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Key study findings:
AMP2 (500-5000 mcg/kg) did not affect CVS parameters including EKG. The NOAEL
for the CVS safety study in monkey was established at 5000 mcg/kg (300-times MHD).

Study no.: 101497
Volume # and page #: 4.2.1.3.1-101497
Conducting laboratory and location: --

Date of study initiation: Feb 19,2001
GLP compliance: Yes
QA report: yes (X) no ( )
Drug lot # and % purity/potency: 111 1269M9, 94%

Methods:

The objective of this study was to evaluate the effects of a single slow intravenous bolus
injection (dosing duration: 1 min) of AMP2 on the cardiovascular function in conscious
telemetered Cynomolgus monkeys (males, 3/dose, 2-5 years old).

Dose: 0 (vehicle control: 10 mM sodium acetate & 5% sorbitol), 500, 1000 & 5000 J!g/g
Parameters evaluated: Systemic blood pressure (systolic, diastolic and mean), hear rate,
EKG (RR, PR, QRS & QT/QTc intervals), body temperature and daily clinical
observations.
Frequency of CVS data collection: At 3-minute interval up to Day 10.
Data analysis: Pre-dosing, at 10 minute interval for the first 4 hours post-dosing, every 1
hour from 4 to 24 hours post-dosing, and thereafter, every 24 hours up to Day 10. For
EKG measurements, following time-points were selected for analysis: 15,30,45,60, 75,
90, 105, 120 minutes, 4 & 24 hr, Days 7 & 10 post-dosing.

Clinical pathology: Pre-dosing and Days 7 and 10 post-injection.
Cmax determination: 4 & 12 hours post-dosing.

Results:

CVSparameters and body temperature: There were no significant effects on systemic
BP, hear rate or EKG including QT interval.

Clinical signs and body weight: No adverse clinical signs or body weight changes were
observed.

Clinical pathology: Platelet count increased by 1.8, 1.6 and 2.5-fold as compared to the
baseline at 500, 1000 & 5000 J!g/kg, respectively on Day 10 post-dosing. The platelet
count was somewhat higher in the low-dose group as compared to the mid-dose group
(1.8- versus 1.6-fold). There were no other significant effects.
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Cmax: The mean AMP2 concentrations were 1050, 2140 and 11,100 ng/ml at 500, 1000
& 5000 mcg/kg, respectively at 4 hours post-injection. At 12 hours, the mean Cmax
values were 77, 156 & 753 ng/ml, respectively.

Reviewer's comments:
Based on the data provided, there were no physiologically significant changes in the CVS
parameters following acute administration of AMP2. There were no alterations in ECG
morphology, rhythm or ECG intervals including QT/QTc intervaL. The NOAEL was
established at 5000 J!g/kg (300-times MHD).

Effect on EKG parameters was also evaluated in the repeat-dose toxicology study in
monkey. There were no significant effects on EKG parameters including QT/QTc at
doses up to 5000 mcg/kg.

In terms of pharmacodynamic response, i.e. increase in platelet counts; monkey seems to
be a less sensitive species than rats. In rats, 100 mcg/g produced ~4~fold increase in the
platelet counts, while in monkey 50-fold higher dose (5000 meg/kg) produced only 3-fold
increase in the platelet counts.

Pulmonary effects: No studies conducted to evaluate pulmonary effects.

Renal effects: Renal effects were evaluated in the repeat-dose toxicity studies in rats and
monkey. No adverse renal effects were observed.

Gastrointestinal effects: N/A
Abuse liability: N/ A

2.6.2.5 Pharmacodynamic drug interactions:

No pharacodynamic drug interaction studies were conducted.

2.6.4 PHARMACOKINETICS/TO XI CO KINETICS

2.6.4.1 Brief summary

Single and repeat dose PKlTK studies with AMG 531 were conducted in mice, rats,
rhesus and cynomolgus monkeys. Doses were administered by the intråvenous or
subcutaneous route.

Single dose administration: The bioavailability of AMG 531 after a subcutaneous
administration was low in rats (21-28%) and cynomolgus monkeys (19%) but relatively
high in rhesus monkeys (45-74%, decreasing with increasing dose). The Tmax varied
from 4 to 16 hours depending on the species. The apparent elimination tl/2 was 30 to 45
hours in rats but much longer in cynomolgus (-296 hours) and rhesus (110-195 hours)
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monkeys suggesting a slow absorption process after subcutaneous administration in
monkeys. In general, the increase in Cmax and AVC was linear/dose-proportional in rats
and monkeys.

Repeat dose administration: PK profile of AMG 531 after repeat dose administration
was evaluated as par of the toxicology studies in rats and cynomolgus monkeys. Three
times weekly subcutaneous dosing for one month in rats and once weekly for 6 months in
cynomolgus monkeys showed no significant drug accumulation and there were no
apparentsex differences in PK parameters. The increase in systemic exposure (AVC) was
greater than dose proportional in rats but not in monkeys.

Distribution: AMG 531 distributes widely into the extravascular space as indicated by
the high Vd values (100-200 ml/kg) across the species. AMG 531 also transferred 

readily
across the placenta, possibly through the neonatal Fc receptor (FcRn). The fetal serum
exposure was ~50% of the maternal serum exposure and the exposure in amiotic fluid
was 11 %-44% of the maternal exposure.

Metabolism: No metabolism studies were conducted.

