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EXECUTIVE SUMMARY

I. Recommendations

A. Recommendation on approvability

Based upon the nonclinical data contained in the orlgmal submission, the pharmacology and
toxicology discipline review of Biologics Licensing Application STN BLA#125147 of
panitumumab is complete, and should allow for approval pending completion of the clinicat and
chemistry sections. Observed panitumumab toxicities are extensions of its pharmacologic
activity, were reflected in the clinical studles and may be monitored and treated appropriately in
the chmcal setting.

B. Recommendation for nonclinical studies ,

No additional nonclinical studies of panitumumab are recommended at the present time.
C. Recommendations on labeling:

Modifications to the PRECAUTIONS section of the label, including revision of the language
regarding potential impairment of fertility by panitumumab, and to the Pregnancy subsections are
included for communication to the sponsor. Additionally, a subsection to the WARNINGS
section of the labeling, regarding the severe dermatologic toxicities and deaths in monkeys treated
with panitumumab, is included for communication to the sponsor. Copies of the proposed,
revised language for these sections are included as Appendix I to this review.

I1. Summary of nonclinical findings

A. Brief overview of nonclinical findings i

Panitumumab (ABX-EGF, AMG 954; VECTIBIX™) was evaluated for pharmacologic activity
in human tumor cell lines in vitro and in human tumor xenografts in nude mice, and for toxicity
and pharmacokinetics in nude mice and cynomolgus monkeys. Tissue binding studies
demonstrated that ABX-EGF bound with moderate to strong intensity to surface epidermal
growth factor receptor (EGFr) in samples of both human and cynomolgus monkey skin, tonsil,

breast, and prostate, and in urothelium of the ureter and urinary bladder, and uterine endometrium -

and cervical squamous epithelium in monkeys. Treatment of tumor-bearing nude mice with
panitumumab alone or in combination with several different biologic or chemotherapy regimens
resulted in delayed tumor growth in human colon, epidermoid, breast, or pancreatic cancers.
Where effective, combination therapy with panitumumab and selected chemotherapy or biologic
anti-tumor treatments resulted in approximately additive, but not synergistic effects.
Pharmacokinetic profiles of panitumumab in cynomolgus monkeys following initial, i/v
injections of 7.5, 15, 30, or 60 mg/kg doses showed linear, dose-related increases in C g,y and
AUC,,, dose-related decreases in clearance with a concomitant increase in apparent elimination
half-life, and steady state volumes of distribution approximately equal to the plasma space.
Steady state, as evidenced by peak and trough serum ABX-EGF levels was achieved in repeat
dose studies following approximately 5 to 6 doses of panitumumab. With repeated administration
for 4 to 26 weeks, the dose-related decreases in clearance and increases elimination half-life were
slightly higher than following the initial dose; however, the C,., and AUCq,s were only slightly

Al
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(< 2-fold) increased over the initial, observed values. Therefore, the toxicokinetic evaluations P
confirmed that exposure to ABX-EGF was continuous over the duration of these studies with : ?
little accumulation of drug. Although group mean values for C,, and AUCy . were frequently
not different for the same dose levels of ABX-EGF over the study durations, anti-panitumumab
antibodies developed in several monkeys in all repeat-dose studies, resulting in decreased ABX-
EGF exposure in these individual animals, and in some cases, reversal of some of the -
panitumumab-related toxicities. Severe dermatologic and gastrointestinal toxicities were noted-at =~ -
all dose levels in cynomolgus monkeys treated weekly with 7.5, 15, 30, or 60 mg/kg

panitumumab for 4, 13, or 26 weeks. These doses correspond to approximately 1.25 to 10-fold
greater than the proposed human dose of 6 mg/kg ABX-EGF administered every two weeks, and
approximately 3 to 24-fold higher than the proposed 2.5 mg/kg/week panitumumab dose, when
adjusted for body weight. Observed toxicities included decreases in body weight and food
consumption, decreases in serum calcium, phosphate, and magnesium, and dose-dependent
clinical signs consisting of soft or watery stool, alopecia, skin rash, erythema, flaking and/or
dryness, suppurative dermatitis, erosions, sloughing, and ulcerations, and in several studies, early
mortalities secondary to the severity of the skin lesions. These changes occurred with increased
frequency and severity as both the dose and duration of ABX-EGF increased, and only partially
reversible following discontinuation of panitumumab treatment. Panitumumab treatment

inhibited ovarian function in non-pregnant female monkeys, and was abortifacient, although not
teratogenic when administered to pregnant animals from GD20 through GD48, throughout
organogenesis.

B. Pharmacologic activity

VECTIBIX™ binding to the EGFr competitively inhibits the binding of its normal ligands
including EGF and transforming growth factor-alpha, which are implicated in tumor growth, and
stimulates receptor internalization, leading to a reduction of EGFr expression on the cell surface.
This antagonist action inhibits phosphorylation and activation of EGFr-associated kinases,
resulting in inhibition of cell growth, and decreased vascular endothelial growth factor, .
interleukin-8, and other growth factor production. The epidermal growth factor receptor (EGFr) is ¥
constitutively expressed in many normal epithelial tissues, including the skin follicle, placenta,

and mammary gland. Over-expression of EGFr is also detected in many human cancers including

those of the colon and rectum. In vitro assays and in vivo animal studies have shown that

VECTIBIX™, alone or in combination with irinotecan, but not fluorouracil, oxaliplatin, or cis-

platinum chemotherapy inhibits the growth and survival of several human tumor cells that over-

. express the EGFr. No anti-tumor effects of panitumumab were observed in immune deficient

mouse models bearing human tumor xenografts with levels of EGFr expression below 10,000

receptors per cell, suggesting that a threshold level of EGFr expression is required for tumor

" response to VECTIBIX™ to occur.

C. Nonclinical safety issues relevant to clinical use

- The dermatologic toxicities following panitumumab treatment were observed both in cynomolgus
monkeys following repeat administration, and in clinical trials of ABX-EGF in patients with
metastatic, colorectal cancer. In the non-human primate models, dermatologic toxicities included
severe erythema, skin flaking, scaling and sloughing, pustule formation, infections, and erosions
or ulcerations. Early mortalities were observed in several studies secondary to the severe skin
lesions, and the incidence and timing were related to the dose of ABX-EGF. These doses
correspond to approximately 1.25 to 10-fold greater than the proposed human dose of 6 mg/kg .
ABX-EGF administered every two weeks, and approximately 3 to 24-fold higher than the }
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proposed 2.5 mg/kg/week panitumumab dose, when adjusted for body weight. The dermatologic
toxicities observed in these studies are consistent with the pharmacodynamic effects of ABX-
EGF in inhibiting critical intracellular pathways involved with the activation and function of

- EGFr expressed on skin cells, and subsequent inhibition of epidermal cell growth and maturation.

Skin lesions, including-acneform rash, pruritis, dry skin, exfoliation, skin fissures, and paronychia
were also observed clinically in approximately 90% of 789 metastatic colorectal cancer patients-
treated with panitumumab. Dermatologic toxicities in these patients were generally Grade 2 in
severity, with approximately 12% of subjects (95/789) reporting Grade 3 or higher skin changes.
Although not observed in the nonclinical toxicity studies, Grade 1/2 stomatitis and oral mucositis
were also reported in approximately 7% of these patients. Development of severe dermatologic
toxicity occasionally resulted in infectious complications including sepsis and in rare occasions,
death, but most frequently led to eithér panitumumab dose interruption or dose modification. The
clinical skin toxicities have been adequately described in the WARNINGS and ADVERSE
REACTIONS sections of the proposed packaged insert; however, additional modifications to
these sections to include the findings in cynomolgus monkeys will be requested by the reviewer.

Panitumumab treatment of non-pregnant, female cynomolgus monkeys inhibited ovarian
function, resulting in dose-related irregularities in menstrual cycling (prolonged menstrual cycles
and/or amenorrhea), decreased pregnancy rates, and decreases in serum 17B-estradiol and
progesterone levels, at doses corresponding to approximately 1.25 to 5-fold higher than the
proposed, clinical doses when adjusted for body weight. Although no teratogenic effects were
observed, panitumumab was abortifacient at all dose levels tested in pregnant female cynomolgus
monkeys, following weekly injection from GD20 through GD48 (approximately 1.25 to 6-fold
greater than the highest proposed human dose). While these findings may not be relevant to the
indicated, clinical population (metastatic colorectal cancer), they have been included in the
PRECAUTIONS section of the panitumumab label. However, additional language regarding
both the fertility and developmental effects of panitumumab treatment is included in Appendix 1
of this review, for communication to the sponsor.

Hypomagnesemia, hypocalcemia, and hypophosphatemia were observed in several of the
nonclinical, repeat-dose toxicity studies of ABX-EGF in cynomolgus monkeys, and have also
been reported in clinical trials of panitumumab. These toxicities may be secondary to the
moderate to severe diarrhea and dehydratlon observed in both the non-human primate studies, and
in metastatic colorectal patients treated with panitumumab, alone or in combination with
irinotecan and 5-fluorouracil chemotherapy. The electrolyte disturbances and diarrhea Have been
adequately described in the ~— ~ section of the proposed package insert for
VECTBIX™, and recommendations for periodic monitoring of patients for hypomagnesemia and -
hypocalcemia during and for 8 weeks following completion of panitumumab are included in the
label under Laboratory Monitoring, in the PRECAUTIONS section.

Clinical toxicities not predicted by the animal studies included infusion reactions in < 2% of
panitumumab treated, colorectal cancer patients, occurring within 24 hours of the first dose. No
patients had life-threatening or fatal, ABX-EGF associated infusion reactions, and the events
were reported as severe in only 5/789 (<1%) patients. Most of the potential infusion reactions
were mild in intensity, resolved without treatment, were isolated occurrences and did not require
alteration or interruption of panitumumab dosing. The infusion reactions have been identified in
the — «ection of the package insert, and require no further action from the
pharmacology and toxicology review staff.
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

STN BLA number: 125147/000

Review number: 001 :
Sequence number/date/type of submission: 000/12- l6-05/or1g1nal hcensmg application
Information to sponsor: Yes ( ) No (X)

Sponsor and/or agent: " AMGEN, INC.

One Amgen Center Drive
Thousand Oaks, CA 91320-1799 USA

Manufacturer for drug substance: ABGENIX, INC.
6701 Kaiser Drive -
Fremont, CA 94555 USA

Reviewer name: Anne M. Pilaro, Ph.D.
Division name: Division of Biologic Oncology Products, Office of Oncology Drug Products

HED #: 107 ,
_Review completion date: June 15, 2006

Drug:
Trade name: VECTIBIX™
Generic name: panitumumab
Code name: ABX-EGF, AMG 954
Chemical name: not applicable
CAS registry number: not available
Molecular formula/molecular weight:

Structure: Panitumumab is a fully human, recombinant IgG2 monoclonal antlbody, with
an approximate molecular weight of 147 kDa. Ttis« o

The structure of panitumumab is abstracted from the Chemistry, Manufacturing, and
Controls section of the BLA submission (Figure 1 Section 3.2.S.1.2.1), and is included,
below as Figure 1.
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Figure 1. Schematic Structure of Panitumumab (Predominant Isoform)

Relevant INDs/NDAs/DMFs: BB IND #8382
Drug class: monoclonal antibody; epidermal growth factor inhibitor’

Intended clinical population: (from the proposed label for panitumumab, as submitted by the
sponsor). “VECTIBIX™ is indicated for the treatment of metastatic carcinoma of the colon or
rectum after failure of oxaliplatin- and/or irinotecan-containing chemotherapy regimens.”

Clinical formulation: sterile, preservative-free, clear, colorless liquid containing —mng/ml
panitumumab, —  sodiumacetate; ~—  NaCl, and Water for Injection, USP, —

—_

Route of administration: intravenous infusion (over 60 minutes)

Disclaimer: Tabular and graphical information are constructed by the reviewer unless
cited otherwise. '
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STN BLA #125147

Studies reviewed within this submission:

Pharmacology Studies:

Primary Pharmacodynamics:

1. Study #R2003094.

Test of expression of EGFr on pancreatic and lung tumor cell lines to

be used in xenograft experiments.

2. Study #R2003110.

Modulation of in vitro growth inhibitory activity of selected

anticancer agents by ABX-EGF, a fully—human monoclonal antibody against the EGF -

receptor.

(98]

Study #R2003112. In vitro growth inhibitory activity and in vitro antitumor activity of

ABX-EGF, a fully human monoclonal antibody against the EGF receptor, in the human
A431 vulvar carcinoma model.

4. Study #R2003113.

Evaluation of ABX-EGF, a fully human mAb against the EGF

receptor, in athymic mice bearing human A431 vulvar and SKMES lung carcinoma
xenograft derived from tumor cell suspensions or tumor fragments.

5. Study #R2003197.
6. Study #R2003198.
7. Study #R2003199.
8. Study #R2003200.
9. Study #R2003201.

xenografts.

10. Study #R2003202.

ABX-EGF.

11. Study #R2003203.
12. Study #R2003204.

nude mice.

13. Study #R2003205.

Inhibition of EGF binding to A431 cells by ABX-EGF. .
Inhibition of EGFr tyrosine-phosphorylation by ABX-EGF.
Inhibition of tumor cell activation by ABX-EGF.

Inhibition of A431 cell growth in vitro by ABX-EGF.
Evaluation of ABX-EGF in athymic nude mice bearing A431

Eradication of established human epidermoid tumor in nude mice by

Complete eradication of larger tumors by ABX-EGF.
Effect of ABX-EGF or the 225 antibody on A431 tumor growth in

Effect of ABX-EGF on the growth of multiple human tumors derived

from different tissues and expressing different levels of EGFr.

14, Study #R2003206.

ABX-EGF prolonged survival of SCID mice bearing MDA231

human breast cancer.

15. Study #R2003207.

EGFR expression in normal human tissues and human tumors. A

specificity analysis performed by - for Abgenix, Inc.

16. Study #R2003211.

Inhibition of IL-8 production by ABX-EGF in human renal cell

carcinoma (RCC) cells.

17. Study #R2003212.
18. Study #R2003225.

Inhibition of VEGF production by ABX-EGF in human RCC cells.
Evaluation of differential effects of tyrosine phosphorylation in EGFr

by mass spectrometry.

19. Study #R2003280.

Effects of ABX-EGF antibody in estabhshed SK-MES PD, a human

squamous cell carcinoma, in CD1 nude mice. -

20. Study #R2003281.

Effects of ABX-EGF antibody in establlshed MiaPaCa-2, a human

pancreatic carcinoma, in female Harlan athymic nude mice.

21. Study #R2003283.

Evaluation of ABX-EGF antibody in established NCI-H1299, a

human non-small cell lung carcinoma, in Harlan athymic nude mice.

22. Study #R2003325.
23. Study #R2003327.
24. Study #R2003330.

cells in vitro.

25. Study #R2003331.

EGF treatment.

The effect of ABX-EGF on Colo 205 tumor xenografts.
The effect of AMG 954 on HT29 subcutaneous tumor growth.
Effects of ABX-EGF on activation of human vascular smooth muscle

Evaluation of downstream signaling molecules in A431 after ABX-

26. Study #R2003332. Evaluation of downstream signaling molecules in HCT-116 after
ABX-EGF treatment.
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27.
28.

29,
30,
31
32.

3,
34,
35.
36.
37.
38.
39.
40.
41.
42.

43,

44,
45.
46.

. penetration in HT-29 xenograft tumors.
47.

48.

49.

Study #R2003366. Evaluation of ABX-EGF in nude mice bearing A431 xenografts.
Study #R2003371. Inhibition of human renal carcinoma cells growth in vitro and in vivo
tumor xenograft models by ABX-EGF.

Study #R2003373. Inhibition of IL-8 and VEGF production in human prostate tumor -
cells.

Study #R2003473. Evaluation of hybridoma derived ABX-EGF in A431 tumor
xenograft. _ - -
Study #R2003520. Effects of ABX-EGF antibody against established MDA-MB-468,
human breast carcinoma model in athymic nude mice. '

Study #R2003537. Effects of combination ABX-EGF and AMG 706 in HT29 human
colon carcinoma xenograft model in nude mice. _ S

Study #R2003538. Effects of combination ABX-EGF and AMG 706 in A431 human
epidermoid carcinoma xenograft model in nude mice. ‘ :

Study #R2003558. Evaluation of combination therapy of ABX-EGF with 5-FU in HT-29
tumor xenograft model. '

Study #R2003558. Evaluation of combination therapy of ABX-EGF with CPT-11 in HT-

29 tumor xenograft model.

Study #R2003560. Evaluation of combination therapy of ABX-EGF with oxaliplatin in
HT-29 tumor xenograft model.

Study #R2003561. Evaluation of combination therapy of ABX-EGF with anti-hVEGF
antibody in HT-29 tumor xenograft model.

Study #R2003576. Immunohistological evaluation of ABX-EGF localization and
penetration in tumors from nude mice with established NCI-H1299 xenografts.

Study #R2004035. [n vitro analysis of ABX-EGF in combination with chemotherapeutic
drugs.

Study #R2004090. Measurement of EGFr internalization with _—

.imaging technology.

Study #R2004135. Effects of ABX-EGF against established BxPC-3 and Capan I,
human pancreatic carcinomas, in nude mice.

Study #R2004283. Effects of ABX-EGF and AMG 612153 against established MDA-
MB-468, human breast carcinoma model. ' '

Study #R2004292. Efficacy of panitumumab in pancreatic (BXPC3 and CAPAN D,
epidermoid (A431), breast (MCF7 and MDA MB 468) and colon (HT29) cancer cells

- and tumors and the analysis of the signal transduction pathways in panitumumab

responder and non-responder tumors. .
Study #R2004446. Evaluation of combination therapy of panitumumab with rapamycin
in HT-29 tumor xenograft model.

Study #R2004496. Immunohistological evaluation of ABX-EGF administration and
penetration in tumors from nude mice with established A-431 xenografts.

Study #R2004497. Immunohistological evaluation of ABX-EGF localization and

Study #R2004498. Immunohistological evaluation of ABX-EGF penetration, cell
proliferation, and signaling cascade in MDA-MB-468 human breast carcinoma xenograft
tumors from nude mice treated with ABX-EGF.

Study #R2004500. Immunohistological evaluation of ABX-EGF penetration, cell
proliferation, and signaling cascade in HT-29 xenograft tumors treated with mono and
combination therapy of ABX-EGF, oxaliplatin, and CPT-11.

Study #R2004503. Immunohistological evaluation of cell proliferation, kinase signaling,
and ABX-EGF penetration in tumors from nude mice with established A-431 xenografts.
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50.
51.
52.
53.
54,

55.
56.

57.

58.
59.

60.

Study #R2004656. EGFR:HER? ratio in panitumumab responder and non-responder
xenograft tumor cell lines.

Study #R2004657. Pattern of gene expression can prospectively predict panitumumab
(ABX-EGF) monotherapy responsiveness in xenograft models.

Study #R2004660. Dose response of panitumumab in EGFr mutant NSCLC NCI- H1650
xenograft. - .
Study #R2005421. ABX- EGF induced internalization of EGF receptor expressed on -
A431 and HeLa cells.

Study #R2005497. Epitope mapping of AMG954, an anti-human epldermal growth
factor receptor (EGFR) antibody.

Study #R2005530. ABX-EGF induced EGFR internalization.

Study #R2005539. Efficacy of panitumumab in the inhibition of EGFR phosphorylation
upon stimulation with different EGFR ligands.

Study #R2005548. Evaluation of EGFR levels in xenograft tissue using the EGFR
pharmDx kit.

Study #R2005552. Affinity- measurement of ABX-EGF produced by hybridoma.

Study #R2005581. Inhibition of '*I-ABX-EGF binding to cell surface expressed human
EGFr by unlabeled ABX-EGF.

Study #R2005582. Affinity measurement of ABX-EGF derived from CHO cells.

Secondary Pharmacodynamics:

1.
2.

+ Study #R2003090. Test of Expression of EGFr on pancreatic and lung xenografts. -

Study #R2003091. Evaluation of ABX-EGF monotherapies and combinations with
Gemzar against MiaPaCa and Panc-1 human pancreatic carcinoma xenografts in athymic
nude mice.

Study #2003092. Evaluation of ABX-EGF monotherapies and combinations with
Taxotere® or cisplatin against H1299 and SKMES human non-small cell lung carcinoma

- xenografts in athymic nude mice.

10.

11.

12.

13.

Study #R2003093. Test of potency of ABX-EGF used in in vivo studies with pancreatic
and lung tumors.

Study #R2003104. Evaluation of downstream signaling molecules in A431 and SK-MES
after ABX-EGF treatment in vivo.

Study #R2003170. Effects of ABX-EGF and taxotere against established SK-MES PDj,
a human squamous cell carcinoma in CD1 nude mice.

Study #R2003208. Effects of ABX-EGF and msplatm combmatlon therapy on A431
tumor xenografts.

Study #R2003209. Effects of ABX-EGF and doxorubicin combination therapy on
prostate DU145 tumor xenografts.

Study #R2003210. Effects of ABX-EGF and docetaxel combmatlon therapy on NSCLC
AS549 tumor xenografts.

Study #R2003213. Inhibition of EGFr phosphorylation by ABX-EGF in human RCC
cells.

Study #R2003258. Effects of ABX-EGF and cisplatin against established SK-MES, a’
human squamous cell carcinoma in CD1 nude mice.

Study #R2003277. Effects of ABX-EGF and cisplatin against established NCI-H1299 in
CD1 nude mice.

Study #2003278. Effects of ABX-EGF and taxotere against established NCI-H1299

- tumors in CD1 nude mice.

14.

Study #R2003370. Effect of ABX-EGF and taxotere combmatxon therapy on NSCLC
A549 tumor xenografts.

10
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15.

16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.

3L

32.

33.
34.
35.
36.

37.

38.

Study #R2003479. Effects of ABX-EGF on established MCF-7tb human breast cancer
model in female nude mice.

Study #2003518. Effects of ABX-EGF combined with antl—VEGF antibody against
established MDA-MB-468 human breast carcinoma model in athymic nude mice. : = -
Study #R2003527. Effects of ABX-EGF against established MDA MB-231, a human

breast carcinona in female nude mice. -
Study #R2003547. Effects of ABX-EGF in combination with anti-VEGF mAb against - -
established SK-MES PD, a human squamous cell carcinoma in CD1 nude mice.

Study #R2003548. Effects of ABX-EGF in combination with anti-VEGF mAb against

established NCI-H1299, a human squamous cell carcinoma in CD1 nude mice.

Study #R2003550. Effects of ABX-EGF against established U87 MG vIII, a human
glioblastoma tumor model in female nude mice.

Study #R2004013. Evaluation of panifumumab (ABX-EGF) alone and in combination
with anti-IGF-1R mAb, MAB 391 in nude mice bearing Calu-6 xenografts.

Study #R2004082. Effects of ABX-EGF in combination with Herceptin against
established NCI-H1299, a human squamous cell carcinoma in HSD athymic nude mice.
Study #R2004083. Effects of ABX-EGF in combination with Herceptin against
established SK-MES PD, a human squamous cell carcinoma in CD1 nude mice.

Study #R2004084. Effects of ABX-EGF in combination with rapamycin against
established NCI-H1299, a human squamous cell carcinoma in HSD athymic nude mice.
Study #R2004086. Effects of ABX-EGF on established ZR75-1 human breast cancer
model in athymic female nude mice.

Study #R2004087. Effects of ABX-EGF combined with rapamycin against established
MDA-MB-468 in athymic nude mice, human breast carcinoma model.

Study #R2004154. Effects of ABX-EGF against established NCI- H82 a human small
cell lung carcinoma in female athymic nude mice. :
Study #R2004155. Effects of ABX-EGF against established NCI-H460, a human large
cell lung carcinoma in female athymic nude mice. >

Study #R2004156. Effects of ABX-EGF against established A549, a human lung
carcinoma in female athymic nude mice. ,

Study #R2004279. Effects of ABX-EGF and Herceptin against established BT-474
mammary carcinoma in female nude mice.

Study #R2004280. Effects of ABX-EGF in combination with Herceptin against
established A549, a human lung carcinoma in female HSD athymic nude mice.

Study #R2004281. Effects of ABX-EGF in combination with low-dose rapamycin
against established NCI-H1299, a human non-small cell carcinoma in HSD athymic nude
mice.

Study #R2004282. The effects of ABX-EGF in combination with rapamycin in SK-
MES-PD human lung cancer tumor bearing athymic nude mice.

Study #2004287. Effects of ABX-EGF in combination with low-dose rapamycin against
established NCI-H1299, a human non-small cell carcinoma in HSD athymic nude mice.
Study #R2004440. Efficacy of EGFR inhibitors in EGFR-vIII mutation in U87 cells.
Study #R2004499. Immunohistochemical evaluation of ABX-EGF penetration, cell
proliferation, and signaling cascade in MCF-7tb human breast carcinoma xenograft
tumors from nude mice treated with ABX-EGF.

Study #R2004501. Immunohistochemical evaluation of cell prohferatlon kinase
signaling, and ABX-EGF penetration in tumors from nude mice with established BxPC-3
and Capan-1 human pancreatic carcinoma xenografts.

Study #R2004637. Administration of panitumumab against established NCI-H1975
NSCLC in female athymic nude mice.
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39. Study #R2004720. Efficacy of EGFR inhibitors in kinase domain EGFR mutations in ey
transfected and transduced CHO cells and NCI-H1975, NCI-H1650, SK-MES-PD, and 3
A549 cells and tumors. ’

40. Study #R2005181. The effects of panitumumab and taxotere combination in NCI- . = -
H1975, EGFR mutant NSCLC, xenograft.

41. Study #R2005182. The effects of panitumumab and taxotere combination in NCI- .
H1650, EGFR mutant NSCLC, xenograft. T -

42. Study #R2005183. The effects of panitumumab and cisplatin combination in NCI-
H1975, EGFR mutant NSCLC, xenograft.

43. Study #R2005184. The effects of panitumumab and taxotere combination in NCI-
H1975, EGFR mutant NSCLC, xenogratft.

44. Study #R2005428. The effects of panitumumab and taxotere combination in NCI-
H1975, EGFR mutant NSCLC, xenograft.

45. Study #R2005549. The effect of panitumumab in the U118 xenograft tumor model.

Safety Pharmacology: : »

1. Study #104119 (Abgenix Study #ABX-P0307, —_— i Study #04-
6567). Cardiovascular, respiratory, and central nervous system assessment of ABX-EGF
(panitumumab) administered as a single intravenous dose to conscious cynomolgus
monkeys.

Pharmacokinetics Studles
Absorption: _
1. Study #104275 (Abgenix Study #ABX-P0306, - Study# — ..243.14). A
pharmacokinetic study of ABX-EGF in male nude mice following a single mtrapentoneal
injection.

Dist_ribution: ' : _

1. Study #103619 (Abgenix Study #ABX-T0311 - Study #6271-611). Quantitative N
whole-body autoradiography of cynomolgus monkeys after a single intravenous
administration of '**I-ABX-EGF.

2. Study #103620 (Abgenix Study #ABX-T0312,: — otudy #6271-612). Absorption,
distribution and excretion of '“I-ABX-EGF after a single intravenous administration to
cynomolgus monkeys.

3. Study #104274 ( o ptudy #7153-105). Dlstnbuuon (quantltatlve whole-body
autoradiography) and excretion of radioactivity in monkeys following administration of a
single intravenous dose of ABX-EGF and ['*[JABX-EGF. '

s

Excretion:

1. Study #103619 (Abgenix Study #ABX TO0311, — Study #6271-611). Quantitative
whole-body autoradiography of cynomolgus monkeys after a single intravenous
administration of '*I-ABX-EGF.

2. Study #103620 (Abgenix Study #ABX-T0312, —  Study #6271-612). Absorption,
distribution and excretion of '’I-ABX-EGF after a single intravenous adrmmstratlon to
cynomolgus monkeys.

3. Study #104274. —  Study #7153-105). Distribution (quantitative whole-body
autoradiography) and excretion of radioactivity in monkeys following administration of a
single intravenous dose of ABX-EGF and [*’[JABX-EGF.

12
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Other Pharmacokinetics Studies:

1. Study #102876 (Abgenix Study #ABX-P0304; ~— S3tudy# — .026.39).
Comparison of the pharmacokinetics of ABX-EGF derived from hybridoma and Chinese
hamster ovary (CHO) expression systems in cynomolgus monkeys after intravenous -
administration.

2. Study #104273 ¢ __ 3tudy #054.0501). Comparison of thé pharmacokinetics of

hybridoma-origin versus CHO-origin ABX-EGF in mice following intravenous injection. ~ .

Toxicology Studies:
Single-Dose Toxicology: No single-dose toxicology studies are included in the BLA submission.

Repeat-Dose Toxicology:

1. Study #054-0401 (Abgenix Study #ABX-T0305, —_— Study #00-
3691). A four-week mechanistic toxicity study of ABX- EGF administered once per
week by intravenous injection to cynomolgus monkeys followed by a two-month
recovery period.

2. Study #BQAW-100. (Abgenix Study #ABX-EGF-99-001). Toxicity, tissue binding, and -

pharmacokinetics of ABX-EGF following single and multiple intravenous bolus dose
administration in cynomolgus monkeys.

3. Study #BQAW-102. Toxicity and toxicokinetics of ABX-EGF following multiple
intravenous dose administration (via bolus and infusion) in cynomolgus monkeys.

4. Study # BQAW-103. Toxicity and toxicokinetics of ABX-EGF following intravenous
bolus administration in cynomolgus monkeys for three months with a six-week recovery.

5. Study #103419 (Abgenix Study #ABX-T0308, —  Study# — 243.15). A
six-month multiple dose toxicity study of ABX-EGF administered intravenously to
cynomolgus monkeys followed by a two-month recovery period.

Reproductive Toxicology:
Fertility and Embryonic Development: _

1. Study #103409 (Abgenix Study #ABX-T0309,' ~ study#_  .026.56). An
assessment of the effects of ABXEGF on female fertility and early embryonic
development to implantation when administered by weekly intravenous injection to
cynomolgus monkeys.

*

Embrvo-fetal Development_: )
1. Study #103410 (Abgenix Study #ABX-T0310, — Jstudy# — 026.57). An

assessment of the effects of ABX-EGF on embryo-fetal development when administered )

weekly by intravenous injection to pregnant cynomolgus monkeys.

Other Toxicology Studies:

1. Study #102906 (Abgenix Study #ABX-T0307, 02-3032). A 4- week comparison study of
two forms of ABX-EGF administered by intravenous inj ectlon once per week to
cynomolgus monkeys with a 4-week recovery period.

2. Study #102920 (Abgenix Study #ABX-P0305, — study #1473 31). Cross- react1v1ty of
ABX-EGF (CHO) and ABX-EGF (hybridoma) with human and cynomolgus monkey
tissue ex vivo and ABX-EGF (CHO) with rat, mouse, and rabbit tissue ex vivo.

3. Study #103917 (Abgenix Study #ABX-T0311. —_ study #03-
3060). A 3-month intravenous toxicity study of ABX-EGF in cynomolgus monkeys with
a 6-week recovery period.
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4. Study #2005 _IT_027_GE. Cloning and sequence homoldgy analysis of cynomolgus
EGF receptor.

Study #ABGO02. EGFr expression in normal cynomolgus monkey tissues.

6. Study #ABG09. Binding of ABX-EGF to normal cynomolgus monkey tissues. : - -

e’

W

Studies not reviewed within this submission: : -
Pharmacokinetics Studies: .
Analytical Methods and Validation Reports: _
1. Study #ABX-V-EGF-02-R. Validation report for electro chemiluminescence assay
(ECS) for the determination of ABX-EGF in normal monkey serum.
2. Study #ABX-EGF-Q03-R. Comparison of ECL PLK assay results in cynomolgus
monkey serum using —_— - -.-,and —_— . J
_analyzers. v ,
3. Study #ABX-V-EGF-04-R. Validation report for ELISA for the detection of monkey
antibody against ABX-EGF in monkey serum. .
4. Study #ABX-V-EGF-05-R. Report for evaluation of ABX-EGF concentration in
cynomolgus monkey serum obtained by ELISA and ECL assay systems.

Additionally, numerous publications from the open literature, describing the pharmacologic
effects of ABX-EGF treatment in human tumor xenograft models, the role of EGFr in cancer
growth and metastasis, and in developmental biology of the embryo and fetus were included in
the pharmacology and toxicology section of the original BLA submission. A listing of these
citations is included below, as. Appendix 2. Unless specifically noted in the study evaluations
below, data from these published studies were not included in this review.

2.6.2 PHARMACOLOGY

2.6.2.1 Brief summary

VECTIBIX™ (panitumumab, ABX-EGF) binds to the epidermal growth factor receptor (EGFr),
which is constitutively expressed on the surface of normal human epithelial cells including skin
and hair follicle, placenta, gastrointestinal mucosa, corneal epithelium, salivary, and mammary
glands. Over-expression of EGFr is also detected in many human cancers, including those of the
colon and rectum.

Panitumumab acts as a competitive antagonist by blocking the binding of the normal ligands
epidermal growth factor (EGF), and transforming growth factor-a (TGFa) to the EGFr. These
two growth factors are implicated in tumor growth, and the overall anti-tumor effects of ABX-
EGF are related to its inhibition of ligand-induced EGFr function. These cellular effects of
panitumumab-mediated inhibition of EGFr function include blockade of ligand-induced
phosphorylation and activation of EGFr-associated kinases, with subsequent inhibition of cellular
signal transduction, initiation of cell cycle arrest resulting in inhibition of tumor cell proliferation,
induction of apoptosis, and decreased secretion of other growth factors (e.g., vascular endothelial
growth factor [VEGF], interleukin-8) that are associated with tumor growth and angiogenesis.

In vitro studies with various human tumor cell lines, as well as in vivo tumor xenograft studies in

immunodeficient mice bearing human HT-29 colon carcinoma tumors have shown that . . /}
VECTIBIX™ administered either as monotherapy, or in combination with irinotecan, and to a '
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lesser extent oxaliplatin, 5-fluorouracil, or rapamycin can inhibit tumor growth, and prolong
survival in panitumumab-treated animals. No anti-tumor effects of panitumumab were observed
when human tumor cell lines lacking EGFr expression were used to establish the in vivo
xenografts.

2.6.2.2 Primary phiarmacodynamics

Mechanism of action: (from the sponsor’s proposed labeling, CLINICAL PHARMACOLOGY
section): —

-

(

Comment: A list of the preclinical studies conducted in support of the pharmacologic activity of
VECTIBIX™ is provided, above (“Studies reviewed within this submission; Pharmacology
Studies”). A total of 60 primary and 45 secondary pharmacelogy studies evaluating the tissue
distribution and EGFr receptor binding, inactivation of EGFr-associated tyrosine kinases, direct
cytotoxic or growth inhibition of human EGFr expressing tumor cells, and the in vivo anti-tumor
effects of panitumumab alone or in combination with selected chemotherapy regimens were
reviewed for this BLA submission. Although all studies were reviewed for this BLA submission,
~ only those primary pharmacology studies which address the mechanism of ABX-EGF binding
and interaction with EGFr, or the in vitro and in vivo cytotoxicity of panitumumab against human
colon tumor cell lines, or the A431 vulvar epidermoid cell lines received written review. The
data from all of these studies will be summarized and reported below, with the exception of three
studies demonstrating the effects of panitumumab treatment in human tumor xenograft models
-expressing different levels of EGFr, or the tissue distribution of ABX-EGF binding to a panel of
human tissues (Studies #R2003094, #R2003205; and #R2003207, respectively), which are
reviewed in detail, below. The data from Studies #R2003094 and #R2003205 were used by the
sponsor as the basis for not including patients with EGFr-negative colorectal turnors in the pivotal
clinical studies.
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In vitro binding of panitumumab to EGFr .
The pharmacologic activity of VECTIBIX™ was evaluated in a series of in vitro EGFrcell 3
surface expression, binding, receptor kinase activation, and cytotoxicity assays, and in vivo in J
established human tumor xenografts in athymic nude mice treated with either panitumumab - - -
alone, or in combination with 5-fluorouracil, oxaliplatin, irinotecan, rapamycin, taxotere or )

docetaxel, or cis-platinum chemotherapy, or anti-VEGF monoclonal antibody treatment.

The affinity of ABX-EGF for human EGFr was measured in vitro by plasmon resonance
spectroscopy using the BIAcore 2000 instrument, with soluble, recombinant extracellular domain
of EGFr immobilized on the BIAcore sensor surface. The initial study (Study #2005552) was
conducted using ABX-EGF produced in a cloned, hybridoma cell line, while the later study
(Study #2005582) used panitumumab produced by the commercial process, in Chinese hamster
ovary (CHO) cells. In Study #2005582, the affinity of the commercial lot of CHO-derived ABX-
EGF was also compared to that of a reference lot (ABX-EGFy). In both of these studies,
panitumumab was demonstrated to bind EGFr with high affinity (approximately 6 — 60 pM). A
summary of these data are presented in Table 1, below. '

Table 1. Affinity of Panitumumab for Human EGFr Using the BlAcore In Vitro Assay
Study #2005552 , k, (M7's™) . ka (s™) ‘ Ko (M)
ABX-EGF (hybridoma) | 1.97 x 10° -~ 1.13x107 , 57 x10™"
Study #2005582 :
ABX-EGF/ — _HO) 6.8x10° 3.9x10° 57x107°
ABX-EGFq (reference) 6.5 x 10° 23x10° 35x107"°

Comment: The reported affinity for the hybridoma-derived panitumumab appears to be

approximately 10-fold less than that of the CHO-derived material. Study #R2005552, which

evaluated the affinity of hybridoma-derived, ABX-EGF was conducted in 1996, while Study

#R2005582, with the CHO-derived material produced at commercial scale was conducted in

October of 2005. This difference in apparent affinity of panitumumab for EGFr will be &
considered when evaluating the results of the toxicology studies with the material produced by
the two different manufacturing processes (please see Section 2.6.6.8, “Other Toxicity Studies,”
below).

