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USES FOR AND ARTICLE OF MANUFACTURE INCLUDING HER? DIMERIZATION
INEUBITOR PERTUZUMAR

This non-provisional application filed under 37 CFR §1.53(b), claims the benefit under 35

5 USC §11%(e) of U.S. Provisional Application Serial No. 61/547,535, filed on October 14, 2011, U.S.
Provisional Appheation Serial No. 61/567,015, filed on December 5, 2011, US. Provisional
Application Serial No. 61/657,669, filed on June 8, 2012, U.5, Provisional Application Serial No.
61/682,037, filed on Angust 10, 2012 and U.S. Provisional Application Serial No. 61/694,584, filed

on Auvgust 29, 2017, which are incorporated by reference in entirety.

Field of the Tnvention

The present invention concerns uses for and articles of manufacture including Pertuzumab, a
first-im-class HER2 dimerization inhibitor.
In particular, the invention concerns extending progression free survival in a HER2-positive
15 breast cancer patient population; combining two HER2 antibodies to treat HER2-positive cancer
without increasing cardiac toxicity; (reating early-stage HERZ-positive breast cancer; treating HER2-
positive cancer by co-administering a mixture of Pertuzumab and Trastuzumab from the same
intravenous bag; treating HERZ-positive metastatic gastric cancer; treating HER2-positive breast
cancer with Pertuzumab, Trastuzumab and Vinorelbine; treating HER2-positive breast cancer with
20 Pertuzumab, Trastuzumab and aromatage inhibitor; and treating low HER3 ovarian, primary
peritoneal, or fallopian tube cancer.
[t also concerns an article of manufacture comprising a vial with Pertuzumab therein and a
package imsert providing safety and/or efficacy data thercon; a method of making the article of

manufacture; and a method of ensuring safe and effective use of Pertuzumab related thereto.
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In addition the invention concerns an intravenous {1V) bag containing a stable mixture of

Perzmimab and Trastuzumab suttable for administration t0 a cancer patient,

Backoround of the Invention

Members of the HER family of receptor tyrosine kinases are smmportant mediators of cell
30 growth, differentiation and survival. The receptor family includes four distinet members including
epidermal growth factor receptor (EGFR, ErbB1, or HERT), HER2 (ErbB2 or p185™"), HER3
(ErbB3) and HER4 (ErbB4 or tyro2), Members of the receptor family have been implicated in
various types of buman malignancy.
A recombinant humanized version of the murine anti-HER?2 antibody 425 (huMAb4D5-8,

35 thuMAb HER2, Trastuzumab or HERCEPTIN®; U.S. Patent No. 5,821,337) is clinically active in
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paticnts with HER2-overcxpressing metastatic breast cancers that have received extensive prior anti-
cancer therapy (Baselga er ol J Clin. Oncol. 14:737-744 (1996)).
Trastuzumab received marketing approval from the Food and Drug Administration

September 23, 1998 for the treatment of patients with metastatic breast cancer whose tumors

L

overexpress the HERZ protein. At present, Trastuzumab is approved for use ag a single agent or in
combination with cherotherapy or hormone therapy in the metastatic setiing, and as single agent or
in combination with chemotherapy as adjuvant treatment for patients with early-stage HERZ2-nositive
breast cancer. Trastuzumab-based therapy is now the recommended freatment for patients with
HER2-positive early-stage breast cancer who do not have contraindications for its use (Herceptin®
0 prescribing information; NCUN Guidelines, version 2.2011). Trastuzomab plos Docetaxel (or
paclitaxel} is a registered standard of care in the first-line metastatic breast cancer (MBC) treatment
sefting (Slamon of al, N Engl F Med, 20013441 11:783-792.; Marty et al. § Clin Ungol, 20035,
23(19):4265-4274).
While the administration of Trastezumeb has led to excelient results in the treatment of
15 breast cancer, recent data from a clinical trial of lfapatinib appear to suggest that even with
administration of Trastuzumab, HERZ plays an active role in tumor biclogy {Gever et al,, N Engl J
Med 2006; 355:2733-2743).
Patients treated with the HERZ antibody Trastuzamab are selected for therapy bused on
HERZ expression. See, for example, WOY9/31140 (Paton ef ¢l), US2003/0170234A1 (Tellmann,
200 B, and US2003/01478%84 (Paton ef al); as well as WOO /K366, US2002/0064785, and
US2003/0134344 (Mass ef o). See, also, US Patent Mo, 6,573,043, US Patent No. 6,905,830, and
US2003/0152987, Cohen ¢f af., concerning immunchistochemistry (HIC) and fluorescence in situ
hybridization (FISH) for detecting HER2 overexpression and amplification.  Thus, the optimal

management of metasfatic breast cancer now takes into account not only a patient’s general
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condition, medical kistory, and receptor status, but alse the HERZ status.

Pertuzumab (algo known as recombinant humanized monocional antibody 2C4 (thuMAD
2C4y; Genentech, Inc, South San Francisco) represents the first in a new ¢lass of agents known as
HER dimerization inhibitors {HDD) and functions to inhibit the ability of HER2 to form active
heterodimers or hemodimers with other HER receptors (such as BGFR/AER]T, HERZ, HER3 and
30 HER4). See, for example, Hararl and Yarden Oncogene 19:6102-14 (2060); Yarden and Sliwkowski,

Nat Rev Mol Cell Biol 2:127-37 (2001); Shiwkowski Nar Struct Biol 10:158-9 (2003); Cho er al.
Nature 421:756-60 (2003); and Malik ef ol Pro Am Soc Cancer Res 44:176-7 (2003).
Pertuzumab blockade of the formation of HERZ2-HER3 heterodimers in turmmor cells has been
demonstrated to infubit eritical cell signaling, which results in reduced tumor proliferation and
35 survival (Agus ef af. Cancer Cell 2:127-37 (2002)).
Pertuzumab has undergone testing as a single agent in the clinic with a phase {a tria] in

patients with advanced cancers and phase IT trials in patients with ovanan cancer and breast cancer as
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well as lung and prostate cancer. In a Phase T study, patients with incurable, locally advanced,
recurrent or metastatic solid tumors that had progressed during or after standard therapy were treated
with Pertuzomab given mitravenously every 3 weeks. Pertuzumab wag generally well tolerated.
Tumor regression was achieved in 3 of 20 patients evaluable for response. Two patients had
confirmed partial regponses. Stable disease lasting for more than 2.5 months was chserved in 6 of 21
patients (Agus ef al. Pro Am Soc Clin Oncol 22:192 {2003)). At doses of 2.0-15 mg'kg, the
pharmacokinetics of Pertuzumab was linear, and mean clearance ranged from 2.69 to 3.74 ml/day/ke
and the mean terminal elimination half-life ranged from 15.3 (0 27.6 days. Antibodiss to Pertuzumab
were not detected (Adlison ef afl. Pro Am Soc Clin Oncol 22:197 (2003)),

US 2066/0034842 describes methods for treating ErbB-expressing cancer with anti-ErbB2
antibody combimations. US 2008/0102069 describes the use of Trastuzumab and Pertuzymab in the
treatment of HER2Z-positive metastatic cancer, such as breast cancer, Baselga et al., J Clin Oncol,
2007 ASCGO Annual Meeting Proceedings Part 1, Coll 25, No. 185 (June 26 Supplement), 2007:1004
report the treatment of patients with pre-treated HERZ-positivebreast cancer, which has progressed
during freatment with Trastuzomab, with 4 combination of Trastuzumab and Pertuzumab. Portera et
al., J Clin Oncol, 2007 ASCO Annual Meeting Proceedings Part 1. Vol, 25, No. 18S (June 20
Supplement), 2007:1028 evaluated the efficacy and safety of Trastuzumab + Pertuzumab
combination therapy in HERZ-positive breast cancer patients, who had progressive disease on
Trastuzumab-based therapy. The authors concluded that further evaluation of the efficacy of
combination treatment was required to define the overall risk and benefit of this treatment regimen.

Pertuzumab has been evaluated in Phase II studies in combination with Trastuzomab in
patients with HER2-positive metastatic breast cancer who have previously received Trastuzumab for
metastatic discase. One study, conducted by the National cancer Institute (NCI), enrolled 11 patients
with previously treated HERZ-positive metastatic breast cancer. Two out of the 11 patients exhibited
a partial response (PR) (Baselga et al., J Clin Oncol 2007 ASCO Annual Meeting Proceedings;
25:185 (June 20 Supplement): 1004, The results of a Phase 1T necadjuvant siudy evaluating the
elfect of a novel combination regimen of Pertuzumab and Trastuzumab plus chemotherapy
(Docetaxel) in women with carly-stage HER2-positive breast cancer, presented at the CTRC-AACR.
San Antonio Breast Cancer Symposium (SABRCS), December 8-12, 2019, showed that the two HERDZ
antibodies plus Docetaxel given in the neoadjuvant setting prior to surgery significantly improved the
rate of complete tumor disappearance (pathological complete response rate, pCR, of 45.8 percent) in
the breast by more than half compared to Trastuzumab plus Docetaxel (pCR of 29. § percent),
p=0.014,

Patent Publications related to HER2 antibodies include: US Patent Nos. 5,677,171,
5,720,937, 5,720,954, 5,725,856, 5,770,195, 5,772,997, 6,165,464, 6,387,371, 6,399,063; 6,015,567;
6,333,169; 4,968,603; 5,821,337; 6,054,257; 6,407,213, 6,639,055;6,719,971; 6,800,738; 8,075,890;
5,648,237; 7.018,809; 6,267,958; 6,685,940; 6,821,515, 7,060,268: 7.682.609; 7,371,376; 6,127,526;
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6,333,398, 6,797,814; 6,339,142, 6,417,335; 6,489,447; 7.074,404; 7,531,645; 7,846,441; 7,892,549;
8,075,892; 6,573,043; 6,905,830; 7,129,051; 7,344,840; 7,468,252; 7,674,589; 7,919,254; 6,949,245;
7,485,302; 7,498,030; 7,501,122; 7,537,931; 7,618,631; 7,862,817; 7,041,292, 6,627,196; 7,371,379;
6,632,979; 7,097,840; 7,575,748; 6,984,4%4; 7,279,287; 7,811,773; 7,993,834; 8,076,066; 8,044,017;
7,435,797, 7,850,966; 7,485,704; 7,807,799; 8,142,784, 7,560,111; 7,879,325; §,241,630; 7,449,184;
8,163,287; 7,700,299; 7,981,418; 8,247,397; and US 2010/0016556; US 2005/0244929; US
2001/0014326; US 2003/0202972; US 2006/0099201; US 2010/0158899; US 2011/0236383; US
2011/0033460; US 2008/0286280; US 2005/0063972; US 2006/0182739; US 2009/0220492; US
2003/0147884; US 2004/0037823; US 2005/0002928; US 2007/0292419; US 2008/0187533; US
2011/0250194; US 2012/0034213; US 2003/0152987; US 2005/0100944; US 2006/0183150; US
2008/0050748; US 2009/0155803; US 2010/0120053; US 2005/0244417; US 2007/0026001; US
2008/0160026; US 2008/0241146; US 2005/0208043; US 2005/0238640; US 2006/0034842; US
2006/0073143; US 2006/0193854; US 2006/0198843; US 2011/0129464; US 2007/0184055; US
2007/0269429; US 2008/0050373; US 2006/0083739; US 2009/0087432; US 2006/0210561; US
2002/0025736; US 2002/0001587; US 2008/0226659; US 2002/0090662; US 2006/0046270; US
2008/0108096; US 2007/0166753; US 2008/0112958; US 2009/0239236; US 2012/0034609; US
2012/0093838; US 2004/0082047; US 2012/0065381; US 2009/0187007; US 2011/0159014; US
2004/0106161; US 2011/0117096; US 2004/0258685; US 2009/0148402; US 2009/0099344; US
2006/0034840; US 2011/0064737; US 2005/0276812; US 2008/0171040; US 2009/0202536; US
2006/0013819; US 2012/0107391; US 2006/0018899; US 2009/0285837; US 2011/0117097; US
2006/0088523; US 2010/0015157; US 2006/0121044; US 2008/0317753; US 2006/0165702; US
2009/0081223; US 2006/0188509; US 2009/0155259; US 2011/0165157; US 2006/0204505; US
2006/0212956; US 2006/0275305; US 2012/0003217; US 2007/0009976; US 2007/0020261; US
2007/0037228; US 2010/0112603; US 2006/0067930; US 2007/0224203; US 2011/0064736; US
2008/0038271; US 2008/0050385; US 2010/06285010; US 2011/0223159; US 2008/0102069; US
2010/0008975; US 2011/0245103; US 2011/0246399; US 2011/0027190; US 2010/0298156; US
2011/0151454; US 2011/0223619; US 2012/0107302; US 2009/0098135; US 2009/0148435; US
2009/0202546; US 2009/0226455; US 2009/0317387; US 2011/0044977; US 2012/0121586.

Summary

Disclosed is a method for extending progression free survival in a HER2-positive breast
cancer patient population by 6 months or more comprising administering Pertuzumab, Trastuzumab
and chemotherapy (e.g. taxane, such as Docetaxel) to the patients in the population. Optionally the
method results in an objective response rate of 80% or more in the patients in the population. The the
breast cancer is optionally metastatic or locally recurrent, unresectable breast cancer, or de novo
Stage 1V disease. In one embodiment, the patients in the population: have not received previous
treatment or have relapsed after adjuvant therapy, have a left ventricular
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gjection fraction (LVEF) of >50% at baseline, and/or have an Eastern Cooperative Oncology Group
performance status (ECOG PS) of 0 or 1. Optionally, the HER2-positive breast cancer is defined as
immunohistochemistry (IHC) 3+ and/or fluorescence in situ hybridization (FISH) amplification ratio
=2.0. Optionally, the method reduces the risk of death by about 34% or more relative to a patient
treated with Trastuzumab and the chemotherapy.

Also disclosed is a method of combining two HER2 antibodies to treat HER2-positive cancer
without increasing cardiac toxicity in a HER2-positive cancer patient population, comprising
administering Pertuzumab, Trastuzumab, and chemotherapy to the patients in the population.
Optionally, cardiac toxicity in the patient population is monitored for incidence of symptomatic left
ventricular systolic dysfunction (LVSD) or congestive heart failure (CHF), or for decrease in left
ventricular ¢jection fraction (LVEF). The HER2-positive cancer is optionally, breast cancer, for
example metastatic or locally recurrent, unresectable breast cancer, or de novo Stage IV disease.

Further disclosed is an article of manufacture comprising a vial with Pertuzumab therein and
a package insert, wherein the package insert provides the safety data in Table 3 or Table 4 and/or the
efficacy data in Table 2, Table 5, Figure 8, or Figure 10,

The disclosure additionally concerns a method for making an article of manufacture
comprising packaging together a vial with Pertuzumab therein and a package insert, wherein the
package insert provides the safety data in Tabie 3 or Table 4 and/or the efficacy data in Table 2,
Table 5, Figure 8, or Figure 10.

In a related embodiment, the disclosure concerns a method of ensuring safe and effective use
of Pertuzumab comprising packaging together a vial with Pertuzumab therein and a package insert,
wherein the package insert provides the safety data in Table 3 or Table 4 and/or the efficacy data in
Table 2, Table 5, Figure 8, or Figure 10.

Optionally, the article of manufacture comprises a single-dose vial containing about 420mg
of Pertuzumab.

Optionaliy, the package insert further comprises the warning box in Example 4,

Optionally, the package insert further provides the Overall Survival (OS) efficacy data in
Example 9 or Table 14,

In one aspect, there is provided use of Pertuzumab, Trastuzumab, and carboplatin-based
chemotherapy in the manufacture of a medicament for {reating early-stage HER2-positive breast
cancer in a patient, wherein the carboplatin-based chemotherapy comprises Docetaxel and
Carboplatin.

Also disclosed is a method of treating early-stage HER2-positive breast cancer comprising

administering Pertuzumab, Trastuzamab, and chemotherapy to a patient with the breast cancer,
wherein the chemotherapy comprises anthracycline-based chemotherapy (for example, 5-FU,
epiribicin, and cyciophosphamide (FEC)), or carboplatin-based chemotherapy {for example,
Docetaxel and Carboplatin). Optionally, Pertuzumab is administered concurrently with the
anthracycline-based chemotherapy or the carboplatin-based chemotherapy. In one embodiment of

this method, Pertuzumab administration does not increase cardiac toxicity relative to the treatment



10

15

20

25

30

35

without Pertuzumab. Such treatment of early-stage HER2-positive breast cancer optionally comprises
neoadjuvant or adjuvant therapy.

The disclosure further concerns a method of treating HER2 -positive cancer in a patient
comprising co-administering a mixture of Pertuzumab and Trastuzumab from the same intravenous
bag to the patient. Such method optionally further comprises administering chemotherapy to the
patient.

In a related embodiment, the disclosure provides an intravenous (IV) bag containing a stable
mixture of Pertuzumab and Trastuzumab suitable for administration to a cancer patient. The mixture
is optionally in saline solution; e.g. comprising about 0.9% NaCl or about 0.45% NaCl. The IV bag
is optionally a 250mL 0.9% saline polyolefin or polyvinyl chloride infusion bag. In one embodiment,
the IV bag which contains a mixture of about 420mg or of about 840mg of Pertuzumab and from
about 200mg to about 1000mg of Trastuzumab. In one embodiment, the mixture is stable for up to
24 hours at 5°C or 30°C. Stability of the mixture can be evaluated by one or more assays selected
from: color, appearance and clarity (CAC), concentration and turbidity analysis, particulate analysis,
size exclusion chromatography (SEC), ion-exchange chromatography (IEC), capillary zone
electrophoresis (CZE), image capillary isoelectric focusing (iCTEF), or potency assay.

The present disclosure provides a new freatment regimen for gastric cancer. In particuiar, the
present disclosure concerns the treatment of HER2-positivegastric cancer in human subjects with a
combination of Trastuzumab, Pertuzumab and at least one chemotherapy.

In one embodiment, the disciosure concerns a method of treating HER2-positive gastric
cancer in a human subject, comprising administering to the subject Pertuzumab, Trastuzumab, and a
chemotherapy.

In one embodiment, the disclosure concerns a method of treating gastric cancer in a hyeman
subject comprising administering Pertuzumab to the subject with gastric cancer, wherein Pertuzumab
is adminisfered at a dose of 840 mg in all treatment cycles.

In another embodiment, the disclosure concerns a method of improving survival in a human
subiect with HER2-positive gastric cancer, comprising administering to the subject Pertuzumab,
Trastuzumab, and a chemotherapy.

In vet another embodiment, the disclosure concerns Pertuzumab for use in the treatment of
HERZ2- positive gastric cancer in a human subject in combination with Trastuzumab and a
chemotherapy.

In a further embodiment, the disclosure concerns the use of Pertuzumab in the preparation of
a medicament for the treatment of HER2-positive gastric cancer, wherein the treatment comprises
administration of Pertuzumab in combination with Trastuzumab and a chemotherapy.

In a still further embodiment, the disclosure concerns the use of Trastuzumab in the

preparation of a medicament for the treatment of HER2-positive gastric cancer, wherein the treatment

comprises administration of Trastuzumab in combination with Pertuzumab and a chemotherapy.
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In another embodiment, the disclosure concerns a kit comprising a container comprising
Pertuzumab and instructions for administration of the Pertuzumab to treat HER2-positive gastric
cancer in a subject in combination with Trastuzumab and a chemotherapy.

In yet another embodiment, the disclosure concerns a kit comprising a container comprising
Trastuzumab and instructions for administration of the Trastuzumab to treat HER 2-positivegastric
cancer in a subject in combination with Pertuzumab and a chemotherapy.

In all embodiments, the gastric cancer can, for example, be non-resectable locally advanced
gastric cancer, or metastatic gastric cancer, or advanced, post-operatively recurrent gastric cancer,
which may not be amenable to curative therapy by known methods. In all embodiments, the gastric
cancer includes adenocarcinoma of the stomach or gastroesophageal junction. In a particular
embodiment the patient did not receive prior anti-cancer treatment for metastatic gastric cancer. Ina
particular embodiment, the chemotherapy comprises administration of a platin and/or
fluoropyrimidine. In certain embodiments, the platin is cisplatin. In other embodiments, the
fluoropyrimidine comprises capecitabine and/or 5-fluorouracil (5-FU). In all embodiments, the
patient’s HER2-positive status may, for example, be IHC 3+ or IHC 2+/ISH+. In all embodiments, in
particular embodiments, the treatment improves survival, including overall survival (OS) and/or
progression free survival (PFS) and/or response rate (RR). In particular embodiments, the patient has
an ECOG PS of 0-1. In all embodiments, treatment cycles are generally separated from each other by
four weeks or less, or by three weeks or less, or by two weeks or less, or by one week or less.

In a particular embodiment, the disclosure concerns a method of treating HER2-positive non-
resectable or metastatic adenocarcinoma of the stomach or gastroesophageal junction in a human
patient who did not receive prior chemotherapy for metastatic disease, except prior adjuvant or
necadjuvant therapy completed more than six months before the current treatment, comprising
administering Pertuzumab, Trastuzumab, cisplatin, and capecitabine and/or fluorouracil (5-FU) to
the patient in an amount to improve progression free survival (PFS) and/or overall survival (0S),
wherein the patient has an ECOG PS of 0-1. In a particular embodiment, the patient did not receive
prior treatment with a platin.

In another embodiment, the disclosure concerns a method of improving progression free

survival in a patient with HER2-positive non-resectable or metastatic adenocarcinoma of the stomach
or gastroesophageal junction comprising administering Pertuzumab to the patient in combination
with Trastozumab and chemotherapy.

In yet a further embodiment, the disclosure concerns a method of treating HER2-positive
breast cancer in a patient comprising administering Pertuzumab, Trastuzumab and vinorelbine to the
patient. Optionally the Pertuzumab and Trastuzumab are co-administered to the patient from a single
intravenous bag. The breast cancer is optionally metastatic or locally advanced. In one embodiment,
the patient has not previously received systemic non-hormonal anticancer therapy in the metastatic

setting.
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In another embodiment, the disclosure concerns a method of treating HER2-positive breast
cancer in a patient comprising administering Pertuzumab, Trastuzumab, and aromatase inhibitor (e.g.
anastrazole or letrozole) to the patient. Optionally, the breast cancer is hormone receptor-positive
advanced breast cancer, wherein the hormone receptor is estrogen receptor (ER) and/or progesterone
receptor (PgR), for example. According to this embodiment of the disclosure, patient has not
previously received systemic nonhormonal anticancer therapy in the metastatic setting. Moreover,
the patient herein optionally receives induction chemotherapy (e.g. comprising taxane).

In an additional embodiment, the disclosure concerns a method of treating a cancer patient
comprising administering to the patient an initial dose of 840mg of Pertuzumab followed every 3
weeks thereafter by a dose of 420mg of Pertuzumab, and further comprising re-administering an
840mg dose of Pertuzumab to the patient if the time between two sequential 420mg doses is 6 weeks
or more, Optionally, the method further comprises administering 420mg of Pertuzumab every 3
weeks after the re-administered 840mg dose. In one embodiment, the cancer patient has HER2-
positive breast cancer.

I a further embodiment, the disclosure concerns a method for treating HER2-positive

metastatic or locally recurrent breast cancer in a patient comprising administering Pertuzumab,
Trastuzumab and taxoid (e.g. Docetaxel, Paclitaxel, or nab-paclitaxel) to the patient, wherein the
patient has been previously treated with a Trastuzumab and/or lapatinib as adjuvant or neoadjuvant
therapy.

In yet a further embodiment, the disclosure concerns a method for treating low HER3
ovarian, primary peritoreal, or fallopian tube cancer in a patient comprising administering
Pertuzamab and chemotherapy the patient, wherein the chemotherapy comprises taxoid (e.g.
paclitaxel) or topotecan.

In an additional embodiment, the disclosure concerns a method for treating low HER3
ovarian, primary peritoneal, or fallopian tube cancer in a patient comprising administering
Pertuzamab and chemotherapy to the patient, wherein the low HER3 cancer expresses HER3 mRNA
at a concentration ratio equal or lower than about 2.81 as assessed by polymerase chain reaction
(PCR}. In one embodiment, the chemotherapy comprises gemcitabine, carboplatin, paclitaxel,
docetaxel, topotecan, or pegylated liposomal doxorubicin (PLD). Optionally, the chemotherapy
comprises paclitaxel or topotecan, In one embodiment, the cancer is epithelial ovarian cancer that is
platinum-resistant or platimum-refractory.

Brief Description of the Drawings

Figure 1 provides a schematic of the HER2 protein structure, and arpine acid sequences for
Domains I-IV (SEQ IID Nos.1-4, respectively) of the extracellular domain thereof.
Figures 2A and 2B depict alignments of the amino acid sequences of the variable light (V})
(Fig. 2A) and variable heavy (Vy) (Fig. 2B) domains of murine monoclonal antibody 2C4 (SEQ ID
Nos. 5 and 6, respectively); V) and Vy domains of variant 574/Pertuzumab (SEQ ID Nos. 7 and §,
respectively), and human Vi and Vi consensus frameworks (hum «1, light kappa subgroup & humlill,

heavy subgroup III) (SEQ ID Nos. 9 and 10, respectively). Asterisks identify differences between
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variable domains of Perfuzumab and murine monoclonal antibody 2C4 or between variable domains
of Pertuzumab and the human framework. Complementarity Determining Regions (CDRs) arc in
brackets,

Figures 3A and 31 show the amino acid sequences of Pertuzumab light chain (Fig. 3A; SEOQ
ID N 11 and heavy chain (Fig. 3B; SEG 1D No. 12). UDRs are shown in bold, Caleulated
molecular mags of the light chain and heavy chain are 23,526.22 Da and 49,216.56 Da {cvsteines in
reduced form). The carbohydrate molety is attached to Asn 299 of the heavy chain.

Figures 4A and 4B show the amino acid sequences of Trastuzamab light chain (Fig, 4A; SEQ
D NG, 133 and heavy chain {Fig. 4B; SEQ ID NO. 14), respectively. Boundaries of the variable
light and variable heavy domains are indicated by arvows,

Figures 5A and 5B depict 2 variant Pertuznmab light cham sequence {Fig. 5A; SEQ 1D NO.
15 and a variant Pertuzumab heavy chain sequence (Fig, 5B; SEQ 1D NG. 16), respectively.

Figure 6 shows the study schema in Example 1. ECOG = Eastern Cooperative Oncology
Group; PD = progressive disease. Notes: Trastuzumab, Pertuzumab, and Cisplatin are administered
by 1V infusion on Day 1 of each 3-week cycle. Capecitabine is administered orally twice daily, from
the evening of Day 1 to the morning of Day 15 of each 3-wack cycle. (2) HERZ-positive tamor
defined as either IHC 3+ or IHC 24 in combination with 1SH + {(.e., IHC 3+/1SH + or ICH 2+/158H
+); {b) Trastazumab at a loading dose of 8§ mg/kg for Cyele 1 and a dose of 6 mg/kg for subsequent

cyc]es; ({3) Pertuzuimab on Day | of each cycle, at a loading dose of 840 my for Cycle 1 and a dose of

Figm"e 7 depicts entollment, inteni-to-trear and safety populations, and patient withdrawals in
the study in Example 3.

Figure 8 is 2 Kaplan-Meier Carve of Progression-Free Survival (PFS) as assessed by an
Independent Review Facility (IRI) for the study in Example 3.

Figure 9 depicts PES by Patient Subgroup for the study in Example 3.

Figure 10 depicts overall survival for the study in Example 3.

Figure 11 is an overview of the dosing schedule in HERZ2 -positive, neoadjuvani breast
cancer, patients with low cardiac risk factors in Example 3, Additional radiotherapy, hormonal
therapy and chemotherapy post surgery and during adjuvant Trastuzamab treatment were allowed if
considerad necessary by the investigator,

Figure 12 depicts mean change in LVEF (central readings} for the study in Example 5

Figure 13 shows pathological complete respense (pCR) for the study in Example 5.

Figure 14 depicts pathological complete response by hormone receptor status in the Example
5 study.

Figure 15 depicts Pertuzumab SEC profile of Pertuzamab/Trastuzumab mixture (840mg) at
30°C in 0.9% saline PO IV infusion bags (1) Time= 0; (2) Time= 24 hrs. Expanded view; full view
(inset).
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Figure 16 shows Trastuzumab SEC profile of Pertuzumab/Trastuzinmab mixture (840mg) at
30°C in 0.9% saline PO 1V infusion bags (1) Time= 0; {2) Time= 24 hrs. Expanded view; full view
{insef).

Figure 17 shows Pertuzumab IEC profite of Pertuzumab/ Trastuznmab mixture at 30°C in
{1.9% saline PO IV infusion bags (1) Time= 0; (2) Time= 24 hrs. Full view.

Figure 18 depicts Trastuzumab IEC profile of Pertuzumab/ Trastuzumab mixture at 30°C in
0.9% saline PO IV infusion bags (1) Time= 0; (2} Time= 24 hrs. Expanded view; Full view (inset).

Figure 19 depicts CE-SDS LIF non-reduced profile of Pertuzumab/ Trastuzumab mixture at
30°C in 0.9% saline PO TV infusion bags (1) Time= 0 {2) Time= 24 hrs. Expanded view.

Figure 20 shows CE-SD5 LIF reduced profile of Pertuzmmab/Trastuzumab mixture at 30°C
in (.9% saline PO IV infusion bags (1) Time= 0; (2) Time= 24 hrs. Expanded view.

Figure 21 is CZE of Pertuzuznab/ Trastuzumab mixture at 30°C in 0.9% saline PG IV
miusion bags (1) Time= §; (2) Time= 24 hrs. Full view.

Figure 22 shows 1CIEF of Pertuzumab/ Trastuzumab mixtore at 30°C in 0.9% saline PO IV
infusion bags (1) Time= 4; (2) Time= 24 hours. Full view.

Figure 23 shows potency dose response curves {wg/mb versus RFU) of Pertuzumab/
Trastuzomab mixture, Pertuzumab alone, and Trastuzumab alone in 0.9% saline PO [V infusion bags
{13 Time = 0; (2} Time = 24 hours.