Excretion: AMG 531 was mainly excreted through urne. Over 168 hours post-dosing, the
recovery of total radioactivity in urine and feces was 88% and 7%, respectively in rats.
About 11% and 48% of the total radioactivity in urine and feces, respectively, was TCA-
precipitable, suggesting that the excreted radioactivity was primarily free iodide or small
peptide fragments.

Mechanistic PK studies: PK and PD (increase in platelet counts) profile of AMG 531
was evaluated in splenectomized, nephrectomized and thrombocytopenic animals. The
PK profie and the increase in platelet counts was essentially similar in splenectomized

. rats as compared to normal rats suggesting that splenectomy did not affect the
pharacodynamic effect of AMG 531 and the spleen is not involved in the removal of
AMG 531. .

In nephrectomized rats, the systemic exposure (AVC) and t1/2 were significantly higher
as compared to normal rats suggesting that the kidney plays a majorrole in the clearance
of AMG 531. Clearance of AMP2 may likely be lower in patients with kidney
dysfunction.

In a Fc-Rn receptor Knock-Out (KG) mice, AMG 531 was eliminated much faster (16- to
24-fold increase in clearance) than in Wild Type (WT). In addition tl/2 was markedly
shorter in KO mice (1.3-2.2 hrs) relative to WT mice (6.5-12.5 hrs) and the increase in
platelet count Was much less pronounced in KO mice suggesting Fc-Rn receptor appears
to act as a salvage receptor for AMG 531 similar to that seen in maintaining human IgG
II serum.

In thrombocytopenic mice, the Cmax and AVC parameters were essentially similar to
normal mice when AMG 531 was intravenously administered at concentration of30
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mcg/g. However, at lower concentration (3 mcg/kg), the serum concentration of AMG
531 were 10-fold higher in thombocytopenic mice. Therefore, the impact of
thrombocytopenia on AMG 531 PK is inconclusive. How thrombocytopenia affects the
increase in platelet count by AMG 531 was not evaluated. .

PK profile using liquid and lyophilzed formulation: A frozen liquid formulation was

used in the preclinical and early clinical studies. However, the lyophilized formulation
was used in the pivotal clinical studies. Therefore, bridging studies were conducted to
compare PK andPD (increase in platelet counts) profile of the frozen liquid and
lyophilized formulations of AMG 531 following subcutaneous administration. The frozen
liquid formulation and the lyophilized formulation were found to yield comparable
systemic exposures and increase in platelet counts. Based on these studies, use of frozen
liquid formulation in the pre-clinical studies instead of clinical lyophilized formulation
did not appear to affect the PK-PD profie of AMG 531. No further bridging studies are
necessary.

2.6.4.2 Methods of Analysis
(see under individual study reviews)

2.6.4.3 Absorption
Single and repeat-dose PKlTK studies were conducted in rats, mice, cynomolgus
monkeys and rhesus monkeys.

Single dose administration:

The table below summarizes the PK profie of AMG 531 after single dose intravenous
and subcutaneous administration in various species at different dose levels.

Species Cmax AVC CL Vd Tmax T1I2 FDose (meg/ml) (meg.h/ml) (ml/h/kg) (ml/kg) (h) (h) (%)

IV se iv se iv se iv se Iv se se
Study # 100909:
SDRats
10 meg/kg 0.69 0.019 2.85 0.793 .7.7 27.7 139 16 13.2 45.2 28
iao meg/kg 2.68 0.084 12.5 3.35 6.3 23.5 118 8 14.8 33.3 27
300 meg/kg 7.24 0.234 35.6 7.31 8.4 41.0 114 12 13.5 29.6 21

Study # 100998:
Rhesus monkey
500 meg/kg 8.97 1.45 67.2 49.5 7.4 10.2 196 8 115 110 74
2000 meg/kg 34.1 4.08 283 135 7.6 17.0 184 8 102 169 485000 meg/kg 117 4.90 660 294 7.8 17.3 184 4 143 195 45

Study # 101604:
Cynomolgns monkey
500 meg/kg (iv) 6.58 --- 25.6 --- 20.1 --- 198 -- 68.1 --- ---
5000 meg/kg (iv & se) 88.1 3.02 291 56 17.3 99.2 110 4 96.1 296 19.2
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Study # 100895:
C57BLl6J Miee
30 meg/kg (iv) 0.18 --- 0.58 --- 43.3 --- 161 "--- 6.1 --- ---
100 meg/kg (iv) 1.3 --- 5.09 --- 19.6 --- 87.5 --- 9.8 --- ---
300 meg/kg (iv) 3.04 --- 26.1 --- II.5 --- 87.4 --- is --- ---

--- Not tested/applicable

The bioavailability of AMG 531 after subcutaneous administration was somewhat lower
in rats (21-28%) and cynomolgus monkeys (19%) across the dose range. In rhesus
monkeys, bioavailability was relatively higher but it decreased from 74% at 500 mcg/g
to 45% at 5000 mcg/kg.

In mice, the pharmacokinetics of AMP2 was nonlinear; while in rats and monkeys the
increase in Cmax and AVC was relatively dose-proportional in the dose ranges studied.
The Tmax varied from 4 to 16 hours depending on the species. The apparent elimination
t1/2 was 30 to 45 hours in rats but much longer in cynomolgus (~296 hours) and rhesus
(1 1 0-195 hours) monkeys suggesting a slow absorption process after subcutaneous
administration in monkeys. The volume of distribution was higher across the species
suggesting significant distribution in extracellular space.