Comment: The final report for Study #R2005552 describes, the binding affinity of the native
ligand EGF for the EGFr as 3 x 10® M, or approximately 60-fold less than that of panitumumab.
However, the data in the literature article cited in the final study report show that the Kp for

" native EGF to EGFris 7 x 10°M, 5 x 10°M, or 3 x 10°M on A431 human epidermoid carcinoma
cells, and the 29R2 and 4 EGFr variant clones of A431 human tumor cells, respectively.l It is not”
clear from the information cited in the final report whether the stated affinity constant of EGF for
the EGFr was measured using the same conditions as the present study i.e. the BIAcore assay, or
‘whether it was measured in the cellular assay, and which cell line was described.

Similar binding affinity of CHO-derived panitumumab for cell surface EGFr was observed using
125 I-labeled ABX-EGF, and intact SK-MES human lung carcinoma cells, with an average,
apparent Kp value from 4 experiments of 44.4 + 8.3 pM (mean * S.E.; Study #R2005581), and an
average EGFr receptor number of approximately 76,200 sites/cell. Panitumumab also

LGill, GN,, T. Kawamoto, C. Cochet, A. Le, J.D. Sato, H. Masui, C. McLeod, and J. Mendelsohn. 1994.
Monoclonal anti-epidermal growth factor receptor antibodies which are inhibitors of epidermal growth

factor binding and antagonists of epidermal growth factor-stimulated tyrosine protein kinase activity. J. :
Biol. Chem., 259:7755-7760. , s

*‘km_«ﬂ"j
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competitively inhibited binding of native EGF to the EGFr on intact human A431 tumor cells,
with a calculated ICs value of 3.1 nM (Study #R2003197).

Comment: Although receptor occupancy was not specifically addressed in this study, additional
in-vitro evaluation of ABX-EGF cell surface EGFr binding by flow cytometry in A549 human
lung carcinoma, and HeLa human cervical carcinoma cells demonstrated that receptor saturation
was achieved at approximately 4 pg/ml concentrations of ABX-EGF (Study #R2005421).

Study title: Test of expression of EGFr on pancreatic and lung tumor cell lines to be used in
xenograft experiments.

Key findings: Four cultured human non-small lung carcinoma and four human pancreatic
carcinoma tumor cell lines were evaluated for EGFR expression by flow cytometry, using ABX-
EGF or Ab225 anti-human EGFR monoclonal antibodies. All tested tumor cell lines expressed
detectable EGFR, with levels ranging from approximately 39,000 to 227,000 receptors per cell.
Study #: R2003094 '

Methods: Cuitured human non-small cell lung and pancreatic cell lines were evaluated for
ABX-EGF binding to the cell surface, and the number of cellular EGF receptors quantified using
flow cytometry. The non-small cell lung cancer lines tested were H2126, SK-MES-1, H1299,
and MV522, and BxPc3, Panc-1, MiaPaCa, and CaPan-1 were the pancreatic cancer lines tested.
Following culture to approximately 75% confluence, 5 x 10° cells were incubated on ice in the
presence of 5 mg/sample of either ABX-EGF, Ab225 (murine anti-human EGFR monoclonal
antibody; used as a positive control), or isotype-matched murine IgG1 or PK16.3.1 human IgG2a
as controls. After staining with the primary antibody, cells were then incubated on ice with either
phycoerythrin (PE)-conjugated, goat-anti-human or fluorescein isothiocyanate (FITC)-
conjugated, goat-anti-mouse antibodies, washed, and EGFr expression levels were analyzed by
flow cytometry using a —_— instrument. The number of EGF receptors per cell type
was determined by analytical flow cytometry, using calibrated microbeads as the standard. A
calibration curve was generated by plotting the given number of equivalent bound fluorescence
molecules per bead, versus the log of its fluorescence intensity.

Results: All eight human tumor lines tested showed positive expression of EGFR by flow
cytometry. However, the levels of EGFR expression per cell were variable between the two
different tissue types, with expression being higher on pancreatic tumot cells than on lung cancer
cells. Additionally, the levels of EGFR per cell varied approximately 4-fold between tumor cell
lines of the same tissue origin. These data are presented in Table 2, which was abstracted in part
from the sponsor’s final study report, below.
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—

Table 2. Quantitation of cell-surface EGFR eXpression‘ on human lung and pancreatic
tumor cell lines.

- _Tumor Cell Line Tissue Origin Number of EGFR per Ce“

1 H2126 "~ lung (non-small cell) 129,297

SK-MES-1 lung (squamous cell) 98,539 -

H1299 lung (non-small cell) 41,486

MV522 lung (cell origin unknown) » 38,714

BxPC3 pancreas (aderiocarcinoma) 225,666

Panc-1 pancreas (ductal epithelial Ca) 226,758

MiaPaCa pancreas (cell origin unknown) 129,486

CaPan-1 pancreas (adenocarcinoma) - 69,496

Comment: The final study report does not indicate which antibody (ABX-EGF or M225) was
used to generate the quantitative data on receptor number for each of the different cell types. It is
feasible that the two antibodies may bind EGFR with different affinities, and may not accurately
reflect the actual receptor number present on the tumor cell lines.

Study conclusion: Eight human tumor cell lines, four each originating from pancreatic and
lung carcinomas were found to express relatively high levels of EGFR by flow cytometry
following staining with ABX-EGF or Ab225 antibodies directed against the human receptor.
These data suggest that these cell lines will be useful for in vivo efﬁcacy testing of ABX-EGF as
an anti-tumor agent, in additional non-clinical studies.

_ In vitro cross-reactivity of ABX-EGFE with a panel of cryopreserved, human tissues

A panel of normal human tissue sections and human tumor samples was evaluated to determine
the distribution of binding of ABX-EGF to EGFr present on target human organs and tissues
(Study #R2003207). This study is reviewed in detail, below.

Study title: EGFr expression in normal human tissues and human tumors. |

Key findings: Panitumumab binding to cell surface EGFr was demonstrated in normal human -
tissue samples. of epithelial origin, including bladder, breast, esophagus, kidney, placenta,
prostate, skin, tonsil, ureter, and cervix.

Study #: R2003207

Methods: The purpose of this study was to evaluate the binding of ABX-EGF to a selected
panel of human tissues and human renal and prostate tumor samples. Five micron sections of
histologically normal, cryopreserved human tissues or formalin-fixed, tumor biopsy specimens
were prepared, and labeled with 20 ug/ml of either biotinylated ABX-EGF (lot #098-068-01) or
isotype-matched, biotinylated human IgG2 as a negative control (clone PK 16.3.1, lot #004-186-
2). Previous studies had demonstrated that using human skin as a positive tissue control, this
concentration of ABX-EGF gave the optimal staining of cell surface EGFr with minimal _
cytoplasmic or non-specific, background staining: For the formalin-fixed tumor samples, 5.8 - }
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pg/ml of a biotinylated murine anti-EGFr antibody _— i , was used for
the primary antibody labeling, and a murine IgG1 monoclonal antibody / —

~ ., was used as the isotype-matched control. Frozen and formalin-fixed, paraffin
embedded sections of human skin and heart were used as the positive and negative tissue
controls, respectively, for EGFr staining with the respective antibody preparations.--Following
incubation of the sections with primary antibody, samples were then incubated with peroxidase-
conjugated streptavidin, and positive reactivity (deposition of a colored reaction product) was "
detected by visualization under light microscopy, after reduction of 3, 3’-diaminobenzidine
tetrahydrochloride as the capture reagent.

Results: Cross-reactivity of panitumumab with EGFr was detected only in a limited number of
- normal human epithelial tissues. Intensity of ABX-EGF staining was variable between the
different tissues. Human skin, which was used as the positive control for panitumumab binding,
also displayed variability in staining intensity. The strongest staining was noted in the placenta,
skin, prostate, and tonsil, with additional specific, although weaker staining noted in the urinary
bladder and ureter epithelia, breast, esophagus, and cervix. No ABX-EGF staining was observed
in the eye, stomach, or large or small intestines. No staining of EGFr was observed when the
irrelevant, biotinylated human IgG2 or murine IgG1 antibodies were used as the negative control.
The results of this assay are presented in Table 3, below.

APPEARS THIS WAY
ON ORIGINAL .
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Table 3: Cross-Reabc’tivity of Monoclonal Arntibody ABX-EGF with Normal Human Tissues

. Incidence % of Cells Stained | Staining Intensity |.
Normal Human Tissue {# Positive / #Tested) Positive and Location®
Skin (positive control) 212 60-80 1" -3 (M)
Heart (negative control) - . 0/2 0 ()
Adrenal 0/3 0 (-)
Bladder 13 30 17(C, M)
Blood Cells 0/3 0 (=)
Bone Marrow 0/3 0 (-)
Brain — cerebellum 0/3 0 (-)
Brain — cerebrum 0/3 0 (-)
Breast 2/3 10 17 (C. M)

- 20 17 (C)
Esophagus 2/3 20 1"(C, M)
- 80 1°(C, M)
Eye 0/3° 0 v =)
Fallopian tube 0/3 0 . (-)
Heart 0/3 0 ()
Kidney 1/3° 50 17 (C, M)
Large intestine 0/3 0 (<)
Liver 23 80 1" {C)
Lung 0/3 0 (-)
Lymph node 0/3 0 (-)
Ovary 0/3° 0 {-)
Pancreas -0/3 0 (-}
Parathyroid 0/3 0 (-)
Pituitary 0/3 0 (-)
Placenta 3/3° 50 (2/3) 17(C, M)
' 80 (1/3) 1" (C, M)
Prostate 33" 50 1°(C, M)
80 1"(C, M)
80 2'(C, M)
Skeletal muscle 0/3° 0 (-)
Skin 3/3" 20 37 (C,M)
50 1°(C.M)
80 1" (M)
Small intestine - 013 0 ()
Spinal cord 0/3 0 {-)
‘Spleen 013 0 . )
Stomach 0/2 0 ()
Testis 0/2° 0 =)
Thymus 0/3° 0 {-)
Thyroid . 0/3 0 {-)
Tonsil 3/3 80 17(1/3; C, M)
2" (2/3; C, M)
Ureter 2/3. . 80 17(C, M}
Uterus 1/3 20 1"(C, MY

? intensity

® 1" staining on vitreal membrane

¢ weak, specific staining of distal tubules

d non-specific staining of stroma in 1/3 ovary, 1/2 testis, and 2/3 thymus samples

¢ weak, specific staining of cytotrophoblastic cells

fweak to moderate, specific stainihg of glandular epithelial cells
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® non-specific staining of fibroblasts in 1/3 samples

" weak to strong, specific staining of squamous epithelium

" epithelium staining in 2/3 samples; no epithelium seen in 1/3 . = -
j moderate; speciﬁc_stajning of the cervix only

‘The cross-reactivity of panitumumab was also evaluated against several human renal carcinoma
and prostate tumor samples. Weak to strong; although specific membrane-associated ABX-EGF
staining was noted in 2/5 renal carcinoma, and 1/5 prostate tumor samples. The results of this
assay are presented in Table 4, below. '

Table 4. Study #R2003207. Cross-Reactivity of Monocional Antibody ABX-EGF with Human Tumor
Samples

| : Incidence % of Cells Stained . Staining Intensity énd
Normal Human Tissue | (# Positive / #Tested) Positive : " Location®
Skin (positive control) 272 50 - 2°(C, M)
Heart (negative control) 0/2 0 . )
Tumor Sample ' -
Renal carcinoma 2/5 ‘ 20-80 1"-3"(C, M)
Prostate carcinoma 1/5 _ 20 17 (C, M)

Comment: The tumor samples used in this assay were from formalin-fixed, paraffin-embedded
specimens. It is not known whether the membrane-associated ABX-EGF binding would have
been more intense, or present in more samples or on a greater number of tumor cells if fresh
frozen samples had been evaluated. ' '

e YT

Study conclusion: Panitumumab binding to EGFr on cell membranes with weak to strong

. cross-reactivity was observed in glandular, ductular, and/or squamous epithelial cells of human
breast, skin, prostate, kidney, tonsil, cervix, and bladder/ureter. Weak to moderate staining was
also observed in 2/5 renal, and 1/5 prostate carcinoma specimens. These findings are consistent
with the known localization of EGFr in human tissues, and the anticipated localization in tamor
cells. '

Inhibition of intracellular EGFr-associated receptor p/_zosphorylation and internalization

A series of in vitro and in vivo experiments was conducted to evaluate the effects of panitumumab
treatment on EGFR-mediated intracellular signaling, receptor internalization, phosphorylation of
downstream signaling molecules, and cellular proliferation using A431 human epidermoid vulva
cancer cells, HCT116 or HeLa human cervical cancer cells. Incubation of A431 cells with ABX- -
EGF resulted in a dose-related inhibition of cellular proliferation, with an ICsy value of 0.08 nM
(Study #R2003200), and dose-related inhibition of EGF-mediated, intracellular receptor tyrosine
kinase activity and extracellular acidification with concentrations of ABX-EGF ranging from 10
to 1000 oM (Studies #R2003198 and #R2003 199, respectively). Mechanistic studies using mass
Spectrometery to measure panitumumab’s effects on receptor kinase signaling at the molecular
level revealed that treatment of A431 cells with 10 — 1000 ng/ml ABC-EGF resulted in site-
specific inhibition of tyrosine phosphorylation at residues Y1045, Y1086, Y1148, and Y1173,
while residues Y992, T669 and Y1068 were still phosphorylated at significant levels even in the
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presence of the highest panitumumab concentrations (Study #2003225). In vitro pantiumumab
treatment of human A549 lung carcinoma cells also inhibited the ligand-induced,
autophosphorylation of residue p1068 of the EGFr, in response to exogenously added TGF-a,
EGF, amphiregulin, or epiregulin (Study #R2005539). Inhibition of receptor phosphorylation -
after in vivo treatment with panitumumab was confirmed by ex vivo immunohistochemical
staining for specific, pERK, pAKT, and Ki-67 intracellular phosphokinasés in tumor tissue
sections from panitumumab-treated A431 (Study #R2003331), but not from ABX-EGF non- = -
responsive HCT116, tumor-bearing mice (Study #2003332).

Incubation of cultured human Hel.a, A549, or A431 EGFr-expressing tumor cells with 2-200,
0.5-8, or 2-25 pg/ml ABX-EGF, respectively resulted in dose-related increases in EGF receptor
internalization, as measured by flow cytometery (Studies #R2005421 and #R2005530).
Internalization of EGFr by these cell types was detectable as early as 5 minutes after addition of
panitumumab, reached a maximum at approximately 60 min of incubation, and could be blocked
by either exposing the cells to ABX-EGF at 4°C, or by the addition of 0.1% sodium azide (data
not shown). i
Other potential mechanisms of panitumumab inhibition of tumor cell growth were evaluated in a
series of in vitro studies examining the effects of ABX-EGF on EGF-induced production of '
different tumor growth factors (e.g. VEGF), or inflammatory mediators (i.e. interleukin-8) by
cultured human Caki-1 and Caki-2 renal carcinoma cells (Studies #R2003212 and #R2003211,
respectively) and DU145 human prostate tumor cells (Study #R2003373). In all three studies,
treatment of the different tumor cell lines with 10 — 50 pg/ml ABX-EGF could significantly
inhibit either constitutive or EGF-induced growth factor production. Other potential mechanisms
by which panitumumab mediates its antitumor activity iz vivo may include induction of antibody-
dependent, cellular cytotoxicity through interaction of ABX-EGF bound tumor cells to Fc )
receptor present on activated macrophages or NK cells, alterations in tumor cell invasion,
migration, and metastasis, decreases in tumor angiogenesis, andinduction of programmed cell
death or apoptosis.

In vitro cytotoxicity of panitumumab

The ability of ABX-EGF to mediate inhibition of EGFr-positive tumor cell growth was measured
in a series of in vitro experiments using the highly positive, A431 human epidermoid cancer cell
line, as well as the SK-MES-1, H1299, and MV 522 human lung carcinomas, and the Panc-1 and
MiaPaCa human pancreatic carcinoma cell lines, (Studies #R2003110, #R2003112, #R2003200,
and #R20004035). In all studies, tumor cells were incubated with increasing concentrations of

ABX-EGF, or with an isotype-matched, human IgG2 control antibody and growth inhibition was

measured by either MTT reduction or crystal violet uptake, colorimetric assays.

In Study #R2003110, no effects of ABX-EGF antibody treatment at concentrations ranging from
0.03 nM to 3300 nM were observed in in vitro cellular cytotoxicity assays using the EGFR-
positive, human H1299 and MV522 lung carcinoma, and Panc-1 and MiaPaCa pancreatic tumor
cell lines. Growth inhibition in the human SK-MES, EGFR-positive human lung tumor cell line
was related to the concentration of ABX-EGF in the culture medium, but was incomplete with
approximately 20% of the tumor cells surviving under the conditions of the assay. No
reproducible, additive or synergistic cytotoxicity was observed when SK-MES or H1299 tumor
cells were incubated in the presence of increasing concentrations of cisplatin or taxotere and-
ABX-EGF. Confirmatory studies were then performed using the A431 human vulvar squamous
cell carcinoma line, obtained from two different sources and cultured under different conditions.
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In three separate experiments, incomplete inhibition of A431 tumor cell growth in vitro was also
shown following culture of the cells in the presence of 0.03 nM to 3300 nM ABX-EGF , with
approximately 30-40% growth inhibition demonstrated even at the highest dose levels (data not
shown). .

Comment: Study #R2003094 (reviewed, above) demonstrated relatively high numbers of EGF
receptors on the surface of all five of the tested human lung and pancreatic tumor cell lines.
However, the present study fails to demonstrate any in vitro anti-proliferative effects of ABX-
EGF on four of the five tested cell lines including Panc-1, which had the highest level of EGFR
expression in the previous study. Additionally, the anti-proliferative effect of ABX-EGF was
much weaker than anticipated in the SK-MES line, which demonstrated high levels of receptor
binding (approximately 98,000 EGF receptors/cell) in Study #R2003094. Taken together, these
data would appear to refute the hypothesis that the cytotoxic effects of ABX-EGF are related to
the expression of EGFR on the target tumor cells. '

Comment: In the above-described experiments, a concentration-related inhibition of Panc-1
tumor cell growth is observed in the cultures exposed to increasing levels of the human IgG
negative control, with approximately 90% growth inhibition observed at 300 nM concentration,
and an apparent ICs, value of 50 nM. There is no explanation provided in the final study report
for this result, although the report does note that this effect was observed. :

[n Study #R2003112, addition of 0.03 to 300 nM ABX-EGF to cultured A431 epithelial
carcinoma cells resulted in a concentration-dependent inhibition of tumor growth, as detected by
either the MTT (Figure 2, panels A and B) or crystal violet (Figure 2, panels C and D)
cytotoxicity assays. However, the growth inhibitory effect of the antibody was less when A431
tumor cells were cultured in medium supplemented with 0.5% fetal bovine serum (Figure 2,
panels A and C), as compared to A431 cells were cultured in serum-free medium and treated with
ABX-EGF (Figure 2, panels B and D). Using the MTT assay, the ICsq for ABX-EGF in the
presence of supplemental fetal bovine serum was 3.93 nM with-an approximate 43% maximal
inhibition of tumor proliferation, as compared to an ICsy value 0f 0.82 nM, with a maximal
growth inhibition of 60% in serum-free medium. An ICsp value could not be determined for
A431 cells cultured with ABX-EGF in 0.5% fetal bovine serum using the crystal violet assay;
however, this same assay resulted in an ICsy for ABX-EGF in A431 cells cultured in serum-free
medium was 0.96 nM, with a maximal growth inhibition of 77%.

Comment:. Figure 2 below, was abstracted in toto from Figure 1 in the sponsor’s final study
report
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(A} MTT Assay (0.546 FBS) (B} MTT Assay (@36 FBS)

crystal violet (Panels C and D) staining, in the presence of 0.5% or 0% fetal bovine serum.
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Figure 2. Comparison of ABX-EGF cytotox101ty as measured by MTT (panels A and B) or _<= .

Comment: The final study report states that the more than 3-fold increase in ICsq value for
ABX-EGF observed when A431 tumor cells are cultured in the presence of supplemental fetal
bovine serum may result from competition of low levels of growth factors present in the serum
with ABX-EGF for binding to the EGFR, or from alterations in the affinity of the EGFR on A431
cells for the ABX-EGF binding. However, the previous study conducted at this same contractor
found very similar ICs, values for ABX-EGF inhibition of A431 tumor cell growth, with values
of 2.54 nM and 3.82 nM in the presence of either 1% or 10% fetal bovine serum, respectively
(Study #R2003110, above). These previous findings, coupled with the ICsq values obtained in the
present study suggest a lack of a dose-relationship for any potential competing growth factors
present in the serum. Addltlonally, saturating concentrations of ABX-EGF were present in the
culture medium at the highest concentrations tested in both studies (100 — 3300 nM). At these
levels of antibody tested, and given the relatively high number of EGFR present on A431 cells,
ABX-EGF would be expected to out-compete any growth factors present at such at low serum
concentrations. Taken together, these data do not provide a satisfactory explanation for the in
vitro loss of ABX-EGF growth inhibitory activity in the presence of supplemental fetal bovine
serum, and suggest that the hypothesis of competition of growth factors in serum with ABX-EGF
for binding to the EGFR may not be correct.

s

In vivo treatment of A431 tumor-bearing nude mice with ABX-EGF twice weekly for 3 weeks
resulted in dose-related delays in tumor growth and decreased tumor volume, as well as
significant increases in survival. The survival data are presented as a Kaplan-Meier plot in Figure : }
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3, below (abstracted from Figure 3 in the sponsor’s final study report). All mice treated with the
vehicle (saline) control group, and 9/10 mice each in the human IgG2k and 20 pg/mouse/dose
ABX-EGF groups developed large tumors (> 2g), and were euthanized by Study Day (SD) 26-32.
One mouse in the human IgG2k control group underwent spontaneous regression of its tumor -
beginning SD 33, and was a near complete responder by study termination on SD 61. Tumor
growth in one mouse in the 20 pg/dose was remarkably delayed, and tumor size remained stable

at approximately 20% of the control tumor volumes beginning on SD 28, continuing until SD 61
(data not shown).
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Figure 3. Kaplan-Meier survival curve for A431 tumor-bearing mice, treated with ABX-EGF or
controls. Established tumors in mice (n = 10/group) were treated as described, and measurements
obtained twice weekly until SD 61. Any animals with tumor burden > 2 g were euthanized, and
the day of death recorded.

Tumor growth of A431 tumors was significantly delayed in mice treated with either 100 or 500
pg/dose ABX-EGF, as compared to the vehicle or IgG control groups (p < 0.0001, ¢-test; data not
shown). Median survival times were also significantly prolonged compared to the control groups,
with 3/10 and 7/10 mice still alive at SD 61 in the groups treated with 100 or 500 pg/dose ABX-
EGF, respectively (Table 5, below). Complete, or near complete regression of tumor was
observed in 2/10 mice, and partial tumor regression (> 25% - < 75% of control tumor size) was
observed in 3/10 mice in the 500 pg ABX-EGF /injection group at SD 61. Partial regression of
established A431 tumor was also observed in all 3 sﬁrviving mice treated with 100 pg ABX-
EGF/dose. Median survival times, and mean tumor sizes at SD 61 for each dose group are
presented in Table 5, below.
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SN

Table 5. Tumor Responses in A431 Human Squamous Epidermoid Tumor-Bearing Nude )
Mice following treatment with ABX-EGF or controls )

Surviving mice at Median Survival Mean Tumor Sizé )
Treatment Group . SD 61 Time (days), + SD- | at SD 61 (mg), + SD
Vehicle control 0/10 202+11 - >2d° -
Human IgG2k control | 110 213+12 18(n=1)
20 mg/dose ABX-EGF 110 232+1.6 256 (n=1)
100 mg/dose ABX-EGF : 3110 338+24 860 + 102
500 mg/dose ABX-EGF 710 438 +4.8° 512 + 205

? all mice were euthanized with tumor burden > 2 g by SD 26
® p <0.0001 as compared to vehicle, human IgG2«k control groups, log-rank test

Comment: The inhibition of in vivo tumor growth of A431 tumors following treatment with
ABX-EGF does not achieve the 95-100% regression rate of A431 tumors after ABX-EGF
treatment observed in Studies #R2003202 and #R2003203, nor that which has been previously
reported in the published literature for this xenograft model.” One possible explanation is that the
tumors in the present study were allowed to establish until a mean tumor volume of 75 mg was
reached before treatment was begun, while it appears that A431 tumor burdens in the study by
Yang et al.?, and in the two previous studies were smaller when ABX-EGF treatment was
initiated.

Study conclusion: The data in the present study confirm the biologic activity of ABX-EGF in
both in vitro and in vivo inhibition of A431 tumor growth; however, the same levels of anti-tumor
effect as observed in previously published studies were not achieved”. ABX-EGF treatment of
cultured A431 epidermoid tumor cells could inhibit growth in a dose-related fashion in both in
vitro cytotoxicity assays, and in A431 tumor xenograft models in nude mice. The ICs, value for
ABX-EGF in the in vitro cytotoxicity assay was approximately 3-fold higher when cells were
treated in the presence of 0.5% fetal bovine serum in the culture medium, as compared to serum- -
free conditions. In vivo treatment of established A431 tumor bearing mice resulted in delayed
tumor growth, decreased tumor burder, and prolonged survival; héwever, the 95-100% complete
regression rates previously described for the treatment regimen employed were not achieved in
the present study.

E AN

In vivo anti-tumor activity of panitumumab correlates with EGF receptor number on tumor cells

Study title: Effect of ABX-EGF on the growth of multiple human tumors derived from
different tissues and expressing different levels of EGFr. '

Key findings: Aati-tumor activity of panitumumab in murine human tumor xenograft models
.correlated with the nuniber of EGFr expressed per cell, with an apparent threshold of 17,000
EGFr/cell required for effect. '

2 Yang, X. D, X.C. Jia, . R.F. Corvalan, P. Wang, C.G. Davis, and A. Jakobovits. 1999. Eradication of
established tumors by a fully human monoclonal antibody to the epidermal growth factor receptor without
concomitant chemotherapy. Cancer Res., 59:1236-1243.
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Study #: R2003205

Methods: This study evaluated the anti-tumor effects of panitumumab treatment of BALB/c
athymic, nu/nu mice bearing established human tumor xenografts from different tissue origins .
and expressing different levels of EGFr. The human tumor cell lines tested were A431 (vulvar
.epidermoid carcinoma), MDA-MB-468 (breast carcinoma), SK-RC-29 renal cell carcinoma,
HPAC, Hs766T, and BxPC2 human pancreatic carcinomas, PC3 prostate carcinoma, IGROV-1. .

ovarian carcinoma, and HT29 and SW707 human colon carcinomas. All cell lines were evaluated —

for ABX-EGF binding and cell surface EGFr number quantitated by flow cytometry. Mice were
injected s/c with various numbers of the human tumor cells and the xenograft was allowed to
establish to measurable size at which time treatment was initiated. Ten mice per group were
treated twice weekly by i/p injection with 1 mg/mouse/dose of ABX-EGF for 3 weeks, or with 2
mg/mouse once weekly for 2 weeks (MDA-MB-468). Control mice received either no treatment,
or injections with PBS (MDA-MB-468). As an additional control group, ten A431 tumor-bearing
mice were injected with 2 mg/dose E7.5.2 monoclonal antibody which binds to cell surface EGFr,
but does not inhibit either ligand binding or downstream cellular activation cascades. Tumor
volumes were measured twice weekly until study termination, and the results reported graphically
in the final study report as tumor volume vs. time on study (data not shown).

Results: ABX-EGF binding to cell surface EGF r, as detected by flow cytometry is depicted in
Table 6 below, which was abstracted from the sponsor’s final study report. The anti-tumor
effects of panitumumab appeared to correlate with the expression of EGFr, with near complete
eradication of tumor observed for mice bearing xenografts of MDA-MB-468, A431, SK-RC-29,
BxPC3, and HS766t tumors, and > 50% reductions in tumor burden as compared to control
animals at study termination for mice bearing xenografts of IGROV-1 or PC3 tumor cells. A
slight, although less than 30% inhibition of HT29 tumor growth was also observed following
panitumumab treatment., when compared to the control group. Treatment of A431 tumor-bearing
mice with the non-inhibitory, anti-EGFr antibody E7.5.2 had no-effect on tumor growth or
survival of animals, as compared to mice in the control group (data not shown).

Table 6. Study #R2003205. Expression of EGFr and Anti-Tumor Effect
of ABX-EGF on Human Tumor Xenografts in Athymic, Nude Mice
EGFr Expression Inhibition of

Tumor Cell Line Tissue of Origin (number/cel) . Tumf)r Gr‘owth
MDA-MB-468 Breast 1,800,000 Yes
A431 Epidermal 1,200,000 Yes
SK-RC-29 Renal 77,000 Yes
BxPC3 Pancréatic 63,000 Yes
PC3 Prostate .. 31,000 Yes
IGROV-1 ' Ovarian 30000 Yes
HS766T Pahcreatic ' | 17,000 Yes
HPAC Pancreatic - - 11,000 No
HT29 | Colon 9,000 Yes
SW707 Colon 1057 No
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Comment: The raw data for this study were not provided by the sponsor in the final study report;
therefore, it was not possible to calculate the percent inhibition of tumor growth.

Comment: Cell surface expression of both EGFr and HER2/neu in ABX-EGF responsive and
non-responsive human tumor cell lines were also evaluated in Study #R2004656. However, in
that specific study, EGF receptor numbers/cell was not identified; rather, the mean fluorescent

intensity (MFI) of cell surface binding was measured by flow cytometry, and the data were

presented as the ratio of EGFr:Her2 MFIs. In Study #R2004656, the MFI ratios of EGFr:Her2 in

the MDA-MB-468 breast, A431 epidermoid, HT-29 colon, PC-3 prostate, and NCI-H1650 and
NCI-H1975 (EGFr mutant NSCLC) carcinoma cell lines were 17.6,10.4,3.5,2.1,3.4, and 1.5
respectively. The ratios of MFI for EGFR:HER? in the non-responsive cell lines U87
microglioma, H1299 and SK-MES-PD lung carcinomas, and Colo205 colon carcinoma were 1.5,
1.0, 0.76 and 0.2 respectively, demonstrating a lower level of EGFr expression on tumor cells that
do not respond to panitumumab in vivo.

Study conclusion: Under the conditions of Study #R2003205, the anti-tumor effects of

panitumimab were correlated with the number of EGF receptors on the tumor cell surface. There

appeared to be.a threshold, above which tumors. expressing more than 17,000 EGFr per cell
responded to ABX-EGF treatment, while tumor cell lines with less than 17,000 EGFr per cell
have variable response to panitumumab.

Study title: Patterns of gene expression can prospectively predict panitumumab (ABX-EGF)
monotherapy in xenograft models.

Key findings: Using microarray techniques, 11 genes that are differentially expressed in a
group.of ten different, panitumumab responsive or unresponsive xenograft models were i
~ identified. This training set was then used to prospectively determine responsiveness in a dataset
from 19.different, ABX-treated human tumor xenograft models, resulting in an 85% probability
of predicting response of the selected xenograft models to panitumumab treatment.

Study #: R2004657

Methods: Responsiveness to panitumumab was determined from human tumor xenograft
models in 23 previous experiments. In these studies, tumor-bearing mice were treated twice
weekly by i/p injection with 20, 100, 200, and 500 pg/mouse/dose ABX-EGF for 2 to 5 weeks,
and tumor measurements were obtained twice weekly. Response was determined as a 40%
reduction of tumor volume in the treated groups, as compared to mice injected with placebo or no
control article. Microarray data using the Affymetrix gene chip were generated, and used to
determine a set of genes that could potentially identify responding tumors. Supervised ANOVA,
univariate and multivariate analysis were performed to determine transcripts that predict
responsiveness to panitumumab.

Comment: The study numbers from which the ABX-EGF responding or non-responding tumors
were identified were not provided in the final report for this study.

Results: Analysis of previously conducted, anti-tumor ABX-EGF efficacy studies revealed that
treatment of immunodeficient, tumor-bearing mice with established (approximately 300 mm’ at

start of dosing) human A431 vulvar epidermoid, PC3 and DU145 prostate, BxPC-3 and MiaPaCa

pancreatic, MDA-468 breast, and HT-29 and DLD-1 colon carcinomas with panitumumab
resulted in effective anti-tumor responses, by the criteria outlined above. By contrast,
xenografted H460, H1299, Calu-6, and SK-MES-PD lung tumors, BT474, MCE-7, ZR75-1, and
MDA 231 breast carcinomas, U87 microglioma, and CaPan-1 pancreatic and Colo 205 and
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'HCT115 colon carcinoma models were unresponsive to panitumumab treatment at the above
- doses and schedule. Cluster analysis of the gene expression profiles by microarray techniques
revealed 2156 genes that were differentially expressed in responding, vs. non-responding
xenograft models (FDR corrected p-value < 0.05, two-way ANOVA). However, there were no
genes identified that specifically correlated with the anti-tumor response to panitumumab (p <

0.05, modified Student’s ¢ test with Bonferoni correction). Supervised univariate and multivariate )

analysis of the microarray data identified a list of 11 gene candidates that could that could
prospectively determine responsiveness in 8/9 tumor xenograft models tested: additional, “leave
one out” analysis of the complete data set from 19 different tumor models resulted in an 85%
probability of predicting response of the selected xenograft models to panitumumab treatment.

Study Conclusion: Using a supervised analysis, a selected gene list was generated from
microarray data that may prospectively predict panitumumab response in xenograft models.

7 Study title: Evaluation of EGFr levels in xenograft tissue using the EGFr pharmDx kit.
Key findings: The level of EGFr staining detected on ex vivo tumor xenograft samples with the

commercial, EGF2 pharmDx kit was determined to correlate with the responsiveness of the
xenograft models to ABX-EGF treatment observed in Study #R2004657 (reviewed, above).

Study #:R2005548 :

Methods: Paraffin-embedded tumor samples isolated from xenografts of both ABX-EGF
responsive and unresponsive tumors from untreated animals were stained with the commercial,
murine anti-EGFr immunohistochemical detection kit that was used in the clinical studies.
Human HT-29 colon tumor cells were used as the positive control for EGEr expression. Five
micron sections were stained with the mouse antibody followed by peroxidase conjugated, goat
anti-mouse antibody, and the colored reaction product was developed by incubation in hydrogen
peroxide and diaminobenzidine. Following counterstaining with hematoxylin, slides were
-evaluated microscopically for EGFr pharmDx staining. Results were graded on a 0 to 4" scale,
with 0 negative (0), low positive (1), moderate positive (2*), high positive (3%), or strong positive
(4") based on the amount of chromagen staining observed in the tumor tissue. Equivocal staining
(-/+) was reported when an apparent majority of the tumor tissue stained negative; however,
multifocal groups of strongly positive tumor cells were present in the section.

Results: The HT-29 tumor positive control sample included in the pharmDx kit was reported by
the manufacturer to stain 2" in this assay, and also stained 2" for EGFr with the HT-29 sample
isolated from the xenograft tumor. EGFr cell surface labeling by the pharmDx kit was variable
across the other tumor types; however, there was no correlation with the level of EGFr staining
using this assay with that observed in the previous, flow cytometry studies of tumor cell surface
staining with ABX-EGF (Studies #R2003094 and #, above), nor with the in vivo responsiveness
to ABX-EGF treatment. The data for EGFr cell surface labeling by the pharmDx kit for the
different tumor xenograft models are presented in Table 7, below.