Figure 24 depicts Pertuzumab SEC profile of Pertuzuwmab/Trastuzumab mixture (1560mg) in
0.9% saline 1V infusion bags (1} PO 5°C T ; (2) PO 5°C T24 hrs; {3) PO 30°C T0: (4) PO 30°C
T24 hesy (5) PVC 5°CTO; {6) PVC 5°C T24 hrs; (7) PV 30°C T0: (8) PVC 30°C T24 hrs.
Expanded view; full view (inset}.

Figure 25 shows Trastuzumab SEC profile of Pertuzamab/Trastuzumab mixture { 1560mg) in
0.9% salme IV infusion bags (13 PO 5°C TG ; (2) PO 5°C T24 hrs; {33 PO 30°C T6; {(4) PO 30°C
T24 hrs; (5) PYC 5°C TO; (6) PVC 5°C T24 hrs; (7) PYC 30°C T0: (8) PVC 30°C T24 hrs.
Expanded view; full view (inset}.

Figare 26 shows Pertuzumab IEC (Pertuzumab-fast) profile of Pertuzumab/Trastuzumab
mixture (1560mg) in 0.9% saiine IV infusion bags (1) PO 5°C TGO ; (2) PO 5°C T24 hrs; (3) PO
J0°CTO; (4} PO 3I0CT24 hrs; (5) PYVC 53°CT0; (8) PYC 5°C T24 hes; (7) PVC 30°CT0; (8) PVC
30°CT24 hrs. Fuil view,

Figure 27 shows Trastuzumab 1EC profile of Pertuzumab/Trastuzumab mixture (1560mg) in
0.9% saline 1V miusion bags (1} PO S°CT0; (2) PO 5°C T24 hus; {3) PO 30°C T0; (4) PO 30°C
T24 s, (5) PYUS°CT0; (6) PVT 5°C T24 hrs; (7) PVC 30°C TO; (8) PVC 30°C T24 hrs. Full
Vigw.

Iigure 28 depicts study schema for Example 7.

Figure 29 shows study design for Example 8.
4 £ P
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Figure 30 shows study design for Part § of Example 11.

Figure 31 shows study design for Part 2 of Example 11.

Figure 32 shows the samples taken and time points for the phase [fa gastric cancer {GC)
study in Example 1.

Figure 33 shows the demographics of the patient population in the two anms of the GC study,
treatad with 420 mg {Anm A) or 840 mg {Arm B) of Pertuzumab.

Figure 34 shows the GC history of the patients in Arms A and B, respectively.

Figare 35 shows the GC patient disposition in Arms A and B, respectively.

Figure 36 shows the Overall Response Rate in Arms A and B, respectively, of the GC study.

Figure 37 shows the results of Pertuzomab Day 42 concentration assessment in gastric cancer
(GE) versus metasiatic breast cancer (MBC). Day 472 Cirough is ~37% lower in GC (JOSHUA
840/420mg) vs. MBC (CLEO 840/420mg). JOSHUA 840/420mg and 840/840mg regimens both

42 Ctrough in GC comparable fo that observed i MBC (CLEO 840/420my)

Detailed Deseription of the Preferred Emnbodiments

Glossary of some abbreviations used herein: adverse drug reaction (ADR), adverse event
{AE), alkaline phosphatase (ALP}, absolute neutrophil count {ANC), area under the concentration-
time curve (AUC), capillary zone electrophoresis (CZE), color, appearance and clarity (CAC),
CLinical Bvaluation Of Pertuzumab And TRAstuzumab (CLEOPATRA), confidence interval {C1),
chromogenic in sify hybridization (CISH), maximum concentration (Cay), complete response (CR),
case report form (CRF), computed tomography (CT), common terminology criteria for adverse
events (CTCAE), Docetaxel (D), dose liiting toxicity {DLT), ethics commitice {EC), epirubicin,
cisplatin, and 5-fluorcuraci! {ECFE), echocardiogram (ECHO), epidermal growth factor receptor
(EGFR), European Union (EU), estrogen receptor (ER), S-fluerouracil, methotrexate, and
doxorubicin (FAMTX), fluorescence in situ hybridization (FISH), 5-flucrouracil (5-FU), hazard ratio
(HR), human epidermal growth factor receptor (EGFR), gastric cancer (GC), good clinical practice
{GCP}, human epidermal growth factor receptor 2 (FIER2), ton exchange chromatography (TEC),
mnmnunchistochemistry (JHC), independent review facility (IRF), tnstitutional review board (TRB), in
sity hybridization (ISH), intravenous (IV), inage capillary isoclectric focusing (GCIEF), left
ventricular ejection fraction {LVEF), mitoniyein C, cisplatin, and 5-fluorcaracil (MCF), magnetic
resonance image (MRI), metastatic breast cancer (MBC), multiple-gated acquisition (MUGA), not
significant {NS), overall survival (OS), pathological complete response (pCR), polyolefin (PO),
polyvinyl chloride (PVC), progressive disease (PI)), progression free survival (PFS),
pharmacokinetic (PK), partial response (PR), progesterone recepior (FgR), response evaluation
criteria in solid tumors (RECIST), serious adverse event (SAE), size exclusion chromatography
(SEC), stable disease {(5D), study management team (SM'T), sterile water for injection (SWFI), time

il



WO Z13/655874 PURUSZEI2/050683

to maximum plasma concentration (ty ), upper limit of normal (ULN).

f. Definitions
The term “chemotherapy” as used herein refers to treatment comprising the adminisiration of
5 achemotherapy, as defined hereinbelow.,

“Survival” refers to the patient remaining alive, and includes overall survival as well as
progression free survival.

“Overall survival” or “O8” refers to the patient remaining alive for a defined penod of time,
such as 1 year, 5 years, ele from the dime of diagnosis or treatment. Forthe purposes of the clinical

10 irial described io the example, overall survival (O5) is defined as the time from the date of
randommization of patient population to the date of death from any cause.

“Progression free survival” or “PFS” refers to the patient remmaining alive, without the cancer
progressing ot getting worse. For the purpose of the clinical frial described m the exampie,
progression free survival (PFS) is defined as the time from randomization of study pepulation to the

15 first documented progressive disease, or ymmanageable toxicity, or death from any cause, whichever
occurs fizst. Disease progression can be documented by any clinically accepted methods, such as, for
example, radiographical progressive disease, as determined by Response Evaluation Criterta in Solid
Tumors (RECIST) (Therasse et al., J Nat! Co Dnst 2000 92(31:.205-216), carcinomatous memngilis
diagnosed by cytologic evaluation of cerchral spinal fluid, and/or medical photography to monitor

20 chest wall recurrences of subcutaneous lesions.

By “extending survival” is meant increasing overall or progression fice survival in a patient
treated in accordance with the present invention relative fo an untreated patient and/or relative to a
patient treated with one or more approved anti-tumor agents, but not receiving treatment in
accordance with the present invention. In a particular example, “extending survival” means

25 extending progression-free survival (FFS} and/or overall survival (O5) of cancer patients recciving
the combiration therapy of the present mvention (e.g. treatment with a combination of Pertuzumab,
Trastuzumab and a chemotherapy) relative 1o patients treated with Trastuzamab and the
chomotherapy only, In another partionlar example, “extending survival” means extending
progression-free survival (PES) and/or overall survival (05} of cancer patients receiving the

30 combination therapy of the present invention {e.g. treatment with a combination of Pertuzumab,
Trastuzumab and a chemotherapy} relative to patients treated with Pertuzumab and the chemotherapy
only,

An “objective response” refers to 2 measurable response, including complete response (CR)
or partial response (PR).

35 By “complete response” or “CR™ is mtended the disappearance of all signs of cancer m
response to treatment, Thig does not always mean the cancer has been cured.

“Partial response™ or “PR” refers to a decrease in the size of one or more tumors or lesions,
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or in the extent of cancer in the body, in response 1o (reatment.

A “HER receptor” is a receptor protein tyrosine kinase which belongs to the HER receptor
family and includes BEGFR, HER2Z, HER3 and HER4 receptors. The HER receptor will generally
comprise an extracellular domain, which may bind an HER ligand and/or dimerize with asother HER
receptor molecule; a lipophilic transmembrane domain; a conserved intraceilular tyrosine kinase
domain; and a carboxyl-terminal signaling domain harboring several tyrosine residues which can be
phosphorylated. The HER receptor may be a “native sequence” HER receptor or an “amino acid
sequence variant” thereof. Preferably the HER receptor is native sequence human HER receptor,

The expressions “ErbB2" and “"HERZ2" are used interchangeably herein and refer to human
HERZ protein described, for examyple, in Semba er al., PNAS (USA) 82:6497-6501 {1985) and
Yemamoto el al. Nature 319:230-234 (1986) {Genebank accession numhber X03363). The term
“erbB2" refers to the gene encoding human ErbB2 and “new " refers to the gene encoding rat p185™%,
Preferred HER2 is native sequence human HERZ,

Herein, “HER? extracellular domain” or “HER2 BCD” vefers to a domain of HER? that is
outside of a cell, either anchored to & cell membrane, or in circulation, including fragments thereof
The amino acid sequence of HERZ is shown in Figure 1. Tn one embodiment, the extracellular
domain of HERZ may comprise four domaing: “Domain 17 (amine acid residues from about 1-195;
SEQ IR NO: ), “Domain 11 (amino acid residues from about 196-319; SEQ 1D NO:2), “Domain 1117
(amino acid residues from about 320-488: SEQ 1D NO:3), and “Domain IV” (amino acid regidues
from about 489-630; SEQ 1D NO:4) (residue numbering without signal peptide). See Garreit ef al.
Mol. Cel., 11 495-505 (2003), Cho ef al. Nature 421: 756-760 (2003), Franklin ef al. Cancer Cell
5:317-328 (2004), and Plowman ef al. Proc. Nail. Acad. Sci. 90:1746-1750 (1993), as well as Fig. 6
herein.

“HER3 or “ErbB3” herein refer to the receptor as disclosed, for example, m US Pat. Nos.
5,183,884 and 5,480,968 as well as Kraus ef al. PNAS (USA) 86:9193-9197 (1989),

A “low HER3" cancer is one which expresses HER3 at a fevel less then the median level for
HER3 expression in the cancer type. In one embodiment, the low HER3 cancer is epithelial ovarian,
peritoneal, or fallopian tube cancer. HER3 DNA, profein, and/or mRNA level in the cancer can be
evalnated fo determine whether the cancer is a low HER3 cancer, See, for example, US Patent No.
7,981,418 for additional information about low HER3 cancer. Optionally, a HER3 mRNA expression
assay 15 performed in order to determine that the cancer is a low TIER3 cancer, Tn one embodiment,
FIER3 mRNA level in the cancer is evaluated, e.¢. using polymerase chain reaction (PCR), such as
quantitative reverse transcription PCR (qRT-PCR). Optionally, the cancer expresses HER3 ata
conceniration ratio equal or lower than about 2.81 as assessed gRT-PCR, e.g. using a a2 COBAS
ZABGE nstrument.

A "HER dimer" herein is a noncovalently associated dimer comprising at least two HER

recepiors. Such complexes may form when a cell expressing two or more HER receptors is exposed
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to an HER Heand and can be isolated by inmmunoprecipitation and analyzed by SDS-PAGE ay
described in Stiwkowsld et al, J. Biol. Chem., 269(20):14661-14665 (1994), for example. Other
proteins, such as a cytokine receptor subumit (e.g. gp130) may be associated with the dimer.
Preferably, the HER dimer comprises HERZ.

A "HER heterodimer” herein is a noncovalently associated heterodimer comprising at least
two different HER receptors, such as EGFR-FIERZ, HERZ-HER3 or HERZ-HER4 heterodimers,

A “HER antibody” is an antibody that binds to a HER receptor. Optionally, the HER
antibody further interferes with HER activation or function. Preferably, the HER antibody binds to
the HER2 receptor. HER2 antibodies of interest herein are Portuzumab and Trastuzomab.

“HER activation” refers {o activation, or phospherylation, of any one or more HER receptors.
Cenerally, HER activation results in signal transdoction (e.g. that caused by an intracellular kinase
domain of a FIER receptor phosphoerylating tyrogine residues in the HER receptor or a substrate
polypeptide). HER activation may be mediated by HER ligand binding to a HER dimer comprising
the HER receptor of interest. HER ligand binding to a HER dimer may activaie a kinase domain of
one or more of the HER receptors in the dimer and thereby regults in phosphoryiation of tyrosine
residues m one or more of the HER receptors and/or phosphorylation of tyrosine residues in
additional substrate polypeptides(s), such as Akt or MAPK intraceliular kinases.

“Phosphorylation™ refers to the addition of one or more phosphate group(s) 10 a protein, such
as a HER receptor, or substrate thereof.

An antibody which “inhibits HER dimerization” is an antibody which tnhibits, or interfores
with, fornation of @ HER dimer. Preferably, such an antibody binds to HER2 at the beterodimeric
binding site thereoi. The most preferred dimerization inhibiting antibody herein is Pertuzumab or
MAb 2C4. Other examples ot antibodies which inhibit HER dimerization include antibodies which
bind to EGFR and inhibit dimerization thereof with one or more other HER receptors (for example
EGFR monoeclona! antibody 866, MAb 806, which binds to activated or “uuntethered” EGFR; see
Tohms et al., J. Biol. Chem. 279(291:3(G375-30384 (2004)); antibodics which bind to HER3 and inhibit
dimerization thereo? with one or more other HER receptors; and antibodies which bind (o HER4 and
inhibit dimerization thereot with one or more other HER receptors.

A CHYRZ dimerization inhibitor” is an agent that inhibits formation of 2 dimer or
heterodimer comprising HERZ.

A “heterodimeric binding site” on HERZ, refers to a region in the extracellular domain of
HER?2 that contacts, or interfaces with, a region i the extracelivlar domain of EGFR, HER3 or HERA4
upon formation of a dimer therewith. The region is fouad in Domain 1 of HER2 (SEQ 1D NG: 15).
Franklin ef al. Cancer Cefl 3:317-328 (2004),

A HERZ antibody that “binds to a heterodimeric binding site” of HERZ, binds to residues in
Domain L (SEQ 1D NO: 2) and optionally also binds to residues in other of the domaing of the HER2

extraccHular domain, such as domains [ and 1, SEQ 1D NOs: 1 and 3), and can sterically hinder, at
14
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leagt to some extent, formation of a HER2-EGEFR, HERZ-HER3, or HERZ-HER4 heterodimer.
Franklin et al. Cancer Cell 5:317-328 (2004) characterize the HER2-Pertuzumab crystal structure,
deposited with the RCSB Protein Data Bank (ID Code IS78), illustrating an exemplary antibody that
binds to the heterodimeric binding site of HERZ.

An antibody that “binds to domain H” of HER2 binds to residues in domain 11 (SEQ 11 NO:
2} and optionaily residues i other domain{s) of HERZ, such as domains Tand 111 (SEQ 1D NCs: 1
and 3, respectively). Preferably the antibody that binds to domain 1T binds to the junction between
domains 1, 11 and 1T of HER2

For the purposes herein, “Pertuzumab” and “rhuMAb 2C47, which arc used interchangoably,
refer to an antibody comprising the variable Hight and variable heavy amino acid sequences in SEQ
ID MOs: 7 and 8, respectively. Where Pertuzumab is an infact antibody, it preferably comprises an
Te(rt antibody; in one embodiment comprising the light chain amine acid sequence in SEQ [D NO:
11 or 15, and heavy chain amino acid sequence i SEQ TD NO: 12 or 16, The antibody is optionally
produced by recombinant Chinese Hamster Gvary (CHO) cells, The terms “Pertuzumab’™ and
“rhuMADb 2C47 herein cover biosimilar versions of the drog with the United States Adopted Name
(USAN) or International Nonproprietary Name (INN): Pertuzimab.

For the purposes nerein, “Trastuzumab’™ and thuMAb405”, which are used interchangeably,

refer to an antibody comprising the variable light and variable heavy amino acid sequences from
within SEQ 1D Nos: 13 and 14, respectively, Where Trastuzumab is an intact antibody, it preferably
comprises an lgGl anttbody; in one embodiment comprising the light chain amino acid sequence of
SEG ID NO: 13 and the heavy chain amino acid sequence of SEQ ID NO: 14, The antibody is
optionally produced by Chinese Hamster Ovary (CHO) cells. The terms “Trastuzumab” and
ThuMABALS herein cover biogimilar versions of the drug with the United States Adopled Mame
(USAN) er Interpational Nonproprietary Name (INN): Trastozumab,

The term: "antibody” herein 15 used in the broadest sense and specifically covers moneclonal
antibodies, polyclonal antibodies, multispecific antibodies (e.g. bispecific antibodies), and antibody
fragments, so long ag they exhibit the desired biological activity,

"Humanized” forms of not-humen (2., rodent) antibodies are chimeric antibodies that
contain minimal sequence derived from non-human immonoglobuling For the most part, humanized
antibedies are human immunoglobulms (recipient antibody) in which residues from a hypervariable
region of the raci péf:nt are roplaced by residues from a hypervariable region of a non-haman species
(donor antibody) such as mouse, rat, rabbit or norhuman primate having the desived specificity,
affinity, and capacity. In some instances, framework region (FR) residues of the human
immumnoglobulin are replaced by corresponding non-human residues. Furthermore, hinanized
antibodics may comprise residues that are not found 1n the recipient antibody or in the donor
antibody. These modifications are made to further refine antibody performance. In general, the

humanized antibody will comprise substantially all of at least one, and typically two, variabie
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domains, in which all or substantially all of the bypervariable loops correspond to those of a non-
buman immunoglebulin and alf or substantially all of the FRs are those of 2 human imnwmoglobulin
sequence. The humanized antibody optionally also will comprise at least a portion of an
mmmunoglobulin constant region (Fo), typically that of & haman immunoglobulin, For further details,
see Jones el al., Nature 321:522-525 (1986); Ricchmann ef af., Nature 332:323-329 (1988); and
Presta, Cure. Op. Struct. Biol, 2:593-596 (1992}, Humanized HERZ2 antibodies specifically include
Trastuzumab (HERCEPTIN®) as described in Table 3 of U.S. Pafent 5,821,337 expressly
mcorporated herein by reference and ag defined herein; sud humanized 2C4 antibodies such as
Pertuzumab as described and defined herein.

Axn “intact antibody™ horein is one which comprises twe antigen binding regions, and an I'c
region. Preferably, the mtact antibody has a functional Fe region.

“Amibod_y fragments" comprise a portion of an intact antibody, preferably comprising the
antigen binding region thereof. Examples of antibody fragments include Fab, Fab', F(ab"),, and Fv
fragments; diabodies; Incar anfibodies; single-chain antibody molecules; and multispecific
antibodies formed from antibody fragment(s).

"Native antibodies” are usually heterotetrameric giycoproteing of about 150,000 daltons,
composed of two identical hight (1) chains and two identical heavy (H) chains, Each light chain is
linked to a heavy chain by one covalent disulfide bond, while the number of disulfide linkages varies
among the heavy chaing of different immumoglobulin isotypes. Each heavy and light chain also has
regularly spaced intrachain disulfide bridges. Each heavy chain has at one end a variable domain
(Vi) Tollowed by a number of constant domains. Each light chain has a variable domain at one end
(Vi) and a constant domain at ifs other end. The constant domain of the Tlight chain is aligned with

the fivst constant domain of the heavy chain, and the light-chain varieble domain 18 aligned with the
variable domain of the heavy chain. Particular amino acid residues are believed to forim an interface
between the Hight chain and heavy chain variable domains,

The term “hypervariable region” when used herein refers to the amino acid residues of an
antibody which are responsible for antigen-binding. The hypervariable region gencrally comprises
armnino acid residues from a “complementarity determining region” or “CDR” (_ e.g. Tesidues 24-34
(L1), 50-56 (1.2) and 89-97 {1.3) in the light chain variable domain and 31-35 (H1), 50-65 (H2) and
95-102 (H3) in the heavy chain variable domain; Kabat ef ., Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda, MD.
(1991}) and/or those residues from a “hypervariable loop” (e.g. residues 26-32 (1L1), 50-52 (1.2} and
91-96 (L3} in the light chain variable domam and 26-32 ($11), 53-535 {H2) and 96-1071 (313} in the
heavy chain variable domain; Chothia and Lesk /. Mol Biol 196:901-917 (1987)). "Framework
Region” or "FR" residies are those variable domain residues other than the hypervariable region
residues as herein defined.

The term “Fe region™ herein is used to define a C-terminal region of an iomuunoglobulin
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heavy chain, including native sequence Fo regions and variant Fe regions. Although the boundaries
of the Fe region of an immunoglobulin heavy chain might vary, the human IgG heavy chain Fe
region is usually defined to streich from an amino acid residue at position Cys226, or from Pro230, to
the carboxyl-terminus thereof. The C-terminal lysine (residue 447 according to the EU numbering
system) of the Fo region may be removed, for example, during production or purification of the
antibody, or by recombinantly engineering the nucleie acid encoding a heavy chain of the antibody.
Accordingly, a composition of intact antibodies may comprise antibody populations with all K447
residues removed, antibody populations with no K447 residues removed, and antibody populations
having a mixture of antibodies with and without the K447 residue.

Unless indicated otherwise, hevein the numbering of the regidues in an immunoglobulin
heavy chain is that of the EU index ag in Kabat ef afl, Sequences of Proteins of Immunological
Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda, MDY (1991}, expressly
incorporated herein by reference. The “EU index ag in Eabat” refers 1o the residue numbering of the
hurnan TpGl EU antibody.

A “functional Te region” possesses an “effector function” of a native sequence Fe region.
Excmplary “effector functions” include Clg binding; complement dependent cytotoxicity; Fc
recepior binding: antibody-dependent cell-mediated cytotoxicity {ADCC); phagocytosis; down
regaiation of cell surface receoptors (e.g. B cell receptor; BCR), ete. Such effector functions generally
require the Fe region to be combined with a binding domain {e.g. an antibody variable domain) and
can be assessed using various assays as herein disclosed, for example,

A “native sequence e region” comprises an anmino acid sequence identical to the amino acid
sequence of an Fe region found in nature. Native sequence human Fe regions include a native
sequence human IgGl Fe region (non-A and A allotypes); native sequence unan 12G2 Fe region,
native sequence human 1gG3 Fe region; and native sequence human 1g(G4 Fe region as well as
naturally occurring variants thereof.

A “variant Feregion” comprises an amino acid sequence which differs from that of 4 native
sequence Fe region by virtue of at least one amino acid modification, preferably one or more amino
acid substitution(s). Preferably, the variant Fe region hag at least one amino acid substinsion
compared fo a native sequence e region ot to the Fo region of a parent polypeptide, e.g. from about
one fo about ten amino acid substitutiong, and preferably from about one to about five amino acid
subsfitutions in a native sequence Fe region or in the Fe region of the parent polypeptide. The variant
Fo region herein will preferably possess at least about 80% homology with a native sequence Fo
region and/or with an Fe region of a parent polypeptide, and most proferably at least about 90%
homoelogy therewith, more preforably at least about 959 homology therewith.

Depending on the amino acid sequence of the constant domain of their heavy chaing, intact
antibodies can be assigned to different “classes™. There are five major classes of intact antibodies:
TgA, 1gh, IeE, TgG, and IgM, and several of these may be further divided into “subclasses” (isotypes),
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e.g., fgGl, 1gG2, 1gG3, Igl4, IgA, and IgAZ. The heavy-chain constant domaing that correspond to
the different classes of antibodies are called o, 8, &, v, and y, respectively. The subunit structures and
three-dimensional configurations of different classes of immunoglobuling are well known,

A “naked antibody™ 15 an antibody that is not conjugated to a heterologous molecule, such as
a gytotoxic moiety or radiolahel.

An “affinity matured” antibody is one with one or more alterations in one or more
hypervariable regions thereof which result an improvement in the affinity of the anttbody for antigen,
compared to a parent antibody which does not possess those alteration{s}. Preferred affinity matured
antibodies will have nanomolar or even picomolar affinities for the target antigen. Affinity matored
antibodies are produced by procedures known m the art. Marks er . Bio/Technology 16:779-783
{1992} describes affinity maturation by VH and VI domain shuffling. Random mutagenesis of CDR
and/or framework residues is described by: Barbas er al. Proc Nar. Acad. Sci, US4 91:3809-3813
(1994} Bchier ef al. Gene 169:147-155 (1995); Yelton ef af. J Immunol. 155:1994-2004 (1995);
Jacksen et al, J. Inmunol. 15407):3310-0 {1995); and Hawkins ef af, J. Mol Biol. 226:889-896
(1692).

A “deamidated” antibody is one in which cne or more agparagine residues thereof has been
derivitized, e.g. fo an aspartic acid, a succinimide, or an iso-aspartic acid.

The terms "cancer” and "cancerous" refer to or describe the physiological condition in
marnimals that i typically characterized by unregulated cell growth.

“CGastric cancer” specifically inchudes metastatic or locally advanced non-rescotable gastric
cancer, mcluding, without Hmitation, hisiologically confirmed adenocarcinoma of the stomach or
gastroesophageal junction with inoperable {non-resectable) locally advanced or metastatic disease,
not amenable to curative therapy, and post-operatively recurrent advanced gastric cancer, such ag
adenocarcinoma of the stomach or gastroesophageal junction, when the intent of the surgery was to
cure the disease.

32%

An “advanced” cancer is one which has spread ouiside the site or organ of origin, either by
local mvasion or metastasis. Accordingly, the term “advanced” cancer inglades both ocally
advanced and metastatic discase.

A “refractory” cancer is one which progresses even though an anti-tumor agent, such as a
chemotherapy, is boing administered to the cancer patient, An example of a refractory cancer is one
which is platinum refractory.

A “recurrent” cancer 15 one which has regrown, either at the initial site or at a distant site,
after a regponse to witial therapy, such as surgevy.

A “locally recurrent” cancer 15 cancer that returng after treatment in the same place as a
previously treated cancer,

A “non-resectable” or “unrescetable” cancer 1s not able to be removed (resected) by surgery.

“‘s?ia,rly—s’tage. breast cancer” herein refers to breast cancer that has not spread bevond the
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breast or the axillary lymoph nodes. Such cancer is generally treated with neoadjuvant or adjuvant
therapy.

“Neoadjuvant therapy” refers to systemic therapy given prior to surgery.

“Adyovant therapy” refers to systemic therapy given after surgery.

5 “Metastatic” cancer refers to cancer whick has spread from one part of the body (e.g. the
breast) to another part of the body.

Herein, a “patient” o1 “subject” is @ human patient. The patient may be a “cancer patient,”
i.e. one who 1s suffering or at risk for suffering from one or more symptoms of cancer, in particular
gastric or breast cancer,

10 A “patient population” refers to a group of cancer patients. Such populations can be used to
demonstrate statistically significant efficacy and/or safety of a drug, such as Pertuzumab.

A “relapsed” patient is one who has signs or sympioms of cancer after remisgion,

Optionally, the patient has relapsed after adiuvant or ncoadjuvant therapy.
A cancer or biclogical sample which “displays HER expression, amplification, or activation™
15 18 one which, in a diagnostic test, expresses (including overexpresses) a HER receptor, has amphified
HER gene, and/or otherwise demonstraies setivation ot phosphorylation of a HER receptor,

A cancer or biological sample which “displays HER activation” is one which, in a diagnostic
test, demonstrates activation or phosphorylation of a FHER receptor: Such activation can be
determined directly {e.g. by measuring HER phosphorylation by ELISA)Y or indirectly (e.g. by gene

20 expression profiling or by detecting HER heterodimers, as described herein),

A cancer cell with "HER receptor overexpression or amplification™ is one which has
significantly higher levels of & HER recepior protein or gene compared to a noncancercus cell of the
same fissue type. Such overexpression may be caused by gene amplification or by increased

transcription or transiation. HER receptor overexpression or amplification may be determined in a

]
L

dingnostic or prognostic assay by evaluating increased levels of the HER protein present on the
suriace of a cell (e.g. via an imnwimohistochemistry assay; IHC). Altematively, or additionally, one
may measure fevels of HER-encoding nucleic acid i the cell, e.g. via in site hybridization (ISH),
mcluding fuorescent in situ hybridization (FISH, see WO98/45479 published October, 1998) and
chromogenic i it hybridization (CISH; see, e.g. Tanner ¢t al, 4m. J Pathol 157(5% 1467-1472
30 (2000 Bella et al, J. Clin. Oncol. 261 (May 20 suppl: abstr 22147) (2008)), southern blotting, or
polymerase chain reaction (PCR) techniques, such as quanfitative real time PCR (gRT-PCR). One
may also study HER receptor overexpression or amplification by measuring shed antigen (e.g., HER
exiraceliular domain) in a biological fhuid such as serum (see, eg., U.S. Patent No. 4,933,294 issued
Jupe 12, 1999; WO91/05264 published April 18, 1991; U.S. Patent 5,407 638 issued March 28, 1995;
35 and Sias et al S Immunol. Methods 132: 73-80 (1990)). Aside from the above assays, various in vivo
assays are available to the skilled praciitioner. For exarnple, one may expose cells within the body of
the patient to an antibody which is optionally labeled with a detectable label, e.g. a radicactive
1%
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isotope, and binding of the antibody to cells in the patient can be evaluated, e.g. by external scanning
for radiocactivity or by analyzing a biopsy taken from a patient previcusly exposed to the antiboedy.

A CHERZ-positive” cancer comprises cancer cells which have higher than normal fevels of
HERZ. Examples ol HERZ-positive cancer include HER2-positive breast cancer and HERZ-positive
gastric cancer. Optionally, HER2-positive cancer has an immunohistochemistry (IHC) score of 2+ or
3+ andior an i sty hybridization (ISH) amplification ratie 2.0

Herein, an “anti-tumor agent” refers to a drug used to treat cancer, Non-limiting examples of
anti-tumor agents herein include chemotherapy agents, HER dimertzation inhibitors, HER antibodies,
antibodies directed against tuimor associated antigens, anti-hormonal compounds, cyiokines, EGFR-
targeted drugs, anti-angiogenic agents, tyrosine kinase inhibitors, growi'b inthibitory agents and
antibodies, cytotoxic agents, antibodies that induce apoptosis, COX inhibitors, famesyl transferase
inhibitors, antibodies that binds oncofetal protein CA 125, HER? vacceines, Rat or rag inhibitors,
liposomal doxorubicin, topotecan, faxene, dual tyrosine kinase inhibitors, TLK286, EMD-7200,
Perturymab, Trastuzumab, erlotinib, and bevacizumab.

