (Months) Time (Months)
Figure 5 Final treatment-response model: Change in total

lumbar spine bone mineral density over time.
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Reviewer’s Comments:

The sponsor has performed a thorough analysis in evaluating the population PK and
dose-response relationship in men and women. It is unfortunate that the study in
male patients was terminated prematurely.

An exposure-response relationship was demonstrated for the 20 pg and 40 pg doses.
This relationship did not differ between women.and men with osteoporosis.

A small effect (increase in BMD) was observed in the placebo group, which also
included vitamin D and calcium supplementation.

A gender-related effect on PK was observed; however, it does not appear that this
difference resulted in a gender-related difference in response.

Gender-related differences in the effect of covariates on BMD response was shown.
For example, older women showed greater response. In men, baseline BMD values
were the important predictor for response.

Dose adjustment based on gender or other covariates evaluated does not appear
necessary.

Absence of difference in response between the two sites of injection may need to be
confirmed by the medical officer (HFD-510).

APPEARS THIS ¥aY
ON ORIGINAL

Sam H. Haidar, R.Ph, Ph.D.
Office of Clinical Pharmacology and Biopharmaceutics
Division of Pharmaceutical Evaluation 1]

cc:

NDA 21-318

HFD-870 (Malinowski, Ahn, Chung, Wei, Haidar)
HFD-510 (Schneider, Hedin) v
HFD-850 (Lee P.)

CDR

APPEARS THIS WAY
ON ORIGINAL
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2. Synopsis
|Dame of company: Symmwn Lble foning  (For Mavonal Aythanty use orly)
E]j LJ"’ m C' peny l(: P:: ol ‘M
L
baroe of finihed product: Volume,
l:nr:- .
Name of active meredient
LY333334

Clinical Study Synopsis: Study B3D-LC-GHBI

Tithe:

Investipatons:

Study Centers:
Dstes of Study:
Chnical Phase:

Objectives:

Mathodology:
Number of _Subjecu:

Diagnosis and Inchusion
Criicnia:

LYIXIM BIDLC Gl

Absolute Bingvailabilny of LY 333334 Adminisicred vis
Subcvancous Injecton

This was 3 single-comter study.

Januan 2000 theough Apnil 2000

Phase )

Primary objective.

- o dacrmuine the absolute bioavailabiity of LY333334 20-pp

and 30-pp dincs admimsiered vi2 subxutancous mycction.
Sccondan objertives '

- o evaludte the plarmacokinetics of LYX33334 by gender

- to evaluic the 24-how me course of the scrum and urinary
cokium rasponses 10 LY333334

«to ovaluake the safety of LY 333334

Single-doez. vingle-bhnd. parually randomazed. placebo-
controlled. 10 e-poriod crosson er study.

LY32330 and placcho Male |3, Fermale 11, Towsd 22

Generally healthy men and women baween the ages of S0 and
B3 years, inclusive.

APPEARS THIS WAY
ON ORIGINAL

Man Repart
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Dosage and Administration:

Duraixn of Treatment:

Cntcria for Evalusuon:

Mcthods.

Publications Based on the
Study:

LY322304 BIO-LC-GHB!

B -

Page 8

Tea Produst 1 )‘1111\5

Treatmert B T0 pg. prven as 3 single subcutancous injection
CT16429,

Treatment C MO pg. given as 3 single subcutancous injection
CT16420,

Trestmert D 1732 gp. given as a single 28-second inravenous
mfusion -
CT12510.

Treatment £ 30 pg given as » single subcutancous injeciion
CT1632y.

Reference Therapy

Treatment A Placcho study matenal, grven as » single
subcutancous injection
CTi6439,

Calcrum 1000 mp day snd viiamin D 500 [L day, given as two
- sblets twice daily tsupplied by study sile).

For each subject onc parenteral dose day. maximum of five
doses. Minimum of | waxhout day between each of the fust four
wvratnents (1rzatments A through D), mummum of 1 momth
bosmeen Treaimenms D and E.

Safcty— Vaal signs. electrocardiogram (ECGL clinical laboratary
parameters. and adverse cvents.

Pranmacobingtx —Sorum concentrations of immunorcactive

Dhanmsodypamis—Sorum: 1etal calcium and phosphorus. Unne
excretian ¢k um and phosphorus

tical - The cune . orvra ol immuaoreactive LY 333334
in human saum samples was rw sured by a vahdated
mmunoradicenetric 3338y (IRMA).

Prarmacokingtic— The pharmacolkinetics of LY 331334 were
descnbed by 2 onc-compartment model. The model was
paramatarizad n terms of clearance and volume of disuibution
with fesi-<rder rates of appearance and eliminalion,
Subiutancous and intravenous dasces were simulancously fi by
popubuon phurmacokinetic methods of analysis.

Siatistical— A split-plot analysis of vanance, based on maximum
Lkehihoud Sumanion, was the prmary madel applicd to compare
respomcs betweon genders and between reatments,

There are no publications based on this study. .

A d

Mam Report
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Page 9

Summan and Conclusions:
The absolute bicavailability of LY 313334 sdrunistered by subcutancous injectson srveraged 95%.

There sre no climically importan: gender differ ences in the phamuacokinetics, plarmacodynamcs,
safery, or iolerability of 1 Y333334.

Toul systemic exposure was approrimatcly 23% higher i women than in men when
adrmunistzred by subcutancous yecuon and appronimately 18% tugher when adminisicred by
rapWd intravenous anfusion. The magnitude was nat considored clinicaBy relevam.

LY 333334 was rapidly removed from the sysiomic circulation with an eimuvmation half-life of

S minutes. The rate of systemic absorption frism the subcutancous tissuc is 15 times slower than
the rate of elimination. Therefure, the rotc-himiting process that deternunes the overall
disposstion of the poptide was sbsorpuon. Following subcutancous mjection, the half-ife of
decline of peplide in the body (77 minutes ) curresponds 1o the sbsorpuion half-hie

The serum cakiium rexponse following single-Jose subcutaneous adminisiraton of LY 333334 43
not significantly different from the small uctuations 1n sarum cakium following adminstration
of placebo in subjects who were equilibrated on supplomental cakcium and vitamin D.