Comment: The strongest, cell surface EGFr staining with the commercial, EGFr pharmDx kit
was observed in A431 human vulvar epidermoid carcinoma cells (4", which was the only tumor
xenograft model which consistently responded to ABX-EGF treatment in the in vivo mouse
pharmacology studies (above). - '
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Table 7. Study #R2005548. Cell Surface EGFr Expression on Panitumumab Responsive and
on-Responsive Tumor Cell Lines Used in Xenograft Efficacy Models
ABX-EGF Responding Tumor Xenografts | ABX-EGF Non-responding Tumor Xenografts B
Tumor Line Tissue Origin: | EGFr staining | Tumor Line Tissue Origin EGFr staining |
A431 Epidermoid .4+ BT474 Breast 0 -.
MDA-468 Breast 3+ MCE-7 Breast 1+ - 1 -
BxPC-3 Pancreas 3+ MDA-231 Breast 2+ -
MiaPaCa Pancreas 3+ ZR75-1 Breast negative
DU-145 Prostate 3+ Colo 205 Colon 2+
PC-3 Prostate 3+ HCT116 : Colon 2+
HT-29 Colon 2+ Calu-6 : Lung 3+
DLD-1 Colon n.r’ H460 Lung » 1+
3 H1299 ' Lung : 1+
NCI-H82 Lung n.r.
SK-MES-PD Lung 1+
usg7 Glioblastoma 3+
CaPan-1 : Pancreas 1+

Comment: Additional tumor samples, including LnCaP prostate, Panc-1 pancreatic, and Colo
320 colon carcinomas, as well as HL60, Daudi, Raji, and Namalwa leukemia or lymphoma lines
were also evaluated in this assay. While several of these cell lines stained positively for EGFr
using the commercial pharmDx assay (e.g., Panc-1 and AsPC1 were both 3*), their
responsiveness to panitumumab was not tested.

Comment: Based on the data presented in Table 7 above, there does not appear to be any

correlation between the level of EGFr expression detected on the cell surface by the EGFr

pharmDx kit, and the apparent responsiveness of the tumor to panitumumab treatment in

xenograft models in nude mice. For example, both HT-29 and Colo 205 were found to express

EGFr at a 2° level in this study, but Colo 205 was not responsive to ABX-EGF treatment in vivo _
(Study #R2003325), while the HT-29 tumor did respond (Study #R2003327). Additionally, the .
U87 glioblastoma tumor line did not respond to panitumumab treatment in two separate studies
(Studies #2003550 and #R2004440), but was 3" for cell surface EGFr expression in this assay.

Study conclusion: Immunohistochemical staining of tumor xenograft sections from untreated,
nude mice using the commercial EGFx pharmDx kit showed.cell surface EGFr staining from 0 to
4" in the different tumor models. The positive control HT-29 colon tumor cells when stained with
this. kit were reported by the manufacturer to give a 2" reading, while HT-29 from tumor
xenografts gave a 2* EGFr cell surface labeling as well. Analysis by the sponsor of tumor
xenograft staining with EGFr pharmDx kit (single factor ANOVA) determined that there was a
statistically significant (p = 0.004) difference in EGF r between tumor models that responded, and
non-responders to ABX-EGF.

In vivo treatment of human colon tumor-bearing xenograft models with ABX-EGF, either alone
or in combination with chemotherapy

The antitumor activity of ABX-EGF against human Colo205, or HT29 established, colon tumors
was evaluated in CD1 nu/nu athymic nude mice, either alone (Studies #R2003325 and
#R2003327, respectively), or in combination with 5-flurouracil (5-FU; Study #R2003558),
irinotecan (CPT-11; Study #R2003358), oxaliplatin (Study #R2003560), or monoclonal
antibodies directed against either the human insulin-like growth factor receptor (Study
#R2003537) or human VEGF (Study #R2003561). In all studies, tumor was implanted s/c and
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allowed to establish for approximately 10 to 14 d prior to initiating twice weekly treatment with
20, 200, 500, or 1000 pg/injection ABX-EGF, i/p twice weekly for 3 to 5 weeks. Tumor
measurements and body weights were obtained twice weekly. Mice were euthanized either at a
defined study endpoint, or when tumor burden reached or exceeded a calculated volume of 1.2:
gm. In some studies, mice were euthanized at study termination and tumors were harvested, and
weighed. - ' ‘

Panitumumab monotherapy of HT-29 tumor-bearing mice resulted in a dose-related, 18-44%
inhibition of tumor growth as compared to mice treated with either PBS or the irrelevant, human
IgG2 as controls (Study #R2003327). By contrast, the same dose and schedule of panitumumab
treatment of Colo 205 tumor-bearing nude mice did not inhibit tumor growth as compared to
cither the vehicle, or the IgG2 control groups (data not shown). Immunohistochemical evaluation
of panitumumab localization and penetration in HT-29 tumor xenografts showed that positive,
ABX-EGF related staining could be detected at low levels in sections of xenograft tumors from
mice treated with 200, 500, or 1000 pg/injection twice weekly for 4 weeks (Study #R2004497),
indicating that the antibody was capable of localizing to tumor and inhibiting its growth. All
combination chemotherapy studies were therefore conducted using the HT-29 cell line as the only
colon tumor xenograft model, along with a wide range of other tumor cell lines from different
tissue types (e.g., non-small cell lung cancer, pancreatic cancer; reviewed under Secondary
Pharmacodynamics Studies, below).

Panitumumab in combination with standard chemotherapy and targeted anticancer agents has also
been evaluated in a wide range of tumor cell lines and xenograft model systems. Additive
antitumor effects were demonstrated in some but not many tumor xenograft models, as compared
with the treatment effects of either agent alone. Treatment of HT-29 tumor-bearing nude mice
with 500 pg/injection panitumumab twice weekly, or either 25, or 50 mg/kg/week 5-FU for 5
weeks as monotherapy significantly inhibited HT-29 tumor growth (Study #R2003558; data not -
shown). However, combination therapy with panitumumab and 5-FU at the above doses and
schedule had no additional effect inhibiting HT-29 tumor growth over either agent alone.

Similar results were obtained when HT-29 tumor xenégraft—bearing mice were treated with 500
ug/injection of panitumumab twice weekly for 5 or 6 weeks, either alone or in combination with
5, 10, or 20 mg/kg/week oxaliplatin (Study #R2003560). Treatment with oxaliplatin alone
resulted in a statistically significant inhibition of tumor growth only at the 20 mg/kg/dose level (p
<0.0001 as compared to vehicle or IgG control; ANOVA with Dunnett’s test). However, this
dose was associated with severe toxicity in the treated mice, including anemia and body weight
losses > 10%, and resulting in euthanasia of several animals prior to study completion. By
contrast, panitumumab monotherapy in this model resulted in significant inhibition of tumor
growth (p=0.0023, ANOVA), as did combination treatment with ABX-EGF and 10 mg/kg/dose
- oxaliplatin (p=0.0012). However, there was no additional inhibition of tumor growth in the
combination therapy group, as compared to either monotherapy with ABX-EGF or oxaliplatin at
these dose levels alone. The results of a representative replicate from this experiment, as
abstracted from the sponsor’s final study report are presented in Figure 4, below.
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Figure.4. Effects of ABX-EGF alone or in combination with oxaliplatin in athymic, nude mice,
bearing HT29 human colon tumor xenografts. Note that statistical significance is as compared to
the irrelevant, IgG2 control group (ANOV A with Dunnett’s test).

An additional experiment was conducted using the same dose and schedule of panitumumab,
administered alone or in combination with once weekly injection of 100 mg/kg CPT-11 in HT-29
tumor xenografts in nude mice Study #R2003559). In this study, the combination of ABX-EGF
and irinotecan significantly inhibited HT-29 colon carcinoma xenograft growth as compared with
the control group, and to a greater extent than either agent alone. However, this regimen resulted
in toxicity that was related to the chemotherapy agent; mice treated with CPT-11 at this dose
level, either alone or in combination with panitumumab lost greater than 10% of their body
weight during irinotecan administration, which they recovered after the cessation of treatment.
No changes in body weight were observed in any of the other treaiment groups. These results of
the combination treatment on tumor growth are represented in Figure 5 below, which was
duplicated from the sponsor’s final study report.
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Figure 5. Effects of ABX-EGF alone or in combination with irinotecan (CPT-11) in athymic,
nude mice, bearing HT29 human colon tumor xenografts. Note that statistical significance is as
compared to the irrelevant, IgG2 control group (ANOV A with Dunnett’s test).

In summary, the pharmacologic activity of panitumumab has demonstrated that it binds
specifically with EGFr expressed on the surface of human tumor cells. Treatment of EGFr
expressing tumor cells in vitro with ABX-EGF leads to loss of EGFr function via inhibition of
receptor autophosphorylation, enhanced internalization and down-modulation of cell surface
EGFr, inhibition of EGFr-associated tyrosine kinase phosphorylation and associated signal
transduction, and direct suppression of tumor cell growth. In vivo, panitumumab treatment, either
alone or in combination with irinotecan but not 5-FU or oxaliplatin chemotherapy could
significantly delay tumor growth in human colon (HT-29) xenograft tumor models, inan
approximately additive fashion. There was an apparent, threshold for the expression of cell
surface EGF receptor required for the anti-tumor activity of panitumumab to be effective in these
models, with cells expressing less than 17,000 EGF receptors/cell showing variable responses to -
ABX-EGF therapy. Taken together, these proof-of-concept data provide the rationale for the use
of panitumumab as monotherapy for —

e

2.6.2.3 Secondary pharmacodynamics

Comment: A series of forty-five additional in vitro and in vivo pharmacology studies were
submitted to the original BLA, under the e-CTD heading Secondary Pharmacodynamics. For the
most part these studies were additional, in vitro and in vivo assays evaluating the pharmacologic
activity of panitumumab, either alone or in combination with various chemotherapy or biological
therapy agents in tumor cell lines other than those from colon or rectal carcinomas. Because the
results observed in these additional pharmacology studies were not markedly different from those
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seen with ABX-EGF in the colorectal tumor models, they will only be briefly summarized in this
section of the review.

In vivo activity of ABX-EGF, alone or in combination with gemcitabine chemotherapy against.
human pancreatic tumor cell lines

A single study (Study #R2003091) was conducted to evaluate the anti-tumor activity of ABX- -
EGF alone or in combination with gemcitabine in athymic nude mice bearing established, human
MiaPaCa or Panc-1 xenografts. Mice were treated with 20, 100, or 500 pg/injection ABX-EGF
twice weekly for three weeks, with or without concomitant gemcitabine (160 mg/kg/dose, q3d)
therapy. In MiaPaCa tumor-bearing mice, survival time for the saline control group was 13.8
days, and was 14.6 days for mice treated with an irrelevant, human IgG2 control antibody. ABX-
EGF monotherapy at any dose level gave survival times of 15.6 to 15.8 days, which were not
significantly different from control. Gemcitabine, either alone or in combination with the human
IgG2 control antibody gave survival times of 19.1 and 20.2 days, and TGD values of 5.3 and 5.6
days, respectively. These values represented a statistically significant improval in survival time
as compared to the saline injected mice. However, in Panc-1 tumor bearing mice, control
survival times were 22.7 to 25.1 days, and no delay in tumor growth or improvement in survival
times was observed for either ABX-EGF or gemcitabine monotherapy. There was no further
increase in survival times in either MiaPaCa or Panc-1 tumor bearing mice treated with the
combination of gemcitabine, and any dose level of panitumumab.

In vivo activity of ABX-EGF, alone or in combination with chemotherapy against human lung
tumor cell lines

A series of studies was conducted to evaluate the effects of panitumumab alone or in combination
with a number of different chemotherapy agents used in the treatment of lung cancer, in athymic
nude mice bearing lung tumors from different sources. A summary of these studies, including the
origin of the tumor type and the chemotherapy agent employed is presented in Table 8, below.

Table 8. Summary of all In Vivo Studies of Anti-Tumor Activity of ABX-EGF in Combination or as
Monotherapy in Human EGFr-Expressing and Mutant, Lung Tumor Xenograft Models

Human Tumor | Monotherapy Combination Chemo- or Biologic Therapy Given with ABX-EGF _

Line Study # CDDP__ | Taxotere | Rapamycin | Anti-VEGF | Herceptin

A549 R2004156 " R2003210 | * -1 R2004280

{NSCLC) L R2003370 ‘

SK-MES (lung R2003092 | R2003092 R2004282 R2003547 R2004083
| squamous cell) R2003258 | R2003170 : - -

H1299 R2003092 | R2003092 R2004084 R2003548 | R2004082"
’ R2003277 | R2003278 R2004281

R2004287

NCI-H82 R2004154 o

small cell)

NCI-H460 1 R2004155

(large cell)

NCI-H1975 ' "1 R2005183 | R2005181

(EGFr-mutant R2005184

NSCLC) R2005428

NCI-H1650 R2005182

(EGFr-mutant

NSCLC)
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In general, ABX-EGF administered as a single agent delayed tumor growth, and prolonged either
* the survival of treated, A549, SK-MES, or H1299 tumor-bearing mice, or increased the time for
 the tumor to reach a defined, maximal allowable tumor burden. Combinations of cis-platinum
(CDDP) and panitumumiab in both H1299 and SK-MES xenografts (Study #R20030192), or -
taxotere and ABX-EGF in A549 (Studies #R2003210 and #R2003370), SK-MES (Study
#R2003092), and H1299 tumor-bearing mice (Study #R2003092) showed additive anti-tumor
activity of panitumumab with either chemotherapeutic, with complete eradication of the tumor™"
seen in the combination therapy arms. Delay in tumor growth was also observed in A549 human
NSCLC tumor-bearing mice treated with either 0.5 mg (Study #R2003210) or 1 mg/injection
(Study A#R2003370) ABX-EGF monotherapy, which was additive when combined with 4 doses
of taxotere at 20 mg/kg. Similar results were observed when the chemotherapeutic agent
rapamycin (Studies #R2004282, #R2004084, #R2004281, and #2004287) was used in _
combination with panitumumab (data not shown). Representative results from Study #R2003210
are included in Figure 6, below which was copied directly from the sponsor’s final study report.
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Figure 6. Effects of panitumumab and taxotere combination therapy on the growth of
established, A549 human non-small cell lung carcinoma tumors in nude mice

There were no anti-tumor effects of panitumumab observed in either the NCI-H82 small cell, or
the NCI-H460 large cell lung carcinoma xenograft models, following i/p injection of established
tumor bearing mice with 20, 200, or 500 pg/mouse/injection twice weekly for two weeks (Studies
#R2004154 and #R2004155, respectively; data not shown). Neither twice weekly x 4 weeks of
either 200 pg or 500 pg/dose ABX-EGF monotherapy, or in combination with 300 pg/dose of a
monoclonal antibody directed against the insulin-like growth factor, had any anti-tumor effect
against Calu-6 human lung carcinoma xenografts in athymic nude mice (Study #R2004103).

Comment: Wh_ile study #R2003092 showed dramatic anti-tumor activity of both monotherapy
with ABX-EGF and the combination of ABX-EGF with cis-platinum or taxotere against
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#R2003278, respectively) failed to demonstrate any anti-tumor effects of either panitumumab
alone or in combination with the chemotherapeutic agent. Similarly, in Studies #R2004082 and
#R2004083, there was no act1v1ty of ABX-EGEF either alone or in combination with the biologic
therapeutic agents Herceptin® (anti-Her2/neu monoclonal antibody) or an anti-VEGF monoclonal
antibody in SK-MES (Study #R2003547) or H1299 ((Study #R2003548) tumor xenografts. A ..
separate study was conducted to evaluate the potency of the ABX-EGF used in Study #R2003092 ~ -
and Study #2003091, above (Study #R2003093), as well as independent review of the Certificates

of Analysis where available for the lots of ABX-EGF used in these studies did not demonstrate

any differences in the in vitro potency assays (i.e., phosphorylation of EGFr-tyrosine kinases and
inhibition of EGF binding), as compared to the reference standard lots of ABX-EGF.

xenografts of human SK-MES or H1299 lung tumors, repeat of these studies (#R2003170 or *T}

Anti-tumor effects of panitumumab, either as monotherapy or in combination with doxorubicin or -
cis-platinum could also significantly inhibit the growth of established U118 glioblastoma (Study
#R2005549), DU145 human prostate carcinoma (Study #R2003209), or A431 vulvar epidermoid
carcinoma xenografts in athymic, nude mice (Study #R2003208). Although the data are not
shown in this review, all three cell lines were found to respond to panitumumab monotherapy.

Comment: Although A431 cells have previously been demonstrated to express high levels of
EGF3 (Study #R2003094, above), the number of EGF receptors expressed on the DU145 and
U118 cell lines is unknown. There was no information provided in the final reports for these three
studies regarding the level of EGFr expression on the surface of these tumor cell lines. However,
in vitro staiming of DU145tumor samples with the EGFr pharmDx commercial kit used for the
clinical studies (Study #R2004548) showed positive staining (3" intensity) for EGFr expression.

In vivo activity of ABX-EGF, alone or in combination with chemotherapy against human breast -
tumor cell lines

A second series of studies evaluated the anti-tumor activity of ABX-EGF monotherapy, or in
combination with a number of different chemotherapy agents used in the treatment of athymic L
nude mice bearing human breast carcinoma xenografts. A summary of these studies, including

the chemo- or biologic agent employed is presented in Table 9, below.

Table 9. In Vivo Studles of Anti-Tumor Actnvuty of ABX-EGF Alone orin
Combination with MAb Therapies in Huihan Breast Tumor Xenograf Models
Human Tumor Combination Therapy Given with ABX-EGF
Line Monotherapy . Anti-VEGF MAb Herceptin
MCE-7tb R2003479 ' '
MDA-MB-468 R2003518

MDA-MB-231 R2003527

ZR75-1 R2004086 . '
BT-474 ‘R2004279

In general, ABX-EGF administered as a single agent had no effects on the growth of MCF-7tb,
MDA-MB-231, ZR75-1, or BT-474 human breast carcinoma xenografts, at doses as high as 500
ug given i/p twice weekly for 2 to 3 weeks to mice with established tumor (studies as listed,
above). The one exception was in Study #R2004086, in which ZR75-1 tumor-bearing mice
injected with 200 ug ABX-EGF/dose twice weekly for 3 weeks did show statistically signiﬁcant
inhibition of tumor growth (mean tumor volume + SE at Study Day 42, 773 + 120 mm’ as
compared to 1324 +202 mm’ in IgG2 control group; p = 0.025, ANOVA with Scheffe’s post-hoc
test).

% v
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Comment: The anti-tumor effects of panitumumab against ZR75-1 tumor xenografts were not
observed at either the lower (50 pg/dose) or higher (500 pg/dose) tested in this study; therefore,
the biologic relevance of this finding is unknown. Cell surface EGFr staining was negative for
the ZR75-1 breast carcinoma sample in Study #R2005548 (above).

By contrast, panitumumab treatment of MDA-MB-468 tumor-bearing mice resulted in
statistically significant, dose-related delay in tumor growth and improvement in survival, when
given either alone or in combination with either 30 pg or 200 pg/dose of an anti-VEGF
monoclonal antibody. However, there was no additive effect of the anti-VEGF monoclonal
antibody to the effects of panitumumab, and treatment of mice in this study with 200 pg/dose of
the anti-VEGF antibody alone did not significantly inhibit tumor growth. The results from Study
#R2003518 are included in Figure 7 below, which was reproduced directly from the sponsor’s
final study report. -
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- Figure 7. Effects of panitumumab and anti-VEGF monoclogial antibody combination therapy on
the growth of established, MDA-MB-468 human breast carcinoma tumors in nude mice

An additional study using sub-therapeutic (20 ].tg/inj ection) doses of ABX-EGF in MDA-MB-468 -

tumor bearing mice resulted in no inhibition of tumor growth, with tumor volumes from SD62 to
SD97 that were similar to the control group (Study #R2004087; data not shown). Rapamycin
treatment alone (1, 5, or 10 mg/kg/day, 5 d/week x 4 weeks) did result in a dose-related,
statistically significant decrease in tumor burdens as compared to the control group; however,
 there was no additive effect when low dose ABX-EGF was co-administered with the different

doses of rapamycin in this study. '
. i

Comment: Data provided in the BLA submission in Study Report #R2003518 cites the number
of EGF receptors present on MDA-MB-468 tumor as approxirnately 1.8 x 10%cell. It is likely
that the 20 pg/dose ABX-EGF used in this study was too low to result in sufficient receptor
occupancy/competitive inhibition to overcome activation of EGFr on established tumor by locally
acting, endogenous and/or autocrine tumor growth factors, e. g TGF-a or EGF.
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N

In vivo activity of ABX-EGF, alone or in combination with chemotherapy against EGFr-mutant,
human lung tumor cell lines

The anti-tumor effects of panitumumab were evaluated alone or in combination with taxotere or
cisplatinum in two human, mutant EGFr tumor xenograft models, NCI-H1975 and NCI-H1650.
The non-small cell lung carcinoma cell line NCI-H1975 has an amino acid stubstitution in the -~ =~ .
kinase domain of the EGFr, while the NCI-H1650 human non-small cell carcinoma cell line has -

an in-frame deletion in the kinase domain of EGFr. . Both of these mutations result in increased
EGF-induced phosphorylation of the tyrosine residues Y992 and Y1068, as well as increased
phosphorylation of several downstream kinases including Akt and STATS. The overall effect is

to enhance tumor growth in response to either exogenous or autocrine EGF and related growth

factors. : o

Treatment of NCI-H1650 tumor-bearing nude mice with 25, 100, or 500 pg/dose twice weekly x

- 3 weeks resulted in inhibition of tumor growth by 41.3, 67.0, and 50.5%, respectively as
compared to the IgG2 antibody control group. These effects were highly significant (p <0.0036,
ANOVA with post-hoc Scheffe’s test). In this same study, taxotere (20 mg/kg/dose) resulted in
significant tumor growth inhibition by 48.6%, while the combination of 500 g panitumumab and
taxotere resulted in a 76.6% decrease in tumor burden as compared to the control group. While
the anti-tumor effects of the combination of taxotere and ABX-EGF were less than additive, the
inhibition of tumor growth was still highly statistically significant as compared to the IgG2
control, but not either monotherapy group (p < 0.0001 for both groups vs. control, ANOVA with
Scheffe’s test).

Panitumumab treatment of established, NCI-H1975 tumor bearing nude mice resulted in dose-
related inhibition of tumor cell growth following injection of 25, 100, or 500 pg/dose given twice
weekly for 3 weeks (Studies #R2004637, #R2005181, #R2005184, and #R2005428). In these
four studies, the anti-tumor effects of ABX-EGF were highly statistically significant (p <0.01,
ANOVA with Scheffe’s test) at all dose levels tested. Taxotere monotherapy was also effective
in inhibiting NCI-H1975 tumor growth (Studies # R2005181, #R2005184, and #R2005428), with
mean decreases in tumor volume of 42.6 — 64.9% from the IgG2 control tumors across the three
studies (p < 0.0126, ANOVA with Scheffe’s). Although less than additive effects were seen,
combination treatment with taxotere and 100 pg/dose (Studies #R2005181 and #R2005428), or
500 pg/dose panitumumab (#R2004184) resulted in highly significant inhibition of tumor growth
(70.7 - 87.0%) as compared to the IgG2-treated control groups (p <0.001, ANOVA). Similar
effects were observed with panitumumab alone or in combination with cis-platinum treatment in
NCI-H1975 tumor xenograft models (Study #R2005183). Mice treated twice weekly for 3 weeks
with 500 pug/dose ABX-EGF, i/p showed a 58% reduction in tumor burden as compared to
animals treated with 500 pg/dose of the irrelevant, IgG2 control antibody (p < 0.0001, ANOVA
with Scheffe’s test). Administration of 7.5mg/kg/dose of CDDP showed no significant inhibition
of tumor growth. However, combined treatment of NCI-H1975 tumor-bearing mice with cis-
platinum and ABX-EGF resulted in a 62.8% decrease in tumor volume, which was statistically
significant (p < 0.0001, ANOVA with Scheffe’s test) when compared to the [gG2 control group,
but not to either CDDP or panitumumab monotherapy groups.

Comment: The results for Studies #R20045181 and #R2005428 appear to be identical, even to
the percent inhibition of tumor growth observed in the panitumumab monotherapy and
combination dose groups. It is unclear from the way the study reports are written as to whether

.“‘ .,-
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these effects are accurate, or if the report was inadvertently duplicated. Clarification will be
requested from the sponsor.

Additional studies regarding the molecular mechanism of panitumumab inhibition of tumor cell
function and growth

To evaluate whether ABX-EGF treatment could inhibit the growth of EGF r-negative tumors,
U87 MG glioblastoma tumor cells were transfected with a lentiviral vector system to express the
VIII truncated, mutant EGFr, or with a control (empty) vector (Study #R2003550). Tumor-
bearing mice were injected twice weekly for two weeks with either 500 pg/dose control IgG2a or
panitumumab, and tumor measurements obtained. Under the conditions of this study, neither the
EGFr-negative U87 control vector-transduced, nor the U87-vIII truncated EGFr expressing cell
line showed any anti-tumor effects following panitumumab treatment.

Comment: The ability of ABX-EGF to inhibit phosphorylation of EGFr-associated tyrosine
kinases in the U87-vIII transfected cell line was confirmed in a separate, in Vitro experiment
(Study #R2004440). Treatment of cultured U87-vIII cells with 2 mM panitumumab for 72 h
completely inhibited the phosphorylation of EGFr-associated p1068 kinase, and completely
down-regulated EGFr cell surface expression after 13 d of treatment, as compared to cells treated
with the isotype matched, human IgG2 control antibody. There was no detectable p1068
phosphorylation in either the parental U87 cells, or in U87 cells transfected with a control (green
fluorescent protein expressing) vector. ‘

The effects of panitumumab treatment on tumor cell proliferation, ABX-EGF penetration into -
tumor, and intracellular kinase signaling and downstream EGFr-mediated events were evaluated
in nude mice bearing xenografts of human A431 vulvar squamous cell, SK-MES human non-
small cell lung, MCF-tb human breast, and BxPC-3 and Capan-1 human pancreatic carcinomas
(Studies # R2003104, #R20044499, and #R2004501, respectively).

In all three studies, in vivo treatment of human A431, Capan-1, BxPC3, and MCF-tb tumor-
bearing nude mice with doses of 200 pg to 1000 pg/mouse, i/p twice weekly for 1 to 4 weeks
resulted in inhibition of tumor growth, and improvement in survival over tumor-bearing animals
injected with vehicle control. Consistent with previous results observed in primary pharmacology
studies, there were no anti-tumor effects observed in the SK-MES, EGFr-non-responsive tumor
bearing animals (data not shown; Study #R2003 104). Immunohistochemical staining of isolated,
recovered tumor from MCF-tb tumor-bearing animals demonstrated weak, to slightly positive in
vivo penetration and staining after dosing with ABX-EGF twice weekly for 4 weeks with either
200 or 500 pg/dose (Study #R2004449). Similar penetration of panitumumab staining was
observed in Capan-1 human pancreatic tumor bearing mice treated with this same regimen of
ABX-EGF, while there was no dose-dependence in antibody penetration and staining in mice
bearing BXPC-3 pancreatic human tumor xenografts (Study #R2004501). Evaluation at the
molecular level of EGFr-mediated, downstream events showed that ABX-EGF treatment could
inhibit both endogenous and exogenous EGF-induced phosphorylation, resulting in reductions in
the levels of expression of the downstream kinases cyclin D1, Ki-67, pERK, pMAPK, and to a
lesser extent pAKT in A431, MCF-tb cells, and Capan-1 or BxPC-3 human pancreatic carcinoma
cells, but not in EFGr-non-responsive SK-MES cells (Study #R2003104). Taken together, these
studies confirm both the in vivo and molecular anti-tumor events associated with ABX-EGF
treatment, which have been previously demonstrated in other human, colorectal tumor cell
models. :
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Samples of human SK-MES and H1299 lung carcinoma, and MiaPaCa and Panc-1 pancreatic

tumors were obtained from xenografts growing in athymic nude mice, and cryosections were

evaluated ex vivo for ABX-EGF binding after incubation with 10 pug/ml biotinylated

panitumumab, and subsequent 1mmunoperox1dase staining. In this study, SK-MES and Panc-1- B
tumor xenografts exhibited strong (3”) staining with panitumumab, while MiaPaCa tumor

sections exhibited weak (1+) staining after the same dosing regimen. There was no detectable

ABX-EGF staining in sections from panitumumab-treated, H1299 tumor-bearing mice. Taken -~ -
together, these data suggest that the apparent lack of response to ABX-EGF in some tumor

xenografts such as H1299 and MiaPaCa may be due to the loss, or reduction of EGFr expression

by these tumors.

2.6.2.4 Safety pharmacology

The cardiovascular, respiratory, and central nervous syStem effects of ABX-EGF were evaluated
in a safety pharmacology study in cynomolgus monkeys following a single,_ intravenous dose of
pamtumumab The study results are reviewed, below.

Study title: Cardiovascular, respiratory and central, nervous system assessment of ABX-EGF
(panitumumab) administered as a single intravenous dose to conscious cynomolgus monkeys.
Key findings: A single i/v administration of 7.5, 30 or 60 mg/kg of panitumumab showed no
test article-related effects on the cardiovascular, resplratory, or central nervous systems of
conscious, telemterized monkeys. ‘
Study number: 104119 (Abgenix Study #ABX-P0307, — Study #04-
6567)

Volume # and page #: EDR file: STN BLA 125 l47\000\m0dule4\pharmacology
studies\safety pharm\104119.pdf

Conducting laboratory and location: /

Date of study initiation: April 16, 2004 (in-life, 5/27 — 6/10/04; final study report dated .
October 19, 2005)

GLP compliance: Yes

QAU statement: Yes (X) No() ~

Drug, lot #, and % purity: ABX-EGF placebo (50 mM sodlum acetate in 100 mM sterile
sodium chloride, pH 5.8), lot #A0306040000, % purity not spec1ﬁed ABX-EGF, lot

#954A023447, — mg/ml, purity —= —
(size exclusion HPLC)
Methods

Doses: ABX-EGF placebo, 7.5, 30, 60 mg/kg ABX-EGF antibody
Species/strain: Macaca fasicularis (cynomolgus monkey); purpose-bred { —

,
Number/sex/group or time point (main study): 4 males/group
Route, formulation, volume, and infusion rate: intravenous injection; placebo or
ABX-EGF formulated in 50 mM sodium acetate, 100 mM NaCl buffer, pH 5.9; volume 3
ml/kg; infusion rate 4 ml/min
Satellite groups used for toxicokinetics or recovery: No additional animals were
included in this study for T/K evaluation. Blood samples for measurement of ABX-EGF
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serum concentrations were obtained from the main study animals. A single blood sample
was collected from each animal approximately 24 h after ABX-EGF dosing, for
confirmation of panitumumab exposure.
Age: approximately 3 t0 5.5 years old
Weight (non-rodents only): mean 3.2 kg; range 2.7 — 3.9 kg
Unique study-design or methodology (if any): Prior to ABX-EGF or placebo
treatment, all animals were implanted with telemetry transmitter devices / ~——

— . for measurement of EKG, heart rate, and blood pressure. Monkeys were
allowed to recover from the surgery for device implantation for at least 4 weeks prior to
administration of panitumumab. : ‘

Lactated Ringers Solution (100 ml/kg) was administered daily by s/c injection to
maintain fluid and electrolyte balance, beginning 24 h after ABX-EGF dosing and
continuing until SD 15. When necessary, topical antibiotic/cortisone ointment was
applied to affected skin to treat and/or minimize dermal inflammation and infection.

Results

Clinical effects: There were no mortalities on study, and the only clinical sign of toxicity was
watery stool in one monkey (animal #9091) in the 60 mg/kg dose group on SD 15. Since this
time point was approximately 2-3 half-lives following ABX-EGF injection, the finding is
considered unrelated to panitumumab treatment. Decreased food consumption was noted at
various time points over the monitoring period in 1 to 2 monkeys in each dose group, including
the placebo control and was therefore considered unrelated to ABX-EGF. All animals were
returned to the colony following completion of the study.

Neurological effects: Neurobehavioral evaluations were perfarmed by personnel who were
blinded to treatment group. Each monkey was evaluated under restraint in the primate chair, and
in the home cage twice pre-study, at 2-5 hours following dosing on SD 1, and on SD 7 and SD
14. Monkeys were observed while chair-restrained for changes in mental status (activity levels,
agitation), muscle tone and movements, convulsions, eyelid position, pupil size, eye movement
and lacrimation, patellar reflex, and salivation. In addition to these parameters, in the home cage
animals were observed for posture, locomotor activity, and motor function (interest in and ability
to accept, handle, and consume a foodtreat). - > -

Based on the assessments performed, a single, i/v dose of panitumumab had no remarkable
effects on the neurobehavioral condition of the ABX-EGF treated animals.

Cardiovascular effects: Ten-lead electrocardiograms were measured manually for each animal
once pre-study, and once following the last monitoring period (SD 15) using a Cambridge

- apparatus. The leads included standard limb leads I, Il and III, augmented limb leads (aVR, aVL,
aVF), and chest leads (MV,, MV,, MV3, and Vo) thythm strips. Cardiovascular parameters
(axial lead AKG and blood pressure waveforms, heart rate, systoic, diastolic, and mean blood
pressures) and body temperature were collected radiotelemetrically for 30 sec every 10 min for
two, 24-h monitoring periods pre-study, and for a minimum of two hours prior to ABX-EGF
dosing on SD 1. Following placebo or panitumumab administration, each animal was monitored
every 10 minutes for 24 hours post-dosing on SD 1, then hourly for each day afterwards until SD
15. : :
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Selected, telemetered EKG tracings (16 timepoints from each animal for each pre-dose EKG
interval on SD 1, and approximately 8-25 telemetered EKG waveforms per animal per day as
chosen by the Study Director, and all 12 pre-study timepoints) were qualitatively evaluated and
interpreted by a veterinary cardiovascular physiologist employed by the contracting laboratory. -
Additionally, each multi-lead EKG tracing collected manually for each monkey at the pre-study

and post-dosing EKG sessions was analyzed quantitatively for PR, QRS, QT and RR intervals

using a computerized software package (EMKA Technologies ECG-Auto Software version -~ 7 -
1.5.11), and the results were interpreted by the veterinary cardiologist.

'\ww”’;)

There were no remarkable effects of a single, i/v dose of 7.5, 30, or 60 mg/kg ABX-EGF on EKG
activity, including PR interval, QRS interval, RR interval, QT interval, QTc interval and heart
rate, as compared to either pre-study measures, or to placebo control animals. Sporadic changes
in systolic, diastolic, and mean blood pressure were observed in ABX-EGF treated animals
during the 14-d monitoring period, and were occasionally statistically significantly different from
the control group at that same time point. However, there were no significant differences in the
values obtained for the ABX-EGF treated monkeys as compared to either pre-study monitoring,
or pre-dose values on SD 1, and the findings were therefore considered within normal limits for
this strain of macaques. There were no remarkable effects of ABX-EGF treatment at any time
post-dosing on either heart rate or body temperature, as compared to either pre-study baseline, or
control animal values.

Pulmonary effects: Chair-restrained monkeys were fitted with facemasks and allowed to
breathe room air through a series of low resistance, one-way valves for a timed period. Exhaled
air was collected during this time through a pneumotach airflow-measuring device, and capture of
airfow and breath frequency data were collected. Respiratory rate, tidal and minute volumes were
calculated using the Biosystem XA software integral to the system. Respiratory parameters from-
chair-restrained monkeys were obtained 2 to 3 times pre-study, then at 3-6 hours after ABX-EGF
dosing on SD 1, and on SD 7 and SD 14. N

Comment: The collection of respiration rate and tidal and minute volumes were performed
following the collection of cardiovascular data on SD 1.

For most of the time points evaluated, respiratory rates, tidal volumes and minute volumes
obtained from ABX-EGF treated monkeys were comparable.to control animals. On SD 1, mean
respiratory rated for the ABX-EGF treated groups were higher than the control values; however,
comparison of each individual monkey’s pre-dose and post-injection values showed no overall
changes related to panitumumab. No ABX-EGF related effects were evident.

Renal effects: The i)resent study did not measure the renal effects of panitumumab treatment.
No additional safety pharmacology studies that specifically evaluate this parameter were included
in the present BLLA submission.

Gastrointestinal effects: The present study did not measure the gastrointestinal effects of
panitumumab treatment, other than clinical observation of animals for changes in fecal
consistency and frequency. No additional studies that specifically evaluate this parameter were
mcluded in the present BLA submission.

Abuse liability: No studies of that specificaily evaluate this parameter were included in the
present BLA submission.

e’
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Other: Toxicokinetic evaluation of ABX-EGF serum levels obtained 24 h following dosing
confirmed a dose-related exposure to panitumumab. Using a previously validated ELISA assay
with a lower limit of quantitation of 39 ng/ml panitumumab, no ABX-EGF was detected in serum
samples from any of the monkeys treated with the placebo control. Mean ABX-EGF serum
levels (+ SD) for the panitumumab treated monkeys at 24 h post-dosing were 104 + 9 pg/ml for
the 7.5 mg/kg dose group, 436 + 32 pg/ml for the 30 mg/kg dose group, and 803 + 51 pg/ml for”
the 60 mg ABX-EGF/kg dose group.

Study conclusion: Under the conditions of this study, there were no remarkable effects of a
single, i/v dose of 7.5, 30, or 60 mg/kg of panitumumab on the neurobehavioral, cardiovascular,
or respiratory parameters measured. Toxicokinetic measurements confirmed dose-related
exposure to ABX-EGF 24 h after injection on SD 1. All animals remained clinically healthy for
the duration of the treatment and observation periods, with no remarkable differences in clinical
signs or food consumption between the control and ABX-EGF treated groups.