The pharacodynamic response (increase in platelet count) was also evaluated as part of
the PK studies in above species. In general, there was a dose-dependent increase in the

. platelet counts across the species. The increase in platelet count was similar irrespective
of route of administration (iv or sc). Rats and mice showed more robust response as
compared to cynomolgus or rhesus monkeys. The maximum increase in platelet counts
occured 5 to 10 days post-dosing and the count retued to the baseline values 13 to 27
days post-dosing depending on the species. The PD data is sumarzed in the table

below.

Species and Dose Increase in Tmaxforthe Duration for the
platelet eount peak inerease in increase in

æmax) platelet count platelet count
Study # 100909: SD Rats
30-300 meg/kg (iv or se) 2.2 to 4.6-fold 7-10 Days 16-21 Days
Study # 100998: Rhesus monkey
500-5000 meg/kg (iv or se) 1.6 to 2.9-fold 7-10 Days 17-24 Days
Study # 101604: Cynomolgus monkey
500-5000 meg/kg (iv or se) 1.8 to 4.6-fold 8-10 Days 21-27 Days
Study # 100895: C57BLl6J Miee
30-300 meg/kg (iv) 4.9 to 6.3-fold 5-8 Days 13 Days

Repeat-dose administration:
PK profie of AMG 531 after repeat-dose administration was evaluated as part of the
toxicology studies in rats and monkeys. Three times weekly subcutaneous dosing for one
month in rats and once weekly for 3 or 6 months in cynomolgus monkeys showed no
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significant drug accumulation and there were no apparent sex differences in PK
parameters. The increase in systemic exposure (AUC) was greater than dose proportional
in rats but not in monkeys. The following table summarizes thePK profie of AMG 531
after repeat-dose subcutaneous administration in rats and monkey. Please refer to the
toxicology study section for more details.

Species and Dose Cmax (ng/ml) AUC (ng.hr/ml)

SDRat
(4- Week repeat-dose, se) Week 1 Week 4 Week 1 Week 4 

30 mcglg 7.2 9.6 232 217
100 mcglg 75.2 69.4 1950 2450

Cynomolgus Monkey
(3 & 6 Month repeat-dose, sc) Week 1 Week 13 Week 26 Week 1 Week 13 Week 26 

500 mcglg 179 186 138 2230 2710 1920
1000 mcglg 359 349 311 4510 4600 4190
5000 meglg 1640 1610 1410 16700 23000 20100

2.6.4.4 Distribution:

Study # 101995:
Quantitative whole body autoradiography and tissue distribution of radioactivity
following intravenous administration of 125I_AMP2 to female rats

Methods:

The tissue distribution was evaluated by quantitative whole-body autoradiography
(QWBA) and by tissue excision. Two separate groups of rats (n=8/group) were
administered 125I-Iabeled AMP2 (300 mcg/kg, intravenous) and radioactivity in blood &
various tissues was measured up to 168 hours post-dosing. In the first group of rats, the
radioactivity was determined using QWBA method (2 rats/time-point: 0.5, 12, 72 & 168
hours post-dosing). In the second group, animals were sacrificed at varous time-points
(2/time-point, 0.5, 12, 72 & 168 hours) and total radioactivity was measured in various
tissues (tissue excision). In addition, TCA-precipitable activity was analyzed in hear,
kidneys, liver, ovaries, spleen and seru.
Urine and feces was collected from three animals (2 from Group 1 & 1 from Group 2) up
to 168 hours post-dose. Urine and feces were analyzed for total radioactivity and TCA-
precipitable radioactivity.

Results:

The distribution of 1 25I-AMP2-derived radioactivity following a single intravenous
administration was extensive. Most of the administered radioactivity was found in blood
at all collection time points. The Cmax values were reached at 0.5 to 12 hours post-
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dosing for all tissues. The tissues with highest % of radioactive dose were blood (65%),
liver (18%) and muscle(15%). Tissues with highest concentrations of radioactivity (ng-

eq/g tissue) were thyroid, blood components, kidney, bone marrow and liver. The tissue
distribution data obtained by QWBA method were generally consistent with those from
tissue excision. The QWBA results also showed high levels in lung, ovar, and adrenal
gland in addition to the above noted organs. By 168 hours post-dose, only blood, skin,
and muscle contained levels greater than 0.37% of the administered radioactivity.

The figure below shows the distribution of radio labeled AMG 531 in various tissues. For
all excised tissues, the TCA-precipitable radioactivity was 84-95% of the total
radioactivity, suggesting that the tissue radioactivity represented intact AMG 531 or large
fragments of AMG 531. In all tissues, no accumulation was observed at 168 hours post-
dose based on the total radioactivity.
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Urine was the primary route of elimination of 125I-AMP2-derived radioactivity with

87.7% of the administered dose excreted in the urine and 6.6% excreted in the feces. The
overall recovery of dosed radioactivity was 96%. TCA-precipitable radioactivity
accounted for only 10.7 to 11.3% of the radioactivity in urine and 45.9 to 49.2% in feces,
suggesting AMP2 is probably degraded into small peptide fragments before elimination.
The elimination data is summarzed in the table below.
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Colleetion interval (hours) Pereent of radioactive dose (mean)
Urine Feces

0-24 51. 2.68
0-48 67.4 4.54
0-72 75.0 5.39
0-96 80.1 5.88

0-120 83.5 6.17
0-144 86.1 6.45
0-168 87.7 6.56

Reviewer's comments:
The distrbution of AMG 531 in tissues was extensive; consistent with the high Vd values
observed in the PK studies. The tissues with high levels of distribution were blood, liver,
lung and muscle. In all tissues, no accumulation was seen at 168 hours post-dose and
most of the drug was eliminated. Urine was the primary route of elimination.