Changes m cakium excrotion rate wese consistem with the known effeny of parathyrosd hormone

(P71 H)on the kidney. Howevear, the 13} amount of calcium excreted in 24 hours was not
significantly differont between subcutancous snjections of placebo and LY 133334,

LY333334 was safc when adminisicred a1 doses of 20 ug. 40 ug. and 80 yg m the subcutancous
tsue and at 20 yp sdrmimastered by rapsd intras enous nfusion. Tolerabibty 1o the drug
sdministered by the subcutancous routc was inversely related 1o the amount injected. Thore were
no chinically imponant gender differences i the safety or 1olerability of LY333334,

LY 331334 administered by subcutancous injection was associated with modest hemodynamic
effects. The peptide tended 10 lower bhoad pressure and raise pulse ratc by an amount that would
oot be clncally relevant Rarcly, pabents expenienced sympiomatx orthostatic byvpotension.
The efTect was sclfdimiting and more hikcly 1o occur st the 4D-ig and B0-pg doses than at 20 pg.

LY 323334 was ot associated with clinwally impanam changes in cardiac conduction of
repolarization.

BEST POSSIBLE COPY

' \
PEARS THIS WA
AP ON ORIGINAL

LY BI0-LC G Mgin Raport
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2. Synopsis

Name of compam; Summary table refermpg [For National Authority use pnly)
wolan _ ofthe
dis
t]m: E[ ﬁDII hid EIQd! a; v l
Rapc
. v Siem:

Clinical Study Synopsis: Study B3D-LC-GHAB

Tatle:

Investigators:
Study Ceunters:
Dates of Study:
Chncal Phase.
Objectives.

Mahodology:
Number of Subjects:

Diagnosis and inclusion
Creria:

Dosage and Administration’

Durstion of Treatment:

Cnitona for Evaluation:

PTM A YIXIIMe) 81D LC-GHAR

L¥333312 Single-Dose Dose-Ranging Study. Pharmacokinetc
and Phamacodynamic Properties

James R Voelher, MD, Lilly Laboratory for Cinscal Research
This mas a single-center study.

Sepiember 1995 theough Nosember 1995

Phasc |

-Evaluate the safety of subcutanzous LYI3IXI34 (thPTH 1-33)m
healthy male and fomale subjects age 50 years and preater.
~Assess and compare pharmacokineuc properties of LY 333334
adminstered 8s single-doses into the thigh and sbdominal wall
-Assexs acute pharmacodynamic properues of LY333334

Open kabel. andomized. dose escalauon

Male 12. Yermale 12, Toual 24,

Healthy subjects.

Test Prodoct - LY 333334, 200 pp powder in storile vaah, lot
CT0a%92 Aomulsalme diluent, CT 94-548-DK.

Pert] Single doses of 5, 15, 30, 60, 75, and 100 pg mpected SC
wuo the ahdominal wall Eight men and 8 women panxipawcd.
Part IF- Single dunes of 30, 60, and 75 pg injected SC mo the
thigh. Four men and & womm partcipated.

Reference Therapy : None.

Comparauy drug ramc. None.

Fae each subyect: One dove'day, maximum of three doses,

minimum of 3 days between consecutive doscs.

Sofcay-+ b nal sigrS, serum bbarstory tests - electroiytes,
chemistrics, CBC, dufTerential counts.

Shpn Rapon
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Page 8

Pharmacolinetic— Serum concentrations of immunorcactive
LY333314

Pharmacodynamic-- Scrum - Tota! and ionized calcium,
phosphoru«. and 1. 25-dihydroxyvitamin D, concentrations, bone-
specific alkaline phosphatase activity. Urine excretion - Calcium,
phosphoru~, cAMP, N-tclopeptide.

Methods: Bioanalhytival--PT1(1-84) and rhPTH(1-34): separate
e,

Phammacob inctic—- Individual serum concentration- versus-time
profiles were analyzed using noncompartmental modeling
techniques

Statistical- Repcated mcasurcs were reduced 10 summary
statistics fur statistical analyses. Pretreatment determinations
were averaged by subject to obtain subject-specific baselines, and
the baselinc was applied to generate adjusted responses with
treatment. Comparison of treatments in separate groups of
subjects was based on a split-plot analysis of vanance. Statistical
assessment of dose response was made through regression
methods )

Summary and Conclusions:

1 Y333334 demonstrates adequate safcty 1n healthy older subjects when administered as a single
dosc ranging from 5 to 100 pg. LY333334 demonstrates modest and transient hernodynamic
effects manifested by a slight lowering of blood pressure and raising of heart rate. Some subjects
may be especially sensitive to the hemod» namic effect. LY333334 produces modest and
transient calcemic and phosphatemic cfTects: responses that are consistent with the actions of
endogenous PTH. A hypercalcemic dosc was nat identified in this study.

The pharmacokinctics of LY333334 are hinear and predictable when administered by
subcutancous injection over the dosing range of 15 1o 100 pg. Immunoreactive LY333334 serum
concentrations peak approximately 47 minutes afier subcutancous injection and then decline in a
monocexponential fashion with an apparcnt ehmination hall-life of 78 minutes. A rapid nse and
decline in immunoreactive L Y333334 concentrations provides the desirable pharmacokinetic
profile that is believed to be associated with an anabolic bone response. LY333334 produces
increases in serum 1.25(OH)7 D conceniration and urinary cAMP excretion: renal responses that
are consistent with the actions of endogenous PTH. A single dose of LY333334 does not acutely
change serum BSAP or urinc N-elopeptide, biochemical markers of bone turnover.