The "epitops 2C4" is the region in the extracellular domain of HERZ to which the antibody
2C4 binds. In order to screen for antibodies which bind essentially to the 2C4 epitepe, a routing
cross-blocking assay such as that deseribed in dnfibadies, A Laboratory Mamual, Cold Spring Harbor
Laboratory, Bd Harlow and David Lane (1988), can be performed. Preferably the antibody blocks
2C4'% binding to HER2 by about 50% or more. Alternatively, opi’{ope mapping can be performed to
assess whether the antibody binds essentially to the 2C4 epitope of HER2, Epitope 2C4 comprises
resicdues from Domalin 1 (SEQ 1D NO: 2) m the extraceliular domain of HERZ. 204 and Pertuzumab
binds to the extracellular domain of HER2 at the junction of domains L I and 1T (SEQ 10 NOs:

and 3, respectively). Franklin ef of. Cancer Cell 5:317-328 (2004).

,,,,.,

The "epitope 4135" 18 the region m the extracellular domain of HER2 to which the antibody
4035 (ATCC CRL 10463) and Trastuzumab bind. This epitope is close to the transmembrane domain
of HERZ, amd within Domain IV of HER2 (5EQ 11 NO: 4). To screen for antibodies which bind
essentially to the 45 epitope, a routine cross-blocking assay such as that described tn Antibodics, 4
Laboratory Marmial, Cold Spring Harbor Laboratory, BEd Harlow and David Lane (1988), can be
performed. Alernatively, epitope mapping can be porformed to assess whether the antibody binds
essentlally (o the 415 epitope of HER2 {e.g. any one or more residues in the region from about
residue 529 to about residue 625, inclugive of the HERZ BECD, residue numbering including signal
peptide).

21

“Treatment” refers to both therapeutic treatment and prophylactic or preventalive measures
Thoese i need of reatment include those already with cancer as well as those in which cancer i3 to be
prevented. Hence, the patient to be treated herein may have been diagnosed ag having cancer or may
be predisposed or susceptible to cancer.
The term “effective amount” refers to an amount of a drug effective to treat cancer in the
20
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patient. The effective amount of the drug may reduce the number of cancer cells; reduce the tainor
size; mnhibit (Z.e., slow to some extent and preferably stop) cancer cell infiltration into peripheral
organs; inhibit (i.e., slow to some extent and preferably stop) tumor metasiasis; inhibit, to some
extent, tumor growth; and/or refieve to some extent one or more of the symptoms associated with the
cancer, To the extent the drug may prevent growth and/or kill existing cancer cells, it may be
cytostafic and/or cytotoxic, The effective amount may extend progression free survival (e.g. as
measured by Response Evaluation Criteria for Solid Tumors, RECIST, or CA-125 changes), result in
an objective response (inciuding a partial response, PR, or complete response, CR), increase overall
survival time, and/or improve one or more symptoms of cancer (.g. a5 assessed by FOST),

The term "ecytotoxic agent” as used herein reters to a substance that inhibits or prevents the
function of cells and/or cauges destruction of cells. The term is intended to include radioactive

90 4y 186 8% i53 12 132 : : : " AR
v R " Re™ Sm™?, 8%, P and radicactive 1sotepes of L),
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isotopes (g AU [V
chemotherapeutic agents, and toxins such as small molecule taxing or enzymatically active toxins of
bacterial, fungal, plant or animal origin, including fragments and/or variants thersof,

A "chemnotherapy" is use of a chemical compound gseful in the treatment of cancer.
Hxamples of chemotherapeutic agents, used in chemotherapy, include alicylating agents such ag
thiotepa and CYTOXAN® cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and
piposuifan; aziridines such as benzodopa, carboquone, meturedopa, and wredopa; ethylenimines and
methylamelamines including altretamine, tricthylencmelamine, frictylenephosphoramide,
triethiylenethiophosphoramide and trimethylolomelamine;, TLI 286 (TELCYTA™): acetogening
(especially bullatacin and bullatacinone); delta-9-tetrahydrocannabine! (dronabinol, MARINOL®;
beta-lapachone; lapachol; colchicines; betulinic acid; a camptothecin {inclading the synthetic
analogue topotecan (HY CAMTIN®), CPT-11 {irinotecan, CAMPTOSAR®), acetylcamptothecin,
scopolectin, and 9-aminocamptothecin); bryostating callystating CC-1065 (including its adozelesin,
carzelesin and bizelesin synthetic analogues); podophyliotoxin; podophytimic acid; teniposide;
crypiophyeins (particularly cryptophycin 1 and cryptophyein 8); dolastatin; duocarmycin (including
the synthetic analogues, KW-2189 and CB1-TMI}; eleutherobin; pancratistating a sarcodictying
spongistating nitrogen mustards such as chlorambucil, chlormaphazine, cholophosphamide,
estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, predoimustine, trofosfamide, uract! mustard: nitrosureas such as
carmustine, chlorozotocin, fotemustine, lomustine, nimusting, and ranimmustine: bisphosphonates,
such as clodronate; antibiotics such as the enediyne antibiotics (e. g., calicheamicin, especially
calicheamicin gammall and calicheamicin omegall (sec, e.g., Agnew, Chem Intl. Ed. Engl., 33: 183-
186 (1994)) and anthracyclines such as annamycin, AD 32, alcarubicin, daumorubicin, dexrazoxane,
DX-52-1, epirubicin, GPX-100, idarubicin, KRN5500, menogaril, dvnemicin, includiog dynemicin

A, an ssperamicin, neocarzinostatin chromophore and refated chromoprotein enediyne antiobiotic

21
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chromopbores, aclacinomysing, actinomycin, authramycin, azaserine, bleomycins, cactinomycin,
carabicin, carminomyein, carzinophilin, chromomycinis, dactinomyein, detorubicin, 6-diaze-5-0xo-
L-norleucine, ADRIAMY CIN® doxorubicin (including morpholine-dexorubicin, cyanomorpholine-
doxerabicin, 2-pyreoline-dexorubicin, liposomal doxerubicin, and deoxydoxorubicin), esorubicin,

5 marcellomycin, mitomycing such ag mitomycin C, mycophenolic acid, nogalamycia, olivomycins,
peplomycin, potfiromyein, puremycin, quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, and zorubicin; folic acid analogues such as denopterin, pterepterin,
and trimetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine, and
thiognanine; pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofin, cytarahine,

10 dideoxyuridine, doxifloridine, enocitabine, and foxuridine; androgens such as calusterone,
dremostanolone propionate, epitiostanol, mepitiostane, and testolactone; anti-adrenals such as
aminoghulethimide, mitoiane, and trilostane; folic acid replenisher such as folinic scid {leucovoriny;
aceglatone; anti-folate anti-neoplastic agents such as ALIMTA®, LY231514 pemetrexad,

dihydrotfelate reductase inhibitors such as methotrexate, anti-metabolites such as 5-fluorouracil (5-

e

&

FUY and its prodrugs such as UFT, S-1 and capecitabine, and thymidylate synthase inhibitors and
glycinamide ribonucleotide formylransferase inhibitors such as ralittrexed (TOMUDEX™ TDX);
inhibitors of dibivdropyrimidine dehydrogenase such as eniluracil; aidophosphamide glycoside;
aminotevulinic acid; amsacrine; bestrabucil; bisantrene; cdatraxate; defotamine; domecolcing;
diaziguone; clfornithine; elliptimitm acctate; an epothilone; efogiucid; gallinm nitrate; hyvdroxyures;
28 lentinan; lonidaining; maytansinoids such as maytansine and ansamitocing; mitoguazone;
mitoxantrone; mopidanmol; nitracrine, peniostating phenamet; pirarubicin; losoxantrone; 2-
ethythydrazide; procarbazine; PSK® polysaccharide complex (JHS Nataral Products, Eugene, OR);
razoxane; rhizoxing sizofiran; spirogermanium; tenuazoenic acid; triaziquone, 2,2 2"-

trichiorotricthylamine; trichothecenes (especially T-2 toxin, verracurin A, roridin A and anguidine);

[
h

urethan; vindesine (ELDISINE®, FILDESIN®); dacarbazing; mannonmstine; mitobroniiol;
mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C"); cyclophosphamide; thiotepa; taxancs;
chloranbucil; gemeitabine (GEMZAR®); 6-thiognanine; mercaptopurine; platinum; platinum analogs
or platinum-based analogs such as cisplatin, oxaliplatin and carboplating vinblastine {(VELBAN®);
ctoposide (VP-16); ifosfamide; mitoxantrone; vincristine (ONCOVIN®); vinca alkaloid; vinorelbing
30 (NAVELBINE®); novantrone; edatrexate; daunomycing aminoptering xeloda; ibandronaie;
topoisemerase infiibitor RES 2000; diftuoremetthylorithine {DMFQ); retinoids such as retinoie acid;
pharmaceutically acceptable salis, acids or derivatives of any of the above; as well as combinations of
two or more of the above such as CHOP, an abbreviation for a combined therapy of
cyclophosphamide, doxorabicin, vincristine, and prednisolone, and FOLFOX, an abbreviation for a
35 ireatment regimen with oxaliplatin (ELOXATINY combined with 5-FU and leucovorin.

Also included in this definition are anti-hormonal agents that act to regulate or inkibit
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hormene action on tumors such as anti-estrogens and selective estrogen receptor modulators
(5ERMz), including, for example, tamoxifen (including NOLVADEX® tamoxifeny, raloxifene,
droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene, LY 117018, onapristone, and FARESTON®
toremifene; aromatasce inhibitors; and anfi-androgens such as fiutamide, nilotamide, bicalutamide,

5 leuproiide, and goserelin; as well as tfroxacitabine {a 1,3-dioxolane nucieoside cytosine analog);
antisense oligonucleotides, particularly thoge that inhibit expression of genes in signaling pathways
inplicaied in abherant cell proliferation, such as, for example, PKC-alpha, Raf, H-Ras, and epidermal
growth factor receptor (EGF-R); vaceines such as gene therapy vaccines, for example,

LLOYVECTIN® vaccine, LEUVECTING vaccine, and VAXID® vaccine; PROLEUKING 1112,
1 LURTOTECAN® topoisomerase | inhibitor; ABARELIX® rmRH; and pharmaceutically acceptable
sadts, acids or derivaitves of any of the abave.
A ftaxans” is a chemotherapy which mhibits mitosis and interfores with microtubules.
Examples of taxanes include Paclitaxel (TAXOL®; Bristol-Myers Squibb Oncology, Princeton,
N.J); eremophor-free, slbumin-engineered nanoparticle formulation of paciitaxel or nab-pactitaxel
15 (ABRANANE™: American Pharmaceutical Partners, Schawmberg, [Hlinais); and Docetaxel
(TAXGTERE®; Rhdne-Poulenc Rorer, Antony, France).
An “anthacycline”™ is a type of antibiotic that comes from the fungus Streptococcus peucetiug,
examples include: Dauncrubicin, Doxombicin, and Epirabicin, ctc.
“Anthracychine-based chemotherapy™ refers to 2 chemotherapy regimen that congigts of or
20 include one or more anthracyeline. Examples include 5-FU, epirubicin, and cyclophosphamide
(FECY), 5-FU, doxorubicin, and cyclophosphanide (FAC); doxorubicin and cyclophosphamide (AC);
epirubicin and cyclophosphamude (EC); o
For the purposes herein, “carboplatin-based chemotherapy” refers 1o a chemotherapy
regimen that consists of or includes one or more Carboplating, An example 1s TCH

{Docetaxel/ TAXOL®, Carboplatin, and Trastuzamab/HERCEPTING),

2
A

An “aromatase inhibitor” inhibits the enzyme aromatase, which regulates estrogen
production in the adrenal glands. Examples of aromatase inhibitors include: 4(5)-imidazoles,
aminoghitethimide, MEGASE® megestrol acetate, AROMASING exemestane, formestanie,
fadrozole, RIVISOR® vorozole, FEMARA® letrozole, and ARIMIDEX® anastrozole. Tn one

30 cmbodiment, the aromatase inkitbitor herein 1s letrozole or anastrozole.

An “antimetabolite chemotherapy”™ is use of an agent which Is structurally similar to a
metabolite, but can not be used by the body in a productive manner. Many sntimetabolite
chemotherapy interferes with the production of the nucleic acids, RNA and DNA. Examples of

antimetabolite chemoetherapeutic agents include gemcitabine (GEMZAR®), 5-fluorouracil (5-FU),

Ll
(]

capecitabine (XELODA™), 6-maercaptopurine, methotrexate, 6-thioguanine, pemetrexed, raltitrexed,
arabinosyleytosine ARA-C cytarabing {CYTOSAR-U®), dacarbazine (DTIC-DOME®), azocyiosne,

23
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deoxyeytosing, pyridmidene, fludarabine (FLUDARAG®), cladrabine, 2-deoxy-D-glucose ete.

By “chemotherapy-resistant” cancer is meant that the cancer patient has progressed while
recerving a chemotherapy regimen (f.e. the patient is “chemotherapy refractory™), or the paticnt has
progressed within 12 months (for instance, within 6 months) after completing a chemotherapy
regimen.

The term “platin™ is used herein to refer to platinum based chemotherapy, including, without
limnitation, cisplatin, carbopliatin, and oxaliplatin,

The term “fluoropyrimidine” is used herein to refer to an antimetabolite chemotherapy,
including, without limitation, capecitabine, floxuriding, and fluorouracil (5-FU).

A ixed 7 or “flat” dose of a therapoutic agent herein refers to a dose that is administered to
& lxuman patient witheut vegard for the weight (WT) or body surface area (B3A) of the patient. The
fixed or flat dose is therefore not provided as a mg/lcg dose or a mg/m’ dose, but rather as an absolute
amoeunt of the therapeutic agent,

A “loading” dose herein generally comprises an initial dose of a therapeutic agent
administered to a patient, and is followed by one or more maintenance dose(s) thereof. Generally, a
single loading dose is administered, but multiple Joading doses are contemplated herein. Usually, the
amount of loading dose(s) administered exceeds the amount of the maintenance dose(s) administered
and/or the loading dose(s) are administered more frequently than the maintenance dose(s), so as to
achieve the desired steady-staie concentration of the therapeutic agent earlier than can be achieved
with the maintenance dose(s). .

A *mamtenance” dose herein refers to one or mors doses of a therapeutic agent administered
to the patient over a treatment period. Usually, the maintenance doses are administered at spaced
treatment intervals, such as approximately every week, approximately every 2 weeks, approximately
every 3 weeks, or approximately every 4 weeks, preferably every 3 weeks.

“Infusion” or “infusing” refers to the introduction of a drug-containing solution into the body
through a vein for therapeutic purposes. Generally, this is achieved via an intravenous (1V) bag,

An “intravenous bag” or “IV bag™ is a bag that ¢can hold a solution which can be
administered via the vein of a patient. In one embodiment, the solution is a saline solution (e.g. about
0.9% or about 0.45% NaCly. Optionally, the IV bag 15 formed from polyolefin or polyvinal chioride.

By “co-administering” is meant mtravenousty administering two (or more) drugs during the
same adniinistration, rather than scquential infusions of the two or more dmgs. Generally, this will
involve combining the two (o1 more) drogs info the same TV bag prior to co-administration thereof.

“Cardiac toxicity” refers to any toxic side effect resulting from administration of a drug or
drug combination, Cardiac toxicity can be evalvated based on any one or more of: incidence of
symptomatic lefi veniricular systolic dysfunction (LVSD) or congestive heart failure (CHE), or
decrease in left veniricular ejection fraction (LVEF).

The phrase “without increasing cardiac toxicity” for a drug combination including

24
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Pertuzumab refers to an incidence of cardiac toxicity that is equal or less than that observed in
patients treated with drugs other than Pertuzumab in the drug combination (c.g. equal or less than that
resulting frony admipistration of Tragtuzumab and the chemotherapy, e.g. Docetagel.

A *vial” is a container suitable for holding a liquid or lyophilized preparation. In one

5 embodiment, the vial is a single-use vial, e.g. a 20-cc single-use vial with a stopper.

A “package insert” Is a leaflet that, by order of the Food and Drug Administration (FDA) or
other Regulatory Authority, must be placed inside the package of every prescription drug. The leaflet
generally includes the trademark for the drug, its generic name, and its mechanism of action; states itg
indications, contraindications, warnings, precautions, adverse offects, and desage forms; and includes

14 ingtructions for the recommended dose, time, and route of administration.

The expression “safety data” concerns the data obtained in a controlled clisical trial showing
the prevalence and severity of adverse events to guide the user regarding the safety of the drug,
inchading guidance on how to moenitor and prevent adverse reactions to the deag, Table 3 and Table 4
herein provide safety data Tor Pertuzumab. The safety data comprises any one or more [c.g. two,

i5  three, four or more) of the most common adverse events (Afls) or adverse reactions (ADRs) in Tables
3 and 4. Tor example, the safety data comprises information about neutropenia, febrile neutropenia,
diarrhea and/or cardiac foxicity as disclosed herein.

“Efficacy data’ refers to the data obtained in confrolled clinical trial showing that a drug

effcetively treats a discase, such as cancer. Efficacy data for Pertuzumab 1s provided in the examples

20 herein. As to HERZ-positive metastatic or locally recurrent, unresectable breast cancer, efficacy data
for Pertuzumab is found in Table 2, Table 5, Figure 8 and Figure 10 herein. The safety data
COmprises any one or more (e.g. two, three, four or more) of the primary endpoint (progression free
survival, PES, by IRF} and/or sccondary enpoinis {overall survival {OS); progression free survival
(PFS) by investigator; objective response rate {ORR), including conmplete response (CR), partial

25 resposse (PR), stable disease (5D), and progressive disease (PD), and/or duration of response) in

Table 2, Table 5, Figure 8 and Figure 10. For example, the efficacy data comprises imformution about
progression free survival (PES) and/or overall survival {03} as disclosed herein.
By “stable mixture” when teferring to & mixtore of two or more drogs, such as Pertomrmab

and Trastuzumab™ means that each of the drugs in the mixiure essentiaily rotaing its physical and

30 chemical stability in the mixiure as evaluated by one or more analytical assays. Exemplary analytical
assays for this purpose include: color, appearance and clarity (CAC), concentration and urbidity
analysis, particulate analysis, size exclusion chromatography (SEC), ion-gxchange chromatography
(TEC), capillary zone electrophoresis {CZE), image capillary isoelectric focusing (ICIEF), and
potency assay. In one embodiment, mixture has been shown to be stable Tor up o 24 hours at 3°C or

35 30°C.
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A drug that is administered “concarrentty” witth one or more other drugs is administered
during the same freatment cycle, on the same day of treatment as the one or more other drugs, and,
optionally, at the same time as the one or more other drugs. For instance, for cancer therapies given
every 3-weelks, the concurrently administered drugs are cach administered on day-1 of a 3-week

ovele.
. Antibody and Chemotherapy Compaosiitons

The HERZ anfigen to be used for production of antibodies may be, e.g., a soluble form of the
extracellular domain of a HERZ receptor or a portion thereof, containing the desired epitope.
Alternatively, cells expressing HER2 at their cell surface (e.g. WIH-3T3 cells transformed to
overexpress HERZ; or a carcinoma cell line such as SK-BR-3 cells, see Stancovski er al. PNAS (US4)
88:8691-8695 (1991)) can be used to generate antibodies. Other forms of HERZ receptor useful for
generating antibodies will be apparent to those skilled in the art.

Yarious metheds for making monoclonal anttbodies herein are available m the art, For
example, the monoclenal antibodies may be made using the hybridoma method frst deseribed by
Kohler ef al., Natire, 256:495 (1975), by recombinant DNA methods (U.S. Patent No. 4,816,567).

The ant-HERZ antibodies used in accordance with the present invention, Trastuzumab and
Pertuzumab, are commercially available.

(1) Humanized antibodies

Metheds for humanizing non-human antibodies have been described in the art. Preferably, a
humemized sniibody has one or more amine acid residues infroduced into it from a source which is
pon-human. These non-human amine acid residues are ofien referred to as "import” residues, which
are typically taken from an "import” variable domain. Humeamzation can be essentiaily performed
following the method of Winter and co-workers (Jones ef al., Natire, 321:522-525 (1986);
Riechmann ef al., Nature, 332:323-327 (1988); Verhooyen ef al., Science, 239:1534-1536 (198%)), by
substitufing hypervariable region sequences for the corresponding sequences of a human antibody.,
Accordingly, such "humanized” antibodies are chimeric antibodies (U.S. Patent No. 4,816.567)
whereln substantislly less than an intact human variable domain has been substifuted by the
corresponding sequence from a non-human species. In practice, humanized antibodies are typically
human antibodies in which some hypervariable region residues and possibly some FR residues are
substituted by residues from analogous siftes in rodent antibodies.

The cheice of human variable domains, both light and heavy, to be used in making the
humanized antibodies 18 very important 1o reduce antigenicity. According to the se-called "best-fit”
methad, the sequence of the variable domain of a rodent antibody is screened against the entire
library of known human variable-domain sequences. The human sequence which is clpsest to that of

the rodent is then accepted as the human framework region (FR) for the humanized antibody (Sims ef
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al, J. mmnol., 151:2296 {1993); Chothia er al., J. Mol Biol., 196:901 (1987}, Another method
uses a particular framework region derived from the consensus sequence of all luman antibodies of a
particuiar subgroup of light or heavy chains. The same framework may be used for several different
humanized antibodies (Carter ef al., Proc. Natl. Acad. Sci. USA, 89:4285 (1992); Presta ef al., J.
Immunol., 151:2623 (1993)).

[t 18 further important that antibodics be humanized with retention of high affinity for the
antigen and other favorable biological properties. To achieve this goal, according to a preferred
method, humanized antibodies are prepared by a process of analysis of the parental sequences and
various conceptval humanized products using three-dimensional models of the parental and
humanized sequences, Three-dimensional immuneglobulin models are commaonly available and are
familiar to those skiiled in the art, Computer programs are available which ilfustrate and display
probable three-dimensional conformational structures of selected candidate immunoglobulin
sequences. mspection of these displays permits analysis of the likely role of the residues in the
functioning of the candidate immunogiobulin sequence, i.e., the analysis of residues that influence
the ability of the candidate immunoglebulin to bind its antigen. In this way, FR residues can be

clected and combined from the recipient and tmport sequences so that the desived antibody
characteristic, such as increased aflinity for the target antigen{s), is achieved. In general, the
hypervariable region residues are directly and most substantially invelved in influencing antigen
binding,

{5 Patent No. 6,949,245 describes production of exemplary humanized HERZ antibodics
which bind HER2 and block ligand activation of a HER receptor.

Humanized HER? antibodies specifically include Trastuzumab (HERCEPTING) as
described in Table 3 of ULS. Patent 5,821,337 expressly incorporated herein by reference and as
defined herein; and humamized 204 antibodies such as Pertuzumab as described and defined herein.

The humanized entibodies herein may, for example, comprise nonhuman hypervariable
region residues incorporated into a human variable heavy domain and may further comprise a
framework region (FR) substitution at a position selected from the group consisting of 69H, 71H and
73H utilizing the variable domain numbering system set forth in Kabat ef ol Se:qf,fence.s‘ of Proteing
of fmmunological Interesié, 5th Bd. Public Health Service, National Institutes of Health, Berhesds,
M (1991). In one embodiment, the humanized antibody comprises FR substitutions at two or all of
positions G9H, 71H and 73H.

An exemplary humanized antibody of inferest herein comprises variable heavy domain
complementarity determining residues GFTFTDYTMX (SEQ 1D NO: 17), where X is preferably D
or 5; DYNPNSGGSIYNQRFKG (SHQ 1D NG:1R); and/or NLGPSFYFDY (SEGQ ID NO:19),
optionally comprising amino acid medifications of those CDR residues, e.g. where the modifications
essenilally maintain or improve affiaity of the antibody. For example, an antibody variant for use in
the methods of the present invention may have from about one to about seven or about five amino
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acid substitutions in the above variable heavy CDR sequences. Such antibody variants may be
prepared by affinity maturation, e.g., as described below,

The humanized antibody may comprise variable light domain complementarity determining
residues KASQDVSIGVA (SEQ ID NO:20); SASYX')*X’, where X' is preferably R or L, X" is
preferably ¥ or B, and X’ is preferably T or § (SEQ 1D NO:21); and/or QQYYIYPYT (SEQ ID
MNO:22), e in addition to those variable heavy domain CDR residues in the preceding paragraph.
Such humanized antibodies optionally comprise amine acid modifications of the above CDR
residues, e.g. where the modifications essentially maintain or improve affinity of the antibody. For
cxample, the aniibody variant of interest may have from about one te about seven or about five amino
acid substitutions in the above varieble light CDR sequences. Such aatibody variants may be
prepared by affinity maturation, e.g., as described below,

The present application also contemplates affinity maitured antibodies which bind HERZ,
The parent antibody may be a human antibody or a humanized antibody, e.g., one comprising the
variable Hght and/or variable heavy sequences of SEQ ID Nos. 7 and 8, respectively {i.e. comprising
the VL and/or VI of Pertuziumab).  An affinity matured variant of Pertuzumab preforably binds to
HIERZ receptor with an affinity superior to that of murine 2C4 or Pertuzumab (e.g. from aboot twe or
about Tour feld, to about 100 fold or about 1000 fold improved affinity, £.g. as assessed using a
HER2-extracellular domain (ECD) ELISA) . Exemplary varable heavy CDR residues for
substitution include HIZE, H30, H34, H33, He4, 196, H99, or combinations of two or more (2.2, two,
three, four, five, six, or seven of these residues). Examples of variable light CDR residues for
alteration meiude 128, 150, 153, L36, LO1, L9272, 1.93, 1.4, 196, L.87 or combinations of two or more
{e.g. two o three, four, five or up to about ten of these residues).

Humanization of murine 4035 antibody fo generate humanized varianty thereof, including
Trastuzumab, 15 described m ULS. Pat, Nos, 5,821,337, 6,054,297, 6,407,213, 6,639,055, 6,719,971,
and 6,800,738, as well ag Carter ot al. PNAS (USA), 89:4285-4289 (1992). HuMAD4DS5-8
{Trastuzumab) bound HERZ aptigen 3-fold more tightly than the mouse 405 antibody, and had
secondary immune function (ADCC) which allowed for divected cytotoxic activity of the humanized
antibody in the presence of human effector cells. HuMAB4DS-8 comprised variable light (V) CDR
residues ncorporated na Vy w subgroup 1 consensus framework, and variable heavy (Vi) CDR
residues mcorporated into a Vi subgroup I consensus framework. The antibody further comprised
framework region (FR) substitutions as positions: 71, 73, 78, and 93 of the Vi (Kabat numbering of
FR residues; and a PR substitution at position 66 of the Vy, (Kabat numbering of FR residues).
Trastuzumab comprises non-A allotype human v 1 Fe region.

Various forms of the humanized antibody or affinity matured antibody are contempiated. For
example, the humanized antibody or affinity matured antibody may be an antibody fragment,

Alternatively, the humanized antibody or affinity matured antibody may be an intact antibody, such

[
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as an intact [gG1 antibody.
{11} Periuzumab compositions

In one embodiment of a FIER2 antibody composition, the composition comprises a mixture
of a main gpecies Pertuzumab antibody and one or more variants thereof. The preferred embodiment
heremn of a Pertuzumab main species antibody s one comprising the variable lghi and variable heavy
amino acld sequences in SEQ D Nos, 7 and 8, and most preferably comprising a light chain amino
acid sequence of 5EQ T8 No. 11, and a heavy chain amino acid sequence of SEG 1D Ne. 12
{(mcluding deamidated and/or oxidized variants of those sequences). In one embodiment, the
composition comprises a mixture of the main species Pertazumab antibody and an amino acid
scquence variant thereof comprising an amino-terminal feader extension. Preferably, the amino-
terminal feader extension is on & light chain of the antibody variant (e.g. on one or two light chaing of
the antibody vartant). The main species HER? antibody or the antibody variant may be an full length
antibody or antibody fragment (e.g. Fab of F{ab"}2 fragments), but preferably both are full length
antibodies. The antibody variant herein may comprise an amino-terminal leader extension on any one
ormore of the heavy or light chains thereof. Preferably, the amino-terminal leader extension is on
one or two light chains of the antibody. The amino-terminal leader extension preferably comprises or
consists of VHS-. Presence of the amino-terminal leader extension in the compogition can be
detected by various analytical technigues including, but not limited to, M-enminal sequence analysis,
assay for charge heterogeneity (for instance, cation exchange chromatography or capiliary zone
clectrophoresis), mass spectrometry, efe. The amount of the antibody variant in the composition
generally ranges from an amount that constitutes the detection limit of any assay (preferably N-
terminal sequence analysis) used to detect the variant o an amount legs than the amount of the main
species antibody. Generally, about 20% or less (e.z. from about 1% to about 15%, for instance from
5% to about 15%) of the antibody molecules in the composition comprise an amino-terminal leader
exiension. Such percentage amounts are proferably determined using quantitative N-terminal
sequence analysis or cation exchange analysis {preferably using a high-resolution, weak cation-
exchange column, such ag a PROPAC WCX-10™ cation exchange column). Aside from the amino-
terminal leader extension variant, further amino acid sequence alterations of the main species
antibody and/or variant are contemnplated, including but not limited to an antibody comprising a C-
terminal fysine residuc on one or both heavy chains thereof, a deamidated antibody variant, ete,

Moreover, the main species antibody or variant may further comprise glycoesylation
variations, non-lmiting examples of which include antibody comprising a G1 or G2 oligosaccharide
stracture attached to the Fe region thereof, antibody comprising a carbohydrate moiety attached to a
light chain thereof (e.g. one or twao carbohiydrate moieties, such as glucose or galactose, attached 0
one or two light chains of the antibody, for instance attached to one or more lysine residues),
antibody comprising one or two non-giveosyliaied heavy chaing, or antibody comprising a sialidated
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oligosacchanide attached 0 one or two heavy chains thereof ete.

The composition nxay be recovered from a genetically engineered cell ling, e.g. a Chinese
Hamster Ovary (CHO) cell line expressing the HER2 antibody, or may be prepared by peptide
synthesis,

For more information regarding exemplary Pertuzumab compositions, see US Patent Nos.
756001 and 7.879,323 as well as U8 2009/0202546A1.