2.6.2.5 Pharmacodynamic drug interactions

No studies of this type were included in the present BLA submission.

2.6.3 PHARMACOLOGY TABULATED SUMMARY

A tabulated summary of all preclinical pharmacology studies included in the BLA was provided -
by the sponsor in Module 2, Section 2.6.3 of the electronic CTD submission, and is attached to
this review as Appendix 3. '

2.64 PHARMACOKINETICS/TOXICOKINETICS

'2.6.4.1 Brief summary
The pharmacokinetics of panitumumab were evaluated in cynomolgus monkeys, and in non-
tumor bearing, athymic, nude mice to support ABX-EGF anti-tumor efficacy studies using
murine tumor xenograft models. In mice, panitumumab exhibited an elimination half-life ranging -
from 10 to 16 days, and clearance was independent of dose at doses of 0.2to 20 mg/kg
(approximately 5 to 500 pg/mouse). By contrast, dose-dependent clearance of panitumumab was
observed in monkeys, with increasing exposure (Cmax and AUC,,) observed that was more than
dose-proportional following repeated administration. Atlow doses of panitumumab (3 mg/kg),
the elimination half-life of ABX-EGF was approximately 1 day, and increased after repeated
injection of 30 mg/kg/dose to approximately 4 to 5 days. The non-linear elimination of
panitumumab in monkeys is likely related to progressive saturation of EGFr, which is part of the
mechanism of ABX-EGF clearance in this species, as well as in humans. No accuriulation of
ABX-EGF exposure was observed following repeated administration of panitumumab to
cynomolgus monkeys for 1 to 6 months. However, although the increases in both C,, and
AUCq, were less than 2-fold over the study durations, the variability of the pharmacokinetic
parameters after the final dose was much greater than after the first dose. This increase in
variability was attributed to the presence of monkey anti-human antibody (MAHA) IESponses, -
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which in individual animals resulted in decreased serum levels, and accelerated clearance of
ABX-EGF.

2.6.4.2 Methods of Analysis

Please see under individual study reviews.

2.6.4.3 Absorption

Comment: A single study was conducted to evaluate the absorption and pharmacokinetic profile
of ABX-EGF in athymic, nude mice following i/p injection. This study was conducted after the
majority of primary and secondary pharmacokinetic studies were completed (in-life phase of
study, 5/11 — 6/22/2003). It is presumed that the data from the present study. were intended to
provide information regarding the level of panitumumab exposure correlating with the therapeutic
effect in the human tumor xenograft models. ' -

Study title: A pharmacokinetic study of ABX-EGF in male nude mice following a single
intraperitoneal injection.

Key findings: Intraperitoneal injection of normal (non-tumor bearing) nude mice with
panitumumab resulted linear, dose-related increases in C,,,,, AUCq, and AUCg,«. There was no
apparent difference in clearance (CL/F) between the two dose levels, and the elimination half-life
was approximately 16 days.

Study #: 104275 (Abgenix Study #ABX-P0306. -~ Study# — 243.14)

Methods: Male .:CD-1-nuBR, athymic nude mice (15/group) were injected on SD1 with
either 5.22 or 522 pg/mouse ABX-EGF (lot #9099-58G), i/p. Blood samples were collected by
retro-orbital plexus puncture from 5 mice/time point (0.1 ml/mouse; sparse sampling schedule) at
pre-dosing, 4, 8, 16, 24, 36, 48, 60, 72, 96, 120, and 168 h after injection, and on SD10, SD12,
SD15, SD17, SD19, SD22, SD24, SD26, SD29, SD31, SD33, SD36, SD38, SD40, and SD43.
Serum ABX-EGF levels were measured using an electrochemiluminescence (ECL) assay with an
anti-idiotype, anti-panitumumab antibody as the capture reagent, and ruthenium-labeled, anti-
idiotype anti-panitumumab antibody used as the detection reagent. ECL counts for the test
samples were measured and converted to panitumumab concentration by comparison against a
standard curve generated with known concentrations of ABX-EGF. The limits of detection for

this assay (as validated in monkey serum as the matrix) were 7.8 — 1000 ng/ml in 20% serum, and”

_ the lower limit of quantitation in 100% serum was 39 ng/ml. Non-compartmental analysis of the
pharmacokinetic profiles was calculated on the average concentration for each group at each time
point by least squares regression, using the WinNonlin software package. = :

Comment: The final report states that the ECL assay had been validated using monkey serum as
the matrix; however, this assay was performed in mice, and there was no information in the BLA
submission as to whether the ECL assay had been validated, or even qualified with mouse serum
as the matrix. Differences in binding proteins (i.e. albumin), and potential inhibitory or other
factors in mouse serum may interfere with this assay, and result in changes in the expected serum
concentrations of panitumumab. The sponsor will be requested to provide information that
addresses these issues as part of the discipline review letter.

44



Reviewer: Anne M. Pilaro, Ph.D. ' STN BLA #125147

Results: Serum concentrations after i/p injection of panitumumab showed a dose-related
Increase in both C,, and exposure (AUC,,, AUC.ng). Mean, maximal serum concentrations of
1.7 pg/ml and 181 pg/ml were detected 8 h after injection in the 5.22 ng dose group, and at the 16
h time point in mice treated with 522 mg/mouse ABX-EGF, respectively. Panitumumab serur
levels remained at slightly less than the peak values for up to 7 days after injection, at which time
they began to decrease in a linear fashion. There was no- apparent difference in clearance
between the two dose groups, and the estimated elimination half-life for ABX-EGF in mice was
approximately 16 days. These data are presented in Table 10, which was abstracted from the
sponsor’s final study report, below.

Table 10. Study #104275. Pharmacokinetic Profile of Panitumumab in Athymic Nude Mice

Following Intraperitoneal Injection

Pharmacokinetic v Dose of Panitumumab on SD1
Parameter ' 5.22 yg/mouse " 522 ug/mouse
tmax (h) , 8 16

Conax (ng/mi) 1.73 ' 181
AUC,, (ng*diml) 322 3110
AUC, o (g*d/mi) 397 3840
CUF (mlid) | 0.132 0.136
Voetin (d) — 162 15.7

Comment: There were no raw data included in the final report for this study, to allow
independent calculation, verification, and statistical analysis of the pharmacokinetic parameters of
panitumumab in the mouse model used for the tumor xenografts.

Comment: There was still significant panitumumab detectable in mice in both dose groups at
SD42, with mean values of 266 + 207 ng/ml and 32,135 + 13,916 ng/ml obtained for mice in the
5.22 and 522 pg/ml dose groups, respectively. . ) -

Comment:. Panitumumab does not interact with murine EGFr. Therefore, the serum levels
obtained in this study do not accurately represent those anticipated in athymic nude mice bearing
human tumor xenografts, where binding and internalization of ABX-EGF to EGFr expressed on’ _
tumor cells is expected to contribute significantly to the clearance, and subsequent elimination
half-life of panitumumab. This point will be communicated to the sponsor as part of the
discipline review letter. :

Study conclusion: Panitumumab exhibited linear pharmacokinetics in normal, athymic nude
mice following i/p injection of 5.22 or 522 pg/mouse ABX-EGF. There were no apparent
differences between the dose levels in either clearance or elimination half-life; however, the
apparent persistence of panitumumab likely relates to its lack of interaction with murine EGFr.
The data from this study therefore cannot be used to support the anticipated exposures in athymic
nude mice bearing xenografts of human EGFr expressing tumors.
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2.6.4.4 Distribution

Comment: Three studies were conducted to evaluate the distribution and excretion of '*’I-
labeled ABX-EGF or unlabeled panitumumab, following a single, i/v dose in. cynomolgus
monkeys. The BLA sponsor has submitted all three studies to both the Distribution (Section
2.6.4.4) and Excretion (2.6.4.6) sections of the eCTD-BLA submission. Since there were no
apparent differences between the three studies’ conduct and conclusions, the data from all thres -
studies will be reviewed and summarized, below.

Whole-body distribution and excretion of ' I-panitumumab in cvnomolgus monkeys

Study #: #103619, #103620, and #104274

Key findings: Distribution of '*’I-panitumumab to major organs was observed predominantly
in those with relatively high blood flow (liver, lung, kidney, adrenal), followed by later
distribution to target organs that potentially express high levels of EGFr (eye, large intestine,
skin). Elimination of radiolabel from the peripheral organs and tissues paralleled that of
elimination from serum. Excretion of ABX-EGF occured primarily via the urine, with > 90% of
the dose of radioactivity recovered between 216 and 240 h after injection of a single dose of "I
labeled panitumumab. '

- Methods: The in vivo distribution, pharmacokinetics, and excretion of '*I-ABX were evaluated
in cynomolgus monkeys in Studies #103619, #103620, and #104274. For all three studies, whole
body autoradiography, and quantitative assessment of '*° radiolabel distribution in blood, urine,
feces, and cage pan rinses/wipes were performed following a single, i/v dose of ABX-EGF.
Animals (5/sex) in Study #104274 received a total dose of 6 mg/kg of a mixture of unlabeled
ABX-EGF (lot #3737/TFP-99059A) and 'PI-ABX-EGF (lot #00-0379; specific activity, 11.1
uCi/pg; I dose approximately 120 pCi/kg). Four monkeys/sex each in Studies #103619 and
#103620 received a total dose of 7.5 mg/kg of a mixture of unlabeled, CHO-derived ABX-EGF
(lot #954A021224) and '*I-ABX-EGF (lot #44025-39; specific activity, 10.9 pCi/pg; '»’I dose
approximately 120 uCi/kg). For all three studies, blood was collected from surviving animals at
2,24, 48,72, 96, and 120 h, and from the 2 remaining animals in Study #104274 at 240 h post-
dose, and all samples were processed to serum. Radioactivity was quarititated by solid
scintillation (SSC) counting of samples of both blood and serum either as total radioactivity, or
following precipitation with trichloroacetic acid (TCA). Urine and feces were collected in
metabolic cages every 24 h post-dose from the animals in each study designated for the last two
sacrifice time points, and daily collections of residual cage debris, and trisodium phosphate cage
rinses were also evaluated for ‘ZI-radiolabel by SSC. Pharmacokinetic evaluation of bleod and
serum radioactivity levels were performed for all three studies, and parameters calculated
included Cp,y, Tinax, AUCq, AUCq.ns, and elimination half-life using nonparametric analyses with
the WinNonlin software package. '

Quantitative, whole body autoradiography was performed on the carcass of each animal,
following euthanasia at the scheduled time points after dosing. For all three studies, one male and
one female monkey each were euthanized at 2, and 48 h after dosing. In Study #104274, an
additional one/sex/time point were euthanized at 96 and 168 h, while additional monkeys
(1/sex/time point/each study) were euthanized in Studies #103619 and #103620 at 120 and 216 h
-after dosing. Following euthanasia and cryopreservation, 40 micron, sagittal sections were cut
from 5 to 6 levels of interest such that all major organs, tissues, and body fluids were represented
for each animal, the sections were mounted, and exposed to autoradiographic film for detection of
"I distribution. Tissue concentrations of ‘>I-radiolabel were interpolated from standard curves
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prepared for each section, and then converted to pg equivalénts/g of tissue based on the specific
activity of the test material. ’

Comment: An additional male and female monkey were planned for evaluation at 240 h post-
dosing in Study #104274 but were not analyzed, since the total amount of recovered radioactivity
in urine, feces, and cage wash/cage debris by this time point was > 96%.

Results: The pharmacokinetic profiles for '*I-radiolabeled, ABX-EGF in serum are presented
in Table 11, below. In all three studies, the maximal counts for ‘%I radiolabel in both blood and
serum were achieved at 2 h after dosing, with mean values of 85.1 and 152 mg equivalents/g
achieved for blood and serum, respectively in Study #104274. Studies #103619 and #10620
yielded mean blood radiolabel concentrations of 95.0, and 92.6 pg equivalents/ml, respectively.
Radioactivity in both blood and serum declined over the duration of each study, but was still
detectable at study termination at 216 or 240 h. Mean values for pharmacokinetic parameters
derived from serum levels in all animals on each study presented in Table 11 below.

Table 11. Pharmacokinetic Profile of "“I-labeled ABX-EGF in Cynomolgus Monkeys
Following a Single, Intravenous Dose

Pharmacokinetic Mean Value, + S.D.

Parameter Study #104274 Study #103619 #Study #103620
Dose of ABX-EGF 7.5 mg/kg 6 mglkg 6 mglkg
Cmax (1g equiviml) 151 +10 172 +12 168 + 40
Tmax (h) 2.02 +0.04 20+0 20+0
AUC,. (ug equivh/mi) - 7960 + 341 7077 + 1508° 7142 + 1941
AUC.irs (1g equiv*h/ml) 8418 + 742 8455 + 954 8670 + 1487
tY2elim (h) 471 +58 444 +154 496 +19.2

* parameters were calculated by pooling values obtained from animals (1/sex/time point)
euthanized at 48, 120, and 216 h post-dose. N

Whole body autoradiography of '’I-ABX-EGF tissue distribution for all three studies revealed
the highest levels of radiolabel detectable at 2 h after dosing, with blood, liver, lung, spleen,
adrenal gland, and kidney showing the highest levels (range, 20 to >60 g equivalents/g tissue) at
this time point. Eye, skin, large intestine, and thymus all showed demonstrable radiolabel uptake
as well, with T, values of 48 h after dosing (data not shown). Tissue levels of radioactivity
declined over time in all three studies; however, detectable radiolabel was still present in major
organs at the final sacrifice time points. In all three studies, quantifiable levels of %I radiolabel
were detectable in the testes, cerebellum, cerebrum, medulla, and/or spinal cord, suggesting that
"»I-.ABX-EGF derived radioactivity could cross the blood:testis and blood:brain barriers.

Excretion of '¥1 radiolabel from ABX-EGF occurred mainly via the kidney for all three studies,
with approximately 50% of the dose excreted by 48 h after injection (Study #104274), and
ranging from 63.2 to > 90% of the dose excreted by study termination at 216 or 240 h post-dose.
By contrast, the dose of '*°I radiolabel excreted in feces was minimal, ranging from <2% to
approximately 10% for all three studies; The remainder of excreted radiolabel was recovered in
the daily cage rinses, wipes and collected cage debris, for overall excretion of between 84.4% and
99.4% of the injected dose, over the duration of the measurement period.

Study conclusion: Similar patterns of tissue distribution, elimination, and excretion of '’

radiolabel were obtained for both male and female monkeys, and between different lots of ABX-
EGF. For all three studies, distribution of '"*I-panitumumab to major organs was observed
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predominantly in those with relatively high blood flow (liver, lung, kidney, adrenal), followed by
later distribution to target organs that potentially express high levels of EGFr (eye, large intestine,
skin). Elimination of radiolabel from the peripheral organs and tissues paralleled that of
elimination from serum, and excretion was predominantly via the kidney and urine. Taken
together, these studies provide a pattern of distribution that should aid in identification of the
target organs for panitumumab toxicity in vivo. B

2.6.4.5 Metabolism

No studies of this type were included in the present submission.

2.6.4.6 Excretion

Non-clinical studies evaluating the excretion of '*I-labeled panitumumab (Studies #103619,
#103620, and #104274) were reviewed under Section 2.6.4.4, above. Excretion of ABX-EGF
occurs primarily via the urine, and > 90% of the dose of radioactivity was recovered between 216

and 240 h after injection of a single dose of '*I-labeled panitumumab. No additional, stand-alone
studies to evaluate excretion of ABX-EGF were submitted to the BLA.

2.6.4.7 Pharmacokinetic drug interactions

No studies of this type were included in the present submission.

2.6.4.8 Other Pharmacokinetic Studies

Two additional pharmacokinetic studies were conducted to evaluate the comparability of ABX-
EGF in either mice (Study #104273) or cynomolgus monkeys (Study #102876), following a
change in manufacturing from hybridoma to CHO cell lines. The two studies will be summarized
and reviewed together, below.

Comparability of hybridoma- and CHO cell-derived ABX-EGF in mice and cynomolgus monkeys

Study #: Study #102876, Study #104273

Key findings: In cynomolgus macaques, the pharmacokinétic profiles of the hybridoma- and
CHO cell-derived materials are comparable, as determined by comparison of AUC_33¢;, and Cax
values. No comparability of the two products could be determined in athymic nude mice, due to
a high degree of inter-animal variability.

Methods: Pharmacokinetic profiles of ABX-EGF derived from two different manufacturing
methods were obtained after i/v injection ir female,  °D-1-nuBR mice, and in cynomolgus
macaques. Mice (36/group; Study #A104273) were dosed by tail vein injection on.SD1 with
either 0.1, or 0.5 mg/mouse of ABX-EGF, from either hybridoma (lot #7334, — , or CHO cell
(lot #8977-47, Immunex)-origin. Cynomolgus monkeys (12 naive males/group; Study #102876)
were injected /v on SD1 with 7.5 mg/kg of either hybridoma-derived panitumumab (lot
#P01007F), or ABX-EGF (lot #9099-53F) from CHO cells. Blood samples were collected from
mice at pre-dose (10 animals, total), and terminally from 3 mice/time point at 1, 4,24, 48,72,
120, 168, 240, 336, 408, and 504 h after dosing. Blood samples were collected from individual
monkeys prior to dosing, and at 24, 48, 72, 96, 120, 144, 168, 192, 216, 240, 264, 288,312, and
336 h after injection, processed to serum, and stored frozen at -70°C prior to analysis. Serum
panitumumab levels in the mouse study were quantitated by ELISA, while serum ABX-EGF
levels from i/v injected monkeys were measured by biosensor, using electrochemiluminescence
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(ECL) as the readout, with a lower limit of quantitation for this assay of 19.5 ng/ml. Anti-
panitumumab antibody levels were also measured in monkey serum samples obtained prior to
treatment, and at the final sampling time point at 336 h after injection. For both studies
pharmacokinetic parameters for the hybridoma-derived and CHO cell-derived ABX-EGF
preparations were calculated using the WinNonlin software package, following non-
compartmental analysis. '

Monkeys were also monitored for in-life signs of panitumumab toxicity, including clinical
observations of skin rash, flakiness, dermatitis; and changes body weights and in fecal
consistency that have previously been observed with ABX-EGF treatment.

Results: All mice survived until scheduled termination. All monkeys also survived for the
duration of the study; however, clinical signs of toxicity consistent with previous panitumumab
treatment were noted in these animals. Skin changes, including flaky skin, dandruff, irritation,
and reddening were noted in 11/12 monkeys treated with CHO-derived ABX-EGF, and all 12
monkeys treated with panitumumab derived from the hybridoma cell line, beginning as early as
SD7, and continuing until approximately SD16. Changes in fecal consistency (soft feces) were
also first noted beginning on SD7 and peaked in incidence in 8/12 monkeys in the group treated
with CHO-derived ABX-EGF, and in 4/12 monkeys treated with hybridoma-derived :
panitumumab. There were no remarkable differences in body weights between the two treated
groups, either at baseline or at the end of the 21 d study period. '

Pharmacokinetic evaluation of panitumumab serum levels showed some minor differences
between hybridoma- and CHO cell-derived materials in athymic nude mice after i/v dosing. At
the lower concentration (0.1 mg/mouse), the mean C,,, and AUC values were approximately 7%
and 15% lower for CHO-derived ABX-EGF than for hybridoma-derived material, while at the 0.5
mg/mouse dose level, the Cp, and AUC values for CHO-derived panitumumab were
approximately 28% and 15% higher, respectively, than for antibody of hybridoma origin. The
data are presented in Table 12, below.

Table 12. Study #104273. Summary of P/IK Parameters of Hybridoma vs. CHO Celi-
Derived Panitumumab in Female, Athymic Nude Mice® :

Pharmacokinetic 0.1 mg Panitumumab/mouse 0.5 mg Panitumumab/mouse
Parameter Hybridoma , | CHO-derived | Hybridoma CHO-derived
Crnax (pg/mi) 58.8 54.8 179 229 -
AUC,.; (ug*h/mi) 15992 13603 . 46694 53636
AUCq.in¢ (ng*himl) .24667 18986 \ 66111 76290

Va (mi) 1.8 ’ 2.1 2.7 ' 3.1

CL (mi/h) 0.0041 0.0053 0.0076 ~_0.0066
tYoetim (h) 302 . 273 248 323

* data are as provided by the sponsor in the final study report for Study #104274; no statistics,
including SD for each of the mean values, above were calculated for this study

Comment: The sponsor reported that there was a high degree of variability within the data for
the two different dose levels; therefore, a statistical evaluation of the comparability of the two
preparations cannot be performed. No independent evaluation of these data was conducted by the

. reviewer, since panitumumab pharmacokinetics depend in part on interaction with EGFr, and
ABX-EGF does not bind EGFr in this species.
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In the monkeys (Study #102876), minimal differences in the values for C,,.x and AUC between
the two preparations were noted. The mean C,,, value for the CHO-derived lot of ABX-EGF
was approximately 11% lower than that obtained for the hybridoma-derived antibody, while the
difference in mean AUC, 336, Was approximately 6%. The calculations for these values are
presented in Table 13, below.

.| Table 13. Study #102876. Comparison of Pharmacokinetic Parameters for ABX-EGF from
» Hybridoma or CHO Cell Origins in Cynomolgus Macaques

Pharmacokinetic Mean Value, + SD Ratio CHO:Hybridoma
Parameter Hybridoma-derived CHO cell-derived [90% CIi]

Cax (2g/ml) 256 + 56 227 + 31 89.4 [79.4 — 100.7]
AUCo 3361 (pg*d/ml) 664 + 143 619 + 83 94.4[83.6 — 106.5] .

Statistically, there was a moderate degree of variability in both Cumax and AUCy, between animals
treated with the two preparations of ABX-EGF, as evidenced by coefficients of variation ranging
between 13.4% and 21.9%. When the ratio of these values and their confidence intervals were

. calculated, the confidence interval for C,,x was found to be just outside the 80:125 level
considered acceptable for demonstration of bioequivalence (90% confidence intervals, 79.4 —
100.7).

Comment: Evaluation of the raw data revealed that in a single monkey treated with the

hybridoma-derived ABX-EGF (animal #020571), the C,,, value was approximately 50% higher

than the mean value obtained for the group. Although the value for this animal did not meet the

statistical test to be considered a true outlier (Studentized value > 3.0; Studentized value for this ~
monkey was 2.8), recalculation of Cy,,, without this animal’s measurement gave a mean value of - '
241 + 93, with a ratio of CHO:Hybridoma of 93.2, and a 90% confidence interval of 84.5 — 103.0.

No anti-panitumumab antibody was detected in monkeys treated with the CHO-derived ABX- gﬁr

EGF at either time point measured on study. By contrast, two monkeys in the group treated with T
. hybridoma-derived ABX-EGF (animals #020578 and #020591) were both positive for MAHA

response at 336 h after dosing. One monkey (animal #020847) in this same group showed a -

positive MAHA response in this assay at the pre-dose sampling time, but was negative for anti-

panitumumab antibody at the end of study time pomt .

Study Conclusions: Due to a high degree of inter-animal variability in serum ABX-EGF levels
and the lack of interaction with murine EGFr in athymic, nude mice, the pharmacokinetic
comparability of hybridoma- and CHO cell-derived panitumumab could not be démonstrated. In
cynomolgus macaques, the pharmacokinetic profiles of the hybridoma- and CHO cell-derived
materials are comparable, as determined by comparison of AUCy.336, and Cyay values.

2.6.4.9 Discussion and Conclusions

Please see Study Conclusions under individual study reviews, above.
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2.6.4.10 Tables and figures to include comparative TK summary

Tables for results from the individual pharmacokinetic and toxicokinetic evaluations are integral

- to the study reviews (Please see Section 2.6.4, above and Sections 2.6.6.3 and 2.6.6.6 through - -
2.6.6.8, below). A comparative PK and TK summary table, as provided by the sponsor in Module
2, Section 2.5 is included in Appendix 4 of this review.

2.6.5 PHARMACOKINETICS TABULATED SUMMARY

A tabulated summary of all preclinical pharmacokinetic studies included in the BLA, as provided
by the sponsor in Module 2, Section 2.6.5 of the electronic CTD submission is attached to this
review as Appendix 4.

2.6.6 TOXICOLOGY -

2.6.6.1 Overall toxicology summary

General toxicology: Administration of panitumumab to cynomolgus monkeys for up to 26
weeks was associated with mild to severe dermatologic toxicities, epidermal sloughing,
septicemia, and deaths in animals in all dose groups, with macroscopic, clinical pathologic, and
histopathologic evidence of cellular and tissue damage in the epidermis and dermis of the skin.
No NOAEL could be identified for ABX-EGF in the cynomolgus monkey; of note, this is the
only species other than human, which demonstrated cross-reactivity of panitumumab with a
selected panel of tissues in the initial in vitro tissue binding study, although a later study did show
a similar pattern of tissue cross-reactivity of panitumumab in rabbits.

Genetic toxicology: No genetic toxicology studies were conducted for this product.
Panitumumab is a recombinant, therapeutic protein (monoclonal antibody) and as such is not
anticipated to interact with DNA, nor intracellular DNA binding proteins; therefore, the standard
ICH S2 battery of genotoxicity testing is not considered appropriate, or useful for this product.

Carcinogenicity: No carcinogenicity studies were conducted for this product. Tissue cross-
reactivity and pharmacodynamic studies have demonstrated that panitumumab is
pharmacologically active only in humans and non-human primates, which are not appropriate
species in which to evaluate tumorigenic potential of ABX-EGF.

- Reproductive toxicology: Panitumumab inhibits ovulation and menstrual cycling in non-
pregnant female cynomolgus macaques and is abortifactient in pregnant females dosed during the
period of organogenesis, at doses 1.25 to 6-fold higher than the recommended dose planned for
clinical use after marketing approval. ' ' '

Special toxicology: Tissue cross-reactivity studies of panitumumab in cynomolgus monkey
tissues have demonstrated moderate to high levels of ABX-EGFE binding to known EGFr-
expressing targets, including eye, skin, tonsil, prostate, breast, and urothelium in the bladder.
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2.6.6.2 Single-dose toxicity

No single-dose toxicity studies were conducted for this panitumumab.
2.6.6.3 Rebeat—dose toxicity

Comment: There were five different, repeat-dose toxicity studies submitted by the sponsor to
this section of the BLA. The toxicity profiles of panitumumab were similar in all five studies, as
well as in two additional, repeat-dose toxicity studies submitted under “Other Toxicity Studies”
(Section 2.6.6.8, below). However, only three studies (Studies #BQAW-102, #BQAW-103, and
#103419) submitted to this section of the BLA were performed using the CHO-derived, ABX-
EGF produced at either the -~ or - (commercial) scale. Although all studies
were reviewed as part of the pharm/tox section of the BLA, only these three studies will be
included in the written review.

Study #BOAW-102:
® Species - cynomolgus monkey (Macaca fasicularis); 6 males/group with 5 males, 1
~ female monkey in control group _

¢ Dose, duration and regimen — vehicle (Group 1), 6 or 60 mg/kg ABX-EGF, i/v bolus
(Groups 2, 3, and 4) or i/v infusion (Group 5) on SD1, followed by ¥ehicle, 3 or 30
mg/kg/dose, i/v bolus or i/v infusion SD 8, 15/16, and 22; plus 2-week, treatment-free
recovery

‘¢ NOAEL = not defined; toxicities were observed in all treatment groups

¢ Toxicities — early mortality in 4 animals, with 2 early deaths (SD 19 and SD 20) in _
monkeys treated at 60/30 mg/kg/dose by i/v bolus, and 2 animals euthanized moribund in
the group treated with 60/30 mg/kg/dose by i/v infusion on SD 15 and SD 22.

* persistent, soft to liquid feces present in 5/6 monkeys treated with 6/3 mg/kg/dose ABX-
EGF, and in all animals in alt 60/30 mg/kg/dose ABX-EGF treated groups, begmmng SD
3 —SD 5 and persisting for duration of treatment

¢ skin changes (erythema, dryness, flakiness, swelling), rough coat, and/or scratching
present in 0/6 control animals, 1/6 low-dose monkeys, and 3/6, 2/6, and 3/6 monkeys in
Groups 3, 4, and 5, respectlvely, beginning SD 14 and perslstmg for duration of treatment
and recovery periods

e decreased food consumption, body welghts body welght gain in all ABX-EGF
groupshematology decreased red cell counts, hemoglobin, hematocrit; indicative of
anemia, secondary to blood samplmg for T/K

e progressive decreases in total leukocyte, absolute PMN, and absolute lymphocyte counts
in all groups, including vehicle control as compared to baseline on SD 15/16, 29, and 43

¢ increased fibrinogen in all ABX-EGF treated groups at SD 15/16, SD 29 as compared to

both baseline values, and to mean values for control group at each time point
* clin path changes including hyponatremia, hypochloremia, hypocalcemia,
hypomagnesemia, hyperkalemia, hyperphosphatemia at SD 15/16 and SD 29 in all ABX-
EGF groups
o decreased albumin, increased globulin in individual ABX-EGF treated animals as
compared to both baseline and control at SD 15/16 and SD 29, with resultant
decreases in A:G ratio
o increased BUN, hyperglycemia noted in individual animals treated with 60/30
mg/kg/dose ABX-EGF at SD 15/16 and SD 29
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histopathology — mucosal hyperplasia of the large intestines, correlating with clinical
findings of soft feces/diarrhea in individual animals at SD 29
- o mucosal hyperplasia still apparent in animals from all ABX-EGF dose groups at

recovery sacrifice on SD 43, but of lesser severity than SD 29 :

adrenocortical hyperplasia of the zona glomerulosa in individual animals in the groups

treated with 60/30 mg/kg/dose ABX-EGF, at end of treatment (SD 29) sacrifice

o finding not present at recovery sacrifice on SD 43

dermatitis associated with serocellular crusts in multiple skin sites in animals in all ABX-

EGF dose groups, without apparent relationship to dose for either incidence or severity

myocardial degeneration present in 1/3 monkeys in 6/3 mg/kg/dose group, and none of

the higher-dose ABX-EGF treated monkeys at SD 29

T/K data - serum concentrations confirm continuous exposure to panitumumab over

_ duration of the study

o approximate 2-fold higher Cp,,, AUC on SD 1 vs. SD 22 explained by loading
dose of ABX-EGF (6 or 60 mg/kg) vs. maintenance doses (3 or 30 mg/kg/dose)
. 0 decreased serum levels noted in animals with MAHA positive response,
beginning SD 14 - SD 21
immunogenicity — monkey-anti-human antibody (MAHA) observed in 0/6 control, 3/6
low-dose, and in 1/4, 0/6, and 3/4 surviving monkeys on SD 29 in groups treated with
60/30 mg/kg/dose ABX-EGF, by i/v bolus (Groups 3 and 4) or i/v infusion, respectively
o MAHA response detected as early as SD 14 »

Study #BQAW-103:

Species - cynomolgus monkey (Macaca JSasicularis)
Dose, duration and regimen — placebo (vehicle; 50 n.fM sodium acetate in 100 mM NaCl,’
pH 5.8),3,7.5, 15 mg/kg/dose ABX-EGF, i/v bolus once weekly x 13 weeks; plus 6-
week, treatment-free recovery
NOAEL = not defined; toxicities were observed in all treatment groups
toxicities — no early mortality or unscheduled sacrifices in this study
no remarkable effects of ABX-EGF treatment on electrocardiogram, ophthalmologic
(slit-lamp, biomicroscopy examinations) results with the following exceptions: .
o loss of cilia, erythema, and/or crusting or swelling of eyelids of 3/5 female
monkeys in 15 mg/kg/dose group at SD 80 - s _
o multiple, pin-point lesions on the fovea of the fundus of the eye in one control
male recovery animal on SD 122 (monkey #1004M)
dose-related (incidence and severity), persistent, soft feces/diarrhea, abdominal swelling, .