APPEARS THIS WAY
ON ORIGINAL

PTH (LY3I33334) BIO-LC-GHAB Man Report
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2. Synopsis

Namg¢ of company; Summan table referring  {For Naugnal Authority use only)
E)i Lilly and Company loPan____ ofthe

dossicr,
Name of finished produgt: Volume:
Rage:

Name of active ingredient;
LY333334

Clinical Study Synopsis: Study B3D-LC-GHAW

Tie: Pharmacob inetics and Acute Pharmacodynamics of LY333334
when Adminisiercd Alone and with Furosemide in Stable Chronic
Renal InsulMiciency

Investigators:
- -
——
Study Centers: There were 2 study centers.
Dates of Study: June 1998 through June 2000
Chnical Phase: Phase |
Objectives: Primary objective:

-to cvaluaie the effect of stable chronic renal insufficiency (CR!Y)
on the serum and urinary calcium response to LY333334,

Secondan objectives:

-1o determune if the acute calcemic and calciuretic effects of
LY3333134 are affected by furosemide administration

-10 evaluaic the influence of renal function on the

pharmacokinetics of LY333334 with and without furosemide

-0 evaluaic the influence of renal function on the secondary
endpoints of pharmacodynamic response [serum 1, 25(OH); D
and phosphorous} 1o LY333334.

Methodology: A multi<cnter, single-blind, randomized, crossover study in
hicalthy subjcuts and paticnts with mild 1o moderote renal
msufTiciency.

LY3X333 BID-LC-GHAW Main Repart

APPEARS THIS way
ON ORIGINAL
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Number of Subjects:

Diagnosis and Inclusion
Cnitenia:

Dosage and Administration:

Duration of Treatment:

Cnitena for Evaluation:

Methods:

LY3X3334 BID LLC-GHAW

Page 7

LY333334 4 burosemide: Male 15, Female 11, Total 26:;
LY333334 + IMacebo: Male 14, Femnale 11, Total 25.

Study Group ! Healthy subjects with age and pender generally
matched for the CRI groups. CrCl in this healthy control group
was 2 90 mL min

Study Group = Swable mid to moderate CRI subjects. Mild-
moderate CRI was defined as a CrCl of 31-75 mLsmin.

Study Group * Stable severe CRI subjects. Severe CRI was
defined as 3 ( rCl < 30 mLymin.

Test Product 1 Y333334

Treatment A: LY333334 500 ug/mb was administered
subcutancously as single doses of 40 pg.

Treatment B- LY333334 500 pg/ml was administered
subcutancouslv as single doses of 40 ug.

LY333334 lot numbers CT1117); CT16430.

Reference Therapy
Treatment A: Placebo for furosemide 10 mL of 0.9% normal

saline was adininustered as a single intravenous injection infused
over a S-minute time period.

Treatment B- Furosemide (20 to 100 mg) was admunistered as an
intravenous injection containing 3 mi. of solution infused over a
S-minute time peviod. The size of the furosemide dose varicd
among subjects. depending on the underlying CrCl.

For each subjcct: one dose of Treatment A or Treatment B par
test period K1 tcast 60 hours separated the two LY333334 doses.

Safety—vital signs, orthostatic blood pressure measurements,
electrocardiogram (ECG). chaical laboratory parameters, and
adverse events

Pharmacokinctic—Noncomparimental pharmacokinetic
parameters of serum LY333334.

Pharmacodynimic—Serum total and ionized calcium

concentrations. serum phosphorus concentration, serum 1,25-
(Ol1); viamin D, unnary calciumn, phosphorus, and sodium
excretion.

Bioanalvtical- — ,ofLY333334 was
performed on serum samples obtained at 0.25, 0.5, 0.75, 1.0, 1.5,

2.25,3.0.3.75.4.5, 5.25, and 24 hours after LY333334 + placebo
dosing, and 0 25, 0.5,0.75, 1.0, 2.25, and 3 hours afier
LY333334 + furosegnide dosing

Pharmacokinctig—

LY333334 phormacokinetic parameters were obtained by
analyzing the individual scrum concentration-versus-time profiles

Main Repart
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Page 8

using noncompartmental methods of analysis.

Statistical- -Pharmacodynamic, hemodynamic, snd
pharmacokinetic parameters were compared between CRI groups
and barwcen treatments via 8 split-plot mixed-effects model based
on maximum Jikelihood estimation. The group of healthy
subjects served as control. For the pharmacodynamic parameters,
serum 1,.25-(0OH );D was included as 8 covariate for serum
calcium and furosemide cxcretion as 8 covaniate for urine
calcium. Rcgression methods were applied to model selected
pharmacokinetic parameters as a function of creatinine clearance.

Publications Based on the
Study: There are no publications based on this study.

Summary and Conclusions:

Compared to normal subjects, paticnis with mild, moderate. and severe renal
impairment had approximately 60-65% lower calcium excretion in 24 hours
following administration of 40 pp LY333334. Because the fractional excretion of
caicium in the renal msufficiency proups was cquivalent 1o or higher than in the
heahthy group. the difference in cumulative response is presumed to be due to
differences in the number of functioning nephrons.

The ionized scrum calcium response 1o L Y333334 was significantly reduced in
paticnts with renal insufficiency compared 10 healthy subjects. Neither the renal
insufficiency nor the heahhy groups showed a response in serum total calcium. These
results suggest that chronic renal insufTiciency is associated with resistance to the
calcemic effect of LY333334.

Subjccts with mild to severe renal impairmem appeared to have diminished serum
1.25-{OH)3D and phosphaturic responses following administration of 40 ug
LY333334.

The amount of calcium excreted when LY 333334 was coadminisiered with
intravenous furosemide was 37% higher than the amount of calcium excreted
following administration of LY 331334 plus placebo (p<0.001). The magnitude of
this effect is not considcred clinically significant.

Compared to the response during treatment with LY333334, the coadministration of
furosemide with LY333334 was associated with a 2% (p<0.02) increase in scrum

total calcium AUCqg.24 No differcnces occurred in the maximum concentration of in
serum jonized calcium concentration. The small increase in calcium exposure is not

considered clinically important. -

The pharmacokinetics of LY333324 in subjects with mild or moderate chronic stable
renal insufficiency (creatinine clearance of 31-75 mL/min) did not differ significantly
from normal subjects.