The Trastuzumab composition genem] ly comprises a mixture of a main species antibody
{comprising light and heavy chain sequences of SEQ 1D NGOS: 13 and 14, respectively), and variant
forms thereof, m particular acidic varants (including deammidated variants). Preferably, the amount of
such acidic vartants in the composition is less than sbout 25%, or less than about 20%, or less than
about 15%. See, U5, Pat. No. 6,339,142, See, also, Harris ot al., /. Chromatography, B 152,233-245
(2001} concerntng forms of Trastuzunab resolvable by cation-cxchange chromatography, inchuding
Peak A (Asn30 deamidated to Asp in both light chains); Peak B (Asn55 deamidated to isoAsp in one
heavy chain); Peak 1 (Asn30 deamidated to Asp i one light chain); Peak 2 (Asn30 dewmidated to
Asp in one light chain, and Asp102 isomerized to isoAsp in one heavy chain); Peak 3 {inain peak
form, or main species antibody); Peak 4 (Asp102 isomerized to 1seAsp In one heavy chain); and Peak
C (Aspl02 succinmmide (Asu) in one heavy chain). Such variant forms and compositions are included
in the invention herein.

{iv) S-FU and Cisplatin

There is no single, standard, globally accepted chemotherapeutic regimen for advanced gastric

cancer, but 3-fluorowracil (5-FU} plus cisplatin 1s widely used for this indication. In Phase 11 studies
in patients with no prior chemotherapy, 5-FU + cisplatin produced response rates of approximately
40% and median overall survival of 7-10.6 months (Lacave AJ, Baron FI, Anton LM, et al. 4nn
Cneol 1991;2:751-754; Rougier P, Ducreux M, Mahjoubi M, ¢t al. Fur J Cancer 1994;30A:1263—
12659; Vanhoeter U, Wagner T, Lutz M, et al. Eur J Cancer 2001;37 Suppl 6: abstract 527}

i) Capeciiabine

Capecitabine has boen extensively tested m patients with advanced gastric cancer, Phase 71
efficacy resulis for capecitabine monotherany show response rates of 19% and 26% and an overall
survival of .1 and 10.0 months in studies by Koizami et al 2003 (Koezumi W, Kurihara M, Sagai T,
ot al. Cancer 1993;72:658-62; Sakamoto J, Chin K, Kondo K, et al. Anti-Cancer Drugs
20061723316, For capecitabine in combination with platinuum, there are a number of studies
showing response rates renging from 28% to 65%, time to progression from 5.8 1o 9 months, and
overall survival from 10.1 to 12 months (Kang Y, Kang WK, Shin DB, et al. J Clin Oncology
2006;24 Suppl 18:abstract L.BA401S; Park Y, Kom B, Ryoo B, et al. Proc Am Soc Clin Oneol
2006:24 Suppl 18; abstract 4079; Kim TW, Kang YK, Ahn JH, et al. Ann Oncel 2002;13:1893-¥;
Park YH, Kim BS, Ryoo BY, et al, Br J Cancer 2006:54:959-63).
it
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fli. Selecting Patients for Therapy
Detection of HERZ can be used to select patients for treatment in accordance with the present
mvention. Several FDA-approved commercial agsays are available to identify HER2-positive cancer

patients. These methods include HERCEPTEST” (Dako) and PATHWAY@ HERZ

o

(rmunchistochemistry (IHC) assays) and Path_V}fsiO'n_ig and HERZ FISH pharmDx™ (FISH assays).
Users should refer to the package inserts of specific assay kits for information on the validation and
performance of each assay.

For example, HER2 overexpression may be analyzed by IHC, e.g. using the HERCEPTEST®
{Dnio). Paraffin embedded tissue sections from a tumor biopsy may be subjected to the THC assay
1 and accorded a HERZ protein staining intensity criteria as follows:

Score 0 no staining is observed or membrane staining is observed in less than 10% of tumor
cells.

Score 1+ a faint/barely perceptible membrane staining is detectad in more than 10% of the

fumaor cells. The cells are only stained in part of their membrane.

J_.A
[

Score 2+ a wealk to moderate complete membrane staining i¢ observed in more than 10% of
the tumor cells.

seore 3+ amederate to strong complete membrane staining s observed in more than 10% of
the tumor cells.

Those tumors with U or 1+ scores for HER2 overexpression assessment may be characterized
20 as HERZ-pegative, whercas those tumors with 2-+ or 3+ scores may be characterized as FERZ-
positive.

Tumors overgxpressing HERZ may be rated by immunchistochemical scores corresponding
1o the number of copies of HERZ molecules expressed per cell, and can heen determined

biochemically:

)
L

0= 0-10,000 copies/cell,
14 = at Jeast about 200,000 conies/cell,
2+ = at least about 500,000 copies/cell,
34 = at least about 2,600,000 copies/cell.
Overexpression of HERZ at the 3+ level, which leads to ligand-independent activation of the
30 tyrosing kinase (Hudziak er af., Proc. Natl, Acad. Sci. USA, B4:7159-7163 (1987)), vceurs in
approximately 30% of breast cancers, and in these patients, relapse-free survival and overall survival
are diminished (Slamon ef al., Science, 244:707-712 (1989); Slamon ef «l., Science, 235:177-182
(19871,

The presence of HERZ protein overexpression and gene amplification are highly correlated,

[
i

theretore, alternatively, or additionally, the use of {n vitu hybridization (ISH), e.g. fluorescent in situ

hybridization (FISH), assays to detect gene amplification may also be emploved for selection of



i

20

30

W Z013/085874 POTURRH1Z/059683

patients appropriate for freatment in accordance with the present invention. FISH assavs such as the
INFORMT™ (50ld by Ventana, Arizona) or PathVysion”™ (Vysis, filinois) may be carried out on
formalin-fixed, paraffin-cmbedded tamor tissue to determine the extent {if any) of HER2
amplification in the tumor.

Most commonly, HER2-positive status is confirmed using archival paraffin-embedded tumor
tissue, using any of the foregoeing methods.

Preferably, HER2-positive patients having a 2+ or 3+ THC score or who are FISH or 15H
positive are selected for treatment in accordance with the present invention.

See alse US Patent No. 7,981,418 and Example 11 for aliernative assays for screening
patients for therapy with Pertuzumab,
i¥. Pharmacentical Formulations

Therapeutic formulations of the HER? antibodies used in accordance with the present
mvention are prepared for storage by mixing ap antibody having the desived degree of purity with
optional pharmaceuatically acceptable carvicrs, excipients or stabilizers (Remington's Pharmaceutical
Sciences 161 edition, Gsel, A, Ed. (1980)}, generally in the form of Tyophilized formulations or
aqueous solutions. Antbody crystals are alse contemplated (see US Pat Appin 2002/0136719).
Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as phosphate, citrate, and other organic acids;
antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethylbenzyl ammmonium chioride: hexamethoninum chloride; benzalkonium chioride,
benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parsbens such as methyl or propyl
paraben; catechol; resorcinol; eyclohexanol; 3-pentanol; and m-cresol); low molecular welight {less
than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or immunocglobuling;
hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as giyeine, glutamine,
asparagine, histidine, argimine, or lysine; monosaccharides, disaccharides, and other carbohydrates
including glucose, mannose, or dextring; chelating agents such as EDTA; sugars such as sucrose,
mannitel, frehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes {e.g, Zn-
protein complexes); and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or polyethylene
glveol (PEG). Lyophilized antibody formulations are deseribed in WO 97/04801, expressly
incorporated herein by reference.

Lyophilized antibody formulations are described in U.S, Pat. Nos. 6,267,958, 6,685,940 and
6,821,515, expressly incorporated herein by reference. The preferred HERCEPTIN® (Trastuzumab)
formulation is a sterile, white o pale vellow preservative-free lyophilized powder for intravenous
{1V} administration, comprising 440 mg Trastuzumab, 400 mg «,a-trehalose dehydrate, 9.9 mg L-
histidine-HCI, 6.4 mg L-histidine, and 1.8 mg polysorbate 20, USP. Reconsitution of 20 mL of

bacteriostatic water for injection (BWFI), containing 1.1% benzyl alcohol as a preservative, vields a

Lt
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muiti-dose solution containing 21 mg/mL Trastozomab, at pH of approximately 6.0. For further
details, see the Trastuzomab prescribing information.

The preferred Pertuzumab formulation for therapeutic use comprises 30mg/mi. Pertuzumab
in 20mM histidine acetate, 120mM sucrose, 0.02% polysorbate 20, at pH 6.0, An alternate

5 Pertuzumab formulation comprises 25 wmg/mi, Pertuzumab, 10 mM histidine-HCI bufter, 240 mM

sucrose, 0.02% polysorbate 20, pH 6.0,

The formulation of the placebo used in the clinical triafs described in the Examples is
equivalent to Pertuzumab, without the active agent.

The formulation herein may also contain more than one active compound as necessary for the

10 particuler indication being treated, preforably those with complementary activities that do not

adversely atfect cach other. Various drugs which can be combined with the HER dimerization
inhibitor are described in the Method Section below. Such molecules are suitably present m
combination in amounts that are ¢ffective for the purpose intended.

The formulations to be used for in vivo administration must be sterile. This is readily

[—
L

accompiished by filtration through sterile filiration membranes.
V. Treatment Methods
In a first aspect of a treatment method herein, a method for extending progression free
survival (PFS) in a HERZ-positive breast cancer patient population by 6 months or more is provided
which comprises administering Pertuzamab, Trastuzumab and chemotherapy (e.g. taxanc such as
20 Pocetaxel) o the patients in the population, Opfionally, the patient population includes a suitable
nurnber of patients (e.g. 200 or more, 360 or more or 400 or more patients) so that a statistically
significant extension of PFS in the population can be evaiyated,
The phase Il CLEQPATRA clinical data in Example 3 below show that median PTS
assessed by investigators was 12.4 months with placebo plus Trastuzomab plus Docetaxel and 18.5
25 months with Pertuzumab plus Trastuzumab plus Decetaxel, thus the improvement In median PFS was
& months or more {¢.g. 6.1 months) relative to patients not receiving Pertuzumab (1.¢. patients only
recetving Trastuzumab and Docetaxel).
In an aaditional or alternative embodiment, a method of obtaining an objective response rate
of 80% or more in a HERZ-positive breast cancer patient population is provided which comprises
30 adnumistering Pertuzumab, Trastuzumab and chemotherapy {e.g. taxane, such as Docetaxel) to the
oatients in the poputation.
In a related aspect, a method of combining two HER2 antibodies to treat HER2-positive
cancer without increasing cardiac toxicity in & HERZ-positive cancer patient population is provided

which comprises administering Pertuzumab, Trastuzamab, and chemotherapy to the patients in the

L
Lh

population. Optionally, the patient population includes a suitable number of patients (e.gz. 200 or
moze, 300 or more or 400 or more patients) so thai a statistically significant assessment of lack of

cardiac toxicity resulting from the combination can be made. The phase I CLEOPATRA clinical

Lid
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data in Example 3 below show that combining Pertiizumab and Trastuzumab does not exacerbate
cardiac toxicity. Cardiac toxicity can be monitered for incidence of sympftomatic left ventricular
systolic dysfunction (LVSD) or congestive heart failare (CHF), or decrease in left ventricular ejection
fraction (LVEF), e.g. as disclosed in Example 3 below.

Optionally, the breast cancer is metagtatic or locally recurrent, unresectable breast cancer, or
de nove Stage 1V disease, is defined as immumohistochemistry (IHC) 3+ and/or fluorescence in situ
hyboridization (FISH) amplification ratio 2.0,

Onptionally, the patients in the population have not received previous treatment or have
relapsed after adjuvant therapy, have a left ventricutar ciection fraction (LVEF) of »50% at baseline,
and/or have an Bagtera Cooperative Oncology Group performance status (ECOG PSY of O or 1.

in an alternative cmbodiment, the invention concerns a method of treating carly-stage HER2-
positive breast cancer comprising administering Pertuzumab, Trastuzumab, and chemotherapy to a
patient wiih the breast cancer, wherein the chemeotherapy comprises anthracycline-based
chemotherapy, or carboplatin-based chemotherapy. This aspect of the invention is supported by the
clinical data in Example 5. In one embodiment, the chemotherapy comprises anthracycline-based
chemotherapy, e.g. comprising 5-FU, epirubicin, and cyclophosphamide (FEC). In an alternative

embodiment, the chemotherapy comprises carboplatin-based chemoiherapy, ¢.g. comprising taxane
I

{e.z. Docstaxel), Carboplatin in addition to HERCEPTING/ Trastuzumab (e.g. TCH regimen). In one
embodiment, Pertuzumab is administered concurrently with the anthracycline-based chemotherapy or
with the carboplatin-based chemotherapy, ¢.g. wherein the Pertuzumab, Trastuzumab and
chemotherapy are administered in 3-week cycles with Pertuzumab, Trastuzamab and the
chemotherapy being administered on day-1 of cach cycle, The data in the examples herein
demonstrates that Pertuzumab adiministration does ot increase cardiac toxicity relative to the
treatment without Pertuzumab (1.e relative to Trastuzumab with anthrycline-based chemotherapy (e.g.
FEC) and no Pertuzumab; or relative to Trastuzumab with carboplatin-based chemotherapy and no
Pertuzumab (1.e. TCH). The eady-siage HERZ-positive breast cancer therapy contenplated herein
incliudes neoadjuvant and adjuvant therapy.

The nvention herein also concerns a method of treating HMERZ-positive cancer in a patient
comprising co-administering a mixture of Pertuzumeb and Trastuzumab from the same intravenous
bag to the patient. This cmbodiment is applicable to treatment of any HERZ2-positive cancer,
inchuding HERZ-positive breast cancer, HERZ-positive gastric cancer, HERZ-positive metastatic or
locally recurrent, unvesectable breast cancer, or de nove Stage IV discase, carly-stage HERZ-positive
breast cancer, etc. Optionally, this method further comprises administering chemotherapy to the
patient.

In yet another embodiment, the treatment methods of the present invention comprise, consist
essentially of, or consist of the administration of Pertuzumab, Trastuzinmab and a chemotherapy, such

as a platin (e.g. cisplatin) and/or a fluorcpurimidine (e.g. capecitabine and/or S-fluorouracil (5-FUN)
34
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to treat HERZ-positive gastric cancer.

In particular, the treatment methods of the present invention comprise, consist essentially of,
or consist of the adminisiration of Pertuzumab, Trastuzirmab, and a chemaetherapy, such as a platin
and/or a fluoropurimidine, e.g. cisplatin and/or capecitabine and/or S-fluorouracit (5-FU), to a homan
patient with metastatic gasiric cancer, non-resectabie locally advanced gastric cancer, ot post-
operatively recurrent gastric cancer. In certain enbodiments, the gastric cancer is not amenable fo
curative therapy.

In an alternative crbodiment, a method of freating HERZ-positive breast cancer in a patient
1s provided comprising administering Pertuzumab, Trastuzumab and vinorelbine to the patient. The
breast cancer according o this ombodiment is optionally metastatic or locally advanced. Optionally,
the patient has not previously received systemic non-hormonal anticancer therapy in the metastatic
setting.

In another aspect, the invention provides & method of treating HER2-positive breast cancer in
a patient comprising administering Pertuzumab, Trastuzumab, and aromatase inhibitor (e.g.
anastrazole or letrozole) to the paticnt. According to this embodiment, the breast cancer is advanced
breast cancer, including hormone receptor-posifive breast cancer such as estrogen receptor (FR)-
postiive and/or progesterone receptor (PglRj-positive breast cancer. Optionally, the patient has not
previeusly received systemic nonhormonal anticancer therapy m the metastatic setting. This
treatment method opfionally further comprises administering induction chemotherapy {e.g
comprising taxane) to the patient.

Therapy in accordance with the present venfion extends progression-free survival (PFS)
and/or overall survival (O5) of the patient treated.

The antibodics and chemotherapeutic treatments are administered to a human patient in
accord with known methods. Specific administration schedules and formulations are described in the
examples herein

According to one embodiment, Pertuzumab is administered 2t a dose that produces a steady-
state Cy, of 22 20 pg/ml in 90% of patients receiving Pertuzumab and Trastuzomab.

According to one particular embodiment of the invention, a Pertuzumab of approximately
s40mg (oading dose) is adiministered, followed by one or more doses of approximately 420mg
(maintenance dose(s)) of the antibody. The maintenance doses are preferably administered about
every 3 weeks, for a total of at Ieast two doses, until clinical progressive discase, or unmanageable
toxicity, preforably up to about 6, or 7, or 8, or 9, 0r 10, or 11, or 12, or 13, or 14, or 15, o1 16, or 17
or more doses. Longer treatment periods, including more freatment cyeles, are slso contemplaied.

According to another particular embodiment, Pertuzumab 18 administered at a dose of 840
mg for all freatment cycles.

Trastuzumab typically is administered as an infravenous loading dose of about 8 mg/'kg,

followed by the administration of 6 mg/kg doses i subsequent cyeles. Trastuzumab is typically
5
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administered every 3 weeks until clinical progressive disease or unmanageable foxicity, preferably up
to abeut 17 or more doses.

In & particular embodiment, Trastuzumab 1s administered as an intravenons (IV) infusion on
Day 1 of each treatment cycle until investigaior-assessed discase progression or unmanageable

5 toxicity, af a loading doss of 8 mg/kg for Cyele 1 and 2 dose of 6 mg/kg Tor subseguent cycles,

In another particular embodiment, Perfuzumab is administered as an IV infusion on Day 1 of
each cycle, for a total of six cycles or until investigator assessed disease progression or unmanageabie
toxicity, whichever occurs first, cither at a loading dose of 840 mg for Cyele T and a dose of 420 myg
for the subsequent cyeles, or a loading dose of 840 mg for Cyele 1 and a dose 0f 840 mg for the

1) subsequent cyeles,

For treating gasiric cancer, Cisplatin 80 mg/m” is typically administered as an 1V infusion on
Dyay 1 of cach cycle, for a total of at least six cyeles

For treating gastric cancer, Capecitabine 1000 mg/m” is typically administered orally twice
daily, from the evening of Day 1 1o the moring of Day 15 of cach cycle, for a total of at least six

i5  cycles. Capecitabine adminigtration may be prolonged at the discretion of the attending clinician
after carcful risk--benefit assessment for individual patients.

Dosages and schedules for chemotherapy used to treat HERZ2-positive breast cancer are
disclosed in the examples below, but other dosages and schedules are known and contemplated
according to the movention herein,

20 YL Axticles of Masufactare

One embodiment of an article of manufacture herein comwprises an iniravenous (IV) bag
containing a stable muxiure of Pertuzumab and Trastuzomab suitable for administration to a cancer
paticnf. Optionally, the mixture is in saline solution; for example comprising about (.9% NaCl or

about 0.45% NaCl. An exemplary IV bag is a polyolefin or polyviny! chioride infusion bag, 2.¢. a
25 250mb IV bag. According fo one embodiment of the invention, the mixture includes about 420mg or
ahout 840mg of Pertuzuimab and from about 200mg 1o about 1000mg of Trastuzumab (e.g. from
about 400mg to about 90{(mg of Trastuzumab).

Optionally, the mixture in the TV bag is stable for up to 24 hours at 5°C or 30°C, Stability of
the mixture can be evaluated by one or more assays sclected from the group consisting of: color,

30 appearance and clarity (CAC), concentration and turbidity analysis, particulate analvsis, size
exciusion chromatography {(SEC), ion-exchange chromatography (TEC), capillary zone
glectrophoresis {CZE), image capiliary isoclectrie focusing QCIEF), and potency assay.

In an alterpative embodiment, the invention provides an article of manofacture comprising a
vial with Pertuzumab therein and a package mseri, wherein the package inseri provides the safety

35 datain Table 3 or Table 4 and/or the efficacy data in Table 2, Table 5, Figure 8, or Figure 10
Opaonally, the vial is a single-dose vial containing about 420myg of Pertozumab. In one embodiment,
the vial is provided mside a cardboard carfon.
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In a related aspect, the invention concerns a method of making an arficle of manofacture
comprising packaging together a vial with Permazumab therein and a package insert, wherein the
package Insert provides the safety data in Table 3 or Table 4 and/or the efficacy data in Table 2,
Table 5, Figure 8, or Figure 10.

In a {urther related aspect, the invention provides a method of ensuring safe and effective use
of Pertuzumab comprising packaging together a vial with Pertuzumab therein and a package insert,
wherein the package insert provides the safety data in Table 3 or Table 4 and/or the efficacy data in

Table 2, Table 5, Figure &, or Figure 10.

¥ik  Deposit of Biological Materials
The following hybridoma cell lines have been deposited with the American Type Culture

Collection, 10801 University Boulevard, Manassas, VA 20110-2209, USA (ATCC):

Antibody Desipnation ATTL Mo, Genosit Date
45 ATCC ORI 10463 May 24, 1990
204 ATCC HB-12697 April 8, 1999

Further details of the invention are Hlustrated by the following non-Hmiting Examples. The

disclosures of all citations in the specification are expressly incorporated herein by reference,

EAAMPLE I
Phase 1ia Study Evaluaiine ?e:hwumm Xl Qaw’b‘in‘a‘iima with Trastnzumab and
Chemotherapy in Patients with HERZ-Positive Advanced Sastric Cancer

Despite a sharp worldwide decline in incidence and a reduction in mortahity during the
second half of the twentieth century, gastric cancer remains the world’s second leading cause of
cancer mortality, after lung cancer {Parkin, D. Oncogene 23:6329-40 (2004)). The incidence of
gastric cancer varies widely according to g@ogmph%{: region {Kelley et al. / Clin ,ZE-'p:dez.i()! 56:1-9
carcinpgenesis: contribution of molecular cmdcmxo]ogy Lyon: JARC Scientific Publications No 157,

RC(2004)). In Japan, Korea, China, and certain countries in Central and South America, the
meidence is 20 to 95 cases per 100,000 men. In contrast, in the United States, India, and Thailand,
the incidence s 4 to & cases per 100,000 men. The incidence in Western Burope ranges from 37
cases per 106,000 men i parts of Taly to 12 per 100,000 men in France, The incidence in women
follows a similar geographic pattern but is about 50% lower than that in men. There are clear
epidemiological differences between cancer localized to the gastric cardia (gastroesophageal
junction) and that localized to the rest of the stomach. Cancer of the cardia zecounts for 39% of

gastric cancer cases in white men in the United States but only 4% of gastric cancers in men in Japan.

(%]
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For reasons that are not clear, cancer of the gastric cardia and lower esophagus has increased rapidly
in developed countries since the 1970s.

To date, the only potentially curative treatment for gastric cancer 1s surgery. Survival rates
for gastric cancer improved significantly in Japan in recent years as a result of earlier detection and
befter surgical techniques (Inoue et al. Posterad Med J 81:419-24 (2005)). However, in Western
Barope and North America, gasiric cancer 1§ often diagnosed at a late stage when resection i8 no
longer possible. Consequently, the overall 5-year survival in these populations does not exceed 25%
(Ajani, |. The Oncologist 10 Suppl 3:49-38 (2005); Catalano et al. {lin Rev Oncol/Hematol 54: 208
41 (2005)).

Fegardless of their geographic region, patienis with vuresectable disease due to logally
advanced growth or metastatic spread have a poor prognosis, with overall 3-year survival within the
range of 3%—15% (Comningham ei al., Annals of Oncology 16 Suppl 1:122-3(2005)). For patients
with unresectable disease at diagnosis and for patienis with recurrent disease after surgery, the main
therapeutic option is chemotherapy (National Comprehensive Cancer Network, NCCN clinical
practice guidelines in oncology. Gastric cancer. Version 1. National Comprehensive Cancer Networls,
(2006}, Chemotherapy given with palliative intent has been shown o be superior to best supportive
care in patienis with advanced gastric cancer (Wagner of al. J Clin Oncol 24:2903-9 (2000)).

Study BOIEZSS (ToGAY was a randomized, open-iabel, nmlticenter, international,
coraparative Phase Il trial designed to evaluate the efficacy and safety of Trastuzumab in
combination with chemnotherapy compared with chemotherapy alone as first-line therapy in patients
with inoperable, locally advanced or recurrent and/or metastatic HERZ-positive adenocarcinoma of
the stomach or gastrossophageal junction. The primary objective of the study was to compare overall
survival for patients treated with Tragtuzumab combined with fluorepyrimidioe (5-FiF or
capecitabine) plus cisplatin. The results from Study BO18255 demonstrated a significant clinical
benefit when Trastuzumab was used tn combination with chemotherapy in patients with gastric
cancer. Overall survival, the primary endpoint, was significantly improved in the Trastnzumab plus
chemotherapy arm compared with the chemotherapy alone amm (p = 0.00435, log-rank iest;
hazard ratio, .74). The median survival time was 13.8 months in the Trastuzumab plus
chemotherapy arm and 11,1 menths in the chemotherapy alone arm, and the risk of death was
decrcascd by 26% for patients in the Trastuzumab plus chemoetherapy arm. All other secondary
endpoints demonstraied clinical significance with similar hazard and odds ratios. {Sce, ¢.g. Bang ot
al,, Lancer I8 376(9742):687-97 (2010)).

As aresult of this study, Trastuzumab is now indicated, including the BU and United States,
in combination with cisplatin plus capecitabine or 5-FU, for the treatment of patients with HERZ-
positive metastatic gastric or gastroesophageal junction adenocarcinoma who have not received prior
treatment for metastatic discase.

At present, there 18 no single, standard, globally accepted chemotherapeutic regimen for

38



il

1

g
[

P
i

30

W 2013/053874 POT/ESI812/059683

advanced gastric cancer.  Despite the success of the ToGA trial, there is a great need for providing
new and cffective treatment options for this sericus condition. In particuiar, there is a need for novel
therapeutic approaches that aim te avoid treatmentrelated morbidity and/or to increase survival in
gastric cancer patients. Accordingly, this example is & randomized, muiticenter, open-label study
cvaluating two different doses of Pertuzumab in patients with HERZ2-positive adenocarcinoma of the
stomach or gastroesophageal junction. Patients are randomized in a 111 ratio {0 two freatment anms.
Patients in Arm A receive a Pertuzumab loading dose of 840 mg for Cycle 1 and 2 dose of 420 mg
for Cycles 2-6, and patients in Arm B receive Pertuzumab 840 mg for all six cycles. Patients in both
treatinent arms receive Trastuzumab, cisplating, and capecitabine. Study schema are in Figure 6. The
longth of the study 15 approximately 24 months (4 months for recriitment and 20 months of follow-
up after last patient recruited). The end of study will be when progressive disease has occurred in all

patients, or all patients have withdrawn or discontinued from the study, whichever is sarlier.

Target population

The trial Imvolves approximately 30 patients.

Patients mist meet the following criteria for study entry:

@ Histelogically confirmed adenocarcinema of the stomach or gastroesophageal junction with

g
moperable locally advanced or metastatic disease, not amenable to curative therapy.
o Patients with advanced disease who present with a recurrence post-operafively {when intent
of surgery was cure) are also ehgible for entry.

@ Measurable disease, according to the Response Evaluation Criteria in Solid Tumors
(RECIST), v1.1, assessed using saging techniques (computed tomography {CT) or magnetic
resonance inaging (MRI), or non-measurable disease that can be followed,

# HERZ-positive tumor defined as either IHC 3+ or IHC 2+ in combination with I5H +, as
assessed by central laboratory on primary or metagtaiie tmor, ISH positivity 1s defined as a ratio of
2.0 for the number of HER2 gene copies to the number of signals for CEP1Y,

e Availability of formalin-fized paraffin-embedded (FFPE) tissue with at least 5 mm of

invasive tumor for central confirmation of HERZ eligibility is mandatory.

@ Bastern Cooperative Oncology Group (ECOG) Performance Statgs of 0 or 1.
® Baseline left ventricular ejection fraction (LVEF) = 55% (measured by echocardiogram

(ECHO) or multiple-gated acquisition (MUGA) scan).

» Life expeciancy of af least 3 months.
® Male or femaie,

® Age = 1¥ years.

& Signed informed consent.
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® For women of childbearing potential and male participants with partners of ¢hildbearing
potential: agreement to use a highly effective non-hormonal form of contraception or two cffective
forms of non-hormonal contraception by the paticnt and/or partner.

3 Contraception use must continue for the duration of study treatment and for at least 6§ months

after the last dose of study medication.

LPatients who meet any of the following criteria are excluded from study eniry,

@ Previous chemotherapy for advanced or metastatic disease, cxcept that prior adjuvant or
neoadjuvant therapy is allowed if at [east 6§ months has elapsed between completion of adjuvant or

neoadjuvant therapy and enrollment in the study,

@ Adjuvant or neoadjuvant therapy with a platin is not allowed,
& Lack of physical integrity of the upper gastrointestinal tract or malabsorption syadrome (e.2.,

patients with partial or fotal gastrectomy can ecnter the study, but not those with a jejunostomy probe).

@ Active (significant or unconfrolled) gastrointestinal bleeding,
o Residual relevant foxicity resulting from previous therapy (e.g., neurological toxicity of

zGrade 22 (NCI CTCAE)), with the exception of alopecia,
@ Other malignancy within the last 5 years, except for carcinoma in it of the cervix, or basal
cell carcinoma.
@ Any of the following abnormal taboratory tests immediately prior to randomization:

Serum total bilirubin =1.5 times the upper limit of normal (ULN) or, for patients with known
Gilberts syadrome, serum total bilirubin > 2 x ULN

For patients with no liver and no bone metastases:
AST or ALT »2.5<ULN, and alkaline phosphatase (ALP) »2.5xULN

In patients with liver mietastases and no bone metastases: AST or ALT »3xULN, and ALP
=2 5% ULN

I patieats with [iver metastases and bone metastases: AST or ALT >5<ULN, and ALP
=1 O=ULN;

i patients with bone metastases and ne liver metastases: AST or ALT >2 5xULN, and ALP
=1O=ULN

Albumin <25 g/L.