- dehydration in all ABX-EGF treated groups

o - fecal blood noted at multiple observations in male monkeys in 7.5 mg/kg/dose
group, and in both male and female monkeys in 15 mg/kg/dose group
o mucoid feces noted at multiple observations in both male and female monkeys in
mid-dose group, and male animals in high dose group
o diarthea persisted through week 1 of recovery in all ABX-EGF dose groups, with
incidence higher for monkeys in 7.5 and 15 mg/kg/dose recovery groups than
control or 3 mg/kg/dose groups
skin changes (erythema, dry/flakiness), rough coat, and/or hair thinning, alopecia present -
all groups of male monkeys, including vehicle control and in all groups of female

‘ monkeys treated with ABX-EGF
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o incidence and severity of skin changes in 3 mg/kg/dose group approximately Y
equivalent to control animals in males, slightly higher in females for this group 5
o 3 to 5-fold higher incidence, increased severity of skin and coat changes for
monkeys in mid- and high-dose groups as compared to control group , o
e no remarkable differences in food consumption, body weights, body weight gain in all
ABX-EGF groups as compared to control _
e hematology — platelet counts significantly decreased from both control group, baseline -~ =~ -
for females in 15 mg/kg/dose group at SD 15
o platelet changes not seen at any other time point, dose group on study
e increased differential, absolute PMN counts and decreased percent and absolute
lymphocyte counts in female monkeys in 7.5, 15 mg/kg/dose groups at SD 29
o decreased absolute lymphocyte counts also noted in male monkeys in 15
mg/kg/dose group at SD 43, and in females in this group on SD 57, as compared
to control
e decreased PT in low-dose female monkeys, increased fibrinogen in 15 mg/kg/dose ABX-
EGF treated females at SD 29, as compared to control group
¢ clin path — significant decreases in total protein, serum albumin, calcium, and phosphate
levels at SD 15 in female monkeys treated with 7.5 or 15 mg/kg/dose ABX-EGF, as
compared to control group
o SD 29 -significant decrease in A:G ratio on SD 29 in 15 mg/kg/dose male
"monkeys as compared to controls, persisting to SD 43
o SD 43 - serum albumin, A:G ratios decreased, serum globulin increased as well
in female monkeys treated with 7.5 or 15 mg/kg ABX-EGF/dose
o SD 57 - serum albumin, A:G ratios decreased, serum globulin increased in high-
dose male monkeys, and in females treated with 7.5 or 15 mg/kg ABX- EGF/dose
as compared to control animals
= serum calcium, blood glucose s1gmﬁcantly decreased in mid-dose
females, and decreased blood glucose in high-dose females compared to
controls
o SD 71 —increased serum globulin in 15 mg/kg/dose monkeys of both sexes, and
decreased serum albumin and A:G ratios in females treated with 7.5 or 15 mg/kg
ABX-EGF/dose as compared to control animals
= significant elevations in serum chloride in all groups of ABX-EGF treated
male monkeys.as compared to vehicle control group
= decreased serum phosphate in males treated with 7.5 or 15 mg/kg ABX-
EGF/dose, as compared to control animals
o SD 85 —decreased serum A:G ratios in females treated with 7.5 or 15 mg/kg
ABX-EGF/dose, high-dose males as compared to control animals
= increased serum globulin in high-dose females as compared to control
= decreased serum creatinine, blood glucose in female monkeys tre{a_tled
with 7.5 or 15 mg/kg/dose ABX-EGF compared to control group
o no remarkable changes in serum chemistries for any of the ABX-EGF groups as
compared to the vehicle control group during the recovery period
o no remarkable changes in serum troponin, or total or fractionated CPK in the
ABX-EGF treated monkeys versus control during either the treatment or
recovery periods
e histopathology — minimal to mild hyperkeratosis, accompanied by epidermal acanthosis
" in the skin of both male and female monkeys in 7.5, 15 mg/kg/dose groups at SD 85

necropsy ",
)

" &\‘(‘ d
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0 hyperkeratosis accompanied by macro- and microscopic evidence of serocellular
crusts, acute and/or chronic dermal inflammation, dermal edema, ulcers, or
intracorporeal pustules

0 minimal to mild follicular atrophy in skin from monkeys in all ABX-EGF dose

' groups, but with no.correlation to severity of alopecia in clinical observations

o sporadic, mild to minimal inflammatory, edema changes around intravenous
catheter site(s) in all dose groups, mcludmg vehicle control

o skin lesions only partially resolved in récovery animals at SD 133 sacrifice

¢ T/K data — serum concentrations confirm continuous exposure to panitumumab over
duration of the study in mid-, high-dose animals, with loss of exposure in low dose group
at SD 78 correlating with development of MAHA response _

o approximate 20-25% higher Cpay, AUC on SD 78 vs. SD 1 in the 7.5, 15
mg/kg/dose groups, suggesting non-linear kinetics, saturation of EGFR-mediated
clearance mechanisms at the two higher dose levels

o decreased serum levels noted in animals with MAHA positive response,
beginning as early as SD 28 )

= exposures (Cuay, AUC, C,y,) significantly lower (approximately 5 to 6- -
fold) on SD 78 in 3 mg/kg/dose group as compared to SD 1
¢ immunogenicity — monkey-anti-human antibody (MAHA) observed in 0/10 control, 9/10
low-dose, 2/10 mid-dose, and 0/10 monkeys at SD 78 (prior to final dose of ABX- -EGF)

o MAHA response in 0/4 control, 4/4 monkeys treated with 3 mg/kg/dose ABX-
EGF, 2/4 monkeys in the mid-dose recovery group, and 1/4 recovery group
animials from the 15 mg/kg/dose group at SD 126

o MAHA response detected as early as SD 29 in 8/10 low dose monkeys

Study #103419:
* Species - cynomolgus monkey (Macaca fasicularis)
¢ Dose, duration and regimen — placebo (vehicle; 50 mM sodium acetate in 100 mM NaCl,
pH 5.8), 7.5, 15, 30 mg/kg/dose ABX-EGF, i/v bolus.once weekly x 13 weeks; plus 2-
month, treatment-free recovery
¢ NOAEL = not defined; toxicities, early mortalities were observed in all ABX-EGFE
treatment groups
e toxicities —early mortality and/or unscheduled sacrlﬁces in ﬁfteen animals on study
o onein 7.5 mg/kg/dose group, 3 each from 15, 30 mg/kg/dose ABX-EGF groups
euthanized on SD 32 (3 d after administration of 5™ dose) due to severe skin rash,
overall poor clinical condition
o one monkey in 30 mg/kg/dose group euthanized SD 75 due to skin rash, body
. weight loss
o six monkeys (one in 7.5 mg/kg/dose group, 3 from 15 mg/kg/dose ABX-EGF
group, 2 from 30 mg/kg/dose group euthanized on SD 96 due to skin rash
o one female monkey in 15 mg/kg/dose group died 1mmedlately after dosing on SD
134
o one additional monkey each in the 15, 30 mg/kg/dose groups required dose
discontinuation at SD 30 and SD 135, respectively
. mfusmn reactions — dose-related peri-infusion emesis, lethargy, prostration, excessive
salivation, pallor to skin, gums, and/or muscle spasms observed in 5 monkeys
o onemonkey in 7.5 mg/kg/dose group, beginning SD 29 and continuing to SD
141, at which time pre-treated with prophylactic diphenhydramine
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o two monkeys each in the 15 mg/kg and 30 mg/kg ABX-EGF/dose group with 2 e
or fewer infusion reactions each : \)
o MAHA detected in the low-dose monkey, and in both monkeys from the mid-
, dose group that developed infusion reactions = -
o monkey #33F in the 15 mg/kg/dose group died of apparent anaphylactic reaction
on SD-134, shortly after completion of dosing .
= serum obtained near time of death reactive for presence of MAHA, but~ -
specific IgE immunoreactivity to the product was not detected ' T
e skin toxicity — erythema, irritation, crust (often with secondary skin infections), flaky
skin (dandruff-like), loss of fur, abrasions and/or eyelid swellmg and eye redness (with
associated secondary conjunctivitis
o papules, and/or ulcerations/necrosis sporadically observed in monkeys in all
ABX-EGF dose groups
o onset of skin changes typically occurred after admmlstratmn of two or three
weekly doses of ABX-EGF
o skin changes for surviving mornkeys showed resolution during the treatment-free
recovery period
e dose-related (frequency and severity) soft, loose, or hquld stool, diarrhea noted at various
time points during treatment in all three ABX-EGF treatment groups
o monkeys in this study did receive fluid (lactated Ringer’s solution) and anti-
diarrheal medication (sodium bismuth sulfate, lactobacillus) as necessary
o fecal abnornalities were not observed during recovery period after ABX-EGF
e ' no remarkable effects of ABX-EGF treatment on electrocardiogram, blood pressure, or
- heart rate, or rectal body temperature at any time point measured
e 1o visible lesions observed on ophthalmologic (slit-lamp, biomicroscopy) exammatlons
with the following exceptions:
o bilateral, marginal blepharitis observed at Week 26 examination in 2 monkeys in
7.5 mg/kg ABE-EGF/dose group, and 1 monkey in 30 mg/kg/dose group »
¢ mean food consimption decreased in all ABX-EGF treated groups as compared to e
control throughout the duration of the study
) o decrease of up to 60% from controls for male monkeys, up to 85% of controls for
female monkeys in ABX-EGF treated groups
o corresponded to decreases of 10 to 20% in mean body weights, body weight gain
in all ABX-EGF groups as compared to control . -
¢ hematology — no clinically significant changes in erythrocyte, platelet parameters in any
of the ABX-EGF dose groups as compared to the vehicle control, with the following
exceptions: L
o elevations in absolute PMN counts in all 7 monkeys euthanized at SD 32, and in
3/6 monkeys euthanized at SD 96
o related to stress and/or secondary bacterial infection 2° to ABX-EGF skin toxicity
o elevated PMN in surviving monkeys resolved to baseline by end of recovery
e increased fibrinogen (by 212% to 322% of baseline) in all 7 ABX-EGF treated monkeys
euthanized at SD 32
o changes likely secondary to bacterial infection, dermatologic toxicities
» clin path — no remarkable, treatment-related changes in urinalysis profiles in ABX-EGF
~ treated groups, as compared to vehicle control group
e serum chemistry changes are summarized in Table 14 (Table J, from the sponsor’s final
study report), below .
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Table 14: Summary of serum biochemistry changes in cynomolgus monkeys treated for 6 months

with ABX-EGF.
Statistically Significant Decreases In Albumin, BUN, Calclum, Creatinine, Sodlum

Table J.

and AIG
Parameter BDose Group Time point % Decrease from the
{mg/kg) . (Study Day) Control Mean
Albumin 7.5 a0, 85, 113, and 183 83% - 89%
' 30 50, 85, 113, 141, and 183" 74% - 86%
'BUN 7.5 22 60%
15 22 60%
30 22 and 183 41% - 57%
Calcium 30 50, 113, 141, and 183 0% - 95%
Creatinine 7.5 183 71%
30 183 58%
Sodium 75 183 98%
AIG 7.5 50, 85, 113, 141, 176, and 183 65% - 72%
15 50, 85, 113, 141, and 183 67% - 70%
30 50, 85, 113, 141, 176, and 183 56% - 69%
o no evidence of hypomagnesemia, hypophosphatemia in any ABX-EGF groups at
any time point on study, as compared to controls
o no remarkable changes in serum chemistries for any of the ABX-EGF groups as

compared to the vehicle control group during the recovery period

¢ histopathology — mild to marked hyperkeratosis, accompanied by epidermal acanthosis,
parakeratosis in the skin of both male and female monkeys in alt ABX-EGF dose groups
at SD 183 necropsy

o

o]

(0]

acanthosis accompanied by inflammatory cell infiltration of the dermis and

epidermis, small foci of ulceration with scab formation, and epidermal pustules

in some animals, folliculitis and perifolliculitis, necrosis and/or erosion of the

epidermis noted at terminal sacrifice on SD 183 _
severity of skin lesions was similar in 15 and 30 mg/kg/dose groups, reduced - %
slightly in 7.5 mg/kg/dose group

skin lesions only partially resolved in recovery animals at SD 239 sacrifice

other histopathologic findings in ABX-EGF treated animals that were considered
related to treatment included hypercellularity with increased granulopoietic cells
in the bone marrow, and granulocytosis in the spleen _

lymphoid hyperplas1a plasmacytosis, and neutrophilic infiltration into 1ymph
nodes also observed both microscopically, and correlated with enlarged lymph
nodes observed grossly

findings can be attributed to the secondary skin infections related to ABX-EGF
skin toxicity

no other treatment-related, histopathologic findings noted in any other organs

A

¢ T/K data — serum concentrations show reduction in exposure to panitumumab over
duration of the study all three ABX-EGF dose groups, with loss of exposure correlating
with development of MAHA response

(@]

SD 1, C,ax values were 261 + 66, 676 + 253, and 1080 + 406 p.g/mL for the 7.5, -
15, and 30 mg/kg ABX-EGF dose groups, respectively
SD 1, AUCg.74) values were 649 + 133, 1650 + 440, and 3440 + 993 day*pg/mL

_for the 7.5, 15, and 30 mg/kg groups, respectively

Week 26, C,ax values were 157 + 125, 378 & 255, and 793 + 433 pg/mL for the
7.5, 15, and 30 mg/kg groups, respectively
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o Week 26, AUC(. values were calculated only from animals without MAHA
response, and were 774 £ 259, 1660 + 266, and 3260 + 1300 day*ug/mL for the
7.5, 15, and 30 mg/kg groups, respectively
‘o decreased peak/trough serum levels noted in animals with MAHA pos1t1ve
response, beginning as early as SD 49
¢ immunogenicity —~ MAHA response in 0/12 control, 5/12 monkeys treated with 7.5
mg/kg/dose ABX-EGF, 2/12 monkeys in the mid-dose group, and 1/12 high-dose group"
animals during the treatment period (up to SD 183)
o MAHA response detected as early as SD 50 in low dose monkeys
o MAHA response persisted in all surviving recovery animals to SD 239 necropsy
* no additional animals seroconverted to MAHA positive during this time

Histdpathology inventory (optioi_ial)

Study BQAW-102 |BQAW-103] - 103419

Species Cyno ‘cyno cyno.

iAdrenals X*

| Aorta

iIBone Marrow smear

iBone (femur)

Brain

{Cecum -

iCervix

fiColon

Duodenum

Epididymis

Esophagus

Eye

Fallopian tube

{iGall bladder

Gross lesions

Harderian gland

Heart

[leum -

Injection site

Jejunum

Kidneys

Lachrymal gland N.D. N.D. N.D.

Larynx ' , N.D. N.D. N.D.

Liver X* X* X*

Lungs X* X* X*

Lymph nodes, cervical

JLymph nodes

mandibular

Lymph nodes, X

mesenteric

Mammary Gland X

Nasal cavity X
X
X*

xxxﬁixxxxxﬁxxxxﬁxxx

=
ﬁxxxﬁ>xxxxxﬁxxxx§xxx%

>

Optic nerves
"Ovaries
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ﬂliancreas

llIErathyroid

Peripheral nerve

Pharynx

Pituitary

Prostate

Rectum

Salivary gland

Sciatic nerve

Seminal vesicles

Skeletal muscle

Skin

Spinal cord

Spleen

Sternum

Stomach

Testes

Thymus

Thyroid

Tongue

Trachea

Urinary bladder

Uterus

Vagina

Zymbal gland NA -
X, histopathology performed
*, organ weight obtained
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2.6.6.4 Genetic toxicology
No studies of this type were included in the present submission. Panitumumab (ABX-
EGF) is a monoclonal antibody, protein therapeutic and as such is not anticipated to
directly interact with, or damage DNA.

~ B -

2.6.6.5 Carcinogenicity
No studies of this type were included in the present submission. Panitumumab (ABX-
EGF) is a monoclonal antibody, protein therapeutic and is not pharmacologically active
in the test species (rat, mouse) traditionally used for carcinogenicity studies.

" 2.6.6.6 Reproductive and developmental toxicology

Fertility and early embryonic development

Study title: An assessment of the effects of ABX-EGF on female fertility and early embryonic
development to implantation when administered by weekly intravenous injection to cynomolgus
monkeys.
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Key study findings: Panitumumab treatment inhibited ovarian function during the
administration period, resulting in dose-related irregularities in the duration of menstrual cycle
(prolonged menstrual cycles and/or amenorrhea), decreased pregnancy rates, and decreases in
serum 17B-estradiol and progesterone levels. These effects were observed at all dose levels E
tested, which ranged from approximately 1.25 to 5-fold greater than the human ABX-EGF dose
of 6 mg/kg. Under the conditions of this study, no NOAEL for panitumumab effects on
reproductive function in cynomolgus monkeys can be defined.

Study no.: 103409 (Abgenix Study #ABX-T0309, — . Study ¥ — ..026.56)
Volume #, and page #: EDR file: STN BLA 125147\000\module4\toxicology
studies\reprotox\103409.pdf

Conducting laboratory and location:

Date of study initiation: August 8, 2003 (in-life, 10/ 6/03 — 4/21/04; final study report dated

November 10, 2005) . -

GLP compliance: Yes :

QA statement: yes (X)no ( )

Drug, lot #, and % purity: control article, ABX-EGF placebo (vehicle), lot #ABX-EGF
9099-61, % purity not provided (no detectable protein in sample, by high-performance liquid

" chromatography); ABX-EGF, lot #954A021224 —  pure by size-exclusion high-performance

liquid chromatography . o -
Methods

Doses: 0 (vehicle), 7.5,.15, 30 mg ABX-EGF/kg/dose, once weekly

Species/strain: Macaca fasicularis, purpose-bred; country of origin China (source,

number obtained not specified) and USA(source, number obtained not specified);

sexually mature females, 3-9 years old; weight range 2.52 - 6.80 kg - . s

Number/sex/group: 12 females/group in control, low dose groups, 11 females/high-

dose group, and 9 females/mid-dose group

Route, formulation, volume, and infusion rate: intravenous bolus; ABX-EGF, 20

mg/mL in 50 mM sodium acetate, 100 mM sodium chloride solution, pH 5.8; volume 1.5,

0.375, 0.75, 1.5 ml/kg (for vehicle, 7.5, 15, 30 mg/kg, respectively); injection rate,

approximately 4 ml/min

Satellite groups used for toxicokinetics: none (T/K samples were obtained from main

study animals)

Study design: Female macaques were dosed with vehicle control, 7.5, 15, or 30

mg/kg/dose ABX-EGF once weekly over a period of two menstrual cycles prior to

mating (PMC 1 and PMC2), during the mating period (maximum two menstrual cycles

for females not bred in first cycle, MC1 and MC2), and up to approximately GD20 or

GD25 (total of 7 — 23 doses). The total number of doses, dosing duration, and last day

ABX-EGF was administered for each individual animal is summarized in Table 15

below, which was abstracted directly from the contracting laboratory’s final study report.

ad
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Table 15. Study #103409. Study Design, Dosing Duration, and Pregnancy Results in
Female Cynomolgus Monkeys Followmg Weekly Dosing with ABX-EGF

| Goupt | - Animal:{ Tof: . Dase Intesruption. | ys¢, Duration of Dosing Periad,
- BDoge | Moo- (Sfudy Day} " and ﬂle Last Dos ‘Day .
101 NA Pt=gnant at the 1st mating. The iast dose was MC1-
- 37 (GD25, Day 92}
102 3 NA Mot pragnant. No 2nd mating. Dose was termmatAd i
on MC2-15 (Day 1561
193 17 NA Pregnant at the 2nd mating. The last dose was MC2-
36 (GD34, Day 113}
104 - 18 NA Pregnant at the 2nd mating. The last dose was MC2-
38 (GD26, Day 120}
145 13 HA Pregnant at the fst mating. The fast dose was MC1-
M (GD22 Day 35).
Group 1 107 20 NA Not pregnant.  The last dose was MC3-4° (Le. MC2-
Vehicle 3€, Day 1351
0 molkg 189 vy MNA Hot pregnant. The last dase was MC3-1° (Le. MO2-
25, Day 142). -
110 18 NA Not pregnant. The last dose was MC3-6 " (ie. MC2-
37, Bay 120).
111 14 Na Pregnart at the 1st mating. The tast dose was Mu.‘l-
38 (GD26, Day 92}
112 15 HA Peegnant at the st mating. The fast dose was MC1-
33 (GD21, Day 93).
115 23 NA Mot pregnant. The last dose was MC2-38 (Day 155).
17 16 NA Hot pregnant. Mo 2nd mating. Dose was termmatf-d

on MC1-34 (Bay 1061

and examinatians).

TWC3 = The third mating cycle

APPEARS THIS WAY
ON ORIGINAL
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71, 78, 108, 113

281 17 Not pregnant No 2nd meting. Do%e was terminated
on MC1-7 (Day 142).
2 17 NA Pregnant at the 2nd mating. Dose was feminated on |
MC2-6 (Day 113). )
g3 " 50, 71 Mo 1st or 2nd mating Dose was terminategd on |
‘ PMC2-61 {Day 85).
204 17 S0, 57 Mo 1st or 2nd mating. Dose was terminatad on
- PRIC2-54 {Day 127).
295 13 54, 7885, 108 Mo 1st or 2nd mating. Dose was termm:tt“d an MC1-
1 (Day 113}
208 12 NA Mo 1st or 2nd mating Dose was terminated on
Group 2 PRC 1-80 {Day 76).
ABX-EGF 207 1S NA Mo 13t or 2ngd mating. Doge was terminated on
7.5 mgkg PPAC1-101 {Day 99).
208 18 N4 Mot pregnant at 1st mating. Aninval died on PAC2-23
({GR1t). Pregnancy result cf the 2nd mating couid
not be determined.” The last dose was MC2- 23 {Day
127).
205 21 135 Not pregnant. The last dase was MC2-37 (Day 148).
210 15 85, 92 No 1st or 2nd mating. Dese was terminated on
PRC2-79 {Day 113L ’
21 14 64 No 1st or 2nd mafing Dose was terminated on |
PMC 1-101 {Day 99). “
212 19 N4 Fregnant at the 2nd mating. Dose was terminated on
IMC2-3 (Day 1271
304 14 MA Hot pregnani. The last dose was RC2-33 (Day 521
3as 21 MA Pregnant at the 2nd mating. Dose was terminated on
MC2-28 (e, GD14, Day 1421 :
Kt 1€ 43, 85, 112, 120, Mot pregnant. Mo 2nd mating. The last dose was
135 142 MC21E (Day 1451 .
308 18 NA Mot pregnant. Mo 2ad mating. Dose vwas terminatad |-
on MC1-51 {Cay 127). &
creup 3 30c 21 NA Mot pregnant. Mo 2nd mating. Dose was terminated
ABX-EGF on PAIC1-83 {Day 142}
13 mgikg 310 17 113 Nect pregnani. Nz 2nd mating.  Dose was terminatsd
- : on MC1-52 iDay 120% '
21 8 NA No 1st or 2ad mating. Animal was euthanized on
fAC1-13. Thelast dose was MC1-8 {Cay S0\
312 i NA Mo 1st or 2nd mating. Dose was terminatsd on
PMC2-47 {Day 71}
410 H S7. 71 Mo 1st or 2nd mating. Doss was terminated on

PIAC2-45 {Day 85}

APPEARS THIS WAY
ON ORIGINAL
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NA | Mo 1st or 2nd mating. Animal was euthanized on
MCI-5. The fast dose was MC1-2 (Pay 50).
402 7 : NA Mo 13t or 2nd mating. Dose was ferminated on |
PRIC2-23 {Day 43}, A
403 i 15 57.64 Pregnant at the 1st mating. The last dose was MC1-
: 33{GD21, Day 113} T -
404 21 NA Peegnant at the 1st mating. Dase was terminated on |
. ) C1-24 (GD 12, Day 142).
495 12 €0, 57, 64, 76,85, | Not pregnant. No 2nd mating. Dase was terminated
o] . on MC1-31 (Day 120).
Group 4 N -
ABX-EGF 405 3 S0, 57 ‘Ma 1st or 2nd mating. Dose was terminated on
30 mgikg : _ PMC-1-?3 {Cay 71 )
407 21 38 Mot pregnant. No 2nd mating. Dose was terminated
on MC1-35 (Day 149).
408 12 N4 Mo 1st or Znd mating Dase was ferminated on |
' PrC1-80 {Day 78).
409 21 NA& Not pregnant. Deose was terminated an MC2-31 (Day
: 142y, .
411 15 S0, 57,78, 99, 127, | Not pregnant. Dose was ferminated an MC2-23 {Day
135 142
412 12 NA No 1st or 2nd mating Dose was terminated on
PMC1-8Q {Lay 78).

Parameters and endpoints evaluated: Maternal toxicity (clinical observations and
mortality, food consumption, body weight and body weight gains, clinical pathology),
menstrual cycle duration and frequency, mating and confirmation of coitus, pregnancy
diagnosis and monitoring by fetal ultrasound, serum hormone levels, ABX-EGF
toxicokinetics and immunogenicity (MAHA levels) in maternal blood.

Unique study design or methodology (if any): Lacatated Ringers Solution %
(approximately 100 ml/day, total) was administered twice daily by s/c injection to

maintain fluid and electrolyte balance, beginning 24 h after ABX-EGF dosing and

continuing until two days following the last dose of panitumumab. When necessary, oral
anti-diarrheal treatment (e.g., Pepto-Bismol, lactobacillus) was administered for palliation

of continuous diarrhea, and Ketofen®, cefazolin, or Nolvasan baths were administered

for treatment of moderate to severe dermatitis.

Observation Times and Results

Mortality: Mortality checks were performed at least once daily for the duration of the study.
Early mortalities were noted in all three groups of monkeys treated with panitumumab. Female
monkey #401F in the 30 mg/kg/dose group and female monkey #311F in the 15 mg/kg/dose
group were euthanized on SD 53 (MC1, MD13) and SD 55 (MC1, MD5), respectively, due to
poor clinical condition. Prior to unscheduled death, these animals demonstrated inappetence,
decreases in body weight from baseline of 14% and 22%, respectively, and lethargy or hunched
posture. Dermatologic toxicities (skin rash requiring intervention; please see below) were
observed in both of these animals beginning in the first cycle of treatment (PMC1) for monkey
#311F, and during the both PMC1 and PMC2 for animal #401F in the 30 mg/kg/dose group.
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A third morikey (animal #208F, in the 7.5 mg/kg/dose group) died following dosing on SD 127,
during the second mating cycle (MC2, MD?23), and was necropsied as soon as possible after
death. Clinical signs noted after ABX-EGF dosing in this animal included shaking/twitching,
respiratory abnormalities (tachypnea, gasping, abnormal respiratory sound), ataxia, and red
discharge from the nose and mouth. Prior to dosing on SD 127, no remarkable clinical signs had
been recorded for this animal with the exception of mild skin changes (alopecia, and abrasron)
and no abnormalities in food consumption or body weight were noted. Based on these signs, the
cause of death for this monkey may have been anaphylactic shock, or an anaphylactic-like
response following repeated exposure to panitumumab.

Clinical signs: Clinical observations were recorded for all female monkeys prior to, and at
approximately 2 to 3 h after ABX-EGF injection on dosing days, and in the morning of all non-
dosing days during the acclimation and recovery periods. “During the dosing periods, each
animal and cage were checked twice daily for any evidence of diarthea. When diarrhea was
observed, possible dehydration was checked in the affected animal(s) by pulling the skin, and any
dehydration signs were recorded. Additional clinical observations were performed and recorded
as necessary

The most commonly noted clinical signs included changes in behavior including hunched or
balled posture, scratching and/or shivering, as well as abnormalities in the skin, integument, and
fur in all panitumumab treated monkeys. Skin rash characterized as erythema, irritation, crust,
flaky dandruff and/or eye-lid swelling, and redness was observed at least once in all animals in
the ABX-EGF-treated groups beginning after the second or third doses of panitumumab, and are
considered related to the pharmacologic action of ABX-EGF on epidermal cell turnover. Skin
changes worsened in some animals due to secondary infections, but generally resolved in most of
the monkeys after completion of the dosing period. However, for many of the monkeys in the
highest (30 mg/kg/dose) group, complete recovery of the skin rash was not observed during the
observation period. Sporadic fecal abnormalities, including changes in stool consistency and/or
frequency were also seen in the majority of monkeys in the ABX-EGF treated groups, although
several of these changes were also present in the placebo control treated monkeys as well. - A
table summarizing the clinical signs observed in the present study was abstracted from the
contracting laboratory’s final study report, and is presented as Table 16, below.

[Table 16. Study #103409. Frequency of clinical findings in pregnant female cynomolgus
monkeys after panitumumab (ABX-EGF) treatment

agh

_ Panitumumab Dose (mg/kg/dose)

Affected Findings Number of Animals with Fmdlng_
Condition Control | 75 | 15 | 30
Behavior Scratching, increased grooming and/or shwermg 0/12 10/12 | 9/9 | 11/11
Position Ball position / hunched 112 912 6/9 | 10/11
Feces Soft / loose feces ) 7/12 9/12 5/9 8/11

Diarrhealliquid feces 1712 . 612 4/9 6/11

Dry / hard feces . 4/12 5/12 5/9 8/11

v ) Abnormal feces (color, small piece, etc.) 112 5/12 2/9 | 5111
Emesis/Retching ) ) ’ ' 0/12 5/12 1/9 1711
Skin / Fur Erythema, irritation, abrasion, crust, scab, flaky 212 12/12 9/9 11/11
) : skin, hair loss, etc.
Eyes Abnormal appearance (red, swollen eyelids, 0/12 10/12 8/9 | 10/11
. etc.)

Other changes noted in panitumumab included prostration and/or disorientation in two monkeys
in the 7.5 mg/kg dose group following the 8" (animal #202F) or the 13" and 15" doses of ABX-
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EGF (animal #212F), and in one female animal (monkey #404F) following the 21™ dose of 30
mg/kg panitumumab. Later doses in the two low-dose animals were accompanied by excessive
salivation immediately after the 14™ and 16" doses for female #202F, and after the 18" dose in
monkey #212F, and vomiting after both doses in animal #202F. In the 15 mg/kg/dose group, "
excessive salivation was also noted in female monkey #305F either during, or immediately
following dose administration for the 18, 19" 20" and 21* doses. Hyperactivity, including
stereotypic hand-wiping, rubbing, or slapping hands and/or feet on the cage bars was also noted -
after this animal was returned to her cage after these four injections, and excessive scratching was
noted following the 20" and 21* panitumumab doses. Twitching (lasting approximately 20
minutes) was also observed in monkey #404F following the 8" dose of 30 mg/kg panitumumab.

Body weight: Individual animal body weights were obtained every 2 weeks during the
acclimation period, and once a week during the pre-mating and mating periods. After pregnancy
was confirmed, the pregnant females were weighed on GD25 , GD30 and GD35 (+ 1 day).

Dose-dependent, statistically significant differences in both body weight and body weight gains
were noted for all three groups of panitumumab treated monkeys, when compared to either
baseline pre-study values, or to the vehicle control group. Significant body weight loss was

-reported in all ABX-EGF treated groups, as compared to animals treated with the placebo control.

More than 10% body weight loss was noted in 0/12, 6/12, 4/9, and 7/11 individual animals in the
control, 7.5, 15, and 30 mg panitumumab/kg/dose groups, respectively over the duration of the
dosing period. The difference between the mean body weights during the acclimation and pre-
dosing cycles, and the mean of the lowest recorded weights during the dosing period was
+3.65%, —18.48%, —14.47%, and —18.81% in the control, 7.5, 15, and 30 mg ABX-EGF/kg/dose
groups, respectively. From the start of dosing through the last recorded measurement during the
dosing period, the mean body weight gain was increased by approximately 5% in the vehicle
control group, and decreased by approximately 11%, 8%, and 11% for animals in the 7/5, 15, and
30 mg/kg/dose panitumumab groups, respectively. F ollowing completion of dosing, animals
tended to recover from the weight loss such that at the end of the recovery period, the mean body
weigh losses from the start of dosing through the final weight measurement were 3.6%, 1.5%, and
5.3% for the 7.5, 15, and 30 mg/kg/dose panitumumab groups, respectively. These differences
were statistically significant from control at both the end of treatment, and the end of recovery
periods for all ABX-EGF treated groups ( p < 0.05, ANOVA with Dunnett’s test).

Food consumption: Food consumption was measured qualitatively by daily, direct observation
of biscuit count during the acclimation, pre-mating and mating periods (excluding the duration of
cohabitation with the male monkey for mating), and throughout either the pregnancy (for
pregnant animals only), or recovery periods. There were no remarkable differences in the mean
number of biscuits consumed per day between animals assigned to the control and the ABX-EGF
dose groups during the acclimation period.

During the dosing period, biscuit consumption was decreased in the ABX-EGF treated groups of
monkeys as compared to the control group; however, there were no statistical differences in food
consumption between each ABX-EGF treated group at any recorded time point. In individual
animals, slight to marked increases in the number of uneaten biscuits were noted in 3/12 (animals
#101F, #104F, and #115F), 9/12 (animals #201F-#203F, #205F-#207F, #209F#21 1F), 7/9
(animals #306F, #308F-#312F, and #410F), and 9/1 1(animals #401F-#403F, #405F-#408F y
#411F and #412F) female monkeys in the control, 7.5, 15, and 30 mg/kg ABX-EGF dose groups,
respectively. During the recovery period, there was an apparent recovery in food consumption in
the ABX-EGF treated monkeys, although the number of uneaten biscuits was still high for
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approximately 2 weeks in some monkeys across all dose groups, including the placebo control
(control monkeys #101F, #104F, and #115F, as well as animals #205F, #310F, #311F, #401F,
#402F, #403F, and #412D). The mean number of uneaten biscuits per day was similar across all
groups, so the effect was considered reversible.

Clinical pathology: Peripheral blood samples for clinical pathology evaluations were collected
from each female monkey once pre-dosing on SD 1 [i.e., PMC1, menstrual day (MD) 3], and on-
GD35 for confirmed pregnant females (see below), or the equivalent study day for non-pregnant
or recovery animals. Standard veterinary serum chemistry parameters were determined using an

—_— chemistry analyzer. Hematology profiles were not determined in this study,
with the exception of the early decedent animals.

There were no remarkable, statistically significant or biologically relevant differences in any of
the mean values for the serum biochemistry parameters measured at either PMC1-MD?3 (pre-
dose), or at GD35, with the exception of a slight increase in total protein for the monkeys in the
7.5 mg/kg/dose group at GD35 (p < 0.05 as.compared to the placebo control group; ANOVA
with Dunnett’s test). Although not statistically significant, decreases in serum albumin (83% to
94%), BUN (72% to 94%), and A/G (62% to 79%) levels were also noted at GD35 in the control
and all ABX-EGEF treated groups, as compared to of the pre-dose values on PMC1-MD3. These
changes were considered related to the twice daily, s/c injections of Lactated Ringer’s solutlon
(50 ml/animal, twice daily) for maintenance of fluid and electrolyte balance.

Marked decreases in serum albumin were noted in the individual animals who were early
decedents on study; serum albumin levels were < 39% of the control mean values for both
animals#311, and #401F at unscheduled necropsy. Total protein levels were also slightly
decreased in these two monkeys to 77% and 76% of control mean value, respectively. The A:G
ratio was not calculated for animal #401F due to lacking globulin measurements; however, the
A:G ratio for animal #311F at necropsy was decreased by 29% from the control level.. At '
necropsy, gross pathologic findings for these animals included marked atrophy of the pancreas in
monkey #401F, and and liver changes (enlarged, friable, pale and/or soft) in both animals #311F
and #401F (see below). Because there were no similar abnormalities in the serum chemistry
parameters for remaining animals, it is considered that these two monkeys had underlying hepatic
and/or pancreatic disorders which were not apparent during the pre-dose serum chemistry
exanunation, but may also have been related to panitumumab treatment.

Menstrual cycles: Each monkey was checked at least once daily by vaginal swab for menstrual
bleeding, and the length of the menstrual cycle was calculated. For evaluation of the effects of

- ABX-EGF on menstrual cyclicity, a normal menstrual cycle was defined as being between 20 and”
40 days. Cycles longer than 40 days and 80 days were considered to be a prolonged cycle and
amenorrhea, respectively. Also, menstrual cycles during the dosing period were considered to be
prolonged or shortened when the difference in duration was greater than 20% of the mean value
of the two acclimation cycles.

No prolongation of menstrual cycles or amenorrhea was observed for female monkeys in'the
placebo control groups at any of the cycles evaluated. Mean menstrual cycle durations were
consistent for this group across the study, and ranged from 30.6 to 34.0 days each cycle. During
the two acclimation cycles, no prolongation of menstrual cycles or amenorrhea was reported for
the animals assigned to the three ABX-EGF dose groups. By contrast, female monkeys in the
groups treated with all three dose levels of panitumumab demonstrated delayed menstruation
and/or amenorrhea during the treatment cycles with ABX-EGF. During the dosing or recovery
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periods, prolonged cycles and/or amenorrhea were seen in 12/12 (100. 0%), 7/9 (77.8%), and
10711 (90.9%) animals in the 7.5, 15, and 30 mg/kg/dosegroups, respectively. Mean values for
menstrual cycle duration in monkeys receiving either panitumumab or the placebo control are
presented in Table 17, below.

Table 17. Study #1 03409 Menstrual Cycle Duration in Female Cynomolgus Monkeys
Prior to and Following Weekly Intravenous Injections of Panitumumab
' Mean Menstrual Cycle Duration (days), + SD
Observation Weekly Dose of Panitumumab
Cycles Control 7.5 mglkg 15 mg/kg 30 mglkg
AC1 322+64 30.0+34 31.0+1.6 28.3+21
AC2 306+47 308 +34 309 +51 28.7+2.2
Treatment Cycles
PMC1 33.2+10.3° 700 +42.1° 374 +17.1 59.6 + 44.5"
PMC2 34.0 +8.8° 63.9 +35.1 45.8 + 31.3° 40.3 + 20.6'
MC1 320+6.7 314 + 4.6 55.0 +45.7' 46.6 + 8.1
MC2 ©325+1.3 n.a.’ 38.0° - 47.0°
? menstrual cycle was prolonged (> 40 d) in one female (animal #102F) in this dose group during
thrs period

® menstrual cycle was prolonged (> 40 d) in two females in this dose group during this period
(ammals #102F, #115F) v

¢ significantly different from vehicle control group at this cycle (p < 0.05, ANOVA with
Dunnett’s test)

Yn.a., not available

cycle PMC2 duration was prolonged in female monkeys #312F (103 days) and #410F (95 days)
m this dose group

feyele MCI was prolonged in female monkeys #308F (57 days) #309F (143 days), and #310F
_ (53 days) in this dose group

=1

cycle PMCI was prolonged in female monkeys #404F (80 days), #406F (129 days), #408F (102 ¥
days), and #412F (138 days) in this dose group
'PMC2 was prolonged in female monkeys #402F (41 days), #403F (45 days) #405F (61 days),
and #407F (92 days) in this dose group

! cycle MC1 was prolonged in female monkeys #405F (56 days) #407F (49 days), #409F (49
days) and #411F (45 days) in this dose group

“n=2; cycle MC2 was prolonged in both animals (#409F and #411F; both 47 days) remaining on
treatment during this cycle

In some animals with prolonged cycles or amenorrhea, menstruation returned during the dosing
period, or within 64 days following completion of dosing (recovery period). The frequency of

prolonged cycles and/or amenorrhea is presented in Table 18 below which was abstracted from
the sponsor’s final study report.
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Table 18. Study #103409. Frequency of Prolonged Menstrual Cycles and/or Amenorrhea
in Female Cynomolgus Monkeys Followmg Weekly Dosmg W|th ABX-EGF

: - Number'of Anifnals © 7
Group .
Dose Prolonged Cycle ea - o ) =
] pmct | pMc2 | .mc1 | mMc2 | pmc1 | emcz.| Mct.|. M2 -|. Cyclesy -
Sl f w2 |22 | we | os | w2 | o2 | om | oa 3136 | -
83% | 167% | 00% | 00% | 00% | 00% | 00% | 0.0% 8.3% -
0 mgkg )
ooz a2 | we | ws | o | a2 | oae | os | on 16427
oo | 50.0% | 125% | 0.0% | 1000% | 250% | 444% | 00% | 00% | s56%
7.5 mg/kg
oo | we | o | s | on oo | 2o | e | ot 10425
e | 444% | 111% | 333% | 00% | 00% | 222% | 167% | 00% | 400%
15 mgikg . 7-
oo | 2t {3 | ws | a2 | am | | e | o2 | 1si20
o mokg | 2% | 273% | 800% | 100.0% | 273% | 91% | 00% | 00% 51.7%

Mating and confirmation of coitus: Following panitumumab or placebo dosing for two
consecutive menstrual cycles (PMC1 and PMC2), females monkeys were mated with untreated,
sexually mature males for up to five consecutive days [range, MD10 to MD15 of the third
menstrual cycle of the dosing period (MC1)]. Coitus was confirmed visually and/or by the
presence of sperm in a vaginal smear. When coitus was not confirmed or the female was
diagnosed as non-pregnant following mating during MC1, the female was allowed to mate during
the next menstrual cycle (MC2) in the same manner as MC1.

Copulation was confirmed for all mated animals at least once during each mating cycle, with the -
exception of female monkey #411F in the 30 mg/kg/dose group._ For this animal, the second

mating session was conducted for only 30 min/day for two days because of the severe skin .
changes noted on clinical observation. Because of this deviation, the results of this session for %
monkey #411F were excluded from the calculation of copulation and pregnancy indices.

By the completion of MC1, most of the panitumumab monkeys that were not yet pregnant were
experiencing amenorrhea, and dosing was stopped for animals that did not become pregnant in

the first mating session (these animals did not go through the second mating session). Only

3/5 animals in the 7.5 mg/kg group, 2/6 animals in the 15 mg/kg group, and 1/4 (excluding two
animals that became pregnant at the first mating session) animals in the 30 mg/kg group went
through two mating sessions. The final pregnancy rates (number of successful matings/number of_
total mating sessions) in the control, 7.5, 15, and 30 mg/kg groups were 33.3% (6/18 mating
sessions), 25.0% (2/8 mating sessions), 12.5% (1/8 mating sessions), and 25.0% (2/8 mating
sessions), respectively.