LYAINIIM BID-LC-GHAW Main Repon
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o Neither maximum serum concentrations nor tolal systemic exposure to LY333334
differed significantly between paticnts with moderate to severe renal insufficiency
and normal subjects. Ahhough total systemic exposure correlated with creatinine
clearance (range, 13-161 mLimin). the magnnude of the effect was small and does
not warrant special dosing considerations.

® A 40 pp dose of LY333334 was wcll tolerated in heahhy subjects and in patients with
stable mild 10 severe chronic renal insufficiency. The presence of renal insufficiency
did not adversely aher the tolerability to LY333334.

e Concomitant acute intravenous administration of a large furosemide dose with
LY333334 did not adversely eflcct 1he tolerability of the peptide in patients with
severe renal insufficiency. Isolated cascs of symptomatic onthostatic hypotension
occurred in heakhy volunteers and patients with mild 10 moderate renal insufficiency
during coadministration. In all but onc case the episode during combined treatment
occurred during the innial exposurc 1o LY333334. The data do not allow a
determination 1o be made regarding the mechanism of the effect or the relative roles
of LY333334 and furosemide.

e LY333334 was associated with a madest reduction in standing blood pressure in
patients with mild or modcrate renal insufTiciency but not in patients with severe
renal insufTiciency. The data do not allow a determination to be made regarding the
cause for the disparate effects. including the possible contributing role of comorbid
conditions.

e  When compared to the hemodynamic response associaled with LY333334 given
alone, the concomitant acute intravenous administration of a relatively large
furosemide dose did not adverscly atfect blood pressure or pulse rate in heahhy

_subjccts or patients with mild to scvere renal insufficiency.

e Based on the overall resuhs of this study. #t appears that LY333334 can be safely
administered to paticnts with chronic renal insufficiency and to patients receiving
furosemide.

APPEARS THIS WAY
ON ORIGINAL

LY3X3134 BID-LC-GHAW Main Report
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2. Synopsis

Na f an Summary tablc referting {For National Authorty use
. o P of the only)
El Lilly and Company lofan _ ofthe
dossier,
Page:
f active i fient

Clinical Study Synopsis: Study B3D-MC-GHAC

Title: Population Pharmacokinetic:Pharmacodynamic Analyses of
GHAC: Effects of LY333334 in the Treatment of
Postmenopausal Women with Osteoporosis

Investigators: This multicenter «tudy included 99 principal investigators.

Study Centers: There were 99 study centers.

Datcs of Study: 17 December 19964 (assigned 10 treatment) through 12 April 1999
Clinical Phase: Phase 3

Objective: Use population analyses t0: 1) characterize the pharmacokinetics

of LY333334 in postmcnopausal women with ostcoporosis;
identify paticnt factors and Jaboratory parameters that may
influence LY333234 disposition in this patient population; 2)
describe the time vourse of total lumbar spine and femoral neck
bone mincral density responses to placebo and LY333334
{supplemented wuh calcium and vitamun D) treatment; evaluate
the cffects of dose and systemic exposure t0 LY333334 on 1otal
lumbar spine and femoral neck bone mineral density; identify
paticnt factors that may influcnce total lumbar spine and femoral
ncck bone mincral density responses to placebo and LY 333334
treatment: 3) deseribe the time course of biochemical marker
responses to LY 313334 wreatment; identify patient factors that
may influcnce the response of biochemical markers of bone
formation and rexorption to LY 333334 weaiment; evaluate the
potential for biochemical markers to be used as indicators of bone
mineral density response 10 LY 333334 treatment.

Methodology: Double-blind, calcium- and vitamin D-controlled. randomized
study. :
Number of Subjects: LY333334 20 pp day Female (Total) 541 patients.

£Y333334 40 pg day: Female (Total) 552 patents.
Placcbo: Female iTotal) 544 patients.

Diagnosis and Inclusion Women ages 30 10 85 years, postmenopausal for 2 minimum of

PTH (LY323334) BID-MC-GHAC Papulation Phar macokinetics Report
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Critenia:

Dosage and Administration:

Duration of Treatment:

Criteria for Evaluation:

Pharmacokinetic Methods:

PTH (LY333334) B3D-MC-GHAC

Page 6

5 years, with a2 minimum of one moderate or two mild atraumatic
vericbral fractures.

Test Product and Reference Therapy

LY333334 20 ug/day or 40 pg/day given subcutanecously,

or placebo study material for injection:

CT06412. CT 06485, CT06501, CT06515. CT06522, CT06524,
CT06531, C196533. CT06565, CT06567. CT06574, CT06576,
CT06607, CT116610, CT06622, CT06624. CT06664, CT06666,
CT06689. C116696, CT06698, CT06700. CT07306, CT07317,
CT07336, C1107343, CT07350, CT07413. CT07420, CT07436,
CT07449, C1 07584, CT07594, CT07796. CTO7808, CT07815,
CT07822, CTn8130, CT08137, CTO08139. CT08148, CT08180,
CT08202. C118497, CTO8504, CT08507. CT08514, CT08592,
CT09153. CHmi60. CT09182, CT09338. CT09342, CT09414,
C109457,. C1 w484, CT09514, CT09518. CT09618, CT09676,
CT09796, CT+w800, CT09804, CT09876. CT09880. CT09978,
CI09984, CT10010. CT10021, CT10026. CT1003}, CT10127,
C110173, CT10287, CT 10291, C1'10295. CT 10299, CT 10325,
CT10353, Cri03s7. CT10361, CT10365. CT 10369, CT10373,
CTI0472, CT 10476, CT 10480, CT10556. CT10567, CT10571,
CT10575. CT10579. CT10583, CT10587. CT10591, CT10595,
CT10599. CT10603, CT10607, CT1061). CT11267. CT11310,
CTHI316,.CTH66.CTI11597, CT11601.CT11774, CT 13196,

Calcium tablets. 500 mg (open-label): 1000 mg/day, given once
daily:

2MKEIM, IMX9IM, IMFABM, OMG60M, OMP6OM, OMU63M,
ONE23M, IMF6BM, IMPT0M, IMX9IM, 2MF79M, 2MK83M,
2MM69M.