Creatinine clearance <60 mi/min

Total white blood cell (WBC) count <2500/ul (<2.5x10°/L)

Absolute newtrophil count (ANC) <1500/uk, (<1.5x10%/L)

Platelets <100,000/pl. (<100x107/1)
@ serious cardiac Ulness or medicel condifions inchuding but not confined to:

history of documented heart failure or sysiolic dysfunction (LVEFE <50%);
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high-risk ancontrolled archythoiasg, such ag atrial tachycardia with a heart rate =3100/min at
rest;

significant ventricular sirhythmia (verdricular tachyeardia) or higher-grade AV block
(second-degree AV block Type 2 (Mobitz 1) or third-degree AV block);

anging pectoris requiring anti-anginal medication;

clinically significant vaivolar heayt disease;

evidence of transmural infarction on ECGy poorly controlled hypertension (¢.g., systolic
blood pressure =180 mmHg or diastole blood pressure =100 smBg)y;

dyspned at rest due to complications of advanced malignuncy or other disease, or requirement
for supportive oxygen therapy;

treatment with chronic or high-dose corticosteroid therapy

inhaled steroids and short courses of oral sieroids for anfi-emesis or as an appetite stunulant
are allowed;

clinically significant hearing abnormality; known dihydropyrimidine dehydrogenase
deficiency,

Kistory or clinical evidence of brain metasiases; serious uncontrolied systemic intercurrent
illness (e.g., infections or poorly contrelled diabetes).
@ Pregnant or lactating
Women of childbearing potential must have a negative serum pregnancy test within 7 days prior to
randomization, irrespective of the method of contraception used.
% Radiothorapy within 4 weels prior to start of study treatment, or within 2 weeks prior to start
of study treatment if palliative radictherapy is given fo bone metasiastic site peripherally snd pationt

recovers from any acute foxicity.

& Major surgery within 4 wesks prior to start of study treatiment, without complete recovery.
@ Konown active infection with HIV, hepatitis B virns, or hepatitis C virus,

® Known hypersenstiivity to any of the study drogs.

@ Tnability 1o comply with follow-up testing or procedures, as determined by the investigator,

Investigational Medical Products: Dose, Route and Regimen

Treatment cycies are 3 weeks in length.
@ Tragiuzumab 1s administered as an intravenous (TV) infusion on Dayv 1 of each cyele until

investigator-assessed disease progression or unmanageable toxicity, at a loading dose of 8 mgikg for

s_?
Cyele 1 and a dose of 6 mg/kg for subsequent cycles

@ Pertuzumab is administered as an IV infusion on Day 1 of cach cyele, Tor a total of ¢ix cvcles
or until investigator asscased disease progression or unmanageable toxicity, whichever ocours fArst, as

follows for each arm:

e
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Arm A: Patients receive Pertuzinnab at a foading dose of 840 mg for Cycle 1 and a dose of 420 mg
for Cyeles 2--6.
Arm B Patients receive Pertuzumab at 840 mg for Cycles 1-6.

Non-Investicational Medical Products

Treatment cycles are 3 weeks in length.

£ Cisplatin 80 mg/m’ is administered as an IV infusion on Day 1 of each cyele, for a total of
six cvcles.

@ Capecitabine 1000 mg/m” is administered orally twice daily, from the evening of Day 1 to
the morning of Day 15 of each cycle, for a total of six cycles. {Capecitabine may be prolonged at the
diseretion of the investigator after careful risk--benefit assessment for individual patients.)

Formulations

Formulaiion of Pertuzumah

Each lot of the recombinant antibodies produced for olinical porposes meets viral safoty
requirements and the United States Pharmaconein and the BEuropean Pharmacopoeia requirements for
sterility. Each lot meets the required specifications for identity, purity, and potency.

Pertuzumab s provided as a single-use formulation containiag 30 mg/ml Portozamab
formulated n 20-mM L-histidine-acetate (pH 6.0), 120-maM sucrose, and 0.02% polysorbate 20.

Each 20-ce vial (14.0 mL solution per vial) containg approximately 420 mg of Periiizumab.

Formadation of Trastuzumals

Investigational Trastuzumab is supplied as 2 freeze-dried preparation at a nominal content of
130 mg per vial m most countries (vial size varies by couniry).
Trastuzumab is formulated in histidine, trehalose, and polysorbate 20, Once reconstituted,

each solution containg 21 mg/ml of active drug at a pH of approxumately 6.0

Assessments

Efficacy
Investigator-assessed tumor response will be used to summarize best overall response at the
end of Cyeles 3 and 6 for each treatment arm, defined as pafients with a compliete or partial response

as determingd by RECIST.
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Safety
oy fatvs ] ; s e e o a dveres pusmta o v iy b t ey b
Safety will be assessed through sumrparies of adverse events, changes in laboratory test
results, and changes in vital signs.

Pharmacokinetics/ Pharmacodvnamics

Minimum (trough) serom concentration () for Pertuzumab at Day 43 will be assessed. In
addition, PK parameters such as CL, Vs, AUC, and half-life will be estimated. The evaluation of
PR parameters from data collected up to Day 43 will enable modeling and stmulation for an

estimated dose that predicts a steady-state trough of 220 pg/ml in 90% of paiients.

Statistical Analvses

Pharmacokinetfic Analvses

Individual and mean gerum Pertuzomab concentration—time data will be tabulated and plotied
by dose tevel. The serum pharmacokinetics of Pertuzumab will be sunymarized by estimating total
expostre {area under the carve (AUQC)), maximuim serum concentration {Cp, ), inimum serum
concentration (Chy). time 10 steady-state Cpe and Ty, total serom clearance, volume of distribution,
and elimination half-life {i¥). Estimates for these parameters will be tabulated and summarized by
descriptive statistics (mean, standard deviation, minimum, and maximum). Depending on the
observed Pertuzuamab serum concentration-time data, a population PE approach may be used to
cetimate the dose that wiil achieve the PK target concentrations.

Cbserved Cope and Cry, for Trastuzumab will be tabulated and sunmmarized by deseriptive
statistics for each specified PR samphing timepoint. For all PK analyses, actual times of sample
collection (rather thap scheduled) will be used.

PR parameters (AUC, Chay, 14) of Pertuzumab will be calculated using non-compartmental
methods, and the systenyic clearance will be derived from the plasma concentrations vie standard
methods.

Analvsis Ponulations

Intent-to-Treat Population
Al randonnized pationts who receive at least one dose of study medication will be included 1n
the intent-to-treat popuiation {patients will be assigned to treatment groups as randomized for
analysis Durposes).
Safetv Population
All patients who received at least one dose of study medication will be included in the safety-
evaluable population (patients will be assigned to treatment groups as treated,)
Sample Size
The parpose of this study is to assess U, for Pertuzumab at Day 43 in patients receiving two

different Perfuziznab dose regimens. These data will then be analyzed using a population PK model

4
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to identify a dose of Portuzumab that will achicve a PK target steady-state trough concentration of 2
20 ng/ml in approxumately 90% of the advanced gaétric cancer pafients. Analyses using the
agsumption that Periuzumab belaves simikarly to Trastezumab m advanced gasiric cancer suggest
that with sample size of 15 patients per arm {total of 30 patients in this study), the dose to achieve the
desired target concentration can be estimated with an acceptable degree of precision {coefficient of

variation < §5%).

Chinical Besults

The clinical results of this phase ila gastric cancer (GC) study are shown in Figures 32-37.

Figare 32 shows the samples taken and fime points.

Figure 33 shows the demographics of the patient population in the two arms of the GO study,
treated with 420 myg (Arm A) or 840 mg (Arm B) of Pertuzumab.

Figare 34 shows the GC history of the patients in Arms A and B, respectively.

Figure 35 shows the patient disposition in Arms A and B, respectively.

Figure 36 shows the Overall Response Rate in Arms A and B, respectively.

Sajety Dala

Diarrhea was the most common event occurring in 80% of subjects and was typically Grade
1 and 2 with onset in Cyele 1; no patient discontinued therapy because of diarrhea,

Grade > 3 adverse events (AFEs) (=13%) included diarrhea, stormatitis, fatigue/asthenia,
decreased appefite, hyponamemia, anemia, and neutepenia, With the exception of neutropenta and
hyponatremia (higher in Arm A) and decreased appetite Chigher in Arm B), incidence of these events
was similar in the standard and high-dose Pestuzumab arms.

Asymptomatic change in ejection fraction (EF), neutropenic fever, rash, and drug
hypersensitivity reaction were not associated with the higher dose of Pertuzumab.

Serious adverse events {SAEs) occurred in 60% of patients, and incidence was not associated
with high-dose Pertuzumab.

Alhough more patients withdrew from treatment in Arm B, i1 18 not clear that this was due to
a higher Pertuzumab dose because cvenis peading to treatment discontinuation were not uniform,

Pharmacokinetic (PK} Resulis

(GO (JOSHUA) versus metastatic breast cancer IMBC) (CLEOPATRA).

Susmary of the resulls

- Pertuzumab trough concentrations are lower in GC compared to MEC.
»  Between cycle concentrations (i.e. day 7, 14) are in-line with expected MBC
cencentrations as clearance is hnear at these higher concentrations.
= Trough levels with the 840/420 mg dose are about 37% lower compared to the
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concentrations (incomplete receptor saturation).
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- 840/840 mg dose in GC provdes trough concentrations similar to 840/420 mg dose in

MBC.
- Covariates have no impact on PK.

Conclusions

Based on Pertuzumab PK in GC, 840/340 mg dose will be used for the treatment of gasiric

i
0

cancer. This dose is expected to maintain trough levels above the target of >20 pg/mi. n 90% of

paticnts, and provides sirnilar trough levels as those observed in MBC.

EXAMELE L

AL

Phase 131 Stody Bvaluathoy Pertuwrpmab in Combination with Trasturumab and

Chemotherapy in Patiends with HERZ-Positive Advanced Gastric Cancer

This is 1 Phase 1, randomized, open-label, multicenter clinical study designed to assess the

sfficacy of Pertuzumab in combination with Trastuzumab and chemotherapy in pafients with fIER2-

sositive locally advanced or metastatic sastric cancer.
k o

Patienis in the freatment arm recetve Trastuzomab, cisplatin, and capecitabine and/or 5-

fluorouracil. In the other arm, patients are given either placebo or Pertuzumab.,

Treatment regimens:

Pertuzumab:

540 mg dose for cycles 1-6.

Trastuzumab

8 mgikg loading dose followed by 6 me/kg 3w
Capecitabine

1000 mg/m” bid d1-14 Q3w x 6

5-Fluorouract]

800 mg/m” day continyous v infusion d1-5 g3w x 6
Cisplatin

800 meg/m” (3w x 6

Primary end point:

Gverall survival (O8)

secondary end poinis:

Progression-free survival (PFS), time to disease progression (TTP), objective response rate

{ORR), Clinical Benefit Rate, Duration of Response, Qol, safety, pain intensity, analgesic
consumption, weight change, pharmacokinetics.

Mail patient selection criteria

Inclusion eviteria:
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& Adenocarcinoma of stomach or GEJ

s Inoperable locally advanced and/or metastatic disease

e Measurable (RECISTY, or non-measurable evaluable discase
e HERZ-positive tumor: HHC 2+ or 3+ and/or ISH+

s Adequate ergan function and ECOG performance status <2

o Written informed consent

Exclusion criterig

e Previous adjuvant chemotherapy within 6 months

e Chemotherapy for advanced discase

2 {Congestive heart failure or baseline LVEF <50%

e Creatinine clearance <6 mi/omn

it is expected that the treatment methods described herein, comprising the administration of

Pertyzumab, Trastyzamab and d}cmoi‘hci‘apy( 5), ¢.g. cisplatin and capeciiebine, will meet the
primary end point (OS). In particular, it is expected that the treatment methods herein will be
therapeutically effective in the gastric cancer patients treated, for example, by extending survival,
including overall survival (OS) and/or progression-iree survival (PFS) and/or time to disease
progression (TTP) and/or objective response rate (ORR) relative 1o treatment with Trastuzomab and

chemaotherapy only.

EXAMPIE S
Resulis of 2 Phase T, Randomized, Double-Bind, Placebo-Controlled Bevistration
"Trial m Lm?u ate the Efficacy and ;t*zﬁtﬁf of Placebo + Trastueumab - Docetayel versus
Perturpmab + Trastozomab + Docetaxel in Patients with Proy mmsﬁv Untreated HERZ-Positive
MWetastatic By aﬁasi{ ancer FCLEGEATRAY

A protocol for evaluating Pertuzumab m HER2-positive metastatic breast cancer is found at
Bttnelipieabirigls nev/etd ahow/NOTEE56TI08 and in US 20090137387 as well as

WO2009/154651,

This example concerus the chinical data obtained in the randomized, double-biind, placebo-
conirolled Phase [1 frial in patients with HERZ-positive MBC, who had not received chemotherapy
ar biologle therapy for their metastatic discase. Patients were randomized 1:1 1o receive placebo pius
Trastizumab plus Docetaxel or Pertuzumab plus Trastuzumab phus Tocetaxel, The primary endpoint
was progression-free survival (PFS), based on tumnor assessments. PFS was defined as the time from
randomization to the first documented radiographic progressive disease (PD) according to response
evaluation criteria 1n solid tumors (RECIST) version 1.0 {Therasse et al, J Nar! Cancer Inst 97:205-
16 (2000)) or death from any cange, il within 18 wecks of the patient’s lagi tumor agsessment.
Secondary endpoints included overall survival (OS), PFS by investigator assessment, objective

response rate (ORR), and safety.
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Patients: Eiigible patients had contrally confirmed HER2-positive {defined as
immunchistochemistry {THC) 3+ and/or fluorescence in sifu hybridization (FISH) amplification ratio
=2.0% (Carlson et al. J Natl Compr Cane Netw 4 Suppl 3:51-22 (2006}, locally recurrent,
unresectable, or metastatic breast cancer, or de novo Stage IV disease. Patients were aged > 18 years,
had a left ventricular gjection fraction (LVEF) of 250% at baseline (detormined by echocardicgram
or multiple gated acquisition), and an Eastern Cooperative Oncology Group por"formance status
(RCOG PS) of 0 or 1. Patients may have received one hormonal treatment for MBC prior o
randomization, or neoadiuvant or adjuvant systemic breast cancer therapy including Trastuzunmab
and/or taxanes, provided that they experienced a disease-free interval of =12 months between
comgletion of necadjuvant or adjevant therapy and diagnosis of melastatic disease. Exclusion criteria
included therapy for MBC (other than described above); central nervous system metastases; history
of exposure to & cumulative dose of doxorubicin >360 mg/m” or its equivalent; history of LVEF
decling to <5(% during or after prior Trastuzomab therapy; current uncontrolied hypertension;
history of impaired cardiac fimetion; impaired bone marrow, renal, or lver function; current known
mfection with HIV, HBV, or HCV; pregnancy; lactation; and refosal to use non-hormonal

confraception.

Procedures: Patients received a loading dose of 8 mg/kg Trastuzamab, followed by a
maintenance dose of 6 mu/kg every 3 weeks until investigator-assessed radiographic or clinical PI,
or unmanageable toxicity, Docetaxel was administered every 3 weeks at a starting dose of 75 mg/m’,

tating to 100 mg/m” il tolerated. Per protocel, the investigator could reduce the dose by 25% to
55 mg/nt’ or 75 mé_/m {if'the patient had been dose escalated) in order to manage tolerability. It was
recommended that patients recerved at least & cycles of Docetaxel, Pertazumab or placebo was given
at a fixed loading dose of 840 mg, followed by 420 mg every 3 weeks gntil investigator-assessed
racliographic or clinical PID, or unmanageable toxicity. In the case of chemotherapy discontinuation
due to cummulative toxicity, antibody therapy was continued uetil PD, unacceptable toxicity, or

withdrawal of consent. All drugs were administered intravenously.

Assessments: PFS was evaluated by standard RECIST-accepted methodology overy 9 weeks
by each center and by the [RF untt! IRF-assessed PO, Assessments of LVEF were performed at
baseline, every 9 weeks during the treatment period, at freatment discontinuation, every 6 months in
the first vear after freatment discontinuation, then annually for up to 3 years in the follow-uy peried.
faboratory parameters and ECOG status were assessed at every cycle. Adverse events (AHs) were
montiored continuously and graded according to NCI-CTCAE version 3.0. All cardiac events and
serious adverse events (SAEs) that were ongoing at the time of treatment discontingation were
fotlowed uniil resolution or stabilization up to 1 year afier the Hnal dose. Cardiac events and

freatment-related SAEs with onset post-treatment
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Study poputation: A total of 80% patients were envolled and randomized to receive placebo
plus Trastuzumab plus Docetaxel (n = 406} or Pertuzumab phus Tragtuzumab phas Docetaxel (n =

402) (Figure 7). Baseline characteristics were similar between treatment arms (Table 1),

Table 1: Baseline Characteristics of the Inteni-to-Treat Population

Placeho + Periwznmab +
Trastuzmmab + Trasturumab +
Doeetazel Doretaxed
{n = 406) (= 402)
sex, n (%)
Female 404 (59.5) 402 (106G.0)
Age, years
Median 540G 54.0
Range 277-89 22-82
Race, n (%)
Asian 33 {32.8) 128 (31.5}
Black 20 (4.9) 10 (2.5
White 235 (57.9) 245 (60.9)
Other® 18 {4.4) 19 (4.7
Rogion, n (%)
Asia 128{31.5) 125 (31.1)
Eurepe 152 (37.4) 154 (38.3)
MNorth America 68 (16.7) 67 {(16.7)
South America S58(14.3) 56 (13.9)
ECOG status, n (%)
0 248 (61.1) 274 (68.2)
1 157 {3K.7) 125031.1)
z 1{0.2) 307N
Prior treatment status, o (%)
De novo MBEC 214(52.7) 218 (54.2)
Prior adpavant or neoadjuvant therapy 192 (47.3) 184 (45.8)
Prior Trastuzomab freatment, n (%) 41 (10.1) A7{11.7)
Prior anthracycline treatment, o (%) 164 (40.4) 15G(37.3
Prior taxane treatment, 1 (%) 94 {23.2) 91 (22.6)
Prior hormone treatment?, n (%) 137 (26.4) {14 (28.4)
Disease type at screening, 1 (%)
Non-visceral 50 (22.2) B8 (21.9)
Visceral 316 (77.8) 314 (78.1)
Hermone recepior status, n (%)
ER and/or PgR pogitive 199 {(49.0) 182 {47.0)
ER and PgR negative 196 (48.3) PAVALYS
Unknown 11427 F{2)
HER? siatus THC, n (%) 405 (100) 401 {100)
(0 and 1+ 25 4(1.0)
2+ 32(7.9) 47 (117
3+ 371 (91.63 350 {87.3)
HERZ status FISH, n (%) 387 (100) 385 (100)
Positive 383 {99.0) 384{99.7)
Negative 4(1.0) (0.3

*Includes American Indian and Alasia MNative
o prior chemotherapy or biological therapy
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7In the neoadjuvant/adjovant or metastatic setting

Progression-firee survival; Trostment with Pertuzumab phus Trastuzumab plus Docetaxel
2 L

significantly improved PFS-IRF, stratified by prior treatment status and region, compared with

R

placebo plus Trastuzumab plus Docetaxel {(HR =0.62; 95% CI14.51 10 0.75; p <0.00081) (Figure 8.
The median PES-IVRE was prolonged by 6.1 months from 12.4 months with placebo plus
Trastuzumab plus Docetaxel to 18.5 months with Pertpzomab plus Trastuzumab plas Docetaxel. The
PES benefit of Pertuzumab plos Trastuzumab plus Docciaxe! treatment was observed across all

predefined subgroups (Figure 93,

10 Assessment of PFS by investigators closely watched PES-IRF. Median PFS assessed by
investigators was 12.4 months with placebo plus Trastuzumab plus Docetaxel and 18,5 months with

Pertuzumab plus Trastuzumab plus Docetaxel (HR = 0.65; $5% C10.54 to 0.78; p <0.0001).

ey secondary efficacy endpednis: The interim analysis of O8 took place when 43% of

ovents (n = 165) that are pianned for final 08 anaiysis had occurred. More deaths cecurred in the
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Trastuzumab plus Docetaxel arm (n=69; 17.2%) (}“isjmc 10}, The HE (0.64; 93% C10.47 10 0.88; »
= 0.0053) for O5 did not meet the O Brien-Fleming siopping boundary of the Lan-DeMets -
spending function for this nterum analysis of survival (HR <0.603, p <0.0012), aind therefore, was not
statistically significant. However, the data showed a strong trend suggestive of a survival benefit i

20 favor of Pertuzumab plus Trastuzumab plus Docetaxel At the time of data cut-off, patients in both
treatments arms had been followed for OF for a median of 19.3 months (Kaplan-Meier estimate).
The ORR was 69.3% and 80.2% in the placebo plus Trastuzumab pios Docetaxel arm and
Pertuzumab plus Trastuzumab plus Docetaxel arm, respectively The difference in response rates

between treatment arms was 10.8% (95% C1 4.2 10 17.5; p =0.0011) (Table 2.

25 Table 2: Overall Besponse Rate

Placebo + Pertmeumab +
Trastuzamab + Trasturamaly +
Doceianel Digeetaxel

Patients with IRF-assessed meagsurable discase 336 (100) 343 (10

at bascline, n (%)

Objective response rate 233 (69.3) 275 (80.2)
Complete response rate 14 (4.2) 19 (5.5}
Partial responsce rate 219 (6‘3 2) 256 (74.6)

Stable disease 70 (26.8) 50 (14.6)

Progressive disease 28 (6,3) 1338

Unable to assess 2 (0.6} 2 (0.6)

Mo response assessment 3(0.9) 3(0.9)

IRE independent review facility

Treatment exposure: The median gumber of cycles administered per patient was 15 and 18
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with median time on freatment estimated to be 11.8 and 18.1 months for placebo plus Trastuzumab
nlus Docetaxel and for Pertuzumab plus Tragtuzumab plus Docetaxel, respectively. Dose reductions
were nol permitted for placebo, Pertuzumab, or Trastuzumab. Patients received a median of eight
cyeles of Docetaxel in each arm. Based on the safety population, 61 (15.4%) patients in the placebo
plus Trastuzumeb plus Docetaxel arm received Docetaxel dose escalation to 100 mg/m’ at any cyele
compared with 48 (11.8%) patients in the Pertuzumab plus Trastuzumab plus Docetaxel arm. The
median Docetaxel dose intensity was 24.8 mg/m*/week in the placebo plus Trastuzumab plus
Docetaxel arm and 24.6 mg/m’/week in the Pertuzomab phus Trastuzumab pius Docetaxel arm,

Reasons for permanent discontinuation of all study treatment are presented in Figure 7.

Tolerability and cavdiae safety: The AE profile during the treatment period was generally
balanced between treaiment arms (Table 3}, The incidence of the following AEs (all grades) was
=5% higher with Pertuzumab plus Trastuzimab plos Docetaxel: diarrhes, rash, mucosal
inflammmation, febrile neutropenia, and dry skin.

Table 3: Adverse Events {AH Grades) with >25% Incidence in Either Arm or 25% Difference
Between Arms and Grade >3 Adverge Events with 22% Incldence in the Safety Pepulation

Flacebo + Pertpumal +
Trastuzumab + Trasiuznmab +

Docetaxel Docetaxel

(n=397) {n=407)
Miost common AEs (all gradeg), n (%)
Diamhea 184 (46.3) 272 {66.8)
Alopecia 240 (60.5) 245 (60.9)
Mentropenia 197 {49.5) 215(52.8)
Naugea 165 (41.6) 172 (42.3)
Fatigue 146 (36.8) 153 (37.6)
Rash 96 (24.2) 137 (33.7)
Decreased appetite 105 (26.4) 119 (29.2)
Mucosal inflammation 79 (19.9) 113 (27.8)
Asthenia 120 (30.2) 106 (26.0)
FEdema peripheral 119 (20.0) 94 {23.1)
Constipation D49 (24.9) 61{15.0)
Febrile nouiropenia 3G4{7.6) 56 (13.8)
Dry skin 17 {4.3) 43 (10.6)
Crade =3 AEs with an incidence rate 2%, n (%)
Meutropenia 182 {45.8) 199 {48.9)
Febrile noutrepenia 3G (7.6) 56 {13.8)
Leukopema 58 (14.6) 30(12.3)
Driarrhea 20{(5.0) 32 {7.9
MNeuropathy peripheral 7{1.8) 1127
Anemia 14 (3.5) 10 (2.5}
Asthenta 6 (1.5) 10 (2.5
Fatigue 13(3.3) 9(2.2)
Granulocytopenia 5 (2.3} 6 (1.5)
fefi ventricular systokic dysfunction 11(2.8) 5(12)
Divapnea 8{2.0) 441.0)

AE, adverse event
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The incidence of the following grade =3 AEs was 2% higher with Pertuzumab plus
Trastuzumab plus Docetaxel: neutropenia, febrile neutropenia, and diarrhea (Table 3). The incidence
of grade =3 febrile neutropenia in patients from Asia wag 12% in the placebo plus Trastuzumab plus
Docetaxel arm and 26% i the Pertuzumab plus Trastuzumab plus Docetaxel arm; in all other

geographical regions the incidence was <10% in both arms.

LVED (all grades) was reported more Tequently in the placebo plus Trastuzumab plos
Docetaxel arm compared with the Perturumab plus Trastuzamab plus Docetaxel arm (8.3% and
4,49, respectively). Grade =3 LVSD was reported in 2.8% of patients receiving placebo phus
Trastuzumab plus Docetaxel and in 1.2% of ;_"Ja,ﬁents rc:cciving Perinzumab ;1')1215 Trastuzumab plus
points from baseline to <50% at any stage during treatment were mpozu,d i 6.6% and 3.8% of
patients w the placebo plas Trastuzumab plus Docetaxel arnr and Pertozumab plus Trastuzomab plus

Docetaxel arm, respectively.

In the safety population, the majority of deaths in both treatment arms were attributed to PD
(81 (20.4%) in the placebo arm, 57 (14.0%) in the Pertuzumab arm). Deaths due 1o causes other than
PD were generally balanced and a similar number of patients died due to AlZs {10 {2.5%) in the
placebo arm, & (2.0%) in the Pertuzumab arm), with infections being the most common cause of

death due to an AR
DISCUSSION

These data show that the combination of the anti-HER2 monocional antibodies Pertuzumab
and Tragtuzomab with Docetaxel prolongs PFS in pationts with HER2-positive MBC in the fivst-line
seiting. Treatment with Pertuzumab plas Trastuzumab plus Docetaxel exceeded expectations by
resuiting in a statistically significant reduction in PFS rigk (HR = (0.62) and an improvement in
median PTS of 6.1 monihs.

The combination was well folerated and Pertuzumab did not increase rates of symptomatic or
asymptomatic cardiac dysfunction. Before the data herein, it was expecied that treatment with two
HER2 antibodies would exacerbate cardiac toxicity. However, these dala show this was not the case
based on the tests herein for evaluating cardiae foxicity: incidence of symptomatic left ventricular
systolic dysfonction (LVED) including congestive heart failure (CHIE), decrease in left ventricular

ciection fraction (LVEE).

Pertuzumab-related AEs, including skin rash, mucosal inflammation, and dry skin, were
mostly mild. There was an increased rate of grade >3 diarrhea and febrile nentropenia with
Pertuzumab plus Trastuzumab plus Docetaxel treatment. The control arm in CLEQOPATRA had a
simmilar PES to previous randomized studies that showed that the combimation of Trastuziimab and

Docetaxel in HER2-positive MBC had a median PES of 11.7 months Marty et al. .J Clin Oncol
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23:4265-74 (2005
Without being bound by any one theory, these data indicate that fargeting HERZ-positive

tumors with two anti-HER2 monoclonal antibodies with complementary mechanisms of action
results in & more comprehensive blockade of HERZ and highlight the clinical importance of

5 preventing the Higand-dependent formation HER2 dimers to optimally silence HER2 signaling. This
study has shown that combined HER?2 blockade with Trastuzumab and Pertuzumab improves the
outcome of patients with advanced HER2-positive disease in the first-line setting. These data are
significant in that they support the first approved use of a HER2 dimerizetion mbibitor for therapy of

HER2-posifive cancer patients.

10 Axrticle of M a;mms:mr 3.’(1&31}1 ing Perinsumal

The phase Il clinical data in Example 3 were used m the development of an articie of
manuiacture comprising & vial {e.g. single-dose vial} with Pertuzunab therein and a package insent
providing information about the safety and/or efficacy thereof, as well as a method of making an
article of manufacture comprising packaging together Pertuzumab in a vial (e.g. single-dose vial) and

15 apackage insert with prescribing information regarding Pertozumab on a package msert as herom
below.

Pertuzumab is a sterile, clear to slightly opalescent, colorless to pale yellow liquid for TV
infusion, Each single use vial contains 420 mg of Pertuzamab at a concentration of 3¢ mg/ml in 20
mM L-histidine acetate {pH 6.0), 120 mM suecrese and 0.02% polysorbate 20.

20 Pertuzomab s supplied in a single-dose vial containing preservative free liquid concentrate,
at a concentration of 30 mg/mb ready for infusion. Bach vial of Partuzumab drig product containg a
total of 420 mg Pertuzumab. Store vials in a refiigerator at 2°C {0 8°C (36°F 10 46°F) until time of
use. Keep vial in the outer carton in order to protect from Lght,

FOLL PRESCRIBING INFORMATION

WARMING: EMBRYO-IETAL TOXICITY

Kxposure to PERTUZUMAR can resnlt in exobryo-fetal death and bivth defects
Studies in animals have resulied in oligohydramuios, delayed venal development, and death,

Advise patients of these rigks and the need for effective contraception. (8.1, 8.1, 8.6)

o)
h

1 IMDICATIONS AND USAGE

Pertuzamab i indicated for use in combination with Trasturumab and docetexel for the
treatment of patients with HER2-positive metasfatic breast cancer who have not received prior anti-
HERZ therapy or chemotherapy for metastatic discase.
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2 DOSAGE AND ADMINISTRATION
2.3 Recommended Doses and Schedules

The initial dose of Pertuzumab is 540 mg administered as a 60-minute intravenous infugion,
followed every 3 weeks thereafter by a dose of 420 mg administered as an intravenous infusion over
5 30 to 60 rminutes, When admuinistered with Perjuzumab, the recommended initial dose of
Trastuzumab is 8§ mg/kg administered ag a 90-minate intravenous infusion, followed every 3 weeks
thereafter by a dese of 6 mg/kg administered as an intravenous infosion over 30 to 90 minutes. When
administered with Pertuzumab, the recommended mitial dose of docetaxel is 75 mg/m2 administered
as an infravenous nfusion. The dose may be escalated to 100 mg/r2 administered every 3 weeks if

10 the nital dose 1 well toferated,

2.2 Doze Modilieation

For delayved or missed doses, if the time between two scquential infosions 15 less than
6 weeks, the 420 myg dose of Pertuzumab should be administered. Do not wait until the next planned
dose. If the time between two seguential infusions is 6 weeks or more, the initial dose of 840 mg

Pertuzumeb should be re-administered as a 60-minute intraverous nfosion followed avery 3 weeks

,.m
L

thereafter by a dose of 420 mg adnmnistered as an mtravenous infusion over 30 to 60 minutes. The
infusion rate of Perfuzumab may be slowed or inferrupted if the patient develops an
infusion-associated reaction. The mfusion should be discontinued immediately if the patient

experiences a serious hypersensitivity reaction [see Warnings and Precautions (5.2)].