Pregnancy diagnosis and monitoring: Pregnancy was confirmed in mated female monkeys by
ultrasound evaluation on presumed GD20 (+ 1 day), under ketamine sedation. If the ultrasound
examination did not provide definitive confirmation of pregnancy on GD20, it was repeated on
GD25 + 1. For confirmed pregnant females, embryonic viability was monitored by ultrasound
GD25, GD30, and GD35 (+ 1 day).
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Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.): The
mating index [(number of copulated animals/number of paired animals) x 100} and the fertility
index [(number of pregnant females/number of copulated females) x 100] were calculated for
each ABX-EGF treated group, following confirmation of both coitus and pregnancy, respectively.

In the first mating session, 4/12 (33.3%), 0/5 (0%), 0/6 (0%), and 2/6 (33.3%) of animals became )

pregnant in the control, 7.5, 15, and 30 mg/kg ABX-EGF dose groups, respectively. During the -
second mating session, 2/6 (33.3%), 2/3 (66.7%), 1/2 (50.0%), and 0/2 (0%) of animals became"
pregnant in the control, low, mid-, and high-dose panitumumab groups, respectively. The final
pregnancy rates for this study were therefore 50.0% (6/12 animals), 40.0% (2/5 animals), 16.7%
(1/6 animals), and 33.3% (2/6 animals), from female monkeys in the placebo control, 7.5, 15, and
30 mg ABX-BGF/kg/dose groups, respectively. There were no statistically significant
differences in the pregnancy rates between the control group, and each of the panitumumab
treatment groups; however, the pregnancy rate based on the total number of matings was notably
‘lower in the ABX-EGF treated groups compared to the contracting laboratory’s historical control
background data (39.1%, as reported in the final study report). _
Serum hormone levels: Peripheral blood samples (approximately 3.5 ml/monkey/time point)
were collected from all animals on MD2, MD7, MD9, MD11, MD13, MD16, MD19, MD23,
MD?27, and MD30 of PMC1, and every five days thereafter until the onset of the next menstrual
cycle, or at the end of the observation or recovery period. - Aliquots of serum were stored frozen
‘at -70°C until analysis for reproductive hormone levels. Serum levels of progesterone and 17§3-
estradiol were measured by validated ELISA methods under GLP conditions; blood samples for
serum prolactin levels were also obtained, but not measured and were subsequently discarded.
Selected serum samples from the first acclimation (AC1) and pre-mating (PMC1) dosing cycles
from the first four female monkeys in the vehicle control and 30 mg ABX-EGF/kg/dose groups -
‘were also evaluated for progesterone and 17B-estradiol levels using validated, radioimmunoassay
techniques; however, only the results of the ELISA assays are p}escnted in the Tables, below.

All three dose levels of panitumumab resulted in changes in reproductive hormonal status, which
appeared to be related to the irregularities in menstrual cyclicity. In general, peak serum
progesterone and 17(3-estradiol were not significantly changed from the pre-treatment
(acclimation cycles) in animals treated with the placebo control during the two pre-mating cycles.
There were no statistically significant differences in peak serum 17B-estradiol levels in the ABX-
- EGF treated groups either as compared to the pre-treatment cycles, or to the placebo control
group during PMC1 and PMC2. Interestingly, biphasic peaks for 17B-estradiol were noted for
female monkeys in the 7.5 and 30 mg/kg/dose groups during PMC1, and in all three ABX-EGF

treated groups during PMC2 (Table 19, below). Weekly i/v injection of panitumumab, re‘gardless_

of dose level resulted in a statistically significant blunting of serum progesterone levels at MD19
during the first treatment cycle (PMC1), as compared to both the mean control group value for
this time point, and the group means during the acclimation cycles (AC1 and AC2). Peak
progesterone levels also occurred significantly later for all three ABX-EGF treated groups during
PMCI1 (Table 20, below). By the second pre-mating cycle, there was a dose-related, although not
statistically significant blunting of peak progesterone levels; however, the time to peak value did
not differ appreciably in the panitumumab treated groups as compared to the placebo group.
Mean peak values for the two reproductive hormones are presented in Tables 19, and 20 below:
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Table 19. Study #103409. Effect of Panitumumab Treatment on Peak 17p-Estradiol Levels é?
in Non-Pregnant Female Cynomolgus Monkeys
_ Mean Peak Serum 178-Estradiol (pg/ml) + SD : B
Weekly Dose of Observation Cycle Treatment Cycle
Panitumumab - AC1_ AC2 PMC1 PMC2 -
Control 222 +121 253 + 117 270 + 150 280 +174 | T
7.5 mglkg 233 + 89 277 + 97 319 + 94° 286 + 66° B
15 mgl/kg 213+ 99 191 + 99 289 + 141 293 + 231°
30 mg/kg 262 + 155 281 +177° 373 + 218° 159 + 159°

* biphasic peak seen, with first peak of 319 + 94 pg/ml observed at PMC1-MD11, and second
peak of 334 + 136 pg/ml observed at PMC-MD105

® biphasic peak seen, with first peak of 373 + 218 pg/ml observed at PMC1-MD11 on treatment,
and second peak of 365 + 134 pg/ml observed at PMC1-MD70 on treatment

¢ biphasic peak seen, with first peak of 286 + 266 pg/ml observed at PMC2-MD13 on treatment,
and second peak of 306 + 393 pg/ml observed at PMC2-MD70 .

4 biphasic peak seen, with first peak of 293 + 231 pg/ml observed at PMC2-MD7, and second
peak of 300 + 166 pg/ml observed at PMC2-MD?30

® biphasic peak seen, with first peak of 159 + 1591 pg/ml observed at PMC2-MD9, and second
peak of 225 + 286 pg/ml observed at PMC2-MD30

Table 20. Study #103409. Effect of Panitumumab Treatment on Peak Progesterone
Levels in Non-Pregnant Female Cynomolgus Monkeys

_ Mean Peak Serum Progesterone (pg/ml) + SD (Cycle Day of Peak)
Wee.kly Dose of Observation Cycle Treatment Cycle
Panitumumab AC1 AC2 PMC1 PMC2 '

Control 4.2+32(MD30) | 2.9+42(MD30) | 4.0+4.2 (MD19) 32+32

7.5 mglkg 45+37(MD23) | 4.4+37(MD23) | 4.9% 2.5 (MD130) 33161

15 mglkg 3.7+33(MD23) | 2.6+ 1.7(MD19) | 3.9 + 1.5 (MD125) 2155

30 mglkggi 6.0 + 3.7 (MD23) 5.1+3.4°(MD23) | 6.7 + 12.8 (MD60) - 13+1.8

* significantly different from placebo control group value for this time point (control =2.1 + 1.7
pg/mi; p <0.05, ANOVA with Dunnett’s test)

> significantly different from all three ABX-EGF treated groups at this time point (mean values =
0.13 +0.15, 0.07 £ 0.05, and 0.09 + 0.08 pg/ml on PMC1-MD19 for the 7.5, 15, and 30 mg/kg
dose groups, respectively; p < 0.05, ANOVA with Dunnett’s test) _

Toxicokinetics: Serum samples for toxicokinetic analyses were collected from all animals on
SD1 (PMCI1, MD3), on the first dosing day of MC1 (except for animals that showed amenorrhea
in PMC1 and/or PMC2), the final dosing day, and from confirmed pregnant females on GD35.
Blood samples were collected prior to ABX-EGF dose administration, and at 30 min, 96 h, and
168 h after panitumumab injection (i.e., before the next dosing). On GD35 or any day that an
ABX-EGF dose was missed, a single blood collection was performed at approximately the same
time of day as the previous dose administration. All samples were processed to serum, stored
frozen at —70°C in aliquots, and transferred to the study sponsor for analysis by a validated
ELISA. The lower limit of quantitation of this assay is 19.5 ng ABX-EGF/ml.

All monkeys in the panitumumab treated groups were confirmed exposed to ABX-EGF during
the pre-mating cycle, and exposure (as defined by AUC g5, and C,x measured at the 30 min

post-dose sample) increased dose-proportionally. However, the mean values for both parameters
were decreased in all three dose groups following the first dose of the mating cycle. When the . ?é
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parameters were calculated for individual monkeys, decreases in exposure with repeated dosing
were observed over time, which correlated with the development of MAHA responses.
Panitumumab exposure during the mating cycle(s) for MAHA-negative animals was similar to
that observed during the pre-mating cycle for these animals, indicating a lack of accumulation-of
the antibody (data not shown). No definitive information could be obtained in this study .
regarding the toxicokinetic profile of panitumumab during pregnancy, due to the limited T/K data
from pregnant animals. The data for ABX-EGF exposure in this study, as calculated for all )
animals (both MAHA-positive and MAHA-negative) are presented in Table 21, below.

Table 21. Study #103409. Exposure of Female Cynomolgus Monkeys to
Panitumumab after Weekly Dosing During Pre-Mating and Mating Cycles
Pharmacokinetic , Mean Value, + SD

Parameter and ‘Weekly Dose of Panitumumab

Dosing Cycle 75mglkg | 15mglkg | 30 mg/kg
Pre-Mating Cycle '

Coiax (1g/ml) 230 + 31 455 + 87 951 + 199
AUCq.168n (ng*d/ml) 719+ 124 1466 + 422 3668 + 569
First dose of Mating Cycle

Crayx (pg/mi) 112 + 122 396 + 191 631 + 308
AUC. 168n (ug*d/ml) - 333 + 409 1240 + 656 1322 + 1506
Last dose of Mating Cycle

Cmax (1g/mi) 273(n=1) 410 (n=2) 150 (n= 1)
AUC, 1g8n (1g*d/ml) 958 (n = 1) 1445 (n = 2) 2(n=1)

Immunogenicity: Blood samples for serum MAHA analysis were collected from all female
monkeys once before dosing on MD3, PMC1, before the first dose during MC1, and in confirmed
pregnant animals on GD35, or on the final day of collection for T/K sampling in the non-pregnant
or recovery females. Samples were stored frozen in aliquots at -70°C, shipped on dry ice to the
study sponsor and analyzed for MAHA using a validated, qualitative ELISA assay. Samples
were considered positive for anti-ABX-EGF MAHA response if the optical density reading at 450
nm (ODys) for the test sample was > 2-fold of the average ODys reading for the negative control
replicates.

Two female monkeys in the control group (animals #105F and #1 17F) yielded positive MAHA
readings during the pre-mating period, at the PMC-MD3 time point. However, both monkeys
were negative for MAHA response at the later time points measured, and no explanation was
provided for the apparent false-positive reading. Positive MAHA responses were detected in 5/12_
(41.7%), 2/9 (22.2%), and 6/11 (54.5%) animals in the 7.5, 15, or 30 mg ABX-EGF dose groups,
respectively, during the treatment cycles (PMC1 and PMC2, and MC1 and MC2 where
applicable). ' '

Necropsy: Female monkeys that survived the dosing and observation periods without becoming
moribund were not euthanized, and were returned to the study colony following completion of the
observation or recovery periods. Complete necropsies were perfomed on all three early decedents
and included gross pathological examination of the carcass and musculo-skeletal systems,
external orifices and surfaces, neck with associated organs and tissues, and cranial, thoracic,
abdominal, and pelvic cavities and their organs and contents. Blood collections for hematology,
coagulation, serum chemistry, serum hormone assay, toxicokinetics, and MAHA analyses were
also obtained from all three early decedents. A limited number of tissues and organs were
removed, weighed, and preserved in buffered formalin for microscopic evaluation.
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Necropsy findings for animal #401 (30 mg/kg dose group) on SD53 (MC1-5) included alopecia,
redness, and thinness of the skin in the abdominal, axillary, inguinal, and interscapular areas,
whitish coloring and hardening of abdominal and subcutaneous fat, enlargement of the kidneys.
and spleen, liver changes (enlargement, pale, soft, and friable), and atrophy of the thymus and
pancreas. Liver weight-was also higher than expected for this animal at the unscheduled
sacrifice.

Monkey #311F (15 mg/kg/dose ABX-EGF dose group) was euthanized on Day 55 (MC1-13), and
gross necropsy observations included multi-focal necrosis of abdominal adipose tissue,
enlargement and paleness of the kidney, liver changes (enlargement, friable and pale), and
atrophy of the thymus. High liver weight was also reported for this animal. No skin changes
were reported for this animal in the sponsor’s final study report.

Gross necropsy observations for monkey #208F in the 7.5 mg/kg/dose group who died shortly
after dosing on SD127 (MC2-MD23) included edema and dark, red areas present in the lungs,
clear whitish foamy fluid from bronchi, and atrophy of the thymus. The lung weight was also
higher than expected in this animal, likely from the presence of pulmonary edema. The lung
changes suggest the cause of death for this animal may have been anaphylactic shock or an
anaphylactic-like response following repeated administrations of panitumumab.

Increased platelet and reticulocytes were noted for monkeys #311F and #401F at the moribund
necropsy evaluations. Additionally, decreased erythrocyte counts, hemoglobin concentration, and
hematocrit values were noted for animal #401F only. For coagulation parameters, shortened
prothrombin time and prolonged activated partial thromboplastin time were noted in animal
#401F. Changes in clinical chemistry parameters at unscheduled sacrifice included decreases in -
serum albumin, calcium, total protein, and BUN in both animals, decreased total cholesterol in
monkey #311F only, and decreased A:G ratio in this animal as well (A:G ratio could not be
calculated for animal #411, due to lack of globulin value). Increased serum alkaline phosphatase

- levels were also noted in both animals at moribund necropsy.” No clinical pathology
measurements were obtained for monkey #208F in the low dose group following its death on
study.

Although tissue samples were reported as obtained for microscopi¢ evaluation, no hlstopathology
results were included in the final study report.

Study conclusion: In summary, treatment of non-pregnant, female cynomolgus- mdnkeys with

weekly i/v injections of 7.5, 15, or 30 mg/kg/dose panitumumab inhibited ovarian function during

the administration period, resulting in prolonged menstrual cycles and/or amenorrhea, and
decreased pregnancy rates as compared to either the placebo control group, or the historical
control values for the test facility. The effects on fertility were also evidenced by decreases in
serum 17f3-estradiol and progesterone levels in all animals in the ABX-EGF treated dose groups
during the administration period and by irregularities in the duration of menstrual cycle, which
were dose-related in incidence. Under the conditions of this study, no NOAEL for panitumumab
- effects on reproductive function in cynomolgus monkeys can be defined. The mechanism by

which ABX-EGF exerts negative effects on ovarian function cannot be determined from these
studies. :
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Embryofetal development

Study title: An assessment of the effects of ABX-EGF on embryo-fetal development when
administered weekly by intravenous injection to pregnant cynomolgus monkeys.

Key study findings: Panitumumab was abortifacient at all dose levels tested in pregnant
female cynomolgus monkeys, following weekly injection with 7.5, 15, or 30 mg/kg/dose
(approximately 1.25 to 5-fold greater than the human dose of 6 mg/kg/dose) from GD20 through
GD48. There were no gross anomalies observed in the surviving fetuses at Cesarean section, and
no evidence of soft tissue or skeletal malformations. Toxicokinetic data confirmed exposure of
the dams to ABX-EGF during the phase of organogenesw Because of the incidence of fetal
losses, no NOAEL can be defined for this study.

Study no.: #103410 (Abgenix Study #ABX-T0310, study #  .026.57)
Volume #, and page #: EDR file: STN BLA 125147\000\modu1e4\tox1cology
studies\reprotox\103410.pdf .

Conducting laboratory and location: /

Date of study initiation: July 11, 2003 (in-life, 8/ 15/03 — 3/29/04; ﬁnal study report dated
November 4, 2005)

GLP compliance: Yes

QA statement: yes (X) no ( )

Drug, lot #, and % purity: control article, ABX-EGF placebo (vehicle), lot #ABX-EGF
9099-61, % purity not provided (no detectable protein in sample, by high-performance liquid
chromatography); ABX-EGF, lot #954A021224, —  pure by size-exclusion high-performance
liquid chromatography ¢ _— 0 o

Methods
Doses: 0 (vehicle), 7.5, 15, 30 mg ABX- EGF/kg/dose once Weekly from GD20 through
GD438
Species/strain: Macaca fasicularis, purpose-bred; country of origin China (sources:

/

( . . .J; sexually mature females,
3-12 years old; weight range 2.44 - 4.98 kg
Number/sex/group: 12 pregnant females/group in control, 15 pregnant females/ ‘group
in the 7.5 mg/kg dose group, 18 females/mid-dose group, and 5 females/group in the 30
mg/kd/dose group
Route, formulation, volume ‘and infusion rate: intravenous bolus; ABX- EGF, 20
mg/mL in 50 mM sodium acetate, 100 mM sodium chloride solution, pH 5.8; volume 1.5,
0.375, 0.75, 1.5 ml/kg (for vehicle, 7.5, 15, 30 mg/kg, respectxvely) injection rate,
approximately 4 ml/min dose volume
Satellite groups used for toxicokinetics: none (T/K samples were obtained from main
study animals)
Study design: Presumed pregnant female cynomolgus macaques were injected i/v with
vehicle control, 7.5, 15, or 30 mg/kg/dose ABX-EGF once weekly beginning on GD20
and continuing until GD48 (i.e., GD20, GD27, GD34, GD41, and GF48, for a total of
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five doses per animal), or until confirmed abortion/fetal death. This dosing schedule was
selected to maintain panitumumab plasma levels (peak:trough ratios) throughout the
period of major organogenesis that are similar to those achieved in humans followmg
dosing every other week.

Parameters and endpoints evaluated: Pregnancies were terminated by Cesarean
section between GD100 and GD103. Fetal observations included fetal and placental .
weights, and fetal external, visceral and skeletal examinations, as well as histopathology~ =~ - -
of fetal organ and placentas. For each fetus recovered, parameters evaluated included
fetal viability, fetal and placental weights, measurment of crown:rump length, fetal head
width and circumference, distance between the eyes, chest circumference, tail length,
right paw and foot length, anogenital distance, amniotic fluid volume, and the diameters
of both primary and secondary.placentas. Other recorded, gross observations for each
offspring included body form, symmetry of head, facial form, mandibular formation, eyes
and eyelids, hair of head, nipple foimation, anus, fingers, toes, finger and toe nails, ears,
tail, upper and lower extremities, external genitalia, vertebral column, umbilical cord,
umbilical cord length, and examination for cleft palate. }
Each surviving fetus was necropsied following sodium pentobarbital euthanasia, for
macroscopic observations of organs and tissues. Adrenal glands, ovaries or testes, heart, -
lungs, spleen, thymus, mesenteric lymph nodes, liver, kidneys, uterus, pancreas, and
brain were removed and weighed, and tissue samples fixed in 10% neutral buffered
formalin. Paired organs were weighed separately, and the combined weight was
calculated. The eyes, stomach, small and large intestines, the skin of the head, ears,
trachea (with thyroids), esophagus, femur (left, with bone marrow) and any abnormal
organs noted during the gross observation were removed and fixed in formalin without

~ weighing. Histopathologic evaluation was performed for sections of lung, liver, brain,
thymus, pancreas, heart, small and large intestine, adrenal glands, testes or ovaries,

uterus, mesenteric lymph nodes, kidney, spleen, and placenta following hematoxylin and
eosin staining, from fetuses in the vehicle control, and 15 and 30 mg/kg/dose ABX-EGF

groups only. _ LA

The external carcass of each fetus was fixed in 95% ethyl alcohol and stained with
Alizarin red for evaluation of any skeletal variations or abnormalities, including
malformations, skeletal development (number of bones with ossification centers of the
vertebral centrum), and skeletal length (right side) of ossified parts of the humerus,
radius, ulna, femur, tibia, and fibula.

Unique study design or methodology (if any): Lactated Ringers Solution -
(approximately 100 ml/day, total) was administered twice daily by s/c injection to
maintain fluid and electrolyte balance, starting on the first day of ABX-EGF dosing
(GD20), and continuing until seven days following the last dose of panitumumab
(GD55). When necessary, oral anti-diarrheal treatment (e. 2., Pepto-Bismol, ,
lactobacillus) was administered for palliation of continuous diarrhea, and Ketofen®,
cefazolin, or Nolvasan baths were administered for treatment of moderate to severe
dermatitis.
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Results
Mortality (dams): Mortahty checks were performed at least once daily for the duration of the
study. No maternal deaths or moribund necropsies occurred on study.

There was a dose-related increase in both spontaneous abortions, and embryo-fetal deaths in the
panitumumab-treated monkeys as compared to the placebo control group and to the historical
background abortion rates for the contracting laboratory. ‘Fetal deaths were noted in 1/12
monkeys in the control group (animal #112F, GD50), and 3/18 pregnant monkeys in the 15
mg/kg dose group (animals #407F, #305F, and #301F at GD30, GD44, and GD51, respectively).
There were four spontaneous abortions noted in female monkeys #204F, #210F, #213F, and
#214F, and one fetal death at GDS51 (animal #211F) in the 7.5 mg/kg/dose group. Two
spontaneous abortions (animals #401F and #405F) and one fetal death at GD51 (animal #403F)
were also noted in the 30 mg/kg ABX-EGF dose group. Overall, the incidence of embryo-fetal
losses was 1/12 (8.3%), 5/15 (33.3%), 3/18 (16.7%), and 3/5 (60.0%) for pregnant dams treated
weekly from GD20 through GD48 with the placebo control, 7.5, 15, or 30 mg/kg/dose
panitumumab, respectively. .

Comment: Under the listed devratlons from protocol, it was noted that female monkey #406F in
the 30 mg/kg/dose group was mistakenly administered 15 mg/kg of ABX-EGF on GD41, instead
of the full dose of panitumumab. This one female in the highest dose group did not elther
spontaneously abort the conceptus, nor did fetal death occur after completion of dosing as was
noted for other animals in this dose group. This animal was also the only dam in the group that
developed a positive MAHA response, which was not detectable until Cesarean section at
GD100. It is not known whether the reason for maintenance of the pregnancy in this animal was
due to a decrease in exposure to panitumumab resulting from the 50% decrease in dose on GD41
the development of the MAHA response, or a combmatlon of both factors.

Clinical signs (dams): Skin toxicities including irritation, erythema, crusted or flaking skin, and
abnormal swelling and/or redness of the eyelids was noted on at least one observation in all E
animals in the ABX-EGF-treated groups beginning after the second or third doses of :
panitumumab, and are considered related to the pharmacologic action of ABX-EGF on epidermal

cell turnover. Skin changes worsened in some animals due to secondary infections, but generally

began to lessen after completion of the dosing petiod on GD48. However, complete recovery of

the skin rash was not observed in 2/4,:5/15, and 2/2 female monkeys inthe 7.5, 15, and 30 mg/kg
panitumumab dose groups.at the time of Cesarean section on GD99-GD103.

e

~Sporadic changes in fecal consistency and/or frequency were noted in animals in all three ABX-
EGF dose groups as well as the controls during the treatment period, and included soft, loose or
watery stool, and/or diarrhea on several incidences. However, because the incidence of stool
changes was increased in proportion to the dose of ABX-EGF, these changes were considered
related to panitumumab treatment. The changes in fecal consistency resolved during the post-
dosmg period in all dose groups/

A summary table of the incidence of adverse clinical observations; as provided in the sponsor ]
final study report, is included as Table 22, below.
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Table 22. Study #103410. Incidence of Clinical Findings in Pregnant Cynomolgus
Monkeys Following Weekly Treatment with ABX-EGF from GD20 to GD48

Number of animals with the finding
Classification Findings Confrol 75 15 30 Comments
mgkg | mgkg | mgkg -
- N=12 N=15 N=18 N=5§

Scratching __ 0 7 9 1 Sporadic changes
Behavior Increased grooming 0 3 1 0 Sporadic changes

Shivering 0 0 -1 1 Sporadic changes
Position Ball position / Hunched 0 10 9 1 Mostly sporadic changes

SoftfLoose feces 2 11 10 4 Mostly sporadic changes

Diarrheailiquid feces 3 [ 3 3 Mostly sporadic changes
Feces Dry/Hard feces 11 10 13 4 Freguent changes

}s'\::r;m:::e.fzfcﬁ {cofor. 3. 3 5 a Sporadic changes
Emesis / Retching - : 0 5 4 1 Sporadic changes

" | Erythema/ Irritation 2 14 18 5 Consistent changes

Skin/ Eur - Abrasion 0 0 3 (4] . Spor'adic changqs )

Crust 0 4 7 1 Consistent changes

Flaky / Dandruft 1 11 12 1 Consistent changes

Abnormal appearajmce Consistent changes
Eyes gtecd) s.wollen eyelids, 0 9 10 : 2 associated with skin rash
Non-menstrual 7 10 11 4 Early gestation pericd.
bleeding Placential sign

Body weight (dams): Dams were weighed on presumed GD1 (at the end of the 3-day co-

habitation period), and on GD19, GD26, GD33, GD40, and GD47 prior to ABX-EGF dosing, and

- weekly thereafter until scheduled Cesarean section on GD100 + 1 day. Initially, there was a
>10% loss in body weight from pre-dose values at GD19 in 5/12, 6/18, and 3/5 pregnant dams in
the 7.5, 15, and 30 mg/kg groups, respectively. Additionally, several animals in each of the ABX-
EGF dose groups (monkeys #210, #211, #214, #301, #305, #401, and #405) that had either
spontaneously aborted or underwent early Cesarean section for embryofetal death also had
decreases of more than 10% in body weight from the pre-dose values. Decreases in body weights
were observed throughout the dosing period and for most of the females had recovered following
the final dose on GD48, with the exception of one individual dam in the 30 mg ABX-EGF/kg
dose group (animal #402), whose body weight losses continued until GD75. However, group
mean values for the panitumumab-treated animals were not statistically different from the control

_group at any time point measured.

Food consumption (dams): Estimated food consumption was evaluated qualitatively beginning at

the time of confirmation of pregnancy through the day before Cesarean section, by counting the

- number of biscuits remaining from each day’s ration at the time of the next feeding. Decreased
food consumption was noted sporadically in all groups including the control during the dosing
period; however, the magnitude and frequency of the individual decreases were greater in the 30
mg/kg group. Dec’reased food consumption was statistically lower than the control group (p <

.0.05, ANOVA) for dams in the 30 mg/kg group on GD33, GD36, GD41, GD42, GD44, GD45,
and GD70. '

Toxicokinetics: Blood collection for T/K analyses was performed pre-dose and at 30 min and
96 h post-dsoe on GD20 and GD48, pre-dose on GD27, GD34, GD41, and GD38 for
measurement of trough ABX-EGF serum levels, and once on GD55, GD62, GD69, GD76, GD83,
and prior to scheduled Cesarean section. Blood samples were also collected from those female
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monkeys who either spontaneously aborted or underwent emergency Cesarean section, when
embryo-fetal death was confirmed.

Fetal blood was collected from the umbilical vein, and approximately 4 ml of amniotic fluid was
collected from each fetus at scheduled Cesarean section. .All samples were stored frozen at -70°C
until shipped to the spensor for evaluation of serum drug and antibody levels. Measurements of
serum ABX-EGF from the dams and fetuses were perfomed by electrochemiluminescence assay-
as previously described, with a lower limit of quantitation of 39.1 ng/ml. Anti-panitumumab
(MAHA) assays were performed

Comment: The final study report states on page 559 that “Fetal TK samples were inadvertently
analyzed (a protocol deviation). No data analysis or interpretation will be made from these
samples, and the data will not be present in the report.” However, the final study protocol does
state that fetal blood samples will be evaluated for serum levels of panitumumab and MAHA
response in those females that are positive for MAHA. The sponsor has provided the raw data
from this assay in a spreadsheet format in Module 4 of the BLA submission. Independent

“evaluation of the data by this reviewer revealed that all fetal samples, regardless of dose group
were below the limits of quantitation for detection of ABX-EGF. Therefore, the lack of data
analysis for these samples has no impact on the final conclusions for this study.

All females in the vehicle control group had undetectable serum levels of panitumumab at all
time points on study. On GD20, there was a dose-related, approximately linear increase in both
Cuax (0.5 h after completion of injection) and AUCy.¢¢, between the females treated with 7.5, 15,
or 30 mg/kg ABX-EGF/dose. When the data were re-evaluated excluding those females who
developed anti-panitumumab antibody responses, there were no statistically significant
differences in either Cy,, or AUCy 6, at any dose level, for the same time point. These data are
presented in Table 23, below.

Overall, there was very little systemic accumulation of panitumumab following 5 doses in
pregnant female cynomolgus macaques. However, when female monkeys that had developed
anti-ABX-EGF antibody were excluded from the calculations, evidence of slight, but still less
than 2-fold systemic accumulation was noted, and was related to the dose of panitumumab. On
GD48, there were no significant differences in either mean Cy,y or AUCy.gq, values as compared
to GD20 for all pregnant females in the 7.5 mg/kg dose group; therefore, no apparent
accumulation of ABX-EGF occurred at this dose level. When the data were recalculated
excluding the MAHA-positive females, there was a slight increase in the pharmacokinetic
parameters in this dose group, with an increase in mean C,, of approximately 17% and an

increase in AUC, .46, 0f 12% at GD48, as compared to GD20 mean values. In the 15 mg/kg dose -

group at GD48, there was a 29% increase in mean AUC ., and a 25% increase in Cax for all
animals as compared to mean values at GD20; when these values were recalculated excluding the
MAHA -positive dams, the increase in mean C,,x was only 27% at GD48 as compared to GD20.
However, the mean AUCy.¢q, was increased by 59.7% as compared to GD20 in the two monkeys
that were MAHA-negative at GD48. Similarly, for dams in the 30 mg/kg/dose group the mean

Cinax Was increased by 31% in all animals, and by 58% in the single, MAHA-negative monkey at

GD48 as compared to the mean C,,, values at GD20. The value for AUC, g4, in this one monkey
- was also increased at GD48 by 90% as compared to the mean value for the MAHA-negative
animals in this dose group at GD20. A summary of the data is presented in Table 23, below.
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Table 23. Study #103410. Toxicokinetic Evaluation of Serum ABX-EGF Levels in
Pregnant Cynomolgus Monkeys Treated by Weekly i/v Injections During Organogenesis

Weekly Dose of GD20 GD48

Panitumumab Mean Value, + SD Mean Value, + SD

All animals Coax (pg/ml) | AUCq.06n (ng*d/ml) | Cay (pg/ml) | AUCq.g6n {(pg*d/ml) |
7.5 mg/kg 256 + 50° 808 + 145 284 + 44 736 +330
15 mg/kg 461 +91° 1626 + 347 577 + 176 2098 + 1183

30 mg/kg 1048 + 204° 3743 + 973 1369 + 391 . 5360 + 3074
MAHA-negative Crnax (ng/ml) AUCq.oen (pg*d/mli) | Cay (ng/mi) AUCo.96n (ng*d/ml)
7.5 mglkg 261 + 54° 818 + 166 305 + 39 917 + 228

15 mglkg 502 + 71° 1736 + 181 640° 2773°

30 mglkg 1043 + 250° 3965 + 1060 1645° 7534°

* GD20, total n = 15/group, MAHA -negative n = 10; GD48, total n = 11, MAHA-negativen=6
® GD20, total n = 18/group, MAHA-negative n = 5; GD48, total n = 15, MAHA- negatlve n=2

° SD not calculated for this group at GD48 (MAHA-negative n =2)

4 GD20, total n = 4/group, MAHA-negative n = 3; GD48 total n = 2, MAHA—negatlve n=1
¢ SD not calculated for this group at GD48 (MAHA-negative n = 1)

Serum panitumumab levels were obtained at the time of pregnancy termination from all dams
who either spontaneously aborted, or underwent emergency Cesarean section following
confirmation of embryo-fetal death. While serum ABX-EGF levels were variable in individual
animals within and between the dosing groups, all dams had detectable panitumumab present at
the time of fetal loss with the exception of monkey #214F in the 7.5 mg/kg dose group. This
animal was reported to have undetectable ABX-EGF in serum samples obtained at the time of
spontaneous abortion on GD58. The data for these animals is presented in Table 24, below.

Table 24. Study #103419. Correlation of Serum ABX-EGF and MAHA Response in

Pregnant, Panitumumab-Treated Dams at Time of Fetal Losses
Dose of ABX-EGF Day of Fetal | Serum ABX-EGF MAHA
Animal # Loss Level (ug/ml) Response (day)

Vehicle control 112 GD50? BLQ® (-)
7.5 mg/kg/dose 204 GD51° (-)
- 210 GD44° 3 ()
211 | GD51° R ®)
213 GD25° )
214 GD58° BLQ ()
15 mg/kg/dose 301 GD51? ()
305 GD44® N ()
407 - GD3¢0? ()
30 mg/kg/dose 401 GD50° (=)
405 - GD37° )
403 GD51° ()

While anti-panitumumab antibody was not detectable in any of the dams that either
spontaneously aborted or underwent emergency Cesarean sections after fetal death, a total of
19/38 females on study developed positive MAHA responses, with 5/15 positive in the 7.5
mg/kg/dose group, 13/18 in the 15 mg/kg/dose group, and 1/5 in the 30 mg/kg dose group.
Fourteen of the fetal serum samples from the MAHA-positive females also had detectable
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MAHA levels, with 4/5, 9/13, and 1/1 fetuses positive at Cesarean section from the MAHA-
positive dams in the 7.5, 15, and 30 mg/kg/dose groups, respectively. Time to onset of MAHA
responses in the dams was unrelated to the dose of panitumumab, with 2/5 and 3/9 of the MAHA-
positive females in the 7.5 and 15 mg/kg/dose groups, respectively, positive at GD55. The only
dam in the 30 mg/kg/dose group to develop the MAHA response did not show detectable anti-
pamtumumab antibody until GD100, at the time of Cesarean section. |

Comment: One dam (animal #206, in the 7.5 mg/kg/dose group) had a reported, positive MAHA ~

serum level on GD20; at the sample obtained prior to ABX-EGF dosing initiation. This animal
subsequently tested negative for MAHA response at all later time points, including at Cesarean
section on GD100; therefore, the initial sample is considered a false positive reading under the
conditions of this assay.

- Comment: The apparent, inverse dose-response for anti-ABX-EGF antibody suggests that the
assay to detect MAHA response is not sufficiently robust as to be able to detect antibody presence
while significant levels of the product are still present in serum. This has been an ongoing issue
with this assay; however, the clinical assay has proven to-be more robust, and should allow
detection of anti-panitumumab antibodies even with levels of drug present in the serum samples.

In summary, the toxicokinetic data confirmed exposure of the dams to ABX-EGF during the
phase of organogenesis. Antibody against panitumumab was not detected until after the
completion of dosing on GD48. There was no detectable ABX-EGF present in serum from
fetuses of treated dams at the time of Cesarean section. However, 14/19 fetuses from dams that
were positive for MAHA response also had detectable anti-panitumumab antibody present in
serum samples obtained at delivery; presumably, this was due to transplacental transfer of
MAHA.

Terminal and necroscopic evaluations: C-section data (implantation sites, pre- and post-
implantation loss, etc.): Cesarean section was performed on all dams with surviving fetuses on
GD100-GD103 (+ 1 day), and fetuses evaluated for viability, limb and external organ
measurements, gross malformations, body and placental weights, and gender. All fetuses were
viable, with no external anomalies reported. No statistically significant, ABX-EGF related
differences were noted in fetal weight, placental weight, and fetal external organ measurements.
Pregnancies yielded three male and eight female fetuses in control group animals, six male and
four female fetuses in the 7.5 mg/kg group, five male and ten female fetuses in the 15 mg/kg
group, and one male and one female fetus in the 30 mg/kg group. A single placenta was observed
in 1/11 (9.1%), and 2/15 (13.3%) fetuses in the control and 15 mg/kg groups, respectively.

Comment: The historical raté of single placenta in cynomolgus monkeys at this test facility was
cited as approximately 10 — 13% in the final study report. Because the incidence of offspring
with single placentas in the control and 15 mg/kg/dose ABX-EGF groups in this study was within
this range, these findings are considered incidental to panitumumab treatment.

Offspring (malformations, variations, etc.); Cesarean section was performed on all dams with
surviving fetuses on GD100-GD103 (+ 1 day), and fetuses evaluated for skeletal and soft tissue
malformations as described above. No visceral anomalies or variations were observed in any of
the fetuses from dams in the ABX-EGF treated groups. The left thyroid was absent in one female
fetus (offspring #10SF) of the control group. No skeletal abnormalities were observed in fetuses

_ from dams treated with 15 or 30 mg/kg/dose panitumumab from GD20 through GF28; however
the 12" rib was absent bilaterally in one fetus from the 7.5 mg/kg ABX EGF dose group.
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Lumbar ribs (skeletal variant) were present either unilaterally or bilaterally in 2/11 control fetuses e
(18.2%), and in 2/10 (20%), 1/15 (6.7%), and 1/2 fetuses from dams in the 7.5, 15, and 30 mg/kg
panitumumab groups, respectively. Both the absence of ribs (skeletal anomaly) and the presence

of lumbar ribs (skeletal variant) were reported by the test fac111ty as incidental to ABX-EGF - -
treatment.

—

Comment: Historical control data for this test facility show that the spontaneous rate of bilaterat =~ -
rib absence is approximately 2.1%, and presence of lumbar ribs is 13.3%. Therefore, these
findings (absence of ribs, 1/10 or 10% of fetuses in the low dose group; lumbear ribs, 20%, 6.7%,
and 50% in low, mid- and high-dose groups, respectively) cannot be truly considered incidental to
the test article, as the contracting facility reports.