Vitamin D tablets. 400 1U (open-label): 400 1o 1200 1U/day, given
once daily:

3803803, 3803804, 3803805, 3803806, 3858902, 3939505,
3939507, 4006002, 4052901, 4170A04.

LY333334: |10 75) days
Placcbo' | W ~50 days

Single blood samples were obtained following 1.3.6, 12.and |8
months of treatiment for population pharmacokinetic analysis.
Serum biochemical markers (bone-specific alkaline phosphatase,
procollagen | carboxy-terminal propeptide); urine biochemical
markers (N-telopeptide. free deox ypyridinoline): bone mineral
density (total lumbar spine and femoral neck) were evaluated in
the population pharmacodynamic analyses.

A population plnm;acokinetic mode! was developed using all
available data trom the pharmacokinetic subset. A one-
compartment model with first-order appearance and elimination
was selected as the base structural model. Patient factors with
clinica} and demographic significance, which might influence the

Populstion Pha macokineiics Repon
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Pharmacodynamic Methods:

Publications Based on the
Study:

PTH LY33I334) BID-MC-GHAC

>

pharmacokinctics of LY 333334, were identified a priori. The
effect of these factors (such as age, body weight. dose, and
creatinine clearance) was evaluated on the parameters of the
pharmacokinctic model Potenually significant patient factors
were added 1o the base model in combination to develop a full
model. Patient factors were then removed individually from the
full model 10 evaluate their significance. A final pharmacokinetic
model was developed which included all significant patient
factors. The final pharmacokinetic mode! was validated using
paramater scnsitivily and leverage analysis.

For total lumbar spine and femoral neck bone mineral density
(BMD). a pupulation pharmacodynamic model was first
developed 1~ describe bone formation or loss in paticnts randomly
assigned to placebo {supplemented with calcium and vitamin D)
ueatment. Patient factors with clinical and demographic
significancc were identified @ priori and evaluated in the
pharmacody namic model. A pharmacodynamic model describing
the therapeutic response was then developed for patients
randomly assigned to LY333334 gcatment using the placebo-
response maodcl as a bascline function. Patient factors which
influenced the response to LY333334 veatment were identified
and a final pharmacadynamic model was developed which
included all significant patient factors The effect of LY 333334
concentratieas on change in BMD was evaluated using exposure
ol fivn the finag) plunaascukinetic model.

For each of the biochemical markers of bone formation and
resorplion. 3 population pharmacodynamic mode! was developed
to describe the therapeutic response in patients randomly assigned
to LY333334 (supplemented with calcium and vitamin D)
treatment. Paticnt factors which influenced the response 1o
LY333334 1reatment were identified and a final

pharmacody namic mode! was developed which included all
significant patient factors.

The final population pharmacodynamic models for total lumbar
spine and lcmoral neck BMD were used 10 generate individual
estimates of change tn BMD at 21 months, the median
observation period. Individual estimates of biochemical marker
values a1 | month were calculated from the final models for the
biochemical markers of bone formation and resorption. The -
individual BMD and biochemical marker estimates were
combined for all patients completing at least 12 months of

L Y333334 ircatment. Population models were developed for both
total Jumbar spine and femoral neck BMD to evaluate the
biochcmical marker valucs at 1| month and the associated changes
from baseline as indicators of response to LY333334 treatment.’

There are ne publigations based on this study.

Papulstion Phar macokinetics Raeport
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Summary and Conclusions:

1Y333334 was rapidly absorbed and eliminated following subcutancous administration. For the
typical patient, LY 333334 concenurations pesked within 30 minutes and declined to less than the
Limit of quantitation =™ by 3 hours afier injection of 8 20-pg dosc. The population
pharmacokinetics demonstrated that subcutaneous injection into either the abdominal wall or
thigh had no clinically significant effect on the systemic exposure to LY333334. Funhermore.
bigh serum concentrations of LY333334 werc not associfd with drug-rclated serious adverse
events or clinically relevant hypercalcernia or hypercalciunia. The peptide may be administered
without regard to age, body weight, smokiny habits, or alcoho] consumption.

Pharmacodynamic analyses of changes in bone mineral density (BMD) demonstrated that age,
body weight and bone turnover status at the initiation of treatment influenced the response to
LY333334. Bone status st bascline, as reflected by 1ol lumbar spine BMD or by urinary
N-telopeptide (NTX). was a significant predictor of total lJumbar spine BMD response to
LY333334 ucatment. Those pauents having lower BMD and/or higher urinary excretion of NTX
were shown 10 have 3 greater increase in total lumbar spine BMD. Older women also had greater
improvement in total lumbar spine BMD in response to LY 333334 treatment than younger
women. Age, bon¢ turnover status at study cntry, and body weight were sigmificant predictors of
femoral neck BMD response 10 LY333334 ticaiment. The therapeutic effect of LY333334 was
greatest in older patients with average body weight and high unnary NTX excretion. indicative of
high bone tumover, at study entry.

The pharmacodynamics of biochemical response 1o LY333334 admunistration demonstrated that
biochemical markers of bonc formation (serum procollagen | carboxy-terminal propeptide [PICP)
and serum bone-specilic alkaline phosphatasce [BSAP]) responded more rapidly 10 LY333334
treatment than did biochemical markers of bone resorpiion (urinary NTX and urinary free

deox ypyridinoline). These changes arc consisient with positive, or anabolic, effects of LY333334
on bone. Peak concentrations of PICP were obscrved after only | month of treatment with
LY333334, followed by a maxima} increase in BSAJP within 8 months of treatment. Biochemical
markers of bone resorption reached maximal responses afier 8 to 12 months of treatment. A near
dose-proportional effect on the magnitude of responsc was obscrved for all biochemical markers.
In general, higher bas:..ine concentrations of biochemical markers of bone formation (indicative
of increased bone tumover) were associated with a greater response to LY 333334 treatment for
all biochemical markers The magnitude of the change in PICP concentrauon at | month was
shown 1o be a betier predictor of the change in t1otal Jumbar spine or femoral neck BMD at

21 months than other biochemica!l markers.