20 Left Veniricular Eiection Fraction (LVEF):

Withhold Perruzumab and Trastuzumab dosing for at least 3 weeks for either:

e adrop in LVEF to less than 40% or
@ LVEF of 40% to 45% with a 10% or greater absolute decrease below pretreatmnent values

[see Warnings and Precautions (5.2)]

-]
LA

Pertozomab may be resummed if the LVEF has recovered to greater than 45% or to

40% to 45% associated with less than a 10% absoluie decrease below pretreatment values,

It after a repeat assessment within approximately 3 weeks, the DVEF has not improved, or
has declined further, discontinuation of Pertuzumab and Trastuzumab should be strongly
30 considered, unless the benefits for the individual patient are deemed to outweigh the risks [see
Warnings and Precautions (5.2}, Pertuzumab should be withheld or discontinued if Trastuzumab

treatment 1s withheld or discontinued. If docetaxel is discontinued, treatment with Pertuzumab

A
¥ N



25

30

W 2 3/055874 POTHBZH12/059683

and Trasiuzumab may continue. Dose reductions are not recommended for Pertuzumak, For

docetaxel dose moedifications, see docetaxel prescribing information.

2.3 Preparation for Administration

Administer as an intravenous infusion only. Do not administer as an infravenous push or

bolus. Do not mix Pertuzumab with other drugs.

Preparation: Prepare the solution for infusion, using aseptic technique, as follows:

»  Parenteral drog products should be tnspected visually for particulates and discoloration
prior to administration.

w  Withdraw the appropriate volume of Pertuzamab solution from the vial{s).

s Dilute into a 250 mL 0.9% sodivm chloride PVC or non-PVC polyolefin infusion bag,

= Mix difuted solution by gentle inversion. Do not shake.

@ Administer immediately once preparcd.

& [fthe diluted infusion solution is not used immediately, it can be stored at 2oC to BoC for
up to 24 hours.

¢ Dilute with 0.9% Sodium Chloride injection only. Do not use dexiross (5%) solution.

3 Dosage Forms and Strengths

Pertuzumab 420 mg/14 wd. (30 mg/ml) in a single-use vial

4 Contraindications

None

5 Warnings and Precautions
o

&1 Embryo-Fetal Toxicity

Pertuzuinab can cauge fetal harm when administered to a pregnant woman. Treatment of
pregnant cypomoelgus monkeys with Pertuzumab resulted i oligohydramnios, delayed fetal kidney
development, and embryo-fetal death, [f Pertuzurmab is administered during pregnancy, or if the
patient becomes nregnant while receiving this drug, the patient should be apprised of the potential
hazard to a fetas [see Use in Specific Populations (8.1)]. Verify pregnancy status prior to the
mthiation of Pertuzumab, Advise patients of the risks of embryo-fotal death and birth defects and the
need for contraception during and after treatment. Advise patients to contact their healtheare
provider fmmediately if they suspect they may be pregnant. Tf Pertuzumad is administered during
pregnancy or if & patient becomes pregnant while recetving Pertuzumab, immediately report exposure
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to the Genenicch Adverse Event Line at 1-888-835-2555. Encourage women who may be exposed
during pregnancy to emroll in the MotHER Pregnancy Registry by contacting 1-800-690-6720 [see

Patient Counseling Information (17)]. Monitor patients who become pregnant during Pertuzamab

therapy for ohigohydrammnios. If oligohydramnios occurs, perform fetal testing that is appropriate for

gestational age and consistent with community standards of care. The efficacy of Intravenous

hydration in the management of oligohydramnios due to Pertuzumab exposure s not known.,

5.2 Left YVeatricelar Dvsfonction

Decreases in LVEF have been reported with drups that block FIERZ activity, including
Pertuzumab, In the vandonzed trial, Pertuzomab i combination with Trastuzumab and docetaxel
wag not associated with mereases n the incidence of symptomatic left venmricular systolic
dysfunction (LVSD} or decreases in LVETF compared with placebo in combination with Trastuzumab
and docetaxel fsee Clinical Studies (14.1)]. Lett ventricular dysfunction occurred in 4.4% of patients
in the Pertuzumab-treated group and 8.3% of patients in the placebo-treated group. Symptomatic left
veniricular systolic dysfunction {congestive heart failure) occured in 1.0% of patients in the
Pertuzumab-treated group and 1.8% of patients in the placeho-treated group fsee Adverse Reactions
(6.1}]. Patients who have received prior anthracyciimes or prior radiotherapy fo the chest area may be
at higher risk of decreased LVEF. Pertuzumab has not been studied in patients with a pretreatment
LVEF value of < 50%, a prior history of CHF, decreases in LVEF to < 50% during prior
Trastuzammab therapy, or conditions that could impair left ventricular function such as uncontrolled
hypertension, recent myocardial infasction, sedous cardiac arrhythimia requiring treatment or a
cumulative prior anthracycline exposure to > 360 mg/m” of doxorubicin o ifs cquivalent. Assess
LYVEF prior to initiation of Perfuzumab and at regular intervals {e.g., every three months) during
treatment to ensure that LVEF {5 within the institution’s normal bmdis. ITLVEF i3 < 40%, or is
40% 1o 45% with a 10% or greater absolhute decrease below the pretreatment value, withhold
Pertuzumab and Trastuzomab and repeat LV ED assossment within approximately 3 weeks.
Biscontinue Pertuzumab and Trastuzomab if the LVEF hag not improved or has declingd further,
unless the benefits for the individual patient outweigh the risks fsee Dosage and Administration

(2.2)].

5.3 Infusion-Associated Reactions, Hypersensitivity Reactions/Ananhylaxis

Pertuzumab has been assoclated with infusion and hypersensitivity reactions [vee dAdverse
Reactions (6.1)]. Aninfusion reaction was defined in the randomized trial as any event described as
hypersensitivity, anaphylactic reaction, acute infusion reaction or cvtokine release syndrome

occurring during an infiasion or on the same day as the infusion. The initial dose of Pertuzumab was

[
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given the day before Trastuzumab and docetaxel to aliow for the examination of Pertuzumab-
associated reactions. On the first day, when only Pertuzumab was adninistered, the overall
frequency of infusion reactions was 13.0% in the Perfuzumab-treated group and 9.8% in the placebo-
treated group. Less than 1% were grade 3 or 4. The most common infusion reactions (= 1.0%) were
pyrexia, chills, futigue, headache, asthenia, hypersensitivity, and vomiting. During the second cvele
when ail drugs were administered on the same day, the most common infusion reactions in the
Pertuzumnab-freated group (2 1.09%) were fatigue, dysgeusia, hiypersensitivity, myalgia, and vomiting.
In the randomized trial, the overall frequency of hypersensitivity/anaphylaxis reactions was 10.8% in
the Pertuzumab-treated group and 9.1% in the placebo-treated group. The incidence of Grade 3 — 4
hypersensitivity/apaphylaxis reactions was 2% in the Pertuzumab-treated group and 2.5% in the
placebo-ticated group accowding to National Cancer Instituie - Common Temminology Criteria for
Adverse Events (NCI - CTCAE) (version 3). Overall, 4 patients in Pertuzumab-treated group and

2 patients in the placebo-treated group experienced anaphvlaxis. Gbserve patients closely for

60 mimntes afrer the first imfusion and for 30 minutes after subscquent infusions of Perfuzamab. Ifa
significant infusion-associated reaction ocours, slow or interrupt the infusion and adminigter
appropriate medical therapies, Momtor patients carefully until complete resolution of signs and
symptoms. Consider permanent discontinuation in patients with severe infusion reactions /see

Dosage and Administration (2.2)].

%21

4 HERL Testing

Dietection of HERZ protein overexpression is necessary for selection of patients appropriste
for Pertuzamab therapy because these are the only patients studied and for whom benefit has been
shown fsee Indications and Usage (1) and Clinical Studies (14)]. Tn the randomized trial, patients
with breast cancer were required to have evidence of HER2 overexpression defined ag 3+ THC by
Dako HERCEPTEST® or FISH amplification ratio = 2.0 by Dako HER2 FiSH PHARMDX™ test
kit. Only Hmited data were available for patients whose breast cancer was positive by FISH, but did
not demonstrate protein overexpression by HC, /\S‘;U\%iﬂt!ﬂ of HERZ2 status should be performed by
laboratories with demongtrated proficiency in the spectfic technology being utilized. lmproper assay
performance, including use of sub-optimally fixed tissue, failure to vtilize specified reagents,
deviation from specific assay instructions, and failure 1o nclude appropriate controls for assay

validation, can lead fo vnreliable results.
-l

H Adverse Reactions

The following adverse reaciions are discussed in greater detail in other sections of the label:
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e Embryo-Fetal Toxicity [see Warnings and Precaulions (5.1)]

s Left Ventricndar Dysfunction [see Warnings and Precautions (3.2)]

o  Infusion-Associated Reactions, Hypersensitivity Reactions/Anaphyiaxis [see Warnings and
Precautions (5.3)]

5 8.1 Clinical Trials Faperience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates
observed m the clinical trals of a drug cannot be directly compared to rates in the clinical trials of
another drug and may not reflect the rates observed in chinical practice. In clinical trials, Pertuzumah
has been evaluated in more than 1460 patients with various malignancies and treatment with

1) Pertuzumab was predominanily in combination with other anti-neoplastic agents.

The adverse reactions described in Table 4 were identified in 804 paticnts with HER2-
positive metastatic breast cancer treated in the randomized frial. Patients were randomized to receive
either Pertuzumab in combination with Trastuzumab and docetaxel or placebo in combination with
Trastuzumab and docetaxel. The median duration of study treatment was 18,1 months for patients in

15 the Pertuzumab-treated group and 11.8 months for patients in the placebo-treated group. No dose
adiustment was permitted for Pertuzamaly or Trastuzuamab, The rates of adverse events resulting in
permanent discontinuation of all study therapy were 6.1% for patients in the Pertuzumab-treated
group and 5.3% for patients in the placebo-treated group. Adverse events led to discontinuation of
docetaxel alone in 23.6% of patients In the Pertuzomab-treated group and 23.2% of patients in the

20 placebo-treated group. Table 4 reports the adverse reactions that ocourred tn at least 10% of patients
in the Pertuzomab-ireated group. The most common adverse reactions &> 30%) seen with Perfuzumab
in combination with Trastuzumab and decetaxel were diarchea, alopecia, neuiropenia, nagses,
fatigue, rash, and peripheral neuropathy.

The rmost common NCI - CTCATE (version 33 Grade 3 — 4 adverse reactions (> 2%) were

25 neutropenia, febrile neutropenia, leukopenia, diarrhea, peripheral neuropathy, ancmia, agthenia, and
fatigue. Anincreased incidence of febrile neutropenia was observed for Asian patients in both
treatment arms compared with patients of other races and from other geographic regions. Among
Asian paticnts, the incidence of febrile novtropenia wag higher in the Pertuzumab-freated group

{26%) compared with the placebo-treated groun (1290,
. ! | group {
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Table 4: Summary of Adverse Reactions Oceeurring in > 10% of Patients on the
Pertuzamab Treatment Arm in the Randomized Trial

Body System/Adverse Pertuzumab Placebo
Reactions + Trastuznmab + Trastuzumab
+ docetaxel + docetayed
n==d {37 n=397
Freguency rate % Breguency rate %
Al Grades Al Grades
{rrades -4 Grades 34
‘VO ‘J/O G/l"} e ¥

General disorders and

administration site conditions

Fatigue 37.6 2.2 36.8 3.3

Agthenia 26.0 25 302 1.5

Fdema peripheral 231 0.5 30.0 (0.8

Mucosal mflammation 278 1.5 19 5 1.0

Pyrexia 187 1.2 179 0.5

Skin and suboataneous tissue

dlsorders

Alopecia 6.9 0.4 60.5 0.3

Rash 337 0.7 242 0.8

Nail disorder 229 1.2 226 03 |

Pruritus 4.0 0.0 10.1 0.0

Dy skin 10.6 0.0 43 0.0

Crastrointestingl disnrders

Diarrhea 668 7.9 46.3 5.0

Nausea 423 P2 a1.6 0.5

Vomiting 24.1 1.5 239 15

Comnslipation 150 0.6 245 1.0

Stomatitis 89 0.5 154 3.3

Blood and lymphatic system

fisorders

Neutropenia 52,8 485 49.6 458

Aneimnia 231 2.5 189 3.5

Leukopenia 182 12.3 20.4 4.6

Febrile neotropema™® i3.8 13.0 7.6 7.3

Bervous system disorders

Neuropathy peripheral 32.4 32 33.8 2.4

Headache 260.9 1.2 169 (.5

Drysgeusia 18.4 0.0 15.6 0.0
 Dnzziness 12.5 .5 12.1 00

Musenlosleeletal and

connective fissue disorders

Myalgia 225 1.0 239 0.8

Arthralga 13.5 0.2 16.1 0.8

Imfections and infestations

Upper respiratory tract mfection 16.7 0.7 134 .0
{ Nasopharyngitis 11.3 0.0 12.8 0.3

Respiratory, thoracic and

mediasting] dissrders

Trysprea 140 | 1.0 is6 | 20

Mptabholism and nutrition

disorders

Deercased appetite 292 | 1.7 264 1.5

Eye disorders §
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Lacrimation increased 140 100 139 | 00 ]
Peyehiatric disordery
Tnsomnia 133 | 00 134 |00

* In this table this denotes an adverse reaction that has been reported in association with a fatal
oulcome

The foliowing clinically reievant adverse reactions were reported in < 10% of patisnts

in the Pertonumab-treated group:

shin and subcufaneous tissue disorders: Paronyehia (7.1% in the Pertuzumab-treated group vs.

5

3.5% in the placebo-treated groupl; Respiratory, thoracic and mediastinal disgrders: Pleural
effusion {5.2% In the Pertuzumab-treated group vs. 5.8% n the placebo-troated group); Cardiac

isorders: Left veniricular dysfunction (4.4% 1 the Pertuzummab-treated group vs, 8.3% in the

Eadde

placebo-treated group) including symptomatic left ventricular systolic dysfunction (CHF) (1.0% in

the Pertuzumnab-treated group vs. 1.8% in the placebo-treated group); Immune system dissrders

2

Hypersensifivity {10, 1% in the Pertuzumab-treated group vs. 8.6% in placebo-treated group).
Adverse Reactions Reported in Paticnts Receiving Pertuzumab and Trastuzamab after

Jiseontinoation of Docetay

In the randomized trial, adverse reactions were reported less frequently after discontinuation
of docetaxel treatment. All adverse reactions in the Pertuzumab and Trastuzumab treatment group
occurred in < 10% of patients with the exception of diarrhea (19.19%), upper respiratory tract

infection (12.8%), rash (11.7%), headache (11.49%), and fatigue (1 1.1%).

6.2 Tmmunogenicity

é’\

As with all therapeutic proteins, there is the potential for an immune response to Pertuzumab,
Patients m the randomized trial were tested af multiple fime-poinis for antibodies to Pertuzumab.
Approximately 2.8% (11/386) of patients in the Pertuzumab-treated group and 6.2% (23/372) of
patiends i the placebo-treated group fested positive for anti-Pertuzomab antibodies. Of these
34 patients, none experienced anaphylactic/hypersensitivity reactions that were clearly related 1o the
anti-therapeutic antibodies (ATA), The presence of Perfuzumab in patient serum at the levels
expected at the time of ATA sampling can interfore with the ability of this assay 1o detect anti-
Pertuzpmab antibodics. In addition, the assay may be detecting antibodies to Trastuzumab, As

-esull, data may not accurately reflect the true incidence of anti-Pertuzomab antibody development.
fmumunogenicity data are highly dependent on the sensitivity and specificity of the test methods used.
Additionally, the observed incidence of a positive result in a test method may be mfluenced by

several factors, ncluding sample handling, Himing of sample collection, drug interference,

59



30

W Z013/055874 POTIUSZHLIZ/059683

concomitant medication, and the underlying disease. Vor these reasons, comparison of the incidence

of antibodies to Pertuzumab with the ncidence of antibodies to other producis may be misleading.

7 Drug Interactions

No drug-drug interactions were observed between Pertuzumab and Trastuzumab, or between

Pertuzomab and docetaxel,

8 Use in Specille Populations
8.1 Pregnancy

Pregnancy Category D

There are no adequate and well-controlied stadies of Pertuzumaby in pregnant women, Based
on findings in animal studies, Pertuzamab can cause fetal harm when administered to a pregnant
woman, The effects of Pertuzomab are likely to be present during all trimesters of pregnancy.
Pertuzumaby administered to pregnant cynomolgus monkeys resulted in oligohydramnios, delayed
fetal kidoey development, and embryo-fetal deaths at clinieally relevant exposures of 2.5 o0 20-fold
greater than the recommended human dose, based on Coe 1T Pertazumab is admmisterad during
pregnancy, or i a patient becomes pregnant while receiving Pertuzumab, the patient should be
apprised of the potential hazard to the fetus. If Pertuzumab is administered during pregnancy or if a
paticnt becomes pregnant while receiving Pertuzumab, immediately report exposure to the Genentech
Adverse Fvent Line at 1-888-835-2555, Encourage women who may be exposad during pregnancy

to enroll in the MotHER Prognancy Registry by contacting 1-800-690-6720 [see Patient Counseling

Information (17)].

Animal Data

Reproductive toxicology studies have been conducted 1n cynomolgus monkeys. Pregnant
monkeys were treated on Gestational Day (GD)Y19 with loading doses of 30 1o 150 mg/kg
Pertuzumab, followed by bi-weekly doses of 10 1o 100 mg/ke. These dose levels resulted n
climtcally relevant exposures of 2.5 to 20-fold greater than the recommended human dose, based on
Crax. Intravenous adosnistration of Pertuzamab from G119 through GOS0 (peried of
organogenesis) was embryotoxic, with dose-dependent increases in embryo-fetal death between
G025 10 GDT70. The incidences of embryo-fetal foss were 33, 50, and 85% for dams treated with
bi-weekly Pertuzumal: doses of 10, 30, and 100 mg/kg, respectively (2.5 to 20-fold greater than the
recommended human dose, based on C,,). At Caesarean section on GD100, ohigohydrammios,
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decreased relative lung and kidney weights and microscopic evidence of renal hypoplasia consistent
with delayed renal development were identified in all Pertuzumab dose groups. Pertuzuamab
exposure was reported in offspring from all treated groups, at levels of 29% to 40% of matornal

serum [ovels at GD10G.
8.3 Mursing Mothers

It is not known whether Pertuzumab is excroted in human milk, but human igG is excreted in
human milk. Because many drugs are secreted in human milk and because of the potential for
sericus adverse reactions in nursing infants from Pertuzumab, a decision should be made whether to
discontinue norsing, or discontinue drug, taking into account the elimination half-life of Pertuzumab
and the imporiance of the dg to the mother [See Warnings and Precautions (5.1), Clinical

FPharmacology (12.3)].
#.4 Pediatric Use

The safety and effectiveness of Pestuzumab have not been established in pediatric patients,
8.5 Geriatric Use

OFf 407 patients who received Pertuzumab in the randomized trial, 60 patients {13%) were
= 65 yeuars of age and 5 patients (1%0) were = 75 years of age. No overalf differences in etficacy and
safety of Pertuzumab were observed between these patients and younger patients. Based ona
population pharmacokinetic analysis, no significant difference was observed in the phanmacokinetics

of Pertuzumab between patients < 65 years (n=300) and patients = 65 years {(n=175),
8.6 Temales of Heproductive Potential

Pertuzumab can cause embryo-fetal harm when administered during pregnancy. Counsel
patients regarding pregnancy prevention and planning. Advise females of reproductive potential to
use effective contraception while receiving Pertuzumab and for 6 months following the last dose of
Pertuzumab. If Pertuzumab is administered during pregnancy or it a patient becomes pregnant while
receiving Pertuzumab, romediately report exposure to the Genentech Adverse Bvent Line at
1-888-835-2555. Encourage women who nxay be exposed during pregnancy to enroll in the MotHER

Pregnancy Registry by contacting 1-800-650-6720 [see Patient Counseling Information (17)].
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8.7 Renal Impairment

Dose adjustments of Pertuzumab are not needed in patients with mild (creatinine clearance
[CLler] 60 to 90 mL/min) or moderate (CLer 30 to 60 mL/mir) renal impairment. No dose
adjustment can be recommended for patients with severe renal fropairment {CLer less than
30 ml/min} because of the limited pharmacokinetic data available fsee Clinical Pharmacology

(12.3)].
8.8 Hepatic impairment

Mo clinical studies have been conducted to evaluaie the effect of hepatic fmpairment on the

pharmacokinetics of Pertuzumab.

18 OYERDOEAGE

No drg overdoses have been reported with Pertuzumab to date.
il Drescription

Pertozumeab 1s a recombinant humanized moneclonal antibody that targets the extracelinlar
dimerization domain (Subdomain 1) of the human epidermal growth factor receptor 2 protein
(HERZ2). Pertyzumab is produced by recombinant DNA technology in a mamunalian cell (Chinese
Hamster Ovary) culture containing the antibiotic, gentamicin, Gentamicin is not deteciable in the
final product. Pertuzinmab has an approximate molecular weight of 148 kiDa, Pertuzumab is a sterile,
clear to slightly opalescent, colorless to pale brown liquid for intravenous infusion. Each single use
viai contams 420 mg of Pertuzumab at a concentration of 30 mg/mi. in 20 mM L-histidine acetaie

(pF 6.0}, 120 mM sucrose and 3.02% polysorbate 20.
12 Clinicai Pharmacoiogy
12.1 Mechanism of Action

Pertuzumalb targets the extraccllular dimerization domain (Subdomain 1) of the human
gpadermal growth factor receptor 2 protein (HERZ2) and, thereby, blocks ligand-denendent
hetercdimerization of HERZ with other HER family members, including EGFR, HER3 and HER4
As aresult, Pertuzumab inhibits ligand-initiated intracellular signaling ‘ihrough two maior signal
pathways, mitogen-activated protein (MAP) kinase and phosphoinositide 3-kinase (PI3K). Inhibition

of these signaling pathways can result in cell growth arrest and apoptosis, respectively. In addition,
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Pertuziumab mediates antibody-dependent cell-mediated cytotoxicity (ADCC). While Pertuzomab
alone inhibited the proliferation of human tumor cells, the combination of Pertuzimab and

Trastuzumab significantly augmented anti-tumor activity in HER2-overexpressing xenograft models.
122 Pharmacokinetics

Pertuzumab demonstrated ingar pharmacokinetics at a dose range of 2 — 25 mg/ks. Based
on a population PK analysis that included 481 patients, the median cleavance (CL) of Pertuzomab
was (.24 Lday and the median half-life was 18 days. With an initial dose of 840 mg followed by a

maintenance dose of 420 mg every three weeks thereafter, the steadv-staie conceniration of

Pertuzumab was reached after the first maintenance dose. The population PK analysis suggested no

P differences based on age, gender, and ethniciiy (Japanese vs. non-Japanese). Baseline serum
albumin level and lean body weight as covariates only exerted a minor influence on PK parameters.
Therefore, no dose adjustments based on body weight or baseline albumin level are needed. No drug-
drug interactions were observed between Pertuzumab and Trastuzumab, or between Pertuzumab and
docetaxel in a sub-study of 37 patients in the randomized trial. No dedicated renal impairment trial
for Pertuzumab has been conducted. Based on the results of the population pharmacokinetic analysis,
Pertuzumab exposure in patients with mild (CLer 60 to 90 mL/min, n=200) and moderate renal
mmpairment (Cler 30 to 60 wl/min, n=71) were similar to those in patients with normal renal
function {CLer greater than 90 mL/min, n=200). No relationship between CLer and Pertuzumab

exposurs was observed over the range of observed CLer (27 to 244 mi/min).
§2.3  Cardiac Blectrophysiology

The effect of Pertuzumab with 2n initial dose of 840 mg followed by a maintenance dose of
420 mg every three weeks on QTc interval was cvaluated in a sabgroup of 20 patients with HER2-
positive breast cancer in the randomized trial. Mo large changes in the mean QT tnterval (i.e., greater

than 20 1) from placebo based on Fridericia correction method were detected in the trial. A small

increase in the mean Qe interval (1c., less than 10 ms) cannot be excluded because of the limitations

of the trial design.
13 NMONCLINICAL TOXICOLOGY
131 Carcinogenesis, Muiagenesis, Impairment of Feriility
Long-term studies in animals have not been performed to evaluate the carcinogenic potential

of Pertuzumab. Studies have not been performed fo evaluate the mutagenic potential of Pertuzumab.

No specific fertility studies in animals have been performed to evaluaie the effect of Perfuzumab. No

(SN
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adverse etfects on male and female reproductive organs were observed in tepeat-dose toxicity studies

of up to six months duration in cynomaolgus monkeys.

14 Clinical Sioadies

14.1 Metastatic Breast Cancer

th

The randomized trial was a multicenter, double-blind, placebo-controlled #ial of 808 patients
with HERZ-posttive metastatic breast cancer. Breast imor specimens were required o show HER2
overexpression defined as 3+ HC or FISH amplification ratio > 2.0 determined at 2 central
Iaboratory. Patients were randomized 111 1o receive placebo plus Trastuzumab and docetaxel or
Pertuzumab plus Trastuzumab and docetaxel. Randomization was stratified by prior treatinent (prior

1 orne prier adjuvant/necadiuvant anti-HERZ2 therapy or chemotherapy) and geographic region
{Europe, North America, South America, and Asia). Patients with prior adjuvant or neoadjuvant
therapy were requived to have e disease-free interval of greater than 12 months before trial
enrollment. Pertuzomab was given intravenously af an initial dose of 840 mg, followed by 420 mg
every 3 weeks therealter. Trastuzumab was given infravenouslty at an initial dose of § mg/ke,

15 followed by 6 mg/kg every 3 weeks thercafler. Patients were treated with Pertuzimab and
Trastuzumab until progression of disease, withdrawal of consent, or unacceptable toxicity, Docctaxel
was given as an initial dose of 75 mg/m” by intravenous infusion every 3 weeks for at least 6 cyeles.
The docetaxe! dose could be escalated to 100 me/m” at the investigator’s discretion if the initial dose
was well tolerated.

20 At the time of the primary analysis, the mean number of cyeles of study freatment
administered was 16.2 in the placebo-treated group and 19.9 in the Pertnzumab-trcated group.

The primary endpoiat of the randomized trial was progression-free survival (PFS) as assessed
by an independent review facility (IRF). PFS was defined as the time from the date of randomization

io the date of disease progression or death (from any cause) if the death occurred within 18 weeks of

]
[4]

the last tumor assessment, Additional endpoints cluded overall survival (O8), PES (investigator-
assessed), objective response rate (ORR) and duration of response.

Patient demographic and baseline characteristics were balanced between the treatment arms.
The median age was 54 {range 22 10 89 years), 59% were White, 32% were Asian, and 4% were

Black. All were women with the exception of 2 patients, Seventeen percent of patients were

3¢ enrolled in North America, 14% in South America, 38% in Europe, and 31% in Asia. Tumor
prognostic characteristics, including hormone receptor status {positive 48%, negative 50%), presence
of visceral disease (78%) and non-visceral disease only (22%) were similar in the study arms,
Approximately half of the patients received prior adjuvant or necadjuvant anti-HER?2 therapy or

chemotherapy {placebo 47%, Pertuzumab 46%). Among patients with hormone receptor positive
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tumors, 45% received prior adjuvani hormonal therapy and 11% received hormonal therapy for

metastatic discase. Eleven percent of patients received prior adjuvant or neoadjuvant Tragiuzumab.

The randomized trial demonstrated a statistically significant improvement in IRF-assessed

PTS in the Pertuzomab-treated group compared with the placebo-treated group [hazard ratio (HR) =

0.62 (95% CI: 0.51, 0.75), p < 0,6001} and an increase in median PFS of 6.1 months (median PFS of

18.5 months in the Pertuzimab-treated group vs. 12.4 months in the placebo-treated group) (see

Figure 8}, The results for investigator-assessed PES were comparable to those observed for IRF-

assessed PES. Consistent results were observed across soveral patient subgroups including age (< 65

chemotherapy (yes or no}, and prior adjuvant/neoadjuvant Trastuzumab (yes or no). In the subgroup

of patients with hormone receptor-negative disease (n=408}, the hazard ratio was 0.55 (95% CI: 0.42,

0.72). In the subgroup of patients with hormone receptor-positive discase (n=388), the hazard ratio

was 0.72 {959 CI: 0.55, 0.95). In the subgroup of patients with disease limited 0 non-visceral

metastasis {r=178), the hazard ratio was 0.96 (95% CL: 0.61, 1.52).

Atthe time of the PFS analysis, 165 patients had died, More deaths occurred in the placebo-

treated group (23.6%) compared with the Pertuzumab-treated group (17.2%). At the interim O8

analysis, the results were not mature and did not meet the pre-specified stopping bovmdary for

statistical signiftcance. See Table 5 and Figure 10,

i

Table 5: Summary of Efficacy from the Randomized Trial

Perivznmab
+ Trastaremal
+ docetayel

Placeho
+ Trastozimal
+ doceiaxel

HE

Parameter n=407 n=4{6 (959 Ch) p-vatne
Frogression-Free Survival
{independent review) 062
o , o o 351075 <0000
Nag. of patients with an event 191 (47 5%) 242 {59.6%) ?
Mediasn months 18.5 12.4

Urverall Sarvival
(Interim analysis)

MNo. of patents with an eyvent

69 (17.29%)

96 (23.6%)

0.64
(0.47,0.88)

.0053%

Objective Response Raje (ORR)
Mo. of pationts analveed
Objective response (CR + PR)
Complete response (CR)

Partial Response (PR)

Median Duration of Response
(months)

343
275 {80.2%}
19 {5.5%)
256 (74.6%)

202

336

12.5

* The HR and p-value for the intertm analysis of Overall Survival did not meet the pre-defined

stopping boundary (HR < 0.603, p < 0.0012).
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L) How Supplied/Storage and Handling

16.1  How Supplied

Pertuzumab 1s supplicd as a 420 mg/14 ml (30 mg/ml) single-use vial containing
prescrvative-Tree solution. NDC 50242-145-01. Store vials in a refrigerator at 2°C 1o §°C

(30°F to 46°F) until fime of use. Keep vial in the outer carton in order to protect from fight.