2.6.4.5 Metabolisin:

No metabolism studies were conducted. Based on ICH-S6 guidance for
biopharaceutical derived products, biotransformation studies are not required for
therapeutic proteins, such as AMG 531, designed to interact with a specific target.
Proteases are likely involved in the degradation of AMG 531.

2.6.4.6 Excretion:

As noted in study # 101995 (Distribution Study), AMG 531 is mainly excreted through
urine. Over 168 hours post-dosing, the recovery of total radioactivity in urine and feces
was 88% and 7%, respectively. The majority of radioactivity was collected during the
first 24 hours. About 11% and 48% of the total radioaetivity in urine and feces,
respectively, was TCA-precipitable, suggesting that the excreted radioactivity was
primarily free iodide or small peptide fragments.

Mechanistic PK studies:a) Study # 100995: .
Pharmacokinetics of AMP2 following a single intravenous dose administration to
control, sham and splenectomized male Sprague-Dawley rats

A single dose of 100 or i 000 mcg/kg AMP2 was administered intravenously to normal,
sham-operated or splenectomized male SD rats (n=6/group) and blood samples were
collected at various time-points for up to 160 hrs for PK and PD analysis.

The PK data is summarized in the sponsor's table below.
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Parameter Control Sham-Operated SplenectomIzed
Dose (¡.g/kg) 100 1000 100 1000 100 1000

n 6 6 6 6 6 6
nltlmepolnt 3 3 3 3 3 3

Cm,x Cng/mL) 1910 21300 1840 24800 2540 24700
t"2 (h) 24.9 24.5 15.3 29.9 18.6 25.7

AUC(o~J (ng"h/mL) 10700 101000 11100 132000 16100 99900
CL (mL/h/kg) 9.33 9.88 8.98 7.60 6.21. 10.0
Vu (mL/kg) 124 153 96.5 113 92.3 185
MRTIO~)(h) 13.3 15.5 10.7 14.9 14.9 18.5

Conclusion:
The PKand PD (increase in platelet counts) profies of AMP2 in control, sham-operated
and splenectomized rats were similar, suggesting the spleen was not involved in the
removal of AMP2 at doses of 100 and 1000 J!g/g during the first 168 hours after a single
intravenous bolus dose of AMP2 in rats.

b) Study # 101402:
A pharmacokinetic study of AMP2 following intravenous administration in
bilaterally nephrectomized male Sprague Dawley rats

The objective of this study was to investigate the effect of a bilateral nephrectomy on the
PK of AMP2 in male SD rats. A total of24 rats were used in the stttdy (n = 4/group).
Rats in Groups 1 & 2 served as control and did not have surgery. Animals in Group 3 & 4
underwent a sham procedure (kidney manipulation) and groups 5 & 6 were bilaterally
nephrectomized. All animals received a single intravenous dose of AMP2 (Groups 1,3 &
5: 30 J!g/gand Groups 2, 4 & 6: 300 J!glkg) and blood samples were collected at pre-
dose, 3, 15 and 30 minutes, and 1,2,4,8 and 12 hours post-dose for PK analysis.

The PK parameters are summarized in the table below:

Group Treatment Dose Cm,. t112 AUC(o'12h) Vc
(¡ig/kg)

n
(ng/mL) (h) (ng*h/mL) (mL/kg)

1 30 4 492 (40) 5.91 (0.78) 1900 (220) 61.3 (5.0)Control
2 300 4 8350 (680) 5.29 (0.76) 23800 (1900) 36.1 (2.8)
3 30 3' 528 (106) 4.74 (0.32) . 1970 (260) 58.2 (10.7)Sham-Operated
4 300 4 .7370 (190) 4.59 (0.32) 22700 (1500) 40.8 (1.0)
5 30 4 613 (87) 7.43 (1.22) 2490 (180) 49.8 (7.6)
6

Nephrectomized
300 4 7040 (690) 6.62 (1.01) 40900 (4600) 42.9 (4.2)

All values are reported as mean (SO)
Mean values rounded to 3 significant figures whenever possible.
. Animal 9 in the 30 lig/kg sham-operated group was excluded from the analysis due to abnormally
high AMP2 serum levels observed in this animaL.

Conclusion:
No difference was observed in AMP2 PK between control and sham-operated anmals.
The exposure to AMP2 as measured by AUC was 1.5 to 2-fold higher in bilaterally-
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nephrectomized rats as compared to sham-operated animals. In addition, the t/12 was
. significantly longer after nephrectomy. This suggests that the kidney plays a significant
role in the clearance of AMP2. Clearance of AMP2 is likely to be slower in patients with
compromised kidney function.

c) Study # 100896:
A pharmacokinetic/pharmacodynamic study for AMP2 following intravenous
administration in Fc-Rn Knock-out and wild-type mice

AMP2 (100-1000 mcg/kg) was administered to Fc-Rn receptor Knock-Out (KO) and
Wild Type (WT) mice and blood samples were obtained from mice at various time-
points (3 mice/time point) up to 96 hours for PK and PD evaluation in Fc-Rn KO mice.