APPEARS THIS WAY
ON ORIGINAL

PTH L Y213134) BID-MC-GHAC Populstion Phar macokinetics Report
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2. Synopsis

Nanw of company:

£l Lilly and Company

Namc of finished product.  Volume;

Name of active ingredicnt;

Summary table referring  {For National Authority use
10 Pan of the only}
dossier

pol R L]

Page.

Clinical Study Synopsis: Study B3D-MC-GHAJ

Title:

hnestigators:

Study Centers:
Dates of Studv:
Clinical Pias. .

Objective:

Methndology:

Number of Subjects:

Diagnosis and Inclusion
Crileria;

Pupulation Pharmacokinetic Analvses of CHAJ: Effeets of
LY333334 inthe Treatmem of Men with Dsieoporosis

This multicente srudy included 36 prinvipal investigators.
There were 37 winds centers.

Juls 1997 through March 1999

Phase 3

Use population malvses to characterize the pliarmacokinetics of
LY333334 in men with primary osteoporasis and 10 identifs
patient factors and laboratory parameters that mas influence
LY333334 dispwition in this patient population.

Study B3D MO GHAJ was a glubal. Phase 3. muhicenter.
double-blind. «.:lcium and vitamin D-conirolled. paraliel.
randomized sty Towr hundred thirty seven men with primary
osteoporusis wine eufolled inahe study. Approximateiv one-third
of the patients were randomiy assigned 10 LY333334 40-up'day
plus calcium ard vitamin D. one third of the patients were
randomly assigned 1o [ ¥333334 20-pgiday plus calcium and
vitamin 1. and -me-third of the patients were randomly assigned
to placebo plus alciom and vitamin D

Male 437, Fenu:le C. Tnal 437:

LY333334 20 e dav: Male (Total) 131 patients

LY333334 40 nedav: Male (Toral) 139 patiems

Placebo: Male 'Toal) 147 patiems.

The studv patie-ns were men with primary osteoporosis. aged 30
10 835 vears. inc lusive. L 210 L-4 vertebrae must have been intact
withou anifacts. erush fractures. or other abnormatities which
would have imirferad,with the anaivsis of the posterior-anterior
lumbar spine bone rmineral density (BMD) measurement which
must have bewr at irast 2.0 SD below thai of young. healthy men.
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Dosage and Adminisirsiion:  Test Product and Reference Therap

1Y333331 20 p:g dav. given once dailv: 40 ug/day. given once

dailv: Placeho. piven onre daily.

CTO8419 CTO8 134 CT11100 CTOR468 CT09988 CT09607
CT10897 CT 13017 CT09328 CT11585 CT10889 CTO8426
CT09587 CTOY%0 CT10877 CT13065 CT09583 CT09935
CT12531 CTOU2 CT10901 CT11931 CTN9611 CTOBATS
C109535 CTOR 110 CT 13061 CT094969 CTNB461 CT0Y603
CT10881 CT12998 CT10893 CT 11898 CT09964 CT03599

CT09973 CT10377 CT10865 CT08433 CT09591 CT10859
CT11894

Calcium table1< 1000 mg/dav. given once dailv:

CT: IMF6RNS 1NMPTONT INMXIINS IMF79M 2MKBIM
2NME9M

Vitamin 1) tabli-is 400 1U given once dailyv:

CT: 3939505 3439507 4006002 4177004
Mean Duration of Treaunent 1 Y333334:

20-ug groups 297.5 davs
40-pg group 2K2 68 davs

Placebo: 312.97 davs

Critesia for Evaluation: Single blood samples were obtained following 1. 3. 6. and

12 months of restment {or population pharmacokinetic analvsis

A population phirmacokinetic model was developed using all
available daia. \ one-compariment model with first-order
appearance and «limination was selected es the base structural
mwodel. Patiem ficiors with elinical amd denwgraphic
sighificance. wlech miglt influenc « 1he pharmacokinetics of
LY333334. were idenified o priori. The effect of these faciors
(such as age. birdy weight. dose. and creatinine clearance) was
evaluated on the paramicrers of the pharmacokinetic model.
Potentially signiticant patient faciors were added to the base
madel in combination to develop a full model. Patient factors
wore then remon od indiv idualiv fromi the full model to evaluate
their significanc - A final pharmacokinetic model was developed
which included a1 significant patient factors, The final

pharmacokineris model was validated using parameter sensitivity
and leverage anahnis.

Pharmacokinetic Methods:

Publications Based onthe  There are no pubilications based on this siud.
Study:

PTH (LYI33334) BID-MC-GHA) Populanon Pharmacokineucs Repot
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Summary and Conclusions:

1Y333334 was rapidiy absorbed and eliminted fallowing subcutaneous adminisiration For the
tvpical patient. LY 333334 concentrations peahed within 30 minutes and declined 10 less than the
limit of quantitation e by 2 hours @ fter injection of a 20-ug dose. The population
pharmacokinetics demonsirated that subcutaneous injection into either the abdominal wall or
thigh had no clinicall\ significant effect on the svstemic exposure 1o LY 333334, Furthermore.
high serum concentrations of LY333334 were not associated with drug-1elated serious adverse
events of clinically relevam hvpercalcemia on vpercalciuria LY333334 mayv be administered
without regard 10 age. body weight. smoking habits. or alcohol consumption.