PO NOT FREEZE, DO NOT SHAKE,

17 Patient Counseling Information

Advise pregnant women and females of reproductive potential that Pertuzumab exposure can

result in fetal harm, including cmbryo-fetal death or bivth defects [see Warnings and Precautions

(5.1 ) and Use in Specific Populations (8.1)]

Advise females of reproductive potential to use effective contraception while recelving

Pertuzumab and for 6 months following the Jast dose of Pertwzumab [see Warnings and Precautions

(5.1) and Use in Special Populations (8.6)]

Advise marsing mothers treated with Pertuzumab to discontmue nurstg or disconiinue
Perfuzumab, taking into account the importance of the drug to the mother fsee Use in Specific

FPopulations (8.3)].

FEncourage women who are exposed 1o Pertuzamab during pregnancy to enroll in the
MotHER Pregnancy Registry by contacting 1-800-690-6720 [see Warnings and Precautions (5.1)

and Use in Specific Populations (8.1)]

Thus, the comprehenstve phase 111 safety and efficacy daia for Pertuzumab as in Example 3
provide for the article of manufacture in this example. This article of manufacture can be used ina

method of ensuring safo and effective use of Pertuzumab fo treaf paitents.
EXAMPLES

Larly-=fage Breast Cancer Therany with Pertuznab

Anthracyelines {generally used in combination with 3-FU and cyclophesphamide) have a
cenfral role in the management of breast cancer. Romond et al. NEJA 353(16): 1673-1684 (2005),

and Poole et al. NEJA 355 (18): 1851-1852 {20006},

Taxanes are also integral in standard regimens Tor the ireatment of breast cancer, used n
combination with anthracyclines in a regimen known as TAC (Martin et al. NEJM 352 (22): 2302-
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2313 (2005 or in sequence with anthracyclines in a regimen known as AC->T (Romond et al.,

supra; Jocnsuu et al. NEJM 354 (8): 809-820 (2066)).

Carboplatin is both an active and well tolerated chemotherapy agent and there are studies in
breast cancer which show clear efficacy m combination with a taxane and Trastuzamab in a regimen

known ag TCH {Slamon et al. BCIRG 006, SABS (2007); Robert et al. J. Clin. Oncol. 24: 2786-2792

i

{20063y, However, i metastatic breast cancer, there are negative data (Forbes ef af. BCIRG 007 Proc.

Am. Soc. Clin. Oncol. Abstract No. LBASTS {2606)).

A previcus necadjuvant study with Pertuzomab (NeoSphere) evaluated 1t in combination
with Docetaxe! and Trastuzumab (Glanml et al. Cancer Research 740 (243 (Suppl. 2) {December

10 2010, but not in combination with anthracycline-based or carboplatin-based chemotherapy.
The following chemotherapy regimens were evaluated in this example:

FEC Breast cancer therapy consisting of 5- fluorouracil, gpirabicin and
gyclophosphamide,
FEC T Sequential chemotherapy, consisting of courses of FEC
chemotherapy followed by courses of Docetaxel.
TCH Chemotberapy  vegimen for HERZ-positive breast  cancer
combination comprising faxane (Doceiaxed), Carboplating, and

Trastuzumab (HERCEPTIN®)
The treatment arms 0 this sidy were:
Arm A

Courses of 5-Floorouracil, Epirubicin and Cyclophosphamide (FEC) followed by courses of
15 Docetaxel (T} (FEC ->T) with Trastuzumab and Pertuzuimab given from the stait of the

chemotherapy regiinen (i.e. copcurrently with the anthracycline)

5-Flsorouracil (500 mg/m?), epirubicin (100 mg/m”) followed by cyclophosphamide (600
mg/m’) for three eycles, followed by Docetaxel for three cycles with Trastuzumab (8 me/kg on day 1
of the first treatment with epirubicin and 6 mg/kg every 3 weeks thereafler) and Pertuzumab (840 mg
20 onday 1 of the treatient with TEC with 420 mg ¢very 3 weeks thercafter). The starting dose for
Dacetaxel is 75 mg/m” for Cyele 4 (first Docetaxel cycle} then 100 mg/m’ for Cyeles 5-6, if no dose
lirniting toxicity occurs, All drugs will be administered by the [V route.

OR
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Arm B

FEC ->T with Trastuzumab and Pertuzumab given from the start of the taxane treatment {i.e.

following the anthracycline)

5-Fluorouracil (500 mg/m™), epirubicin {100 mg/m”) followed by cyclophosphamide (660
mg/m’) for three cycles, followed by Docetaxel for three cycles with Trastuzumab (8 meg/kg on day 1
of the first treatment with Docetaxel and 6 mg/kg every 3 weeks thereafter) and Pertuzumab (340 mg
on day | on the firgt day of Decetaxel with 420 mg every 3 weeks thercafier), The starting dose for
Docetaxel is 75 mg/m” for Cycle 4 (first Docetaxel cyele) then 100 mg/m” for Cycles 5-6, if no dose
limiting toxicity occurs. All drugs will be administered by the IV soute.

OR
Arm O

Taxane (Docetaxel), Carboplatin and Trastuzumab (TCH) with Pertuzumab, with both

antibodies being given from the start of the chemotherapy.

Carboplatin {AUCO using Calvert’s Formula) followed by Docetaxel on day 1 with
Trastuzamab (8 me/kg on day 1 of the first treatment with Carboplatin and Docetaxel and 6 mg/ke
every 3 weeks thereafter) and Pertuzumab (840 mg on day 1 with 420 mg every 3 weeks thercafier)
for six eycles. The dose for Docetaxel is 75 mg/m” for all cycles. All drugs will be administered by

the IV route.

Al patients will receive Trastuzumab every three weeks for a total of one year from the start
of treatment (from Cycle I-17 for patients in Arms A and C and Cycle 4-20 for patients in Arm B)

whether they receive additional chemoiherapy or not.

Primary Oblective

The primary objective was eovaluaied when all patients had received six cycles of
neoadjuvant treatment, had their surgery and all necessary samples taken or were withdrawn from the

study whichever 1s carlier.

Secondary Obiectives

To make a preliminary assessment of the activity associated with cach regimen as indicated

by the complete pathological response rate.

To wvalpate the salety profiles of cach treatment regimen, including pre-operative

(neoadjuvant) and post-operative (adivvant) freatment.

To investigate the overall survival, the time to ciinical response, time-to-response, disecase
free survival and progression free survival for cach treatment arm.
68
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To investigate the biomarkers that may be associated with primary and secondary efficacy

endpoints in accordance with cach treatment arm.

To investigate the rate of breast conservative surgery for all patients with T2-3 tumors for

whom mastectomy was planned at diagnosis.
An overall assessment of the risk and benefit of each regimen will be made,

Oweryview of Siudy Desion

This was a Phase 11 open-label, randomized, multi-center trial to evaluate the tolerability and
activity associated with Trastuzumab and Pertuzumab when used in addition to anthracycline-based
or carboplatin-based chemotherapy regimens as nevcadjuvant therapy in patients with HER2-positive
breast cancer which was early stage and >2cm in diameter or locaily advanced or inflammatory {(see

Figure 11).

Six cycleg of active chemotherapy were administered. However, i it was considered that
patients requived further therapy post surgery, it was suggested that those patients who had received
FEC->T were given CMI {cyclophosphamide, methoetrexate and 5-fluorouracil) and that those
patients who had received TCH, but who are deemed 1o require further chernotherapy recetved FEC

(5-fluorouracil, epirubicin and cyclophosphamide).

After the completion of surgery (and after the completion of post-operative chemotherapy i
required), patients received radiotherapy as per local clinical standard and those patients whose

Wmors were eslrogen-receptor positive received hormone manipulation as per local clinical standard.

In suwmmary, all patients received at leagt 6 cycles of active chemotherapy and the two
antibodies, Pertozumab and Trastuzumab plus surgery and radiotherapy (as per local standard) plus

any hormone manipulation indicated (as per local standard) and continued to receive Trastuzumab 1o

one year in total.

Patients whose neoadjuvant study treatment was discontinued prior to surgery were managed
as per local practice. Approximately 28 days after the last dose of study medication, patients were
asked to perform a final safely assessment {called Fisal Vigit).

Stndy Popuiation
Owerview
Female patients, aged 18 years or more, with carly stage HER2-positive breast cancer whose

primary tumors are > 2 cm with no metastases,
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Inclusion Criteria

1.

Female patients with locally advanced, mflammatory or early stage, unifateral and histolegically
confirmed mvagive broast cancer. The mitial breast cancer assessment should be performed by a
physician with experience in surgery for breast cancer. Patients with inflammatory breast cancer
miust be able {0 have a core needle biopsy.

Primary tumor > Zem in dizmeter.

HERZ-positive breast cancer confirmed by a central laboratory. Tumors must be HER2 3+ by
THC or FISH/CISH + (FISH/CISH positivity mandatory for HHERZ 2+ timors).

Availability of FEPE tissuc (Bulfered Formalin methed of fixation will be accepted) for central
confirmation of HERZ ¢ligibility (FFPE tumaor tissue will subsequently be used for assessing
status of biomarkers).

Female patients, age = 18 years,

Baseline LVEF > 55% (measured by echocardiography or MUGA).

Performance statns ECOG < 1.

At least 4 weeks since major unrelated surgery, with full recovery.

Concomitant Medleation and Traatment

Allowed Therapics

Concomitant treatments are any prescrintion medications, over-the-counter preparalions
. i 3 l »

herbal remedics or radiotherapy used by a patient in the interval beginning 7 days prior to the patient

being recruited info the study and continning through the stody.

The tollowing treatmienis are permiited during the study:

Acceptable meethods of contraception must be used when the female patient or male partner 18 not
surgical sterilized or does not meet the study detinition of post-menopausal (> 12 months of
amenorrheal.

H, and H, antagonist {e.g. diphenhydramine, cimetiding)

Analgesics (¢.g. paracetamol/acetaminophen, meperidine, opicids)

sShort term use of corticosteroids o treat or provent allergic or infusion reactions

Antiemetics (approved prophylactic serotonin-astagonisis, benzodiazepines, ondansetron etc)
Medication to treat dizrhea (e.g. loperamide)

Colony stimulating factors (e.g. G-USF)

Estrogen receptor antagonist (c.g. famoxifon) or aromatase inhibilors {e.g. anastrazale,

exemestance) after completion of post-operative chemotherapy as per local practice.
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The following therapies are excloded during the treatment period ol the study:

9. An#i-cancer therapies other than those administercd in this study, including cytotoxic

chemotherapy, radiotherapy, {except for adjuvant radiotherapy for breast cancer after completion

5 of chemotherapy or additional adjovant chemotherapy mumediately posi-surgery, if deemed

necessary) immunotherapy, and biclogical anti-cancer therapy.

10. Any targeted therapy.

11, Treatment with steroids except for thyroid hormone replacement therapy and short term

corticosteroid, in order o freat or prevent allergic or infusion reactions.

o 12, High doses of systemic corticosternids. Fligh dose is considered as > 20 mg of dexamethasone a

day {or equivalent) for > 7 consecutive days,

13. Any investigational agent, except for those used for this study.

14, Imitiation of herbal remedies. Herbal remedies initiated nrior to study entry and continning during
1 o fie) fuel

the study are permitted and must be reported on the appropriate ¢CRF.

—
(931
—
i

RESULTS

. Any oral, injected or implanted hormonal methods of contracention.

28 The baseline characteristics of the patients with HERZ-positive carly-stage breast cancer are provided

in Tahle & below.

Table 6: Baseline Characteristics in

the Safety Fopulation

TCHAP 16

u =7

Median age, years (range)

50.0(306-81)

BCOGPS O, n %) 65 {91.3) 66 (83.0) 67 (88.2)
1, n (%) £ {8.5) g1z, 9(11.8)
ER andfor PR-positive, n (%) 39 {53.4) 35 {(46.7) 40 (51.9)

ER and PRenegative, n {90)

34 (46.6)

40 (53.3)

{
37 (48.1)
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Disease type, n (%) Operable 53 {72.6) 54 (72.0) 49 (63.6)
Locally advanced 15 (20.5) 17(22.7) 24 {31.2)
Inflammatory 5{6.8) 4{53) 4(52)
HERZ THC O and 1+, n (%; {14 - -
2+, 1 (%) 5(6.8) i (1.3) 2{2.6)
34,1 (%) 67 (91.8) 74 (98.7) 75 (97.4)

HERZ FISH-posgitive, n (%)
FISH-negative, n (%)
Unknown, 1 (%)

H
J

69 {045

4(5.5)

69 {92 4)
L(1.3)
5(5

6.7)

73 (94.8)
2 (2.6)
2 (2.6)

10

CBE, clinical breast examunation; ECOG PS, Eastern Cooperative Oncology Group performance

stafus; ER, estrogen receptor; FEC, 5-flucrouracil, epirubicin, cyclophogphamide; FISH, fluorescence
in sity nybridisation; H, Trastuzumab; [HC, immumohistochemistry; P, Pertuzuimab; PR, progesterone
receptor; T, Docetaxel; TCH, Docetaxel/Carbopiatin/Trastuzomab

Safety data are shown in Figure 12 and Tables 7 and 8 below.

Table 7: Cardiac Events Overall

FEC"FH '%"? 1\:55
~p THH+P 33

FECx3 — T+HAP %3

TEHHE 56

bascline to <30%, n (%)

n=72 =75 n=74

Sy;m_m-omzl-{:jc]iﬁ..,(\;:%‘)D {grade =3}, i 207 1(13)
LVED (all grades), o (¥4} 5(6.9) 3 (4.0 5(6.6)
LYEF decline = 10% points from 5 (6.9) 5{6.7} 546.6)

FEC, S-flyorouracil, epirobicin, cyclophosphamide; H, Trastuzumab; LVEF, left veniricular ejection

fraction; LVED, left ventricular systelic dysfunction; P, Pertuzumab; T, Docetaxel; TCH,
Docetaxel/Carboplatin/Trastuzumab

1
[
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Table 8: Ten Mest Common Adverse Events During Neoadjuvant Treatment Grade 23

FECHIAP x3 FEC %3 — THH+P 3 TCHAP 36
—» THIHP x3
Adverse cvent, n n=72 n="75 n=76
(%}
Neatropenia 34 (47.2) 32(42.7) 35(46.1)
Febrile neutropenia 13 {18.1) 7{9.3) 13{17.1}
Lewkopenia 14 (16.4) 9(12.0% S{11.8}
Diavrhea 3{4.2) 4 {53} 91y
Anemia 1 (1.4} 242773 13{17.1}
Thrombocytopenia - - 9{11.8)
Yomiting - 22N 4{573)
Fatigne - - 3039
Alanine
aminotransferase - - 3(3.9)
ne.
Drug : \
) 3 + N b 2
hvpersensitivity 22.8) 2(2.6)

FEC, S-fluorouracti, epirubicin, cyclophosphamide; H, Trastuzomab; P, Pertuzmab; T, Docetaxel;
TCH, Docetaxel/Carboplatin/Trastuzomab

“fficacy data are provided m Figures 13 a baswell ag Tables 9 and 10 below,
Efficacy data are provided m Figures 13 and 14 as wel
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Table 9: Clinical Response Rate During Mesadjuvant Treatment

FECHRAP %3 FEC x3 — T+HAP %3 TCHAP x6
— T+HAP %3
n=73 n="75 n="77
Uhjective response rate, 1 (%) 67 (31.8) 718473 69 {896}
Complete response rate 37 (56.7) 21 28.0% 31€40.3)
Partial response rate 3G (411 50 {66.7} 38 (4943
Stable discase, n (%) 3440 1{1.3) 5(6.5)
Progressive disease, n (%) - {13} -
No assessment, 1 {%) 3{4.1) 227 339

FEC, S-fluorouracil, epirubicin, cyclophosphamide; H, Trastaozumab; P, Perfuzumab; T, Docetaxel;
TCH, Docetaxel/Carboplatin/Trastuzumab

5 Table i8: Breast Conserving Surgery in Patients for Whom Mastectomy was Planned

FROAHAP «3 FIC %3 — THEHP %3 TCHAP %0
— THH+P %3
n=46 n= 36 n=37
Achieved, n {%) 10217 6 (167 10 (27.0)
95% C) (190936 4) (6.4-32.8) {13.8-44.1)

Not achieved, n (% 36 {783} 30 (833 27130
‘ ) )

Cl, confidence interval; FEC, 5-fluorouracii, epirubicin, cyclophosphamide; T, Trastuzamab; P,
Pertuzumab; T, Docetaxel, TCH, Docetaxel/Carboplatin/Trastuzamab

COMOLISIONS

10 = Results from this study indicate a low incidence of symptomatic and ssymptomatic LYVSD

across all arms

74
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---- Concurrent adminisiration of Perfuzumab plus Trastuzumab with epirsbicin resulted
n similar cardiac tolerability compared with sequential administration or the
anthracycline-free regimen
»  Neutropenia, febrile neutropenia, leukopenia and diarrhea were most frequently reported
adverse events (grade =3) across all arms
= Regardiess of chemotherapy chosen, the combimation of Pertuzumab with Trastuzinmab in the
neoadiuvant setting resulted in high patholegical complete response (DCR) rates {57 1o 66%%)
«  TRYPHAENA supports the use of Pertuzumab and Trastuzumab plos anthracyline-based or
carboplatin-based chemotherapy in the ncoadjuvant and adjuvant seitings of early-stage

breast cancer

Ug-Administration of Perturuwmab and Travtormmab

In the phase I clinical trials above Pertuzomab was administered by infravenous (IV)
infusion in saline [V bags to patients with HERZ-positive metastatic breast cancer followed by
Trastuzumab and the chemotherapeutic agent Docetaxel also using saline IV infusions. The IV
mfusion process for Pertuzumab and Trastuzumab takes approximately 60 to 90 minutes cach with a
30 1o 60 minute patient observation period affer each drug. Due to this treatment regimen per pationt,
a visit can take up to 7.5 hours total. As medical payments for both drugs and drog administration
services have been under scrutiny in the recent past, there has been emphasis on business practices to
shorten time and to increase medical resource whiization in clinical and hospital settings. Increased
eificiency of patient care, compliance and freatment is expected by shortening the Hime patients spend

in the clinic Tor cach cycle of treatment.

As part of the phase 1 Pertuzamab clinical trialy, Pertuzumab and Trastuzomab are
administered through intravenous (IVY infusion to pationts sequentially, i.e. one drug after the other.
While Pertuzamab is given as a flat dose (420mg for maintenance, 840myg for loading), Trastuzinmab
is weight based (6mglky for maintenance doses). To incrense conveniencs and minimize the in-clinic
tme for the patienty, the feastblity ol co-administening Pertuzimal with Trastuzumeb in @ single
250mL. (.9% saline polyolefio (PO) or polyvinyl chlonde (PVC) 1V infusion bag was assessed. The
individual monoclonal antibodies have been demonstrated to be stable in infusion bags (PO and/or
PVCY over 24 hours at 5°C and 30°C. In this study, the compatibility and stability of Pertuzumab
(420mg and 840myg) mixed wiih either 420mg Trastuzimab (Gmg/kg dose for a 70kg paticnt) or
Tamyg (Gmgdkg Tor o 120k patient) in IV bags for up to 24 howrs at 5°C or 30°C swas evaluated. The
controls (i.e. Pertuzumab alone in an IV bag, Trastuzuomab alone in an IV bag) and the monoeclonal
antibody (mAD) mixture samples were assessed using the existing Pertuzumab and Tragfmzumab

analytical inethods, which include color, appearance and clarity (CAC), concentration and turbidity

~1
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by UV-spec scan, particulate analysis by HIAC-Royco, size exclusion chiromatography (SEC), and
ion-exchange chromatography (1IEC). Additionally, capillary zone electrophoresis (CZE), image
capiflary 1soelectric focusing (ICIEF), and potency (the Pertuzumab anti-protiferation assay only) was
utilized to measure the admixtures containing 1:1 of Perfuzumab: Trastuzumab and thelr respective

confrols (420mg Pertuzumab only and 420mg Trastuzamab only) only as a representative case.

Results showed ne observable differences by the above assays in the Pertuzumaby/
Trastuzumab mixtures between the time zero (T0) control and the sample stored up to 24 hours at
either 5°C or 30°C. The physicochemical assavs as listed above were able to detect both molecules as
well as the minor variants in the drug mixture, though some overlaps of monocional antibody species
were seent in the chromatograms. Furthermore, the drug mixiure tested by the Pertuzumab specific
inhibition of cell profiferation assay showed comparable potency before and after siorage. The results
from this study showed the Pertuzumab and Trastuzumab admixtures are physically and chemically
stable 1a an IV infusion bag for up to 24 hours at 5°C or 30°C and can be used for clinical

administration 1f necessary.

Dose L: 840myg Perinzumab/Trasturnmab mixture (420mg Pertuzomab and 428mg

Trastuzumakb)

sSample Preparation: All procedures were performed aseptically under a laminar flow hood.
PO 1V miusion bag samples with three types of drug combinations were prepared for this study: 1)
420mg Pertuzumab/ 420mg Trastozuimab mixture, 2) 420mg Pertuzumab alone, and 3) 420mg
Trastuzamadb alone. The Pertuzumab and Trastuzomab alone samples served as controls.

Trastuzumab was reconstituted with 20ml. of bacterivostaric waier for injection (BWFI) and
left on lab bench for approximately 15 minutes prior to use, To prepare the Pertuzumab/ Trastuzumab
sample dose, 14ml of Pertuzumab (420mg) was diluted directly into the I'V infusion bag that
contained a nominal 250mL (& 25mL overage) 0.9% saline solution, without removing an equal
amoumt of saline, tollowed by 20mL. of the reconsfituted Trastuzumab (420mg) using an 18 pauge
needle at room femperaiure. The total concentration of the two proteing combined in the 250mi. 1V
bag was expected to be approximately Img/mi. Similarly, the Pertuzimmab (420mg) alone IV bag
was prepared with 1ml, of the 30mg/ml. drug product divectly diluted into an TV infusion bag, The
iinal expected concentration was approximately Img/miL, The Trastuzumab (420mg) alone IV
mfusion bag was also prepared in the same manner except 20mlL of the 21 mg/ml. drug product wag
added into the bag. The final cxpected concentration was approximately ling/ml.

The PO 1V bags were manually mixed thoroughly by a gentle back and forth rocking motion
several times to ensure homogeneily. After mixing, 10ml of sample was removed with a syringe
from each bag and stored in sterile 15ce falcon tubes to be used as the diluted sample control at time
zero (10}, The TV bags were then stored covered in foil at 30°C for 24 hours (T24). Immediately after
storage, the remainder of the sample was removed with a syringe from each bag and placed into
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stertic 250 mi. PETG containers. The TO and T24 samples were held for up to 24 hours at 5°C or
immediately analyzed by CAC, UV-spec scan {concentration and turbidity), SEC, 1EC, CZE, 1CIEF,
HiAC-Royeo, as well as potency. The product quality of the samples was tested by the Pertuzumab
and Trastuzumab product specific SEC and IEC methods, while only the Pertuzumab specific
potency method was performed. The other assays utilized were non-product specific methods, All
assays were qualified for the intended festing in their respective molecules and used without further

method optimization.

Dipge I 1560mye Perturnmab/Trasturumab mixtore (B40my Perbromab aond 7i0mg

Trasturumab)

Sarnple preparation: The upper range of the mAb co-administration dese was examined
(1560myg totel mixiure: 840mg Pertuzimmab and 720mg Trastozumab) in PO and PYVC IV infusion
bag samples. In the event that an tnerease 0 protein aggrogation is observed, the propensity of the
formation of high molecular weight specics (HMWSY would more Hikely ocour af the upper dose of
1560mge total mAb rather than the mixture containing 840mg. To mitigate the risk during in-use
conditions at the bigh doss range, both PO and PVO TV infusion bags were studied to ensure no
mieractions were scen.

Three types of drug combinations (mixture, 840mg Pertuzumab alone, and 720mg
Trastuzinmab alone) were prepared and handled similar fo the dose I study. The Pertuzomab/
Trastuzumab mixture contained 28ml of Pertuzumab (840mg) diluted directiy into either PO or PVC
IV infusion bags followed by 34mi. of the reconstitated Trastuzumab (720mg) using an 18 gauge
needle at room temperatare. The fotal concentration of the two mAbs combined in a single 250ml TV
bag was cxpectsd to be approximately Smg/ml. For the controls, Pertuzumab and Trastuzomab
alone IV infission bag samples were prepared and handled similar to the dose T study, except 2&mL of

30mg/ml Pertuzumab and 34ml of 2 Tmg/mi. Trastoramab was divectly diluted into each PO or

e
!

PV TV mifusion bag, The final expecied concentration was anproximately 3mg/ml for the

i I £
Pertozumab (840mge) and Trastuzumab (720mg) alone samples. The bags were stored uncoversd at
gither 57C or 30°C for up to 24 howrs. The TO and T24 samples were analyzed immediately or held

forup to 24 10 48 hours at 3°C by CAC, UV -spec scan {concentration and turbidity), BEC, TEC, and

HIAC-Royeo,

Details of the types of doses, 1V infusion bags, dose & preparation, storage temperatares, and

assays are summarized m Table 11
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Table 11: TV Bag Type, Dose, Preparation & Study Conditions

IV bag type Storage Agsays
{approx 25(ml, temperature
$.9%NaC) (up to 2dhrs)

- Dgse [ {n=1)

CAC, UV spec scan
{concentratic
turbidity), # ES
o ¥l
30 °C C7H, jeTRE, FIAC-
Royeo, potency

PO

Dose I (n=1)
PO and PV(CR

5 e CAC, UV spec scan
{conceniration &
G e wrhidity), SBC, 1BC,

PO and PVC

HIAC-Royeo

=l
1 1
" control
P= Pertuzumab; T= Trastuzimab

Assays

All samples were held at 3°C or tmediately analyzed. Typically, samples were analyzed within 24
to 48 hours of preparation and storage. The following assays were conducted o ascertain product
quality and short term stability of Pertuzumaby/ Trastuzumab mixture, Pertuzumab alone, and
Trastuzumab slone samples diluted into saline TV mfasion bags. Since several assays, i.e. SEC, IEC,
CZE, iCIEFR, and potency, were not optimized for quantitative assessment of the mAb mixtures, only
chromatographic or electropherographic overlays of these samples and their individual controls
betore and afier storage at 5°C or 20°C are shown here. For consistency, no values, e.g. percent peak
area, were caleulated for 2l three saxople types from the liguid chromatography and electrophorectic

assays thal were periormed.

Coloy, Appearance, and CUlarity (CAC)

The color, appearance, and clarity of the samples were determined by visual inspection under a
white flyorescence light with black and white background at room termperature. A 3cc glass vial was
fitled with 1 mL of cach sample for CAC festing. A negative control {purified water) with the

corresponding sample volume was used for comparison,

U¥V- ¥is Spectrophotometer Scan for Ooncentration Measnrements
Che concentration wag determined by measurement of the UV-shsorbance on an HPE453

spectrophotometer via volometric sample preparation. The instrument was blanked with (.9% saline.
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Absorbance at A, 278nm or 279nm) and 320nm in a quartz cuvetic with 1-om path length were

mcasured for each sample. The absorbance at 320nm is used to correct for background light scattering

in solution. The concentration defermination was calculated by using the absorptivity of 1.50 (mg/mlL)

lem™! for both Pertuznmab and Trastuzumab molecules

hmax - ‘41'2}

o B ) A 1
Protein Concentrat ion (mg/ml) = —2%— 22« Dilation Factor x :
1.59 cuvette pathlength

Stre Exclusion Chromatography (SEC: Pertuznmab specific and Trastuzamaly specific)

Each sample was injected into a TOSOHAAS® column G3000 SWXEL, 7.8 X 300mm at
ambient temperature on an AGILENT 11006 HPLC. The eluted peaks were monttored at 280nm.
Chromatographic integrations were analyzed by the CHROMELEON® software. The autosampler
temperatare was held at 2-8°C throughout the run and moebile phases nsed were 0.2M potassium
phosphaie, 0.25mM potassium chloride, pH 6.2 and 100mM potassium phosphate, pH 6.8 for
Pertuzimab-assay and Trastuzumab-agsay, respectively, The recommended injection load as
specified by the test procedure was 200 pg with an injection volume of 20 ul. The diluted 420mg
sample was injected at a load less than the recommended amount due to the low conceniration of the
profein after dilution in the IV bags. The maximum injection volume of the HPLC sample foop was
FOO L, which fimits the volome that is able 1o be injected at one time. As a result, the injection

ojumes were modified to 100 ul at 160 pg protein for the Pertuznmab alone and Trestuzomab alone
samples (420 mg dose group) and 72 pl at 200 pg protein for the Perivzomab/ Trastuzomab mixture
(840 mg dose group). Modification in the fnjection volumes have been ufilized inprevious IV bag

studies and are necessary when handling low concentration samples.

ion-exchange Chromaiography 8O
The analysis of carboxypeptidase B {CpB)- digested Perfuzumab and Trastuznamab for
charge heterogeneity was employed by IEC for each sample. For the Pertuzumab specific 1EC,
samples were either tested with regular [EC ("Permzurnab-regular IBCTY or 2 modified “fast” version
of 1EC (“Pertuzumab-1EC-fast™) for high throughput, method for the purpose of these sxperiments.