The PK parameters and PD data are summarized in the sponsor's table and figure below:

Knock.Out Wild Type Parameter -._....._-- ..~M~ØM..__....N..h..___...N...__._.__......... .....N_.._.._-_....- ............-
Group 1 Group 2 Group 3 Group 4 Group 5

Nominal Dose (1I9/k9) 1000 300 100 1000 100
Actual Dose (1I9/k9l 1204 421 136 1204 136

n/tlmepoll1t 3 3 3 3 3
Tmax (h) a a a a 0.333

Cm..(l1glmL) 25400 2630 485 26400 1570
t112 (h) 1.7 2.20 1.54 12.5 6.50

AUCio_1 (l1g.h/mL) 9380 1980 427 146000 10400
CL (mL/h/kg) 128 212 318 823 13.1
V~(mUkg) 193 464 406 158 104
MRT(o_i(h) 1.51 2.19 1.28 19.2 7.94VoimL/kg) 47.5 160 280 45.6 86.5--_.._.._--_....-.......-...... ....__.....__.~...._--..-......-.. -_.._...._.. ._....._..._..,-.

. Actual doses were determined from posterior dose solution analysis and were used in the noncomparlmental data
analysis.
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Conclusion:
AMP2 was eliminated much faster in Fc-Rn KO mice than in WT mice with an increase
of24- and l6-fold in clearance in KO mice at 100 and 1000 mcg/kg, respectively. T1I2

was markedly shorter in KO mice (1.3-2.2 hrs) relative to WT mice (6.5-12.5 hrs). The
increase in platelet count was more pronounced in WT mice compared to KO mice.
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These results suggest that in mice the Fc-Rn receptor appears to act as a salvage receptor
for AMP2 similar to that seen in maintaining human IgG in serum.

d) Study # 101896:
PK study of AMG 531 in normal and thrombocytopenic mice

The objective ofthis study was to investigate influence of thrombocytopenia on the PK
profile of AMG 531 (30 mcg/kg) in thrombocytopenic (n=35) and normal mice (n=25)
after single intravenous administration. Thrombocytopenia in mice was induced by an
intraperitoneal injection of 62.5 mg/kg of carboplatin. Four hours later, mice were
exposed to 5 Grey whole body radiation. Eleven days post-radiation, AMG 531 was
administered intravenously and blood samples were collected up to 24 hours post-dosing
for PK analysis using ELISA method.

Results:
The figure below shows the mean concentration-time profiles of AMG 531 in
thrombocytopenic and normal mice (n=5/time-point). The Cmax (175 & 178 ng/ml) and
AUCO-24 h (1010 & 1250 ng*hr/ml) values were similar in thrombocytopenic and normal

mice, respectively.
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Reviewer's comments:
Overall, the composite PK profile and exposure parameter estimates (AUC and Cmax)
were similar in thrombocytopenic and normal mice suggesting thrombocytopenia had no
impact on AMG 531 PK within the first 24 hours post-administration. However, the
study results are limited since the effects on PK after repeat administration and
pharacodynamic response (increase in platelet counts) were not evaluated. Also an
additional study conducted using 10-fold low dose of AMG 531 (3 mcg/kg) showed
significant differences in the PK profile in normal and thrombocytopenic mice. This
study is reviewed below.

e) Study # 102342:
A low dose pharmacokinetic study of AMG 531 in normal and thrombocytopenic
mice

The objective of this study was to evaluate the influence ofthrombocytopenia on the PK
profie of AMG 531 (3 mcg/kg) in thrombocytopenic (n=35) and normal mice (n=25)
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after single intravenous administration. PK samples were collected up to 24 hours post-
dosing and analyzed using ELISA method.

Results:
As shown in the figure below, the mean seru levels of AMG 531 in thrombocytopenic
mice were significantly higher than those observed in normal mice.
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Reviewer's comments:
In contrast to previous study, this study suggests that thrombocytopenia had a significant
impact on AMG 531 PK profile. The serum concentrations of AMG 531 in
thrombocytopenic mice were ~ i 0- fold higher than in normal mice. Therefore, whether
thrombocytopenia affects the PK profile of AMG 531 remains inconclusive. In addition,
how this affects the pharacological response is not known since platelet count
measurements were not conducted.

2.6.4.7 Pharmacokinetic drug interactions: Not conducted

2.6.4.8 Other Pharmacokinetic Studies:

All pre-clinical studies and early clinical studies were carried out using a frozen liquid
formulation of AMG 531. Subsequently, the sponsor developed a lyophilzed formulation
(to be marketed formulation) that was used in Phase 3 clinical studies. Bridging studies
were conducted to compare pharacokinetic and pharmacodynamic (increase in platelet
counts) profie of the frozen liquid and lyophilized formulations of AMG 531. These
studies are reviewed below.

a) Study # 102921:
PK study of AMG 531 in male rats to compare the frozen liquid and the lyophilized
formulations following single subcutaneous administration

Methods:
This study was conducted in male SD rats to compare the PK of the frozen liquid
fOITulation to the lyophilized formulation. Two groups of rats (n=24/group) were
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injected with the two formulations of AMG 531(30 J!g/kg, sc) and plasma concentrations
of AMG 531 were monitored for 120 hours post-dosing. Blood samples were collected at
following time-points: 2, 4,8, 12,24,32,48, 72, 96 & 120 hours post-dosing (n=8/time-
point).