APPEARS THIS way
ON ORIGINAL

PTH (LY333334) B3D-MC-GHAJ Popuiauon Pharmacoknelxs Reno1
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1. Title Page

Population Pharmacodynamic Analyses
of GHAC and GHAJ: Effects of LY333334 in the
Treatment of Osteoporosis in Postmenopausal Women
and in Men

LY333334
Clinical Pharmacokinetics/Pharmacodynamics

Eli Lilly and Company
Protocol B3D-MC-GHAC and
Protocol B3D-MC-GHAJ
Date report approved by Lilly Medical: 19 September 2000

Names and Affiliation of Scientific Collaborators
Michae! Heathman, MS
Julie Satierwhite, PhD
Lilly Laboratory for Clinical Research, Indianapolis, IN 46202

Name and Affilation of Medical Director
John Callaghan, MD, PhD
Lilly Laboratory for Clinical Research, indianapolis, IN 46202

Ths sy was perfarmed ih Complance with the panciples of good cinical
pracice (GCP) The miarmation contained in this report i confidental and the
nf ormation conuned whin it May nol be reproduced of otherwise dias sminaied
without the approva! of Eb Lifly and Company of its subsidimies

PTH (LY333134) B3D-MC-GHAC/GHAY
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2. Summary

Population pharmacodynamic analyscs were performed on combined datasets from two
pivotal Phase 3 studies, B3D-MC-GRAC and B3ID-MC-GHAJ. in order to provide an
overall evaluation of the patient population response and identify patient factors that
influence response 10 LY 333334 treatment. The evaluation of the pharmacodynamics of
lumbar spine bone mineral density (BMD) and biochemical markers of bone formation
and resorption after chronic administration of LY333334 are the subject of this report.
The objectives of the lumbar spine BMD pharmacodynamic analyses were 10:

1) describe the time course of lumbar spine BMD responses to placebo and LY 333334
(supplemented with calcium and vitamin D) treaiment in postmenopausal women and in
men with osteoporosis; 2) evaluate the effect of gender on lumbar spine BMD response to
placebo and LY 333334 1rcatment; 3) Wdentify patient factors that may influence lumbar
spine BMD response to placebo and 1 Y333334 treatment.

The objectives of the biochemical marker pharmacodynamic analyses were to:

1) describe the time course of biochemical marker responses 10 LY333334 treatment in
postmenopausal women and in men w ith ostcoporosis: 2) evaluate the effect of gender on
biochemical response 10 LY333334 treatment: 3) identify paticnt factors that may
influence the response of biochemical markers of bone formation and resorption to
LY333334 trcatment; 4) evaluate the relationship between early changes in bioche mical
markers, in response to LY 333334 trcatment. and subsequent gains in lumbar spine bone
mincral density.

Methods:

A population pharmacodynamic modc] for lumbar spine BMD was first developed to
describe bone formation or Joss in patients randomly assigned to placebo (supplcmented
with calcium and vitamin D) treatment. Patient factors with clinical and demographic
significance were identificd a priori and evaluated in the pharmacodynamic model. A
pharmacodynamic model describing the therapeutic response was then developed for
patients randomly assigned to LY 3331334 treatment using the placebo-response model as
a baseline function. Patient factors that influcnced the response to LY 333334 treatment
were identified and a final pharmacodynamic modcl was developed which included all
significant patient factors.

For each of the biochemical markers of bone formation and resorption, 8 population
pharmacodynamic modcl was developed 1o describe the therapeutic response in patients
randomly assigned to LY333334 (supplemented with calcium and vitamin D) treatment.
Since biochemical markers did not significantly change as a function of time in the
placebo population, placebo-response models were not developed. Patient factors that
influenced the response to LY 333334 treatment were identified and a final
pharmacodynamic model was developed which included all significant patient factors.

PTH (LY333334) B3D-MC-GHAC/GHAJ Papulation Pharmacokinetics Report
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The final treatment-response modcl for lumbar spinc was used to caleulate BMD values
at 12 months of trcatment for each paticni. based on the individual's paramcter estimates
(empirical Bayesian estimate). These predicted BMD measurements were merged with
the observed biochemical marker values. at baseline, | month, and 3 months of treatment,
for patients who complcted the 12-month visit. A neural network was developed to
characterize the relationship between biochemical ggarker values at | month and

3 months, and response 10 treatment, as measured by change in total lumbar spine BMD.

Summary and Conclusions:

Population pharmacodynamic analyses confirmed that there were no statistically
significant gender differences in lumbar spine BMD response. However, patient factors
that influenced response differed between women and men. Older women., and women
with low endogenous PTH(1-84) concentrations at baseline, were more likely to have a
greater change in BMD than young women or those with endogenous PTH
concentrations ncar the upper limit of normal (65 pg/mL). Men with higher baseline
lumbar spine BMD valucs were more likely to have a greater change in BMD. Bone
status at baseline, as reflected by serum bone-specific alkaline phosphatase (BSAP) and
urinary N-telopeptide/creatinine (NTX). was a significant predictor of lumbar spinc BMD
response in both women and men. Patiems beginning treatment while in an existing state
of high bone turmover were predicted to have an increase in lumbar spine BMD that was
approximately 60% higher than patients w ith low bone turmover status.

The pharmacodynamics of biochemical response to LY 333334 administration
demonstrated that markers of bone formation respond morc rapidly 1o LY 333334
treatment than do markers of bone resorption. These responses reflect the anabolic
effects of LY333334 on bone. Maximum increases in serum BSAP, urinary NTX, and
urinary free deoxypyridinoline were 25% to 50% lower in men comparcd with women. It
is possible that the 30% lower systemic exposure 1o LY333334 observed in men was
responsible for their smaller biochemical marker responses compared with women. In
general, paticnts beginning treaiment in an existing state of increased bone tumover were
more likely to have a greater biochemical marker response to LY 333334,

The magnitude of change in biochemical markers during the first 3 months of LY333334
treatment was shown to provide an early indication of the subsequent increase in bone
mass in response 10 LY333334 wrcatment  Increases in PICP concentration, from bascline
to | month after initiation of treatment, w cre highly correlated with improvements in total
lumbar spine BMD at 12 months. This rclationship was more pronounced in women than
in men. The results of these analyses provide insight into the complex relationships
between the influence of paticnt-specific factors and biochemical responses on the
subsequent change in lumbar spine BMD in patients treated with LY333334.

hd

PTH LYI3II3M4) BID-MC-GHAC/GHAY Papulation Pharmacokinelics Report
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2. Synopsis

Namx of company; Summa.r . table refermne  (For National Authority use
10 Pan of the onlv)
dossier.

Namc of finished product:  Volume
Page- -

Name of active ingredient:

Clinical Study Synopsis: Study B3D-LC-GHBR

Title: Randomized. Single-Blind. Crossover. Interaction Study of
LY333234 and Digoxin Pharmacodynamics in Healihy
Volunteers

Investigators: ——

Study Centers: This was a ~ingle-sne study.