Both the absolute and relative mean adrenal gland weights (right, left, and paired) were increased
in offspring from dams treated with 30 mg/kg/dose ABX-EGF as compared to the control group.
Additionally, the mean absolute, but not the mean relative brain weight was lower in offspring
from dams in the 15 mg/kg/dose panitumumab group; however, no similar changes were noted
for offspring in the 30 mg/kg dose group. While these changes did reach statistical significance
~(p £0.05, ANOVA), all values were within the reported historical control levels for this test
facility, and were therefore not considered related to panitumumab treatment.

There were no histopathological findings present in any of the fetuses that were related to ABX-
EGF treatment. Infarction and neutrophilic infiltrates were present in placentas from those
animals which spontaneously aborted the pregnancies; however, there was no microscopic
evidence of any toxicities or soft tissue anomalies in the conceptuses.

Study conclusion: Weekly, i/v treatment of pregnant female cynomolgus monkeys with 7.5,
15, or 30 mg/kg panitumumab (approximately 1.25 to 5-fold greater than the human dose of 6
ing/kg/dose resulted in spontaneous abortions and/or fetal deaths at all dose levels, in the absence
of any teratogenic effects. Dose-related maternal toxicities, consisting of decreased food
consumption, decreased body weights, and skin changes consistent with ABX-EGF induced T
dermatitis were also observed. The incidence of embryo-fetal losses was 1/12 (8.3%), 5/15

(33.3%), 3/18 (16.7%), and 3/5 (60.0%) for pregnant dams treated weekly from GD20 through

GD48 with the placebo control, 7.5, 15, or 30 mg/kg/dose panitumumab, respectively. Inthe

fetuses that survived until Cesarean section on GD100-GD103, there were no gross anomalies

observed, and no evidence of soft tissue or skeletal malformations. Toxicokinetic data confirmed

exposure of the dams to ABX-EGF during the phase of organogenesis; however, anti-

panitumumab antibodies were detected after the completion of dosing on GD48. Because of the -
incidence of fetal losses, no NOAEL can be defined for this study. i

Prenatal and postnatal development
No studies of this type were included in the BLA submission.
2.6.6.7 Local tolerance

No studies of this type were included in the BLA submission. Local irritation and inflammation
at the intravenous injection site(s) was evaluated as part of the standard list of tissues examined
microscopically in all repeat-dose toxicity studies of ABX-EGF. ‘ - }
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2.6.6.8 Other toxicology studies

This section of the BLA contains six non-clinical in vitro and in vivo toxicity studies of

panitumumab (ABX-EGF) from either the hybridoma or CHO cell culture manufacturing : =
processes. Three in vitro studies wete conducted to determine the potential for ABX-EGF tissue
cross-reactivity with cynomolgus monkey tissues as part of the identification of this species as
pharmacologically relevant for further toxicity testing and to demonstrate the in vivo localization

of ABX-EGF binding following panitumumab treatment. An additional two studies were

included in this section of the BLA that evaluated the toxicity of two different lots of

panitumumab in cynomolgus monkeys for either 4 or 13 weeks of treatment. Finally, a single

study was conducted in which the EGFr was cloned and sequenced from cynomolgus monkeys,

and the sequence homology compared to human EGFr.

Each of these studies will be reviewed individually, below.

In vitro and in vivo tissue cross-reactivity of panitumumab -

Study title: EGFr expression in normal cynomolgus monkey tissues: a specificity analysis.
Key study findings: Panitumumab binding to EGFr was detected in normal cynomolgus
monkey tissues, including skin, eye, ovary and Fallopian tube, ureter, and tonsil, the bronchial
epithelium in the lung, and glandular epithelium in the prostate breast, and sahvary gland. The
most intense staining was present in the skin (2 - 3"), eye (3") and prostate (3"), with moderate
staining (2" ) observed in the ureter, ovary and Fallopian tube, and lung.
Study no.: ABG-02
Volume #, and page #: EDR file: STN BLA 125147\000\module4\other toxicology
studies\abg02.pdf
Conducting laboratory and location: /

-7 5
Date of study initiation: September 17, 1998
GLP compliance: Yes
QA statement: yes (X) no ()
Drug, lot #, and % purity: biotinylated ABX-EGF, lot #098-068-01; biotinylated PK 16.3.1
(negative control antibody), lot #004-186-2; percent purity not specified for either primary -
antibody

Methods: The tissue cross-reactivity of panitumumab against normal cynomolgus monkey
tissues was evaluated using sections obtained from necropsy specimens snap-frozen in liquid
isopentane, and cryopreserved in OCT compound. Tissue sections were evaluated for ABX-EGF
cross-reactivity by immunoperoxidase staining using indirect immunohistochemistry. Five
micron sections were post-fixed in 50:50 methyl alcohol and acetone, and stained with 20 pg/ml
of either biotinylated ABX-EGF, or the isotype matched, biotinylated human IgG, antibody PK
16.3.1 as a negative control. Sections of cryopreserved, normal human and cynomolgus monkey
skin were used as the positive control tissues, and normal human and cynomolgus monkey heart
sections were used as the negative tissue controls. Following incubation of the tissue sections
with the primary or control biotinylated antibodies, samples were stained with steptavidin-
conjugated peroxidase, incubated in hydrogen peroxide and diaminobenzidine as the capture
reagent, and counterstained with hematoxylin. All sections were evaluated for panitumumab
staining by direct visualization under light microscopy.
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Results: The positive control tissue, normal monkey skin demonstrated a high degree of
specific, membrane-associated ABX-EGF staining, with 3/3 samples staining positively in
approximately 60% to 90% of the cells, at an intensity of 2* — 3" (on a scale of 0 —3"). Both
squamous and glandular epithelial cells demonstrated high levels of ABX-EGF binding,
consistent with the known distribution of EGFr in skin cells. No membrane-associated staining
was observed in normal cynomolgus monkey heart tissue; however, occasional, non-specific
staining of fibroblasts was reported. Other tissues reported as staining positively for ABX-EGF
at the cell surface membrane (2 or greater intensity) included corneal epithelium in the eye,
glandular and follicular epithelium in the ovary and Fallopian tube (glandular epithelium only),
bronchial epithelium in the lung, glandular epithelia in the prostate (3" intensity), tonsillar

epithelia, and urothelium in the ureter. . Weaker, but specific ABX-EGF binding (1" intensity) was

detected in ductal epithelial cells in the pancreas, breast and kidney, and in the salivary gland.
The results of this tissue cross-reactivity study of ABX-EGF are presented in Table 25, below.

Table 25. Study #ABG02. Cross-Reactivity of ABX-EGF with Cynomolgus Monkey Tissues

W

Staining
Tissue Sample Incidence % Intensity® | Comments
Positive | -
Human skin 212 80, 50 3" (C, M) | (2/2) Strong, specific staining of squamous
(positive control) epithelium; non-specific staining of
fibroblasts :
(1/2) Non-specific staining of perineurium
Monkey skin 3/3 60-90 2"-3"(C, | Strong, specific staining of epithelium
(positive control) M) :
Human heart 01 0 0 None
negative control)
Monkey heart 0/2 0 0 None
{negative control) )
Adrenal 0N 0 0 Non-specific staining of fibroblasts,
stroma, and perineurium )
Bladder on 0 0 Non-specific cytoplasmic staining of
smooth muscle
Blood cells A 0 0 None
Bone marrow 01 0 0 None
Brain (cerebellum) 0 0 0 Non-specific staining of fibroblasts in the .
; . dyra . - .
Brain (cerebrum) 0/1 0 0 None
Breast , 80 17(C) Weak, specific staining of ductal epithelial
17k cells
Non-specific, cytoplasmic staining of
stromal basement membrane and
perineurium
Esophagus -0 0 0 Non-specific cytoplasmic staining of
' smooth muscle
Eye 171 80 2 (M) Specific, membrane-associated staining of
: corneal epithelial cells
Fallopian tube 171 90 2" (M) Specific staining of glandular epithelial
cells only
Heart) 0N 0 0 Non-specific staining of fibroblasts
Kidney 171 80 17 (C, M) | Weak, specific staining of ductal epithelial
. cells
Non-specific staining of smooth muscle,
- stromal basement membrane
Large intestine 01 0 Q Non-specific staining of smooth muscle
Liver 01 0 0 None
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Lung 11 80 25 (M) Specific staining of bronchial epithelial
cells
Non-specific staining of fibroblasts and
stroma
Lymph node 0/1 0 0 None
Muscle, skeletal 0/1 0 0 None
Ovary - 11 .70 17-27 (M) | Specific staining of epithelial cells and
follicles -
Pancreas o B Vi 80 17 (C, M) Weak specific staining of ductal epithelial
: ' cells only
- Weak non-specific staining of fibroblasts
Pituitary 01 0 0, None
Prostate 1/1 90 3" (M) Specific staining of glandular epithelial
cells
Skin (positive 3/3 60— 90 2"-3° (C. | Specific staining of squamous and
controf) M) glandular epithelial cells
Small intestine 0/1 0 -0 Weak non-specific staining of smooth
' muscle ]
Spleen 0/1 0 0 None
Spinal cord 0/1 0 0 Weak non-specific staining of fibroblasts in
dura
Stomach 0/1 0 -0 Non-specific staining of smooth muscle
and basement membrane of fibroblasts
Testis 0/1 0 0 None
Thymus 0/1 0 0 None :
Thyroid 0/1 0 0 Non-specific staining of fibroblasts
“Tonsil 171 >90 17,2 (M) | Weak, specific staining of salivary gland
and moderate, specific staining of
epithelium
Ureter M 50 S 2T(M) Specific staining of urothelium
) Non-specific staining of smooth muscle
Uterus : 01 0 0 Non-specific staining of smooth muscle,
) fibrohlasts, and stroma

* staining intensity: 0 = negative; 1" = weak; 2" = moderate; 3* = strong; C = cytoplasmic, M =
membrane

Study conclusion: Panitumumab was capable of detecting cell surface EGFr expression in
tissue sections of skin, eye, ovary and Fallopian tube, prostate, tonsil and salivary gland, ureter,
and in the bronchial epithelium of the lung. The pattern of ABX-EGF staining is consistent with
the known distribution of EGFr in huthan tissues; therefore, the cynomolgus macaque is
identified as a pharmacologically relevant species in which to further study the toxicity of
panitumumab. _ '

Study title: Binding of ABX-EGF to normal cynomolgus monkey tissues. ‘

Key study findings: The in vivo distribution of ABX-EGF was measured following treatment
in cynomolgus monkeys. Positive tissues included the adrenal gland, cecum, colon, duodenum,
esophagus, heart, hair follicles, liver, pancreas, skin, and thymus. Weaker, but specific ABX-
EGF binding was also detected in endocardium and interstitial spaces in the heart in animals from
the Group 4 dose group, and in the germinal centers of the lymph node and the zona reticularis of
the adrenal gland in animals from all four dosing groups.

Study ne.: ABG-09

Volume #, and page #:  EDR file: STN BLA 125147\000\module4\other toxicology
studies\abg09.pdf
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Conducting laboratory and location: /

Date of study initiation: July 6, 1999 (final report dated February 17, 2000)

GLP compliance: Yes

QA statement: yes (X) no ( )

Drug, lot #, and % purity: no information regarding the lot number or specnﬁcatlons for the
ABX-EGF test article was provided in the final study report.

Methods: The in vivo tissue cross-reactivity of panitumumab against normal cynomolgus
monkey tissues was evaluated using frozen specimens obtained at necropsy, by
immunoperoxidase staining using an amplified, indirect immunohistochemistry technique. Five
micron sections were post-fixed in 95% ethanol and incubated with 1.25 pg/ml of either goat
anti-human IgG-Fc antibody (to detect ABX-EGF bound to tissues), or an irrelevant, goat anti-
mouse IgG-Fc antibody as the negative antibody control. Sections of cryopreserved, normal
human tonsil were used as the positive tissue control for IgG-mediated, non=specific binding, and
normal cynomolgus monkey tonsil sections were used as the negative IgG tissue control.
Following incubation of the tissue sections with the goat anti-human IgG-Fc or control
antibodies, samples were incubated with biotinylated donkey anti-goat antibody, then stained
with steptavidin-conjugated peroxidase. The peroxidase reaction was developed in hydrogen
peroxide and 3, 3’-diaminobenzidine tetahydrochloride, and sections were counterstained with
hematoxylin. All sections were evaluated for panitumumab staining by direct visualization under
light microscopy.

Comment: The tissue samples in the following study were presumably obtained from one or
more of the completed, GLP toxicity studies of panitumumab in cynomolgus macaques. The
Discussion section of the final study report states that the immurohistochemistry portion of the
study was “blinded” such that the personnel at the contracting laboratory were unaware of the
animal treatment conditions. However, there was no information provided in the final study
report regarding the source (i.e. study number) from which these samples were derived, and as
such, it is very difficult to determine the exposure to ABX-EGF that these animals achieved, and
correlate that with both the tissue distribution patterns observed in the present study, and the
previous toxicology results. The sponsor will be requested to provide the source of the tissues for
the present study as part of the comments at the issuance of the disciplinie review letter.

Results: The in vivo, tissue cross-reactivity results following ABX-EGF treatment of
cynomolgus monkeys are presented in Table 26, below. The positive control tissue, normal
human tonsil demonstrated a high degree of specific, anti-human IgG-Fc staining, with 16/16
samples staining pos1t1vely in approximately 80% to > 90% of the cells, at an intensity of 2" — 3"
(on a scale of 0 — 3%). However, focal areas of both cytoplasmic and membrane staining were
also observed in 7/16 of the cynomolgus monkey tonsil samples; therefore, this tissue is not
representative of a truly negative tissue control.

An apparent, dose-related increase in ABX-EGF binding, as evidenced by increases in incidence;
staining intensity, and the percentage of positive cells in a tissue sample was noted across all

- tissues examined. The majority of tissues reported as staining positively for ABX-EGF at the cell
surface membrane (2" or greater intensity) were observed in animals from Groups 3 and 4 from
the in vivo portion of the study, and positive tissues included adrenal, cecum, colon, duodenum,
esophagus, heart, hair follicles, pancreas, skin, and thymus. Canalicular staining (2" intensity) in
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the liver was detected in 1/10 monkeys in Group 4, sinusoidal endothelial cell staining (2° )
intensity) was detected in 2/10 Group 4 monkeys, and sinusoidal staining (cell type not specified)

was observed in 3/10 monkeys in this same dose gro

up. Weaker, but specific ABX-EGF binding

ar-2f intensity) was also detected in endocardium and interstitial spaces in the heart in animals -
from the Group 4 dose group, and in the germinal centers of the lymph node and the zona

reticularis of the adrenal gland in animals from all four dosing groups.

Comment: The sinusoidal staining observed in the livers of 5/10 monkeys in Group 4 may be

related to Fc receptor-mediated clearance of ABX-EGF by Kupffer cells and other sinusoidal

lining cells. However, no data were provided in the BLA submission that address whether

panitumumab can bind to monkey Fc receptor. No staining of these cell types was reported for
liver sections from the other three dose groups, suggesting that Group 4 received the highest, in
vivo exposure to ABX-EGF, and that saturation of EGFr was achieved at that dose, leaving more
panitumumab available for non-specific interaction with Fc receptors.
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Table 26. Study #ABG09. In Vivo Binding and Distribution of ABX-EGF in Normal Cynomolgus Monkey Tissues.
‘ Group 1 Group 2 Group 3 Group 4 :
Tissue Sample % % % % Comments
Incidence | Positive Incidence | Positive | Incidence | Positive | Incidence | Positive
Human tonsil 16/16 80% — ' Staining localized
{positive control) (2*-3H)* >90% to celfutar
: membrane,
cytoplasm
Monkey tonsil 7/16 <10% — Focal areas of
(negative (0-17) 40% staining localized
controf) to cytoplasm,
‘ . cellular membrane
Adrenal 2/10(1%) { 10%, 30% 316 (17) <10% 2/6 (17) 20% 7/10 (2°%) 10% - Specific staining of
: . ) 1/6 (2%) 30% 110 (3%) 40% zona reticularis
20%(1) | 1/6(3%) 20% <10% { (19)in1/10
30% (1) in Group 1, 1/6in
~ Group 2, 4/6in
Group 3; and "
6/10 (1" - 3%)in%y.
. ) Group- 4 '
Cecum 4/10 (17) 10% (1) 3/6 (17) 20% (1) 3/6 (17) 20% (1) |- 6/10 (17) 10% (1) } Staining observed
30% (1) 40% (2) 80% (2) 20% (1) | in endothelium,
80% (2) 1/6 (2') 40% 80% (4) | stroma,
' 4M10(2") | 20% (1) | fibroblasts,
80% (3) § smooth muscle,
) ) and perineurium
Colon 310 (1% | <10% (1) 1/6 (1+) 20% 6/6 (1) 20%(2) | 110(1%) 30% Staining observed
60% (2) : 30% (1) | 7110(2") | 30% (3) | in endothelium,
60% (1) 80% (3) § stroma,
80% (2) >90% | fibroblasts,
(1) smooth muscle,
and nerve
Staining (1') also
observed in
inflammatory
cellsin 1/6
monkeys from
) . Group 3
Duodenum 318 (17) 10% (2) 176 (17) 40% 3/6 (17 20% (1) | 7/10 (1) <10% § Staining observed
- 30% (1) 80% (2) 1) in endothelium,
1/6 (2*) 60% 40% (1) | stroma,
50% (1) § fibroblasts,
80% (4) | smooth muscle,
2/10 (2%) and perineurium
40%, Staining (1) also
80% observed in
inflammatory
cells (germinal
—
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center) in 1/6 from 1—
) »,%

Group 2 :
Esophagus 2110 (1% | 20%, 40% 1/6 (1%) 30% 1/5 (19) < 10% 219 (2') 30%, | Staining observea
2/5 (3°) 25%, 5/9 (3°) 50% | in endothetium,
50% 20% (2) | stroma,

50% (2) | fibroblasts,
80% (1) | smooth muscle,
and perineurium_

Heart 310(1) | <10% (1) | 2/6(19) | <10% | 6(1) 10% 310(1%) | <10% | Specific staining of

30% (1) endocardium and
>90% (1) 3/6 (2+) <10% 2/6 (2) 10% . 30% (1) | interstitial
6/10.(2") | 80% (1) | spaces; 1*-2*in
2/10 (2%) < 10% <10% 4/10, 2" in 2110
. 1) monkeys in

30% (3) | Group 4
40% (1) | Staining of
80% (1) ] endocardium (1*-
2% only in 3/10
Group 1, 4/6
Group 2, 2/6
Group 3 monkeys
Staining observed
in endothelium,
stroma,
smooth muscle,
"ganglion cells and

perineurium . ..
fleum 2/9(1°) | 20%.30% | 3/6(1) | 20% (1) | 4/(1) | 10% (2) | 410 (1) | 80% (3) | Staining observed
30% (2) 80% (2) >90% in endothelium, -
3102y | (1) stroma,

30% (1) ] fibroblasts,

40% (1) | smooth muscle,
1/10 (3") | 80% (1) ] and perineurium
30% Staining (1%) also
observed in
inflammatory

cells (germinal

N ' center) in 1/6 from -
Group 2

&

g

Jejunum . 3/9 (17) < 10% (1) 2/6 (17) 20%, 36 (179) 20% (1) | 4/10(1") | 80% (4) | Staining observed
20% (1) 30% 80% (2) in endothelium,
30% (1) ) 4/10 (2*) | 30% (3) § stroma,

40% (4) | fibroblasts,
smooth muscle,
and perineurium

Liver 0/10 0 0/6 ~ 0 06 - (¢] L 4/10 (17) 20% Canalicular
staining (2%) in
1110 (2%) 40% 1/10 from Group 4
Sinusoidal staining
(1"} in 3/10.from
Group 4 i
Staining of
endothelial cells in
sinusoids (2°)

in 2/10 monkeys in

3 Group 4
Lymph node 209(1) | 10%,20% | 4/6 (1) | 10%(3) | 4/6(17) | 10%3) | 3/10(1°) | 10% (2) [ Specific staining in
30% (1) 20% (1) 20% (1) | germinal centers
-3/10 (2%) <10% | of2/9 -
) Group 1, 3/6

10% (1) | Group 2, 4/6

20% (1) } Group 3, and 4/10
Group 4 monkeys; .
all 1 - 2" intensity
Staining observed
in endothelium, .

stroma, : 3
fibroblasts, . }
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smooth muscle,
and perineurium

Pancreas

0/10

2/6 (1%

30%,
40%

36 (1)

16 (2%)

<10%

10% (1)
30% (1)
10%

410 (1)

4/10 (2*)

10% (1).

30% (1)
80% (2)
10% (2)
20% (1)
30% (1)

Specific staining of
ducts in 2/6 Group
319, - -
and 3/10 Group 4
(2") monkeys
Staining of smaH
ducts, acini, and
ductal acimar - -.
cells in 1/10 Group
4 monkeys (1%)
Staining observed
in endothelium,
stroma,

fibroblasts,

smooth muscle,
and perineurium

Rectum

410 (1)

<10% (1)
20% (1)
30% (2)

306 (1)

30% (1)
40% (1)
80% (1)

416 (1)

20% (1)
30% (1)
60% (1)
80% (1)

5/10 (17)

410 (2

20% (2)
80% (3)
20% (1)
40% (1)
80% (2)

Staining observed
in endothelium,
stroma,
fibroblasts,
smooth muscle,
and perineurium
Staining (1+) also
observed in
inflammatory—
cells (germinal
center) in 1/6 from

Group 2

Skin

6/10 (1)

<10% (3)
20% (3)

2/6 (17)

10%,
20%

216 (1)
216 (2")
116 (3%)

1Mo (1)

3110 (2%)

5/10 (3°)

20%
20% -
80%
50% (4)
80% (1)

Specific staining of
hair follictes (1 -
2%in

1/10 Group 1, 0/6
Group 2, 1/6
Group 3 and

1/10 Group 4.
monkeys

‘Staining obsen‘i;@ v

in endothelium,’
stroma, .
fibroblasts,
smooth muscle,
and perineurium

Stomach

310 (17)

20%

26 (1)

30%,
60%

36 (17

20% (1)
80%(1)
>90%
(1)

7110 (1)

20% (2)
30%(2)
60% (1)
80% (2)

Staining observed
in endothelium,
stroma,

fibroblasts,

smooth muscle,
and perineurium._

Thymus

2/10 (1)

<10%

506 (1)

<10% -
20%

216 (1)
1/6 (2*)
116 (3%)

< 10%
10%
10%

110 (1)
6/10 (2°)

0%
< 10%
(3)
10% (3)

|| Specific staining of §

epithelial cells (1*
-2%in

2/10 Group 1, 2/6
Group 2, 4/6
Group 3, and
7/10 Group 4
monkeys

* staining intensity: 0 = negative; 1" = weak; 2" = moderate; 3" = strong; C = cytoplasmic; M
membrane; F - focal

Study conclusion: The in vivo binding and tissue distribution of panitumumab were evaluated
following immunohistochemical staining of tissues from normal cynomolgus monkeys treated
with ABX-EGF. Panitumumab treatment resulted in detectable ABX-EGF cell surface binding in
tissue sections of skin, adrenal, cecum, colon, duodenum, esophagus, heart, hair follicles,
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zona reticularis of the adrenal gland. These data demonstrate that ABX-EGF treatment results in
in vivo localization and binding of the antibody to the EGFr, and identify specific target organs
for panitumumab toxicity followmg exposure in repeat-dose toxicity studies. , = -

pancreas, and thymus, with weaker but detectable specific staining observed in the heart, and ,\5

Study title: Cross-reactivity of ABX-EGF (CHO) and ABX-EGF (hybridoma) with human and =~ ~
cynomolgus monkey tissue ex vivo and ABX-EGF (CHO) with rat, mouse and rabbit tissue ex .
vivo.

Key findings: Panitumumab manufactured in either CHO cells or in hybridoma cell lines bound

to a panel of tissues from human and cynomolgus monkeys with similar distribution patterns,

frequency, and intensity. These data indicate that there are no remarkable differences in the

binding properties of ABX-EGF to either human or cynomolgus monkey tissues when the

antibody is derived from CHO cells, as compared to the initial, hybridoma-derived product.

There was no binding of ABX-EGF from CHO cells detected in the same panel of tissues from

rats or mice; however, CHO cell-derived panitumumab could bind to EGFr in samples of

urothelium in the urinary bladder and prostate, the cornea, cervix, and ductal epithelial cells in the
pancreas, tubular epithelial cells in the kidney, ductular epithelium in the liver, and in the

follicular epithelium of the thyroid of rabbits.

Study #: 102920 (Abgenix Study #ABX-P0305. — Study #1473-31).

Volume #, and page #: EDR file: STN BLA 125147\000\module4\other toxicology

studies\102920.pdf

Conducting laboratory and location: /

Date of study initiation: December 20, 2002 (t:mal report dated May 19, 2004) )
GLP compliance: Yes

QA statement: yes (X) no ( )

Drug, lot #, and % purity: ABX-EGF, CHO cell-derived, lot #9099-53F, % purity = ~—
by size exclusion HPLC; ABX-EGF, hybridoma-derived, lot #N10004F, % purity

4

™t

a

Methods: The binding of ABX-EGF from two different manufacturing processes to cell surface
EGFr was evaluated using a panel of cryopreserved tissue sections from human, cynomolgus
monkey, rat, mouse, and rabbits. Indirect immunohistochemistry techniques were employed
using 5 to 7 micron tissue sections post-fixed in acetone, and incubated with either 1.0 or 5.0
pg/ml of panitumumab from the two different manufacturing sources. Following incubation with
ABX-EGF, the sections were indirectly labeled with biotinylated anti-human IgG, and all sections
were stained with avidin-conjugated peroxidase and diaminobenzidine as the capture reagent.
Samples of A431 human vulvar squamous cell carcinoma and SW707 human lung tumor cells
from xenografts in athymic, nude mice were used as the positive and negative, EGFr-expressing
controls, respectively, for this assay. All samples were evaluated for ABX-EGF staining by
direct visualization under light microscopy.

Results: In all experiments, the A431 human tumor xenograft samples strongly bound ABX-
EGF from either the CHO cell or the hybridoma sources, with 2" — 3" staining intensities at both
the 1.0 and 5.0 pg/ml antibody concentrations. No binding of ABX-EGF from either CHO cells
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or hybridoma cells was detected in the EGFr-negative, SW707 tumor xenograft samples at either
antibody concentration tested. An isotype-matched, human IgG2 control antibody also did not
stain any of the tissues in the panels from either the human, or the four test animal species when
used at the same concentrations of 1.0 and 5.0 pg/ml.

There was no tissue-specific binding of the CHO-derived, ABX-EGF in any tissues in the panel
tested from either rats or mice (data not shown). Surprisingly, ABX-EGF from CHO cells
demonstrated specific binding to EGFr in samples of urothelium in the urinary bladder and
prostate, the cornea, cervix, and ductal epithelial cells in the pancreas of rabbits, at concentrations
of both 1.0 and 5.0 pug/ml. Overall, staining intensity was greater in rabbit tissues incubated with
the higher concentration of panitumumab. Positive tissue binding was also present in the tubular
epithelial cells in the kidney and ductular epithelium in the liver, and in the follicular epithelium
of the thyroid in rabbit samples at the 5.0 pg/ml, but not the lower dose. Non-epithelial cell

staining was present in vascular endothelial cells of the renal papilla at both the 1.0 and 5.0 pg/ml

concentrations, and in the perifollicular stroma surrounding follicles in the ovary at the 5.0 pg/ml
concentration only. )
In both human and cynomolgus monkey tissues, comparable and specific binding of ABX-EGF
from either CHO or hybridoma cells was observed at concentrations of both 1.0 and 5.0 pg/ml.
Data comparing the pattern, frequency, and intensity of cell surface, specific binding of the 5.0
pg/ml panitumumab concentration for CHO-derived and hybridoma-derived ABX-EGF to both
human and cynomolgus tissues are presented in Table 27, below. In general, the pattern of tissue
cross-reactivity between human and monkey tissues was very similar for either ABX-EGF
preparation, with cell surface binding of panitumumab from either source detected at the highest
levels in epithelial cells in the skin, eye, breast, prostate, tonsil, and uterine cervix, in glomerular
and tubular epithelia in the kidney and follicular epithelia in the thyroid gland, and in urothelium
in the urinary bladder, and uterine endometrium. There appeared to be a slight, but consistent
increase in staining intensity on these tissues from both species when hybridoma-derived ABX-
EGF was used, a§ compared to the CHO cell-derived product. Comparing human and
cynomolgus monkey tissues, the distribution of positive epithelial cells in most tissues was
similar; however, panitumumab staining was more intense and consistent in cynomolgus monkey
cells than in the corresponding human tissues. Differences in panitumumab cell surface binding
between human and cynomolgus monkey were identified in several tissues. In human samples,
positive ABX-EGF staining was identified in parathyroid epithelial cells, germinal center cells in
lymph nodes (specific cell type unknown), stromal cells in the splenic red pulp and in
trophoblastic cells in the placenta; these cells were unlabeled or unavailable (placenta) in
cynomolgus monkeys. By contrast, follicular epithelial cells in secondary follicles in the ovary,

bone marrow stromal cells, ductular epithelial cells in the liver, and lymphoid and stromal cells in-

the medulla of the thymus were positive in cynomolgus monkey tissues, while these same cell
types were either not labeled, or presented equivocal results in the corresponding human tissues.
Additional cells that stained positively with ABX-EGF in tissues from both human and
cynomolgus monkeys, but are not of epithelial origin included interstitial cells in the testes,
stromal cells in the uterine cervix, uterine endometrium, and tonsil. These data indicate that there
are no remarkable differences in the binding properties of ABX-EGF to either human or
cynomolgus monkey tissues when the antibody is derived from CHO cells, as compared to the
initial, hybridoma-derived product. : . ’ '
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Table 27: Cross-Reactwnty of Panitumumab (ABX-EGF) from CHO cells or Hybridoma
Cells with Normal Human and Cynomolgus Monkey Tissues

Human Samples

Cynomolgus Samples

o .. ABX-EGF (CHO ABX-EGF ABX-EGF-(CHO ABX-EGF
Tissue Samples cell-derived) (hybridoma) cell-derived) (hybridoma)
_Adrenal 1/3 (2°)° 1/3(2°) 343(1H) 3319
Bladder (urinary) 13.(19) 2/3 (29) 3/3(2°-39) 3/3(3%)
Blood cells ) () () -)
Bone marrow (perivascular
stromal cells) N (=) (-} 213 (1) 33 (1%
Brain (cerebral cortex) 13 (1Y) 1/3 (2%) (-) (-)
Brain (cerebellum) 3/3(19) 3/3 (19) 3/3 (19 33(1°-29
Breast {gland/ductular epi) 13 (19 2/3 (17,2 3/3 (19 33(17-29
Colon (mucosal epi) 33(17) 33(1-2) 33 (29) 33(2°-39)
Endothelium (various) (-) (-) () {-)
Eye 213(1°, 2) 213(17,2) 33(1°-2) 3/3(29)
Fallopian tube 33 (1) 343(1°-2% 33(1°-2%) 33(2°-3)
. Gastrointestinal Tract "3/3(1°-29 33(1°-29 313 (19) 3/3(2")
Heart () 113 (17 (@) ()
Kidney (glomerulus and
tubular epithelium) 2/3(1°, 249 2/3(1%, 39 3/3(2°-39) 3/3(2"-39
Liver {ductular epithelium) () - 33 (19 3/3(29)
Lung (alveolar epithelium) 3/3(2) 3/3(2°-3") 33(1°-29) 3/3(2° -39
Lymph node 2i3(1°, 29 . 213 (2) -) 1/3(1°)
Ovary ) ) 3/3 (39 33(3-4)
Pancreas 313 (29 3/3(29) 3/3(2) 3/3(17-3%
Parathyroid (glandular epi) 33(1°-29 2/3 (29 ) )
Pituitary 33(1°-2% 3/3(17-29) 2/3 (1) 3/3(1°-3)
Placenta (trophoblast epi) 3/3(3%) 3/3(3) N.D.] N.D.¢
Prostate (glandular and
ductular epithelium) 33 (2'-39 3/3 (39 3/3 (2) 3/3(2%)
Skeletal muscle O 1/3(19) -) (-)
Skin 3/3(2"- 3% 3/3(2°-3%) 33(1°-2) 33(17-2")
Spinal cord 13 (+)° 13 (+) () ()
Spleen (stroma, red pulp) 3B3(AT-20 33(17-2% 33(19) 33 (19
Testes (interstitial cells) 3/3(20) 33(2°-3%) 313 (29) 3321
- Thymus 34(1°-2) 342" -3Y 33(1°-2% 33{2"-3)
Thyroid (follicular epi) 2/3(1°, 2% 213(1°,2) 313 (1) 313(1°-29
Tonsil (basal epi, mucosa) 3/3(2°-3%) 3/3(2°-3) 3/3(2°-39) 33(3°-47)
Ureter (urothelium) 2/3 (29 2/3 (29 3/13(3) 3/3(3-47)
Uterus (cervix) 33(3) ¢ 313(39) 3/3(2"- 3% 3/3(2°-4)
Uterus (endometrium) 3/3(2°-3% 3/3(37) 3/3(2"-4%) 313 (2°- 47)
Human A431 tumor C : -
(positive control) 11 (19 1/1(39) 1/1(3) 1/1(39)

Human SW706 tumor
(negative control)

@]

)

()

()

? (-) = negative staining; +

mtense N.A. = not applicable; N.D. = not done

potentlal freeze artifact

° n = 2; no parathyroid tissue present in third sarnple

4N.D. = not done

= equivocal staining; 1" = weak; 2* = moderate; 3" = strong; 4" =

Study conclusion: Panitumumab manufactured in either CHO cells or in hybridoma cell lines
bound to a panel of tissues from human and cynomolgus monkeys with similar distribution
patterns, frequency, and intensity. These data indicate that there are no remarkable differences in
the binding properties of ABX-EGF to either human or cynomolgus monkey tissues when the
antibody is derived from CHO cells, as compared to the initial, hybridoma-derived product.
There was no binding of ABX-EGF from CHO cells detected in the same panel of tissues from
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rats or mice; however, CHO cell-derived panitumumab could bind to EGFr in samples of
urothelium in the urinary bladder and prostate, the cornea, cervix, and ductal epithelial cells in the
pancreas, tubular epithelial cells in the kidney, ductular epithelium in the liver, and in the
follicular epithelium of the thyroid of rabbits.

Comparability of toxicity of CHO-derived ABX-EGF with ABX-EGF produced. in hybridoma cells ~

Two nonclinical toxicology studies in cynomolgus monkeys were conducted to evaluate the
safety, pharmacokinetics, and immunogenicity of ABX-EGF produced in either the initial
hybridoma cell line, or in CHO cells for the commercial product. They were reviewed, but will
only be briefly summarized here.

Study title: A 4-week comparison study of two forms of ABX-EGF administered by
intravenous injection once per week to cynomolgus monkeys with a 4-week recovery period.
Key findmgs There were no apparent differences in toxicities, toxicokinetic profiles, or

* immunogenicity in cynomolgus monkeys treated for 4 weeks with panitumumab produced in
either hybridoma cells, or in CHO cells.

Study #: 102906 (Abgenix Study #ABX-T0307, Study #02-3032)

Volume #, and page #: EDR file: STN BLA 125147\000\module4\other toxicology
studies\102906.pdf

Conducting laboratory and location:

s

/

Date of study initiation: January 14, 2003 (in-life, 1/23 ~3/21/2003; final report dated
December 24, 2003)

GLP compliance: Yes

QA statement: yes (X) no ()

Drug, lot #, and % purity: ABX-EGF, CHO cell-derived, lot #9099-58G, % purity = —
—_ by size exclusion HPLC; ABX-EGF, hybridoma-derived, lot #P01007F, % purity

Methods: Cynomolgus monkeys (4/5ex/group) were injected once weekly for 4 weeks with
vehicle (Group 1; 50 mM sodium acetate in normal saline), or 7.5 or 30 mg/kg/dose ABX- EGF
from either the hybndoma production process (Groups 2 and 3, respectively), or the same two
dose levels of ABX-EGF derived from CHO cells (Groups 4 and 5). Safety evaluations included -
clinical obsetvations and mortality checks, electrocardiography at pre-study and during Week 4
(5 or 6 days after dosing), body weights and clinical pathology, and organ weights and gross and
microscopic pathology evaluation at necropsy. Samples for clinical pathology were also obtained
at SD-8, SD8, SD22, and terminal or recovery sacrifices. At the end of the treatment period, 3
monkey: s/sex per group were necropsied, and the remaining animals allowed to recover for 4
weeks befor the recovery sacrifice. Peripheral blood samples for toxicokinetic evaluations of
comparability were obtained prior to treatment on Study Days -8 and SDO, then on SD4, SD7,
SD11, SD14, SD18, SD21, SD25, and SD28.