Results:
Two formulations achieved comparable exposures in rats with no meaningful differences
in the PK profile. The figure and table below summarze the PK profie of AMG 531 for
two formulations:
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Frozen liquid 30 24 6.04 316 25.5

Lyophilized 30 12 6.12 285 27.6

Reviewer's comments:
This was a bridging study to compare PK profile for the two formulations (liquid and
lyophilized). The PK profile appears essentially similar for both formulations. Based on
the results, use of frozen liquid formulation in the pre-clinical studies instead of
lyophilized formulation (clinical formulation) did not significantly affect the PK profile
of AMG 531. Please note the sponsor also conducted a pharmacodynamic study
evaluating increase in platelet counts for the two formulations (see below).

b) Study # 103126:
2-Week subcutaneous injection pharmacology study of AMG 531 in female rats for
comparison of platelet counts between two formulations

Methods:
The purpose of this study was to compare platelet count response using frozen liquid
formulation (lot # AOI02140000, same as used in pre-clinical studies) and lyophilized
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formulation (lot # 46A014855), following a single subcutaneous administration of AMG
531 (30 mcg/kg) to female SD rats (n=lO/formulation).

Blood samples were collected from all animals prior to dosing on Day 1, and post-dosing
on Days 4, 7, 8, 9, 10, 12 and 14 for measurng platelet counts. The sampling analysis
was conducted to determine the concentration of AMG 531 inected as a frozen liquid
formulation (29.7 mcg/ml) and lyophilized formulation (33.4 mcg/ml).

Results:

Acute administration ofthe two different formulations to female rats resulted in no
statistically significant differences in platelet counts at various time-points. The

. maximum increase in platelet counts was 330% (Tmax: Day 10) and 341 % (Tmax: Day
9) as compared to baseline values for frozen liquid and lyophilized formulations,
respectively. The figue below shows the platelet counts at different time-intervals.
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Reviewer's comments:
Based on the bridging studies conducted to compare two formulations (frozen liquid and
lyophilized AMG 531), the PK and PD profie was similar for both formulations. Based
on the results, use of frozen liquid formulation in the pre-clinical studies instead of
clinical lyophilized formulation did not appear to affect the PK-PD profile of AMG 531.
No further bridging studies are necessary.
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2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

AMG 531 was evaluated in following toxicology studies:

Study type Species Route of administration

Aeute dose toxieity Rat Subeutaneous
4- Week repeat-dose toxicity Rat and Rhesus monkey Subeutaneous & intravenous
4- Week repeat-dose toxieity Rhesus and Cynomolgus Subeutaneous

monkey
3 & 6-Month repeat-dose toxieity Cynomolgus monkey Subcutaneous
Fertilty study Rat
Embryo-fetal development Mice, rat & rabbit Subeutaneous
Peri- and post-natal toxieitv Rat Subeutaneous

Single-dose toxicity studies:

In an acute dose toxicity study in rats, AMG 531 (100, 300 & 1000 mcg/kg, sc) caused
marked increase in plateIet counts (92-217%) at all dose levels, increased spleen-to-
terminal body weight ratios and increased extramedullary hematopoiesis in the spleen
(300 & 1000 mcg/kg). These effects are consistent with the expected pharacologic
activity of AMG 531. One female in the 100 mcg/kg dose group was found dead
following the clinical pathology bleed. There were no clinical signs or macroscopic/
microscopic findings. The death was attributed to blood collection procedure in these
animals with increased blood viscosity due to thrombocytosis.

Repeat-dose toxicity studies:

Rats: In rat repeat-dose toxicity study, AMG 531 (10,30 & 100 mcg/g, 1- to 37-times
MHD based on AUC) was administered subcutaneously three times weekly for4-weeks.
As expected, AMG 531 caused dose-dependent increases in platelet counts (2 to 4-fold).
In general, adverse effects observed in Tats were related to the over activation of
throInbopoietic system caused by AMG 531. These effects occurred at clinically relevant
doses and included extramedullary hematopoiesis, splenic enlargement,
megakaryocytosis/ megakaryocyte hyperplasia, bone hyperostosis and myelofibrosis.
These effects (including myelofibrosis) were reversed by the end of recovery period. No
NOAEL was established since one male died and myelofibrosis in one female was
observed at the lowest dose tested (10 mcg/kg).

In rats, mortality was observed at all dose levels tested. Deaths occurred in conjunction
with blood sampling events. When requisite blood collections were eliminated from
studies, there were no deaths observed. Thus, the deaths were considered consequences
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of the handling and blood collection procedures. Although exact cause of death could not
be determined, it is likely to be associated with the events due to extreme thrombocytosis,
increased blood viseosity and difficulty in .obtaining blood samples in these animals.

Myelofibrosis was seen at all dose levels and was reversible by the end of recovery
period/after discontinuation of the drug. It is not known whether myelofibrosis is
. reversible after chronic treatment since rats were administered only 4-weeks of repeat
doses in the study. There is a potential for long-term treatment with AMG 531 to result in
an irreversible fibrotic stage leading to bone marow dysfunction. In clinical studies,
increase in retioulin formation in the bone marow and one case of myelofibrosis was
observed at doses "27 meg/kg. Based on pre-clinical and clinical findings, myelofibrosis
remains a significant concern. The sponsor has proposed clinical management program
for AMG 531 to monitor reticulin formation and potential for myelofibrosis.