Daies of Study: January 201 through March 2001
Cimical Phase: Phasc 1
Objectives:

The primar: objective was (o assess whether LY333333
admunistrat on results in 2 chnically significant change in the
calcium-meJiated pharmacodynamic effect (systobc ume
mterval or US») of digoxin. The secondary objective was to
assess w hether LY 233334 administration resulis in a
clinicallv sicnificani change in the noncalcium-mediated

- pharmacody namic effects of digoxin usmg heart rate (HR).

Number of Subjects: Up 1o 18 subjects were planned for recruitment (o ensure

that at least 10 subyects completed the studs. Fifieen
subjects cormpleted the study.

Male = 2. Fcmale = 13. Total = 13

D:agnosis and Inclusion

Onrernly hesthy mules or females as determuned by medical
Criiena’

history and y-hyvsical examination: between the ages of
18 and 60 cars. inclusive: bodv mass index hetween 18 and

30. inclusive. no climcally significant abnormal laboratory
tesis. Wonu n were infertile by virtue of surgery or

menopause. - were using a medically accepiable form of
birth control during the study. )

h 4

Terparside BED._C-GHE= N aa Repor!
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Dosage and
Administration:

Duration of Treatment:

Cnitena for Evaluation:

Tenparsice B3D-LC-GH3R

Page 3

Test Product

Treatment A. LY 333334 supplied from CT17127
250 pug/ml.

Treatroent B: Oral dicoin was obtained from a
commercial Source .o - n 0.25 mg strengths.
(Manufacturer’s Lot No.: OZP1676) and LY3353334
placebe sc (1"T17131 placebod.

Treatment C: Digoxin plus LY 333334 20 pg sc as in the
preceding text.

LY333334 (20 pg sc) was given alone on Day 1. Digoxin
up to 0.5 mg per day was dosed 1o steady state from Day 2
1o 14. Day 1% and 16 reatments were oral digoxin and sc
placebo or cral digoxin and LY 333334 20 pg sc
admunistered in a random:zed crossover fashion on
consecutive davs.

Safety—Records of obsenations made at specific times.
unexpected signs. ssmptoms and/or concomitar:
medicanons weie recorded. in the appropriate forms.
throughoun the study  Routine medical assessments took
place dunng each clinical research unit (CRU visit and at
other imes 2 nceded. The subiects were additionally
screencd for <igns and symptoms of digoxir. toaicity. Oral
temperature. blood pressure. and pulse rate (supine and
sitting) werc measured. and continuous electrocardiogram
rhvthm telemetry was used during the 3 study davs. A Lilly
clinical pharmacologistinvesitgalor was responsible for
momtonng the safers of study participants throughout the
course of the study and for takung appropnate action
concerning any event that seemed unusual. even if this event
was consider=-d 10 be an unanticipated benefit to the study
paruicipant.

Pharmacolin=tic— There are no pharmacokinetic
evaluations iended for this study.

Pharmnacodyn:mic— Sy stohc time intervals (STIs). pulse
rate (HR). and total serum calcium concentrations were
measured witlin 60 minutes before dosing and ar
approximately 0.5. 2, 4. and 6 hours afier receiving dose.

The primary eadpoiht was QS (QS= corrected for hean
rate) QS defined as the 1ime interval in milliseconds (msec)

Man Repo—
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from the Q v ave on electrocardiogram (ECG to the closure
of the aoriic valve when recorded simulianecush by
Doppler echocardiogram.

Secondary endpoints were HR. total serum calcium
concentrations. and two other STls: 11 LVET (Left
Ventricular I'pyection Time) as defined as the ime interval
from the opening to the closing of the aonic valve based on
digiized dorpler echocardiogram data. 2) PEP (pre ejection
peniod) as de'ined as the time interval from the origin of the
Q wave on F+7G to the opening of the aontic valve. Holier
monitor data was analvzed for ventricular tachycardia. AV
junctional rhyvthms. 2nd or 31d degree A\ block. or
ventncular f:hrillation.

Methods: Bioanalviica! —Not applicable

Pharmacokinetic—There are no pharmacokinetics
evaluations irtended for this study.

Statistical— An analyvsis of variance was conducied which
included trearment. ime. and interacbion as fined effects.
and subject a< a random effect. Pairwise comperisons
beiween treaiments were made by ime.

Pubhcations based on this  As of 1 June 200!. there are no pubhications based or this
study study.

Summary and Conclusions:

Svystolic time intervals measurements were analvzed with overall ANOV A (omnibus). at
cach time point (BY Time). and within dov statistical testing. These examinations
demonstrated that for the primary endpoir' QS»c. there existed a mean 23 to 23 msec
reduction afier the subject was dosed to sicady state with digoun. This reduction w as
statistically sigmficant in all cases. However. there was no differcnce betv een treating
with digoxin plus placebo sc versus digoxm plus LY 333334 20 pg sc.

Secondary endpoints (LVET.. PEP., and 1{R} supporied. in general. the above
conclusions of satistical differences after rreating with digaxin. but no differences
between treating with digoxin plus placeb: sc versus digoxin plus LY 333334 20 pe sc.
However, secondary 1o higher levels of vriability in these measurcs. the results were not
statistically significant n all cases.

The study was adequately powered to Tind a difference in QS2c of 6 msec if one were to
have existed (& = 0.05. B = 0.2). This suprons the conclusion that there is no interaction

calcium-mediated (STls1 and noncalcium- nediayd (HR) pharmacodynamic markers of
digoxin achvity. LY333334 20 ug sc doe< not increase cardiac sensitivity to digoxin.

Tenparatoe B3D-LC-GHBA Mar Pecon

C:\Data\NDA reviewANDA21318- teriparatide 11-11-00.doc



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

Xiao-xiong Wei
8/30/01 05:20:19 PM
BIOPHARMACEUTICS

Hae-Young Ahn
8/30/01 05:41:53 PM
BIOPHARMACEUTICS

APPEARS THIS WAY
ON ORIGINAL