Results: There were no unscheduled deaths during this study, and there were no effects of
treatment with ABX-EGF from either manufacturing method on body weights, or body weight
gains. Electrocardmgrams for all animals were within normal limits at both pre-study and
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completion of dosing evaluations. Clinical toxicities related to panitumumab treatment included s
skin flaking and dryness, dermatitis, and erythema beginning in the second week of dosing over ' A‘E
various areas of the body (limbs, axillary/inguinal areas, head, neck, and/or trunk) in 3/8 monkeys

in the group dosed with 7.5 mg/kg hybridoma-derived panitumumab, 2/8 monkeys dosed with 7.5 - -
mg/kg/dose of CHO-derived ABX-EGF, and in 6/8 monkeys each dosed with 30 mg/kg/dose of
ABX-EGF from either manufacturing source. By the end of the 4-week recovery period, the skin - .
changes had resolved in all monkeys except one female in the group treated with 30 mg/kgof - =~ -
hybridoma-derived ABX-EGF, who had dry, flaky skin still present in the axillary area (animal -
#3899F). This monkey was also the only ABX-EGF treated monkey to develop the erythema and

flaky skin over the entire body during the treatment period. Changes in fecal consistency (i.e.,

unformed or watery stool) were also noted in all animals dosed with either dose level of ABX-

EGF from either source, beginning in the first week and continuing for the duration of treatment.

Upon histologic evaluation of the skin samples, the lesions consisted of minimal to slight,

epidermal hyperkeratosis, acanthosis, and parakeratosis, with accompanying inflammatory cell

infiltrates. Microscopically, skin lesions were occasionally accompanied with subcutaneous

inflammation and hemorrhage. There were no correlating, microscopic findings to explain the

intestinal toxicities. i

No changes in the hematologic profiles were noted for monkeys treated with either formulation of
panitumumab, as compared to the placebo control group. A decrease in erythrocyte parameters
was noted at both the SD8 and SD22 time points in all groups as compared to baseline; however,
these changes are attributed to the amount of blood removed for toxicokinetic sampling, and are
not considered related to ABX-EGF treatment. As compared to the control group, mean
fibrinogen levels were increased in across panitumumab treated groups by 10% to 41% on SD8§
and SD22, regardless of the source of ABX-EGF. Mean serum albumin was decreased by 8% to

15% as compared to controls in male monkeys in both 7.5 mg/kg dose groups, and in female
monkeys in the 30 mg/kg CHO-derived ABX-EGF dose group at SD8. At SD22, the effect was
present in all dose groups, with the exception of female monkeys treated with 7.5 mg/kg/dose of
the CHO-derived panitumumab. Increases in serum globulin of 10% to 26% as compared to the
control group were noted in all ABX-EGF dose groups at SD22, with the exception of the female
monkeys in the 7.5 mg/kg CHO-derived ABX-EGF dose group. Corresponding decreases in
serum A:G ratios were also noted in all affected groups. There were no apparent differences in
the magmtude of any of these changes between either the group mean, or individual animal
values for monkeys treated with ABX- -EGF from either manufacturing source. During the
recovery phase, serum albumin and globulm levels in the pamtumumab -treated groups returned to
control levels, with the exception of both 30 mg/kg/dose groups of female monkeys treated with
either hybridoma- or CHO-derived ABX-EGF. Serum globulin levels for these animals
continued to increase during the recovery phase, and were likely due to development of MAHA -
response (below). .

S

Toxicokinetic evaluation of hybridoma- or CHO cell-derived ABX-EGF exposures in -
cynomolgus monkeys showed similar values for C,,,x and AUCy 65, both on SDO, and after the
final dose of panitumumab on SD21. However, slightly higher mean AUC 14, and Cyax values
-were obtained for CHO cell-derived ABX-EGF, than for hybridoma-derived material at both dose
levels on SDO, and at the 7.5 mg/kg/dose level on SD21. The ratio for the mean values in the 7.5
mg/kg/dose group was either at or just slightly exceeded 125% at SDO. These data are presented
in Table 28, below.
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Table 28. Study #102906. Pharmacokinetic Comparability of ABX-EGF Produced in
Chinese Hamster Ovary (CHO) or-Hybridoma Cell lines After Weekly ilv Dosing in Monkeys

Dose of

Pharmacokinetic Parameter Mean Value, + S.D.

Panitumumab - Conax. (g/mi) AUC; 165, (mg*dayiml)

SDO CHO-cell | Hybridoma | Ratio (%) CHO-cell | Hybridoma | Ratio (%)
7.5 mglkg 231+ 45 184 + 29 1255 615 + 123 493 + 116 1247 |
30 mglkg 891+282 | 794 +141 112.2 3056 +933 | 2735+ 533 111.7

sD 21° '

7.5 mglkg 252 + 81 217° 116.1 718 + 271 625 114.9

30 mg/kg 811+175 | 820+ 148 98.9 1475 + 1148 | 1516 + 1456 97.3

* values from MAHA-positive animals were excluded from the calculations at SD21

® SD not calculated for this group at this time point; n =2

Positive MAHA responses were seen on Day 28 and/or Day 56/57 (recovery) in 50% of the
animals given ABX-EGF (hybridoma) and 44% of the animals given ABX-EGF (CHO). The
data in Table 28 above exclude Cp,y and AUC,, g, values from the MAHA-positive monkeys at

SD 21 only.

Comment: The final study report did not contain a calculation of the confidence intervals for the
ratio of the mean C,, or AUC_ 44, values, so no true assessment of bioequivalence of the two
ABX-EGF preparations can be made. However, independent analysis of the data and
computation of the ratios and appropriate confidence intervals was performed by the clinical
pharmacology reviewer (Angela Men, Ph.D.). Her calculations show that while the ratios.of both
Chax and AUCy i4g, values for the two preparations on Study Days 1 and 21 (all animals, both 7.5
and 30 mg/kg dose levels) do fall within the standards applied for assessment of bioequivalence
as per FDA guidance drugs, the available confidence intervals around these ratios are outside of
the 80:125 percent standard. When the ratios and confidence intervals for Cinax and AUC (61,
values were calculated using data from only MAHA -negative monkeys, both the ratios and
confidence intervals were outside of the 80:125 standard at all doses tested, and at both SD 0 and
SD 21. The data as calculated by Dr. Men are presented in Table 29, below.

Table 29. Study #102906. Pharmacokinetic Comparability of ABX-EGF Produced in
Chinese Hamster Ovary or Hybridoina Cell Lines After Weekly i/v Dosing in Monkeys

(FDA Independent Calculation)

All Animals

Dose of ABX-EGF . Conax AUC.16an (mg*day/ml)

SDo _Ratio (%) | 90% CI Range Ratio (%) 90% CI Range
7.5 mg/kg 125 107 - 145 126 104 - 153
30 mg/kg - 110 89-134 110 - 88-137
SD 21

7.5 mglkg 119 52 - 148 687 Not estimated
30 mglkg 86 61 - 121 114 45 - 292
MAHA-negative animals

SDO Ratio (%) | 90% Cl Rang Ratio (%) 90% Cl Range
7.5 mglkg 137 88 -211 - 138 81-126

30 mglkg 95 76 - 117 87 75- 101
SD 21

7.5 mglkg 111 71-115 109 63 -189
30 mglkg 71 49 - 103 93 69 - 124
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Study conclusion: The toxicity, pharmacokinetic, and immunogenicity profiles of ABX-EGF
manufactured either in hybridoma or CHO cell lines were similar, although not truly comparable
or bioequivalent. However, no differences in safety or efficacy are anticipated for the clinical -
setting, since the doses of panitumumab planned for licensure result in serum levels of ABX-EGF
that exceed those that result in EGFr saturation.

Study title: A 3-month intravenous toxicity study of ABX-EGF in cynomolgus monkeys with a
6-week recovery period. '

Key findings: There were no apparent differences in toxicities, toxicokinetic profiles, or
immunogenicity in cynomolgus monkeys treated for 4 weeks with pamtumumab produced in
CHO cells using either the research scale =~ =~ — ) or the commercial  ~ —  process.
Study #: 103917 (Abgenix Study #ABX-T0311," _ Study #03-3060)

Volume #, and page #: EDR file: STN BLA 125147\000\module4\other toxicology
studies\1003917.pdf _ -

Conducting laboratory and location: y
/

Date of study initiation: January 23, 2004 (in-life, 1/26 — 6/7/2004; final report dated
November 2, 2005)

GLP compliance: Yes

- QA statement: yes (X)no ( )

Drug, lot #, and % purity: ABX-EGF, CHO cell-derived. — scale, lot #954A022614,
% purity = - by size exclusion HPLC; ABX-EGF, CHO cell-derived,

~ commercial) scale Jot #954A023447, % purity = —_ »y size exclusion
HPLC

Methods: The purpose of this study was to compare the toxicity, toxicokinetics, and
immunogenicity profiles of ABX-EGF produced at the clinical trial { =  and commercial
scale — . processes, and to compare the toxicity profiles of the biologic when administered
through an in-line filter, or unfiltered. Control monkeys received once weekly injections of
vehicle (ABX-EGF placebo, consisting of 50 mM sodium acetate in 100 mM NaCl, ph 5.8),
through the in-line filter. Two different dosing regimens; once weekly for 3 months, or every
other week for 3 months were also tested in this study. At the end of the treatment period, up to 3
monkeys/sex/group were necropsied for toxicity evaluations. The study design, including the
group assignments, number of animals for each dosing group and each sacrifice time point, and
the volume and concentration (ml/ml) of ABX-EGF administered is presented in Table 30 below,
which was abstracted directly from the testing laboratory’s final study report.
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Table 30. Study #103917. 3-month Comparative Toxicity Study of — ABX-EGF vs. _
ABX-EGF in Cynomolgus Monkeys: Study Design

Number of Animals
Dese” - Necropsyt
Tetriinal Recovery Microscapic
- . Total | (Week 14/15) | (Weel 19) Patholopy
Pose® | volume | Cone.
Group mykp mike | eag/mL MF M/F M/F MF
1 Control® .
filtered Vehiclc) . 70 e 1.5 . 4 44 23 11 444
2 Low dose ) ‘ T :
ABX-EGF 75 1.5 S 33 373 G0 33
(hitcred —
3 High dose .
ABX-EGF 30 15 20 515 3 2 545
(filtered —
4 High dose
ABX-EGF 30 i5 0 33 33 - da : 33
(unfiltered _ { -
5 Low dose (every ST
Othor week) 75 15 5 33 L Qi L)
{filtered —
6 Low dasc
ABX-EGF 7.5 L3 5 3a 33 (3541 343
{Bltered  ~
7 High dose .
ABX-EGF A0 . 2 55 33 22 545
(filtered  — -
8 High dose
ABX-EGF 0 13 243 33 kTx1 @ A
(unfiltered | : i

'Groups 1, 2,3, 4, 6, 7, and § were dosed ance per week. Group 3 was dosed oqice every two weeks.

"Doses represent ackive ingeedient.

“Vehicle was administered to the Cantrol animals.

“Necropsy was also perfonned for | coserof male sacrificed for humeme reasans during the course af the study.

Safety evaluations included clinical observations and mortality checks, ophthalmology
examinations at pre-study and at the end of the dosing and recovery periods, weekly body weights
and food consumption, and organ weights and gross and microscopic pathology evaluation at
necropsy. Samples for clinical pathology were obtained pre-test, at Study Weeks 5 and 10 during
dosing, and at terminal and recovery sacrifices, and for urinalysis at the end of dosing and
recovery periods. Peripheral blood samples for toxicokinetic evaluations of comparability of the
two ABX-EGF products, and for measurement of the anti-panitumumab antibody response were
obtained prior to treatment, and on SD1, SD29, SD57, and SD85. At scheduled necropsy time
points, full necropsy with gross and microscopic pathologic evaluations were performed on all
animals.

Supportive care for dehydration (i.e., Lactated Ringer’s Solution, 50 ml/monkey s/c) was
administered in all ABX-EGF treatment groups, beginning on SDO and continuing through SD30
or SD31, at which point fluid therapy was administered as a once daily, s/c injection of 100
ml/monkey Lactated Ringer’s solution until the day prior to scheduled terminal necropsy, or until
SD105 or AD106 for the recovery monkeys. Topical treatment for skin rash, dermatitis and
infection (i.e. Animax topical antibiotic/corticosteroid ointment, Nolvasan® anti-bacterial
bathing) and/or oral anti-diarrheal medications (i.e. Pepto-Bismol, Lactobacillus sp.) were
administered as needed to minimize and/or treat these conditions.
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Results: There were no unscheduled, treatment-related deaths during this study. One male
monkey (animal #1433M) in the control group was euthanized on SD32 for humane reasons,
following a broken tibia during Study Week 5. Ophthalmologic examinations for all animals -
were within normal limits at both pre-study, and completion of dosing and recovery evaluations.

Overall, decreases in body weights, and body weight gains were observed in individual animalsin

the groups treated with ABX-EGF as compared to the vehicle control group. Mean values for
male monkeys in all ABX-EGF dose groups were decreased by approximately 2% to 10% of pre-
study values, with the exception of the group treated with 7.5 mg/kg/dose of the filtered, -
ABX-EGF every other week. Body weight losses in panitumumab-treated female monkeys
tended to be more severe than in males, with body weight losses of 3% to 16% from baseline
occurring in individual animals, and persisting between 1 and 14 weeks in duration. However,
there were no statistically significant differences between the groups treated with ABX-EGF from
either manufacturing method on either the duration or magnitude of changes in body weights, or
body weight gains. )
Changes in fecal consistency (i.e., unformed or watery stool) were noted in all animals dosed with
either 7.5 or 30 mg/kg/dose ABX-EGF from either the —  manufacturing scale, and in the
groups treated with the filtered vs. unfiltered material. In general, both the onset and the
incidence of these findings were similar within the same dose level for monkeys treated with
ABX-EGF from either the — ‘manufacturing process. However, the incidence
of fecal changes was approximately 2 to 5-fold higher in monkeys treated with 30 mg/kg/dose of
the filtered ABX-EGF from either manufacturing process, as compared to the findings in this
same dose group treated with unfiltered product from either source. Additionally, both the
incidence and severity of fecal changes were less in the monkeys treated with 7.5 mg/kg/dose of -
filtered ABX-EGF from the ~— process, in which the onset of changes in fecal consistency did
not occur until approximately Study Week S in the male monkeys, and Study Week 4 in the
females. Both the number of animals affected, and the number of days with findings were similar
to animals in the control group, and had completely resolved by Study Week 12. There were no
correlating, microscopic findings to explain the intestinal toxicities.

Dermal toxicities related to panitumumab treatment included skin rashes, characterized by
erythema, scaling and/or flaking of the epidermis, cracking and/or breaking of the skin, and
pustular formations or exudates, over various areas of the body (head neck, axillary/inguinal
areas, limbs, and/or trunk). These findings were noted in animals in all ABX-EGF-treated groups
beginning in the second week of dosing, and were dose-related in both incidence and severity
with slight to mild dermatitis observed at all dose levels, and rashes of moderate and severe

severity occurring most often in the high-dose groups. The skin changes were seen as early as the

second week of dosing, and in the high-dose recovery groups persisted in several animals for the
treatment-free recovery period. There were no differences in either the incidence or severity of
the skin toxicities observed between the - manufacturing groups, or if panitumumab
was filtered or not filtered prior to i/v dosing. Microscopic evaluation of the skin lesions revealed
acute to chronic epidermal changes, including inflammation, hyper/parakeratosis and acanthosis,
intraepithelial pustules and/or abscesses, erosions and ulcerations, and subcutaneous hemorrhage
and effusions. After the 6-week recovery period, there were histologic indications that the skin
effects of ABX-EGF treatment were reversible, although not completely resolved in all dose
groups. There were no apparent differences in clinically notable skin pathology following
treatment with either unfiltered or filtered, or ~ — scale product.
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There were no significant differences in the hematologlc profiles for monkeys treated at the same
dose level with either filtered or unfiltered panitumumab, or between the ~ ~—
manufacturing processes. Statistically significant decreases in total leukocyte counts, absolute
neutrophil and lymphecyte counts, and eosinophils and/or basophils as compared to. the control
~ group weré noted at Study Week 5 for all groups of female monkeys treated with ABX-EGF from
either manufacturing source. However, independent analysis by this reviewer of pooled data
from both male and female monkeys in all dose groups did not show statistically significant
differences either from control, or between the different ABX-EGF groups at the same dose level,
regardless of the source of the product. There were no differences in hematology parameters at
the end of the recovery period in the ABX-EGF treated groups as compared to either control
monkeys, or between groups of animals treated with either the —=-  scale products.

There were no differences noted in prdthrombin time, APTT, or fibrinogen levels between the

- groups of monkeys treated at the same dose level with either the. —— _manufactured ABX-
EGF. As compared to the vehicle control group, there was a statistically significant increase in
APTT at the end of dosing in female monkeys treated with 30 mg/kg/dose of the unfiltered, ~
process ABX-EGF, as compared to females treated with the filtered. — piocess product.
However, the mean APTT value for the females treated with 30 mg/kg/dose of unifiltered. —
ABX-EGF at this time point was less than the baseline value and comparable to the control
females at this time point; therefore, the biological relevance of this difference is unknown.

As compared to the vehicle control group, mean fibrinogen levels were statistically significantly
increased at Study Week 10 for male monkeys treated with 30 mg/kg of the unfiltered, —
process ABX-EGF, and in this same group at Study Week 14 as compared to both baseline
values, and to the group treated with the same dose of the filtered, ~— process product.
However, independent analysis by this reviewer of pooled data for both male and female
monkeys in all dose groups did not show statistically significant differences from either baseline
or control values, or between the different ABX-EGF dose groups treated with either formulation,
or filtered or unfiltered product. At the end of the treatment-free recovery period, there were no
differences in coagulation factor profiles between the control animals, and monkeys previously
treated with 30 mg/kg panitumumab from either manufacturing process.

No consistent or statistically significant differences in serum biochemistry profiles were noted
between groups of monkeys treated with filtered or unfiltered panitumumab, or ABX-EGF
produced at either —_— scale. Although not statistically significant, the most prevalent
changes in all dose groups, including the controls at Study Weeks 5 and 14 were decreases of 2%
to 29% in mean serum albumin, and increases of 5% to 32% in serum globulin, as compared to
baseline values. Corresponding decreases in serum A:G ratios were also noted in all affected
groups. There were no apparent differences in the magnitude of any of these changes between
either the group mean, or individual animal values for monkeys treated with ABX-EGF from
either manufacturing source. During the recovery phase, serum albumin and globulin levels in
the panitumumab-treated groups returned to control levels, with no differences noted between the
control group, and the groups treated with ABX—EGF from either manufacturing process.

As compared to baseline values, serum magnesium decreased in all groups, including the controls
over the duration of the study. At the end of dosing, there was a dose-related, although not
statistically significant decrease in male monkeys treated with 30 mg/kg/dose ABX-EGF from
either source (35-36.2%), as compared to male monkeys in either the control (24.7% decrease
from baseline) or male monkeys in the 7.5 mg/kg/dose groups (23.7 to 29.7% decrease). In the
females, statistically significant decreases in serum magnesium relative to baseline were noted at
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sporadic intervals in both the 7.5 and 30 mg/kg ABX-EGF-treated groups regardless of material
source; however, in female monkeys, the magnitude of these decreases (19-40%) was similar to
that seen in the control group (12-38%). There were no differences in serum magnesium values
- between the control and the ABX-EGF treated groups at the end of the recovery period.

At necropsy, skin findings were present in all groups of animals administered panitumumab, with

the lesions affecting the face, neck, abdomen, chest, limbs, hands/feet, and tail, and consisting of
desquamative or exfoliative rashes, sores, scabs, and edema. Hair loss or absence was observed
in several animals mcludlng one control monkey, but the other skin lesions were not observed in
the control group. The groups of monkeys treated with 7.5 mg/kg ABX-EGF generally had fewer
and less severe skin lesions than the animals treated for 13 weeks with the 30 mg/kg dose level.
There were no consistent, or significant differences in either the incidence or severity of the skin
lesions between the groups administered either the - manufacturing scale product, or
between unfiltered and filtered formulations at the same dose levels.

Toxicokinetic evaluation of CHO cell-derived ABX-EGF exposures in cynomolgus monkeys
treated with material produced by either the - scale processes showed similar
values for Cpayx and AUCq.;es, on SD 1 for animals treated with 7.5 mg/kg panitumumab. Slight,
although statistically not significant decreases in both C,,,. and AUCy_1¢s, at SD 1 were noted for
monkeys treated with the filtered ABX-EGF produced by the — process, as compared to
the group treated with filtered panitumumab from the ~—  scale manufacturing procedure.
However, these trends on SD 1 were reversed when the values for animals treated with 30 mg/kg
of the unfiltered panitumumab were compared (Table 31: Day 1, below). The biologic relevance
of these findings is currently unknown.

Decreases of approximately 25 to 35% in both Cyax and AUC,j¢s, Were observed for monkeys in -
the 7.5 and 30 mg/kg, filtered —  ABX-EGF dose groups at SD 29, as compared to animals
treated with filtered panitumumab manufactured by the -— process. By contrast, there were
no remarkable differences in either parameter between the two manufacturing processes for the
7.5 and 30 mg/kg dose groups at SD 29 when unfiltered material was used for treatment. Slightly
higher mean AUC,. ¢g;, and Cy,, values were obtained for the both the filtered and unfiltered, —
— CHO cell-derived ABX-EGF than forthe = —  process material at both dose levels on
SD85. These data are presented in Table 31 below, which was abstractéd directly from the
sponsor’s final study report. X . .
Positive MAHA responses were seen on Day 29 and Day 85 in approximately the same
percentage of monkeys given ABX-EGF produced by either manufacturing method (data
regarding the AUCq g, and C,,x values for the MAHA-negative monkeys are included in Table
31, below). No data were included in the final study report that demonstrated whether the
MAMHA responses were increased in any of these animals durmg the treatment-free recovery
" period.

Comment: Item #6 in the list of protocol deviations on p. 44 of the final study report states that
blood samples for evaluation of MAHA responses were not collected from any animals at the end
of the recovery period. This omission is unfortunate, as experience has shown that anti-product
antibody titers may not be detectable at the end of treatment period, due to interference with the
assay by the presence of the monoclonal antibody itself. In many cases, the immunogenicity of a
biologic product only becomes evident when the plasma (or serum) levels of the monoclonal
antibody have significantly decreased from on-study levels, i.e. during the treatment-free
recovery period.
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Table 31. Study #103917. Pharmacokinetic Comparability of ABX-EGF Produced in CHO

Cellsby — vs. —  Processes, After Weekly i/v Dosing in Cynomolgus
Monkeys e
. All subjects MAHA Negative®
Dase (mghkg) . scale(U. | Coasw AUCpay | . Cosee AUC g
Filtration, Frequency... {ugfmb) (ug-dayiml) ' (ugfmt) (ug-dayfml)
Day ‘ =
75, 7 Fitered, OW 6 221 (90} 555 (130) 2 187(NCY 497 (NC})
_ 7.5, -, Filtered, QW 6 232 (26} 592 (67) _' 3 235 (32} - 879 (14}
75. - Filtered, Q2W 6 223 (41} 704 {129) 2 236 (NC) 771 (NC}
30 -, Filtered, QW 10 872(119) 2071401} | 8 970 (126) 2930 (369)
30 —Jnfitersd, QW 6 827 (172} 2792 (699} 2 621 (NC) 2021 (NC)
30, ~Fitered, QW | 10 837 (73) 2545 (300} 7 855 (69) 2628 (325}

30. — . Unfiltered, QW ] 843 (224} 2893 (251} 5 957 (2:17} 2875 (276)

Day 29 ;
7.5 — Filtered, OW & 734 (67) 651(381) | 2 237 (NQ) 887 (NG}
75, — Fitered,QW | 6 222 (88} a4zEr | 3 286 (25) 758 (171)
75, — fitered, G2W | & 173 (44) 219239 | 2 212(NGQ) 508 (NG)
30 — Filtered, QW 10 1336(260) 4496(1365) | 8  1309(288) 4361 (1512)
30 —dnfitered, QW | 6 1150(434)  2509(1942) | 2 1292(NC} 3879 (NC)
30, —Fitered, QW | 10 964(361) 28302040} | T  1105(337) 3867 (1432)

30, —.Jnfiltered, aw 8 1179 (3t5) 3987 (2398} 5 1241(308) 4677 (1903}

Day 85
7.5 —Zittered, QW & 197 (117 430{426) | 2 254(NC) 769 (NC)
75, ~ Fiitered, QW & 157 (142) 843y | 3 °  2820n 778 (107}
7.5, < Filtered, G2W | & 74(95) 17368} | 2 196 (NC) 517 (NC}
30, - ciltered, QW 10 1313§405)  3523(1584) | 8  1368(413) 3799 (1343)
30 —Jnfitered, QW | &  1106(698)  1859(1838) | 2  1421(NC}  3318(NG}
30, —Filtered, QW 10 1008(394)  2801(1927) | 7  1221(182) 3957 (612)
30, — diitered, QW | 6  1091¢415)  366(1983) | 5  1246(186) 4136 (1245)

Coste = Obsarved serum concentration at 0.5 howrs post-dose

AUCsey= Area under the concentration-time curve from time § to the end of fhe dasing interval {168 hours for
QW on all days and Q2W on day 85, or 336 hours for Q2W on days 1 and 29)

* Only mankeys demanstrating MAHA negative an days 29, 57, and 85
* Pretest rasults
NC=Standard Deviation not calculated when n = 2
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Comment: The final study report did not contain a calculation of the confidence intervals for the
ratio of the mean C,, or AUCy 16, values, so no true assessment of bioequivalence of the ABX-
EGF manufactured by the two different scale processes can be made. However, mdependent
analysis of the data and computation of the ratios and appropriate confidence intervals was
performed by the clinical pharmacology reviewer (Angela Men, Ph.D.). Her calculations show
that the majority of values for the ratios of Cy,, and AUC,_ 1651, as well as the 90% confidence
intervals for the two preparations of panitumumab on Study Days 1, 29, and 85 at both the 7.5
and 30 mg/kg dose levels fall outside of the 80:125 percent standard applied for assessment of
bioequivalence as per FDA guidance. When the ratios and confidence intervals for Crax and
AUC, 1655 values were calculated using data from only MAHA-negative monkeys, approximately
50% of the ratios for C., and AUCy ;s Were within the 80:125 percent standard at all doses
tested. However, the majority of the calculated values for the 90% confidence intervals around
these ratios were outside of the 80:125 standard at all doses tested, and at all time points. Taken
together, the ratios and confidence intervals for Cpae and AUC, (g5 between the reference  —
manufactured material and the ~— , commercial process material indicate that these products
are not truly comparable. The results of these independent calculations were provided by Dr.
Men in tabular format, and are presented directly from her review as Tables 32 and 33, below.

Table 32. Study #103917. Pharmacokinetic Comparability of ABX-EGF Produced by

Either — .or - Scale Manufacturing Processes (FDA Independent

Assessment; Reference = ~— Process Material)

All Animals .

Dose of ABX-EGF Time Point, N Parameters Ratio 90% C! Range

7.5 mgl/kgffiltered SD1 Cuax 113 82 -- 155
N=6;6 AUC. 1681 109 90 - 132
SD 29 Crmax 920 59 - 137
N=6,6 . AUC 168n 37 9-- 160
SD 85 Crax L 75 20 -- 284
N=6;6 AUCq.168n 32 0.53 -- 1969

30 mg/kgffiltered SD 1 Conax 86 80 --94
N=10;10 AUCq.168n 86 78 -- 96
SD 29 | Crnax 69 ' 54 -- 88
N=10;10 AUC.168n 413 . 22--83
SD 85 N Corax ‘ A 49 -- 103
N=10;10 AUCo168n 32 8--136

30 mg/kg/unfiltered SD1 Cunax 150 97 -- 233
N=6;6 AUC. 1680 142 121 - 166
SD 29 Crnax 96 63 - 146
N=6;6 AUCq.168n 121 65 -- 228
SD 85 Crax 87 69 -- 109
N=6;6 AUC 168n 121 - 79--186
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Table 33. Study #103917. Pharmacokinetic Comparability of ABX-EGF Produced by
Either ~— Scale Manufacturing Processes (FDA Independent
Assessment; Reference = — ‘rocess Material) . _
MAHA-Negative Animals ' =
Dose of ABX-EGF Time Point, N Parameters Ratio 90% CIl Range
7.5 mglkg/filtered 1'sb1 - | Crnax 127 89 -- 180 : -
N=3;2 AUCq 1681 - 119 80--178 |~ _ ~
SD 29 Crnax 122 88 -- 169 N
N=3;2 AUCq.168n 86 49 - 149
SD 85 | Crnax 110 87 - 140
- N=312 AUCO—168h 107 56 —- 204
30 mg/kg/filtered sD1 o Cmax ' 89 80 -- 98
N=7;8 AUCq 468n 90 79 - 103
SD 29 : | Crax 82 63 --108
N=7,8 AUC, 1g8n 87 59 - 129
SD 85 | Crnax 92 - 74--114
N=10;10 AUCq.16en 110 83 -- 145
30 mg/kglunfiltered SD1 Comax 113 88 -- 146
N=6,6 AUCO-‘lGBh 106 87 -130
SD29 Crax 106 75 -- 151
N=6;6 AUC 1681 167 66 — 427
SD85 Conax 120 52 - 279
N=6;6 AUCq160n 335 54 — 2060

Study conclusion: The toxicity, pharmacokinetic, and immunogenicity profiles of ABX-EGF
manufactured using CHO cell lines by either the — manufacturing process, or the —
— commercial scale process are similar, although not truly comparable or bioequivalent.
However, no differences in safety or efficacy are anticipated for the clinical setting, since the
doses of panitumumab planned for licensure result in serum levels of ABX-EGF that exceed : ¥
those that result in EGFr saturation.

2.6.6.9 Discussion and Conclusions&

Please see Study Conclusions under individual study reviews, above.

2.6.6.10 Tables and Figures

Tables and Figures are integral to the study reviews, above.

2.6.7 TOXICOLOGY TABULATED SUMMARY

A tabulated summary of all preclinical repeat-dose, reproductive and developrﬁental, and other
toxicity studies included in the BLA, as provided by the sponsor in Module 2, Section 2.6.7 of the
electronic CTD submission is attached to this review as Appendix 5.
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OVERALL CONCLUSIONS AND RECOMMENDATIO_NS ' RN

Conclusions: Severe dermatologic and gastrointestinal toxicities were noted at all dose levels in
cynomolgus monkeys treated weekly with 7.5, 15, 30, or 60 mg/kg panitumumab for 4, 13, or 26.
“weeks. These doses correspond to approximately 1.25 to 10-fold greater than the proposed
human dose of 6 mg/kg ABX-EGF administered every two weeks, and approximately 3 to 24- .
fold higher than the proposed 2.5 mg/kg/week panitumumab dose, when adjusted for body SR
weight. Observed toxicities included decreases in body weight and food consumption, decreases -
in serum calcium, phosphate, and magnesium, and dose-dependent clinical signs consisting of
soft or watery stool, alopecia, skin rash, erythema, flaking and/or dryness, suppurative dermatitis,
erosions, sloughing, and ulcerations, and in several studies, early mortalities secondary to the
severity of the skin lesions. These changes occurred with increased frequency and severity as
both the dose and duration of ABX-EGF increased, and were only partially reversible following
discontinuation of panitumumab treatment. Panitumumab treatment of non-pregnant, female
cynomolgus monkeys inhibited ovarian function, resulting in dose-related irregularities in
menstrual cycling (prolonged menstrual cycles and/or amenorrhea), decreased pregnancy rates,
and decreases in serum 17B-estradiol and progesterone levels, at doses corresponding to
approximately 1.25 to 5-fold higher than the proposed, clinical doses when adjusted for body
weight. Although no teratogenic effects were observed, panitumumab was abortifacient at all
dose levels tested in pregnant female cynomolgus monkeys, following weekly injection from
GD20 through GD48 (approximately 1.25 to 5-fold greater than the highest proposed human
dose).

Unresolved toxicology issues (if any): None

Recommendations: No additional nonclinical pharmacology or toxicology studies of ABX-
EGF are recommended at the present time.

~

Suggested labeling: Please see attached recommendations for labeling, Appendix 1

Signatures (optional):

Reviewer Signature

\/.(

e P

Supervisor Signature 7)7 N7 ’@ ) "&%éoncurrence Yes ¥ No :
9/41/0 6 \
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APPENDIX/ATTACHMENTS

* Draft language for communication (information requests) to the sponsor is included in the

attachment, below. Draft recommendations for changes to the proposed package insert, citations =
from the published literature in support of panitumumab pharmacology and the role of EGFr in

cancer and developmental biology, and copies of the tabular summaries of the completed .
pharmacology, toxicology, and pharmacokinetics studies (as provided by the sponsor in Module 2 _ ~
of the e-CTD BLA) are included as Appendices 1-5, following the attachment.

APPEARS THIS WAY -
ON ORIGINAL |

APPEARS THIS WAY
ON ORIGINAL
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APPENDIX 2 — PUBLISHED LITERATURE REFERENCES

REGARDING PANITUMUMAB ACTIVITY, ROLE OF EGFr IN

CANCER AND DEVELOPMENTAL BIOLOGY, AND ACTIVITY IN = -
COMBINATION WITH CHEMOTHERAPY

The following references from the open literature were included in the pharmacology and
toxicology sections (Module 4) of the original BLA submission, but unless noted in the sections
above, were not included in this review.

. Adams, G.P. and L.M. Weiner. 2005. Monoclonal antibody therapy of cancer. Nature
Biotech., 23:1147-1157.

2. Adamson, E.D. 1990a. Developmental activities of the epidermal growth factor

- receptor. Curr. Topics. Devel. Biol., 24:1-29.

3. Adamson, E.D. 1990b. EGF receptor activities in mammalian development. Molecular
Reprod. Devel., 27: 16-22.

4. Alroy, I. and Y Yarden. 1997. The ErbB signaling network in embryogenesw and
oncogenesis: signal diversification through combinatorial hgand-receptor interactions.
FEBS Lett., 410:83-86.

5. Bandyopadhyay, D., M. Mandal, L. Adam, J. Mendelsohn, and R. Kumar. 1998.
Physical interaction between epidermal growth factor receptor and DNA-dependent
protein kinase in mammalian cells. J. Biol. Chem., 273:1568-1573.

6. Barrandon, Y. and H. Green. 1987. Cell rmgratlon is essential for sustained growth of
keratinocyte colonies: The roles of transforming growth factor-a and epidermal growth
factor. Cell,50:1131-1137.

7. Baselga, J., L. Norton, H. Masui, A. Pandiella, K. Coplan, W.H. Miller Jr., and J.
Mendelsohn 1993. Antitumor effects of doxorubicin i in combination w1th anti-
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1333, =,
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growth factor receptor targeting in cancer. J. Clin. Oncol., 23:2445-2459.

10. Blencke, S., A. Ullrich, and H. Daub. 2003. Mutation of threanine 766 in the epidermal
growth factor receptor reveals a hotspot for resistance formation against selective
tyrosine kinase inhibitors. J. Biol. Chem., 278:15345-15440.

11. Carpenter, G. 1987. Receptors for ep1derma1 growth factor and other polypeptlde
mitogens. Ann. Rev. Biochem., 56:881-914.
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Changes in epidermal growth factor receptor and its messenger ribonucleic acid levels in
human placenta and isolated trophobilast cells durmg pregnancy. J. Clin. Endocrinol.
Metab., 67:1171-1177.

14. Clynes, R.A., T.L. Towers, L.G. Presta, and J.V. Ravetch. 2000. Inhlbltory Fc receptors
modulate in vivo cytotoxicity against tumor cell targets. Nature Med., 6:443-446.
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APPENDIX 3 - TABULATED SUMMARY OF PRECLINICAL
PHARMACOLOGY STUDIES CONDUCTED WITH )
PANITUMUMAB (VECTIBIX ™) ,‘ : = -

The following tables were copied directly from Module 2, section 2.6.3 of the electronic CTD .
submission, as provided by the sponsor to the BLA application. a
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Reviewer: Anne M. Pilaro, Ph.D. STN BLA #125147

APPENDIX 4 - TABULATED SUMMARY OF PRECLINICAL
PHARMACOKINETIC STUDIES CONDUCTED IN SUPPORT OF
PANITUMUMAB (VECTIBIX ™) , = -

The following tables were copied directly from Module 2, section 2;6.5 of the electronic CTD .
submission, as provided by the sponsor to the BLA application. N

APPEARS THIS WAY
ON ORIGINAL

SR
P

APPEARS THIS WAY
ON ORIGINAL
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Reviewer: Anne M. Pilaro, Ph.D. ' STN BLA #125147

APPENDIX 5 - TABULATED SUMMARY OF PRECLINICAL
TOXICOLOGY STUDIES CONDUCTED IN SUPPORT OF
PANITUMUMAB (VECTIBIXT M)

The following tables were copied directly from Module 2, section 2.6.7 of the electronic CTD }

submission, as provided by the sponsor to the BLA application.

APPEARS THIS way

1L I T I RTE

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL

168
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Reviewer: Anne M. Pilaro, Ph.D.
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