In terms of pharmacodynamic effects and adverse effect observed in clinical studies, rat
seems to be a more relevant species. However, long-term toxicology studies in rats could
not be conducted as AMG 531 produces immunogenic response in rats. In the present
study, rats developed neutralizing antibodies to AMG 531 in approximately 50% of
animals at all dose levels tested. Antibodies binding to endogenous TPO were also
observed. However, no TPO neutralizing antibodies were detected.

Monkeys: AMG 531 (0, 500, 1000 or 5000 mcg/kg, 30-300 times MHD based on AUC)
was administered subcutaneously to cynomolgus monkeys once weekly for 13 or 26
weeks followed'by 8 weeks recovery period. There were no treatment-related effects on
mortality, clinical observations, body weight, food consumption, ECG, ophthalmology,
urinalysis, plasma biochemistry, gross necropsy and organ weights. AMG 531 treatment
caused dose-dependent increase in platelet counts (l.5 to 4- fold), accompanied by low
mean platelet volume. In the microscopic evaluation,megakaryopoiesis in the bone
marow and megakaryocytosis in the submandibular lymph node were observed. These
effects were reversed at the end of the recovery period: At the injection sites, slight
perivascular mononuclear cell infiltration was observed in AMG 531-treated animals
with a trend towards recovery noted at the end of treatment-free period.

Overall incidence of antibody development towards AMP2 was 54.2%. The incidence of
anti-AMP2 neutralizing antibodies was 4.2%. Anti- TPO antibodies were observed in one
animal in the 500 J!g/g group. However, no TPO neutralizing antibodies were detected.

The NOAEL for the 6 month repeat-dose toxicity study in cynomolgus monkey was 5000
mcg/kg (300-times MHD). Findings in the 4-week studies in monkeys were similar to the
longer-term toxicity studies (3/6 months) in cynomolgus monkeys.

In terms of pharmacodynamic effects, monkey seems to be a much less sensitive species
than rats. In monkey, approximately 50-fold higher dose (5000 mcg/kg) was needed to
achieve same response (3-4 fold increase in platelet counts) as seen in rats at 100 mcg/kg.
Monkey was also less immunogenic than rats. Unlike in rats, no myelofibrosis was
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observed in monkeys after 6 months of repeated dosing. Based on pharacodynamic and
adverse effects seen, the rat seems to be a more relevant species than monkey in terms of
predicting adverse effects in humans.

Genotoxicity and Carcinogenicity:

Due to the protein-based natue of AMG 531 and in accordance with available regulatory
guidance for biotechnology-derived pharmaceuticals, ICH S6, genotoxicity studies were
not conducted. AMG 531 is a recombinant protein composed of an Fc domain and an
Mpl receptor binding domain' ~_ It is
unlikely that AMG 531 would react directly with DNA or other chromosomal material.

Carcinogenicity studies were not conducted. Based on the guidanee for biotechnology-
derived pharmaceuticals, carcinogenicity studies are generally not required for protein-
based drugs such as AMG 531. Also AMG 531 was highly immunogenic in rats and
mice. Neutralizing antibodies were observed in both species making it difficult to assess
carcinogenicity potential in traditional rodent models.

Reproductive toxicology:

Fertilty and early embryonic development: AMG 531 (10, 30 & 100 mcg/kg) was
administered 3 times weekly by subcutaneous injection to rats from before mating to
mid-gestation. Mortality was observed at all dose levels (2/dose group). The deaths were
attributed to thrombocytosis induced increase in blood viscosity resulting in difficulties in
obtaining blood samples and handling of the animals. AMG 531 caused 1.2 to 3- fold
increases in platelet count. AMG 531 treatment at 30 and 100 mcg/kg doses caused
decreases in mean body weight, body weight gain and food consumption. AMG 531 had
no effect on male or female fertility at doses up to 100 mcg/kg (37-times MHD based on
AUC).

Embryo-fetal development: Embryo-fetal studies were conducted in mice, rats, and
rabbits.
Rats: For the developmental toxicity study in rats, AMG 531 was administered
subcutaneously at doses of 10, 30 & 100 mcg/kg. There was no effect on any of the
parameters evaluated for maternal and developmental toxicity. The NOAEL for maternal
and fetal toxicity was 100 mcg/kg (11 -times MHD based on AUC). However, this
NOAEL should be interpreted with caution since AMG 531 crosses the placenta and fetal
seru concentrations were substantial; approximately 50% of maternal serum

concentration. Accordingly, dose-dependent significant increases in platelet counts (1.7-
to 6-fold as compared to control/aseline values in fetus) and binding antibodies to AMG
531 were observed in fetuses. Consequently, there is a potential for adverse effects
related to thrombocytosis in fetuses. AMG 531 is a recombinant protein that has an Fc
domain of human IgG. It is knovv that maternal IgG can be transferred by the FcRn
receptor to the fetus and simihir mechanism may be responsible for AMG 531. It is likely
that placental transfer of AMG 531 occurs in humans. AMG 531 should be administered
to pregnant women only if the potential benefit justifies the risk.
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Rabbits: AMG 531 administered to pregnant rabbits at doses of 10, 30, 60 & 100 mcg/kg
(4-82.times MHD based on AUC) had no effect on maternal or developmental toxicity at
doses up to 60 mcg/kg (39-times MHD). At 100 mcg/kg dose, lower maternal body
weight change, lower food consumption and lower total body weight change adjusted for
uterine weight were observed. There were no effects on fetal body weights. Fetal external
examinations was normaL. However, one of 52 fetuses examined in the high dose group
had external malformations characterized by gastroschisis, ectrodactyly and cutis aplasia
(all in one fetus). This may be an incidental finding rather than treatment-related effect.
The overall incidence of anti-AMPG 531 antibodies in dams was 44%. There were no
AMG 531 neutralizing antibodies detected.

In terms of pharmacodynamic effects, rabbit seems to be a much less sensitive species
than rats since no significant increase in the platelet counts was observed at any of the
doses tested. These results are consistent with the in vitro binding displacement assay,
where AMG 531 did not show any specific binding to platelets derived from rabbits.
Based on these assessments, it seems rabbits do not respond to AMG 531 andno
definitive embryo-fetal toxicity study was conducted in rabbits. Neverteless, adequate
exposure to AMG 531 (4-82 x MHD) was obtained in this study for assessment of
embryo-fetal toxicity that formed the basis for the recommendation in the labeL. In lieu of
rabbit reproductive toxicity study, the sponsor conducted a developmental toxicity study
in mice.

Mice: AMG 531 (3, 10,30 & 100 mcg/g/day, 0.1-5 times MHD) was administered thee
times weekly during GD 6-15. The high dose of 100 mcg/kg/day dose was associated
with overall reduction in maternal body weight gain (8.4%). Developmental toxicity, as
evidenced by increased post-implantation loss, was also attibutable to the 100
mcg/kg/day dose of AMG 531. Consistent with the post-implantation loss, the numbers
of live fetuses were reduced at the high-dose. NOAEL for maternal and developmental
toxicity in mice was 30 mcg/kg/day (2-times MHD).

Only fetal external examination was conducted; visceral and skeletal examinations were
not conducted. Therefore, fetal NOAEL should be interpreted with caution.

Pre-natal and post-natal development: Treatment ofFO dams with AMG 531 (10,30 or
100 J!g/g, 3-11 times MHD) in rats, induced neutralizing antibodies to AMG 531 in high
number (70-80%) of dams. Therefore, antibody-positive (Ab+, ~30 dams/group) and
antibody-negative (Ab-, 9-14 dams/group) dams were evaluated separately.

Four Ab- dams (FO) died at the end ofthe lactation period (3 in mid-dose group and 1 in
high-dose group). Cause of death could not be determined but it was speculatively
attibuted to cerebrovascular accident ('stroke'), induced by increased blood viscosity
resulting from high platelet count. There was a slight prolongation of the gestation period
observed in all dose groups, regardless of antibody status (Ab+ or Ab-). The normal
pattern for this strain (SD rats), as reflected by the control group, is ~50% of dams with a
22-day gestation period and the remainder a 2l-day period. In ÁMG-531 treated animals,
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there was a shift with ~ 70% having a 22-day period. In addition, 3 dams had a 23-day
gestation period.

Regardless of maternal antibody status, there was an increase in the incidence of peri-
natal Fl pup mortality at high dose. However, there was no effect on overall live litter
size. Physical and fuctional development up to sexual matuity, including fertility and
general reproductive function were not affected.

For maternal toxicity, no definitive NOAEL was established due to effects of AMG 531
on gestation period and mortality seen in mid- and high-dose groups. Based on increased
peri-natal pup mortality at the highest dose, a NOAEL for survival and pre- and post-
natal development of the Fl offspring was 30 mcg/kg (3-times MHD) of maternal dose.

2.6.6.2 Single-dose toxicity

a) Single-dose subcutaneous injeetion toxicity study with AMG 531 in rats

Key study findings:

Administration of AMG 531 as a single subcutaneous injection to rats at dose levels of
100, 300, or 1000 J!g/kg (1 1-1 10 times MHD) resulted in a lower body weight gain
(11%-27% lower) in females at all dose levels. However, there was no dose-response
relationship for this effect and no effect on body weight was observed in males. One
female in the 100 mcg/kg dose group was found dead following the clinical pathology
bleed on Day 9 post-dosing. All other animals survived to the scheduled termination on
Day 16. There were no clinical signs or macroscopic/microscopic findings in the dead
animaL. The sponsor considered cause of death likely to be related to the blood collection
procedure.

Higher platelet count (92%-217%) was seen at all dose levels consistent with the
pharacologic activity of AMG 531. Other clinical pathology findings were relatively
minor but treatment-related (lower RBC count, hemoglobin & hematocrit, lower
triglycerides and higher gama glutamyltransferase) or secondary to an increase in
platelet count (increased potassium & phosphorus). Clinical pathology findings observed
at Day 9 were reversed by Day 16. There was an increase in the mean spleen-to-terminal
body weight at 1000-J!g/kg and increased extramedullary hematopoiesis in the spleen at
300 or 1000 J!g/kg. These are consistent with the expected pharmacologic activity of
AMG 531.

No clear NOAEL was established since reduced body weight gain in females was sc;en at
all dose levels and there were minor but treatment-related clinical pathology effects.

Study no.: 103974
Volume # and page #: eCTD 4.2.3.1.1-103974
Conducting laboratory and location:-- -
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