The [BO

says ulilized the a DIONEX® WOX weak cation exchange column equilibrated with
sotvent A C20mM MES, Trob Na.EDTA pH 6.00) and solvent B (250mM sodium chloride in solvent
Ay monitored at 280nm for Pertuzumab-regilar IEC and Pertuzinmab-15C -fast, whereas solvent A

‘{1—7

(1OmM sodium phosphate, pld 7.5) and solvent B (100mM sodivm chioride in Solvent A) monitored
at 21 dnm wag used for Trastuzumab on an AGTLENT 10060 HPLC, The neaks were ohaited ata flow
rate 01 0.8 ml/min with an increasing gradient of 18%-100% solvent B over 35 minutes and 90

rminufes for Pertuzumab-regular-TEC and Pertuzamab-TEC- fash, respectively, and 15%-100% solvent

B over 55 minutes for Trastuzumab-1EC. Columm temperatures were maintained at gither 34°C or
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42°C and ambient for Pertuzummab-regular-IEC or Periuzuznab-fast-TEC and Trastuzumab-IEC,

respectively, while the aufo sampler temperature was held at 2-8°C throughout the run.

HIAC-ROYCO™ light obscuration for sub-visible particles
Particulate counts 1n the diluted drug product were cairied out using the HIAC-ROYCO™™
Liquid Particulate Counting System model 9703, Average cumulative numbers of particies at >10um

and 225um per milliliter were tabulated in cach sample using PHARMSPEC v2.0™ The test

procedure was modified for a smali- vohome method, utilizing either four tmb readings or four

0.4ml readings per a test session while discarding the first reading of cach sample. The HIAC-

ROYCOM™ samples were degassed under vacunm for approximately 10-15 minutes cach. The size

below 10um was not collected for this sample set.

YW- Vis Spectrophotometer Mean for Turbidity Measuremenis

The optical density of the samples from the IV bag (Img/mL or 3mg/mL) was measured in a
quartz cuvette with a 1-cm path length on a HPB453 spectrophotometer. The sample readings wera
blanked against purified water. The abscrbance measurcments were recorded at 340mm, 3450m

350mm, 3550m, and 360mmn and the turbidity was expressed as an average of these wavelensihs.
) foc] farl

Capifiary Zone Blectrophoresis, CZE

CZE was performed using o PRGTEOMELAB PABOO™ capillary electrophoresis system
{Beckman Coulier} with neutral-coated capillary (50 prn x 50 ). The buffer consisted of 40 mM g-
amino caproic acid/acetic acid, pH 4.5, 0.2% hvdroxypropyl methyl cellulose (HPMC). Samples
were diluted 10 0.5 mg/mL in water and injected into the capillary at 1 psi for 10 seconds. Separation
wag performed uging a voltage of 30 KV for 15 minutes, and the species were detected by UV at 214

0.

CE-SDE-LIF, redueed and nen-redaced

Each sample was derivatized with 5 carboxyietramethyirhedamine succinimidy! ester, a
flucrescent dye. After removing the free dye through gel filiration {using NAP-S columng), non
reduced samples were prepared by adding 40 mM jodeacetamide and heaied a1 70°C for 5 minutes.
For the analysis of the reduced samples, the derivatized samples were mixed with D8 1o a final
concentration of 1% {v/v} and 10 mL of a selution containing T M DTT, and heated at 70°C for 20
minutes. The prepared samples were analyzed on a Beckizan Coulier Protcomeblab PABOD system
using a 50 mm 1.D. 31.2 om fused sitica capillary maintained at 20°C throughout the analys
Samples were introduced inte the capillary by clectrokinetic mjection at 10 KV for 40 seconds. The
separation was conducted at a constant voltage of 15 kV in the reversed polarity (negative to positive)
mode vsing CE-SDS running buffer as the sieving medium. An argen ion laser operating at 488 nm

was used for fluorescence excitation with the resulting emission signal monitored at 560 nm.
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HOITEY

‘The disgibution of charge variants of the Pertuzumab/Trastuzumesb mixture, Pertuzamab alone,
and Trastuzamab alone was agsessed by 1CTEF using an 1CEZ80™ analyzer (Convergent Bioscience)
with a fluorocarbon coated capillary cartridge (100 pm x 5 em). The ampholvte solution consisted of
a mixture of 0.35% methy! cellulose (MC), 0.47% Pharmalyte 3-10 carrier ampholytes, 2.66%
Pharmalyte §-10.5 carrier ampholytes, and 0.20% pl markers 7.05 and 9.77 in purified water. The
anolyte was 80 mM phosphoric acid, and the cathoiytc was 100 mM sodium hydroxide, both in
0.10% methyleellulose. Samples were diluted in purified water and CpB was added to each diluted
sample at an enzyme to substrate ratio of 1100 followed by incubation at 37°C for 20 minutes, The
CpB treated samples were mixed with the ampholyte sotution and thea focused by introducing 2
potential of 1500V for one minute, followed by a potential of 3000 V for 10 minutes. An image of
the focused Pertuzumab charge variants wag obtained by passing 280 nm ultraviolet light through the
capillary and mto the Jens of a charge coupled dovice digital camera. This hmage was then analyzed

to determine the distribution of the various charge varianis,

Anti-Proilferation Potency Assay
This test procedure 18 based on the ability of Pertuzurnab to inhibit the proliferation of MDA

175 V11 hursan breast cascinoma cells. Briefly, cells were seeded n 96-well fissue culture
mwicrotiter plates and incubated overpight at 37 °Cunder 5% CO- to allow cell attachment. The
following day, the calture meditnm was removed and serial dilutions of each standard, controls, and
sareplels) were added to the plates. The plates were then incubaied for fours days at 37 °C under 5%
CO; and the relative number of viable cells was quantified indirectly using a redox dye,
ALAMARBLUR according to the manufacturer’s protocol. Each sample was assayed m triplicate
and the changes in color as weasured by fluorescence were directly proportional to the number living
cells in the culture. The absorbance of each well was then measured on a fluorescence 96-well plate
reader. The resulls, expressed in relative Fuorescence units (RFU), were plotted against the antibody
conceniration. No quantitative measurcments were made, or possible, since there was no
Pertuzumab/Tragtuzimab maxtore reference available. Therefore, the results are comparisons of the

dose response CUrves O]"l]y.

RESULTES AND DISCUSSION

Dose 1 840myg fotal Pertarumab/ Trastuzumab mixture (420mg Pertuzumab and 420mg

Trasturuniab)

The product quality of the total 840mg Pertuzumab/Trastuzomab mixture (420mg
Pertuzumab and 420mg Trastazumab), Pertuzumab alone (420mg), and Trastuzumab alone { (420mg)
in IV infusion bags (n=1) before and after storage at 30°C for up to 24 hours was assessed by CAC,

concentration measurements by UV-spee scan, turbidity, and HIAC Royeo (Table 12). The
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Pertuzomab and Trastuzamab alone IV infusion bags are considered controls that were also prepared
to assess the ability of the assay to pick up the appropriate product attributes.

Fabie 12: Dose 1 849my: Stability data for Perturumab/Trastuznmah mixtorve, Pertuznmal,

or Trastuzumab in $.9% saline PO IV infusion bags (n=1)

1V bag
Bampio fype Amount  Timepoint  Temp  CAC Cone. Turbidity Eight Obscaration
tofal particies fofal particles
g Hour(s) o liquid mgiml, Al = Wumiml, =z 28mmAml,
pertuzumab/
trastuzamab PO 844 { 3 CL, CC 2.7 0.016 1 G
mixture 840 24 36 CL,CO 2.7 0.016 6 G
pertizurmal FO 420 { 30 CL,CO 1.4 (012 3 ()
420 24 3 CL,CO 1.4 0.011 4 0
trastuzimab PO 420 0 36 CL,CO £5 0.012 ! {3
420 24 30 CL,CG 1.5 0.011 6 &
saline only - - - - - - 2 ]
" Color, Appearance and Clavity: CL =clear  SOPL slightly opalescent, CO= colorless,

RT= room temperature

o

“ Color, appearance, and ¢larity: CL= clear; SOPL= slightly opalescent, CO= colorless

After storage, the Pertuzumaeb/Trastuzomab mixture, Pertuzumab alone, and Trastuzumah
alone samples appeared as a clear and colorless liquid with no visible particles as observed by CAC.
The concentration and turbidity measurcments showed no measureable changes in any of the three
sample types after 24 hours at 30°C. Particulate analysis by HIAC Roveo detected no more than 6
pariicies greater than or equal to 10pm size and no particles greater than 25 um size for
Pertgzumab/Trastuzumab mixture, Pertuzumab alone, or Trastuzuimab alone samples post storage.
These results are comparable to the 0.9% saline only solution, The lack of visible precipitation or
particulates indicates that the admixture and the controls are sufficiently stable upon dilution in the
0.9% saline 1V infusion bags. The Pertuzumab/Trastuzumab mixture diluted in saline were run on
SEC, both Pertuzumab and Trastuzumab specific methods, and showed comparable peak profiles
hetween TO and 124 (Figures 15 and 16). Mo increases were observed in the high molecular weight
species (HMWS) and low molecular weight species (LMWS). Similarly, no changes were observed
in the main peak in any sample. The main peak and the peak arca of the HMWS and LMWS overlay
and cannot be distinguished in the Pertuzumeb/ Trastuzumab mixture due the size similarity between
Pertuzomab and Trastuzumab (molecular weight approximately 150kD). Furthermore, comparison of
T0 and T24 for both the Pertuzumab and Trastuzumab alone sample showed no observable changes

in peak arca or profife as detected by the two SEC methods listed above.
Two product specific methods for Pertuzumab or Trastuzumab TEC was utilized to analyze the
Pertuzumab/Trastuzumab mixture (Figures 17 and 18). [n the cation-exchange chromatography
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assays, each molecule typically contain three distinct arcas thet are cluied based on relative charge,
with the early eluting acidic variants, followed by the main peal, and lastly the late efuting basic
variants. [o the Pertuziamab and Tragtuzumab alone chromatograms, the profile exhibiting the acidic
variants, main peak, and the buagic variants was observed and deemed comparable between the
starting material and post storage at 30°C. These results are also consistent with prior studies
conducted in saline IV infusion bags for the either Portuzamab or Trastiramab alone. For the
Pertuzumab/ Trastuzumeb mixture chromatogram, the Pertuzumab poaks eluie first followed by the
Trastuzumab peaks. Due to the nature of cation-exchange separation and the net charge difference
between Pertuzumab (~pl 8.7} and Trastuzanab (~pl 8.9), two main peaks, or major charged specics,
are observed in the Perfuzumab/Trastuzumab mixture. In contrast, the 5HC assay soparates based on
the hydrodynanie size of the molecule and show only one main peak due to the size similarity
between Pertuzumab and Trastuzanab. The charged regions of cach moleoule appear to overlap with
cach other in the Pertuzumab/Trastuzumab mixture. Specifically, the Pertuzmmaly basic variants
expected to elute at approximately 32 minutes and at 35 minutes appear to overlap with the main
peak of Trastuzumab (Figures 17 and 18). Furthermore, the acidic variants of Trastuzumab expected
1o elute before the Trastuzumab mata peak co-elute with the Pertuzumab basic variants and main
peak, Despite the overlapping peak rogions, the Pertuzumeab/Trastuzumab mixiure exhibited
comparable chromatographic peak profiles before and after storage in IV saline bags for 24 hours at

3000

The Pertuzumab/Trastuzumab mixture, Perivzumab alone, and Trastuzumab alone samples
were also assayed on CE-SDS LIF under non-reduced conditions after storage for 24 hours at 30°C.
The Pertuzumab/Trastuzomab mixture showed consigtent peak profiles with no observable changes
after storage compared to the starting material (Figures 19 and 200, A very slight baseline level
vartation attribiated to notse is also observed and does not tmopact peak area, Similar to SEC, the non-
reduced Pertuzumab/Trastuzumab nuixiure showed only one superimposed monomer constiiuting
both the Pertuzuimab and Trastuzumab main species. The Pertuzomah and Trastuxgmab alons
samrples showed no changes at TO compared to 724, However, individual molecular atiributes, e.g.
fragment peak level and species, between Portazumad/ Trastuzamab mixiure, Pertozumab alone, and

Trastuzumab alone was observed as expected,

Two major peaks known as the light chain (1LC) and heavy chain (HC) are detected at 17 and
215 minutes, respectively, when Pertuzummb/ Trastuzomab mixiure, Pertuzumab aloneg, and
Trastuzmmab aelone was run on CE-3DS LIF reduced with DTT (Figure 20). No increase in
fragmentation or concomntant decrease in the LO and HO was seen post storage at 30°C for the
Pertuzumab/ Trastuzumab mixture. Furthermore, no detectable peak profile differences were noticed

i the Pertuzumab and Trastuzumab alone samples post storage.

fra)
o]



A

20

30

WO 2003/053874 POTUS2HI2/059683

The charge separation assays CZE and iCIEF show comparable peak profiles for the Perfuzumab/
Trastuzumab mixture after storage at 30°C (Figures 21 and 22). The Pertuzumab and Trastuzumab
alone when compared to their respective TO also showed consistent peak profiles with no changes
after storage. Furthenmore, the presence of various minor species was also observed, although no new
peaks were detected upon dilutien in the TV bag saline solution. As seen in the charge based IEC
assay, two main peaks flanked by smaller overlapping peaks can be detected and was attributed 1o the

difference in the molecular pl.

The potency results based on comparison of the dose response curve showed no tmpact on the
potency of the Pertuzumab/Trastuzumab mixture stored at 30°C for 24 hours compared 1o its

corresponding T0 dose response curve (Figurs 23}, The Trastuzumab alone showed little sctivity in

the Pertuzunmmb potency assay. The Perfuzoinab/Trastuzumab mixture dose response curve compared
o the dose response curve of Pertuzumab or Trastuzummab alone showed that lower doses of the
Pertuzumab/Tragtuzmmeb mixture were needed to inlnbit the growth of cells as compared to
Pertuzumab slone, suggesting there may be an additive or synergistic effoct on the inhibition of cell

proliferation for the mixtore.

Dose 1D 1560my tofal Pertummmab/Trastazamab mixture (849myg Perturnmab and 720myp

Tragtazumab

i addition to the dose I study at 840mg total mAb, a higher dose of 1560mg mixture {840mg
Pertuzwmab and 720mg Trastuzimab), and their individual drug product controls (840me

o

Perfuzumab alone and 720myg Trastuzumab alone) was selected to investigate the impact of diluting
these three mAD types in PO or PVC TV infusion bags at 5°C or 30°C for up to 24 hours. The product
quality of these 1V infusion bags before and after storage was assessed by CAC, UV-spec scan
(conceniration and tu.rbidily), and HIAC- ROYCO™ are summarized in Table 13 and SEC and EC

are shown wn Figures 24-
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Table 13: Dose 11 1568myp: Stability data for Pertoremab/Trastuzumab mixture, Pertuzumab,
vy

oy Trastuznmab in §.9% saline PO 1V infusion bags {p=1 for controly n=2 for mizture)

4

1% bag

Sample type  Amonnt Temyp Timepoint CAC Cone. Twrbidity  Light Obscuration
1 P 1 i ¢
o] todal
particles partices
mg o Hour{s) {iguid mg/ml. Al = A0um/ml. = 25wn/mi.
perturnmeab/ , ! \
trasturnmeh PO 1566 5 0 Ch,Co 4.9 0.013 20 1
mixture 24 CL,CO 4.7 0.016 15 i

Es6 30 0 CL, CO 5.0 0.014 8 0

24 L, COo 4.9 0.018 i (
perinzamab PG #a6) 5 0 CL,C0 2.9 0.067 I O

74 CE, C0

)
W

(.G0O5 & 0

840 30 0 CL,CO
24 CL,CO

, 8.006 6 i
& 0.004 9 O

R
oo

trastozumal PO 720 5 0 CL,CO 2.6 0.004 4 {
24 CLOCO 2.6 {1.005 i3 i

720 30 0 L, O] 2.5 {3.007 19 0

24 L, CO 2.5 (3,004 14 {

pertmmab/

wasmzumsh DV 1560 5 0 CL.CO 45 0016 18 0
miztore 24 CL, CO 4.7 0.015 18 0

1560 30 6 CL,CG 4.8 0016 24 0
24 CL,CG A48 G012 17 0

periwzmal Py Rty 5 0 CL,CO 2.9 0.006 i3 {
24 CL, CO 2.7 0.004 10 0

240 30 0 CL, CO
24 OL, CO

0.046 6 0
4.006 11 0

b
D OO

fraghigumal P gAY 5 4] CL.CO 2.5 0.007 7 {
24 L, CO 2. 0.004 9 0

720 30 ] L, 00 2.

0.003 i8 0

v

24 CL,CO 2.5 0.005 9 0
“Color, Appearance and Clarity: CL =clear ; SOPL= slightly opalescent, CO= colorless.

Two PO or PV IV infusion bags each were propared for the Pertuzumab/Trastuzamab mixture
condition while only one IV infusion bag was prepared for the Pertizumab and Trastuzumab alone

sarnples.

Particulates from these bags were determined by visual observation, turbidity, and HIAC-Royeo
measurements. All samples appeared clear and coloriess after stocage at 5°C or 30°C for up to 24

hours, Mo visible particolate matter was observed and there was no significant change 1n the turbidit
1 o) &
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post storage. For the Perfuzumab/ Trastuzumab mixture, Pertuzamab alone, and Trastizzamab alone,
the HIAC-Royco showed comparable particle values before and after storage, with zero 1o 10
particles increase per pulliliter at =10 pm and zero particle increase per mitliliter ai =25 pm for both
PO and PVC 1V infusion bags stored at either 5°C or 30°C, Similarly, the Pertuzumab and
Trastuzumab alone samples also exhibited no significant particle differences before and after storage
in PO or PVC IV infusion bags. For all three sample types, the UV-gpee scan showed no changes
beyond normal assay variability in protein concentration, indicating the absence of protein adsorption
or precipitation in the IV infusion bags between T0 and T24 hours at 5°C or 30°C storage.

The Pertuzmmab/ Trastuzumab mixfure, Pertuzumab alone, and Trastozumab alone samples were
analyzed using Pertuzumab or Tragtyzumab specific SEC and [EC methods to assess their physical
and chemical stability, respectively, as previously described. For the Pertuzumab/ Trastuzamab
mixture, no changes in SEC were observed in the chromatographic profiles between the T0 and the
124 hour samples at 5°C or 30°C in either PO or PVC 1V infusion bags (Figures 24 and 25), similar
to the 840mg mixture dose T reswlts. In addition, no increase or decrease in the high molecular weight
species (HMWS), main peak, and low molecular weight species {LMWS) was observed, which
indicaies a stable dosing solution at the upper ranges of protein content in ©,9% saline. Likewise,
Pertuzumab alone and Trastvzumab alone samples also showed no changes afier storage in the IV

infusion bags.

1EC analysis, using both the Pertuzumab or Trastuzumab specific methods, of the Pertuzumab/
Trastuzumab mixture was used fo assess chemical stability and showed comparable charge variant
peak profiles with no observed changes relative to the initial time point after exposure to 5°C or 30°C
in the PC or PYC 1V infusion bags (Figures 26 and 27). Although a significant overlap of the charge
vartant specics of the two mAbs were observed, these peaks species were not impacted from the
increase in the mAb content of the 1V infusion bag. Pertuzumab alone or Trastuzumab alone samples
in PO or PYC IV infusion bags showed no changes before and after exposure to 5°C or 30°C. These

results are consistent with the 840mg dose I study.

ONCLUBION

All physicochemical assays indicate no significant changes in the mixtures {up to 840mg
Pertuzumab and 720mg Trastazuroab for a 1560mg total dose) or in the individual Pertuzumab (up to
s4imzg) and Trastuzamab (up to 720mg) TV infusion bags (PO or PV () for T0 to T24 hours at 5°C or
30°C. Furthermore, the potency of the mixiure {(up to 840mg) and the individual mAbs before and
after storage were comparable. No differences were observed in the IV bags that contained the
admixture of Pertuzumab and Trastuzumab when compared to the individual mAb components in IV
bags over the course of this study. The current study also demonsirates that many of the assays used

to measure the individual mAbs were sufficient to qualitatively characterize the admixture.
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KAMPLE 7

Co-Administration of Pertuzumab and Trastuzumah, and

Combination Theraoy with Vingrelbine

This is a randomized, two-arm, open-label, multicenter Phase 1T trial to evaluate Pertuzomab in
patients with HER2-positive advanced breast cancer (metastatic or locally advanced) who have not
previously received systemic non-hormenal anticancer therapy in the metastatic sefting, The study
design is shown in Figure 28,

Patients arc randomly assigned o a 2.1 ratio 16 one of two freatment arms:

e Pertuzumab given in combinaiion with Trastuzumeb and vinorelbine (Arm A)
e Trastuzumab and vinoreibine (confrof arm Arm B)
Arm A wili constst of two cohorts as follows:
Cofgrd 1 (fivst 95 patients): Pertuzumab and Trastuzumab administersd sequentally in
separate infusion bags, followed by vincrelbine, Patients wilt receive Pertuzumal followed by

Trastuzmab sequentially in separate tfusion bags, followed by vinorelbine.

Pertuzurab (1Y nfusion)

Administered on Day | of the first treatment cycle as a loading dose of 840 mg, followed by
420 mg on Day { of each subsequent 3 weekly cyele.

initial infugions of Pertuzinmab will be administered over 90 (= 10) minuies and paticnis
observed for at least 30 minutes from the end of infusion for infusion-related symptoms such as
fever, chills ete. Interrupiion or slowing of the nfusion may reduce such symptoms. If the infusion is
well tolerated, subsequent infusions may be administered over 30 (= 10) minutes with paticais
observed for a further 30 minutes.

Trastuzurmab (1Y infusion)

Day 1 of the first treatiment cyele as a loading dose of 8 mg/kg, followed by 6 mg/kg on Day
[ of each subsequent 3 weekly evele; to be administered in Hne with product labeling.

YVirorelbine (1Y infusion after Tragtuzumab)

Day 1 and Day 8 of the first treatment cycle at a dese of 25 mg/m?® followed by 30-35 mg/n?®
on Day 1 and Day 8 of each subsequent 3 weekly cyele; to be administered in fine with product
tabeling.

Cokort 2; The second 95 patients will receive Pertuzimab and Trastozimab administersd
together in a single mfusion bag from Cyele 2 omwards, followed by vinorclbine.

Cyele I dosing
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For the first cycle of treatment, Pertuzumab and Trastuzumab will be administered in separate

infusion bags as described for Cohort 1,
Vinorelbine will be administered after Pertuzumab and Trasturomab as described for Cohort 1.

Subsequent cvele dosing

If administration of all three drogs was well tolerated in Cycle |, then on Day 1 of each subsequent 3
weeldy treatment eycle, Pertuzumab 420 mg and Tragfzumab 6 mg/kg will be given together in a
stngle nfusion hag.

The first combined infusion of Pertuzumab and Trastozumab should be administered over 90
(=10) minutes with cardiac monitoring and close observation for infusion-associated reactions during
the procedure, followed by a 60 minute observation period. It this first combined infusion is well
tolerated, subsequent combined infusions can be administered over 60 (210) minutes followed by a

30 minute observation period with cardiac monitoring.

Vinoreibing will be admimstered after Pertuzimab and Trastuzumab as deseribed for Cohori 1.
Control arm - Arm B

A total of 95 patients will be randomized to arm B.

Trastuzumab (1V infuston)

Day 1 of the {irst treatment cycle as a loading dose of 8 mg/ke, followed by 6 mg/kg on Day 1 of
et g ST T owwee ety ecvuele - v arbeaimietered v Fee vt e e b B
each subseqguent 3 weckly cycle; 1o be administered in Bne with product jabeling,

Vinorelbine (IV infusion after Trastuzumab)

Day 1 and Day 8 of the first treatment cycle at a dose of 25 mg/m?® followed by 30-35 mg/m? on Day

Vand Day 8 of each subsequent 3 weekly cycle; to be administered i tine with product labeling.
Efficacy Ouicomes:

Prigoary

»  To compare objective overall response rates (ORR) assessed by 8 blinded independent review
commifiee (1R of Pertuzumab given in combination with Tragtuzumab and vinoreibine versus
Trastuzumab and vinorelbine

Secondary

= Within the Perfuzumab treatment group to compare the efficacy and safety of Pertuzumab and
Trastuzumaeb adminisiered fogether in a single infusion bag versus conventional sequential
administration in separate tnfusion bags

s To compare Pertuzumab given in combination with Trastuzumab and vinorelbine versus
Tragtuzumab and vinoreibine with respect to:

o ORR assessed by the brvestigator
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Time to response assessed by IRC and Investigator
Duration of response assessed by [RC and Investigator
Progression free survival {PES)

Time to progression (TTP)

Overall survival (OS)

safety and tolerability

Quality of lite (EQ-5D and FACT-B questionnaires)

{nclusion Criteria

Patients must meet the following criteria to be eligible for this study according to the timing of the

sohedule of Assessments:

1.
2.

6.
7.

Y,

Female or male patients aged 18 years or clder

Histologically or cytologically confirmed and documenied adenocarcinoma of the breast with
mctastatic or locally advanced disease not amenable to curative resection

HERZ-positive (defined as either tmmunohistochemistry (THO) 34 or i sitw hybridization
(1S5} positive) as assessed by local laboratory on primary or metastatic tumor (ISH positivity
is defined as a ratio of 2.0 or greater for the number of TIER?Z gene copies 1o the number of
signals for CEP17, or for single probe tests, a HERZ gene count greater than 4),

At least one measurable fesion and/or non-measurable disease evaluable according to
Response Bvaluation Criteria In Solid Tumers (RECIST) version 1.1

ECOG performance status 0 or 1

Left ventricular efection fraction (LVEF) of at least 50%

MNegative pregnancy test in women of childbearing potential {premenopansal or less than 12
months of amenorrhea post-menopause, and who have not undergone surgical sterilization)
For woinen of childbearing potential who are sexnally active, agrecment 1o use a highly-
effective, non-hormonal form of contraception or two elfective forms of non-hormonal
contraception during and for at least & mouths post study freatment

Fertile males willing and able to use effective non-hormonal means of contraception (barrier
method of contraception in conjunciion with spermicidal jelly, or surgical sterilization)

during and for at least & months post-stady treatment

10. Life expectancy of at least 12 weeks

Fxelusion Criteris

Patients who meet any of the following exclusion criteria will not be cligible for this study:

1, Previpus systemic non-hormoenal aniicancer therapy m the metastatic or locally advanced breast

cancer setfing
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12,

. Uncontrolied hypertension (systolic > 150 num Hg and/or diastolic >100 mum Hg) or clinically

Previous approved or investigative anti-HERZ2 agents in any breast cancer treatment seiting,
except Trastozamab in the adpvant or necadjuvant setfing

Disease progression while receiving Trastuzimab o the adjuvant or neoadjuvant setting
Disease-free interval from completion of adjuvant or neo-adivvant systemic non-hormonal
freatmzent to recurrent disease of less than 6 months

History of persistent grade 2 or higher (NCI-CTC, Version 4.0% hematological toxicity resulting
from previous adjuvant or ncoadjuvant therapy

Radiographic evidence of central nervous system (CNSY metastases as assessed by C1 or MR
Current peripheral neuropathy of grade 3 or greater (NCI-CTC, Version 4.0)

History of other malignancy within the last 5 years, excent for carcinoma in situ of the cervix or
basal cell carcinoma

serious uncentrolled concomitant discase that would contraindicate the use of any of the
mvestigational drugs used in this study or that would put the patient at high risk for treatment

refated complications

. Inadequate organ function, evidenced by the following laboratory results:

s Absolute neutrophil count <1500 cells/mm’

s Platelet connt <100,000 cells/mm’

»  Homoglobin <9 g/dL

»  Total bilirubin greater than upper limit of normal (ULN) (untess the patient has
documented Githert’s syndrome)

o AST (SGOT) or ALT (SGPT) »2.5 x ULN

s AST (SGOT) or ALT (SGPT) > 1.5 = ULN with concurrent serum alkaline phosphatase
»2.5 « ULN; Serum alkaline phosphatase may be >2.5 x ULN only if bone metastases
are present and AST (SGOT) and ALT (SGPT) <1.5 x ULN

& herum creatinine »2.0 mg/dl or 177 pmol/f.

s International notmalized ratio {INR) and activated partial thromboplastin time or partial

o

thromboplastin time (PTT or PTT) >1.5 x ULN (unless on therapeutic coagalation)
significant (i.e. active) cardiovascular disease: cerebrovascular accident (CVA)stroke or
myocardial infarction within 6 months prior to first study medication, unstable angina, congestive
heart fatlure (CHT) of New York Heart Association (NYHA} grade Il or higher, or serious
cardiac arrivythmia requiring medication

Current known infection with HIV, HBV, or HCV

. Dyspnea at rest due 1o complications of advanced malignancy, or other disease requiring

continuous oxygen therapy
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14. Major surgical procedure or significant traumatic injury within 28 days prior to randomization or
anticipation of need for major surgery during the course of study treatment
15. Receipt of intravenous (IV) antibictics for infection within 14 days prier 1o randomization
16. Current chronic daily treatment with corticosteroids {dose equivalent to or greater than
10 mg/day methylprednisolone), excluding inhaled steroids
17. Known hypersensitivity to any of the study medications or o excipients of recombinant human
or humanized antibodies
18, History of receiving any investigational treatment within 28 days prior to randomization
19. Concurrent participation in any clinical trial
it is anticipated that the treatment hercin will demonstrate the safety and efficacy of co-
adrninistration of periuzmab and Trastuzumab from the same intravenous (1V) bag to patients with
HERZ-positive cancer (exenplified by HER2-positive breast cancer), as well as the safety and
efficacy of Pertuzumab in combination in vinorelbine according to any one or more of the primary or
secondary efficacy outcomes above.
BRANMIELESY

Perturumab Combined with Aromatase Inhibitors

This example 15 2 randomized, two-arm, open-label, multicenter phase 11 study demonstrating
the efficacy and safety of Perfuzumab given in combination with Trastuzamab plus an aromatase
mhibitor in first ne patients with HERZ-positive and hormone receplor-positive advanced

{metastatic or locally advanced) breast cancer. The study design is shown in Figure 29.

Primaary Objectives
To compare progression-free survival (PFS) of Pertuzumab given in combination with

Trastuzumab plus an aromatase mhbitor (AD) versus Trastuzumab plus an AL

Secondary Objectives
To compare Pertuzumad given in combination with Trastuzumab plus an AT versus

Tragtuzumab plus an Al with respect to:

- Ovwerall survival (O85)

- Qverall response rate (ORR)

- Clinical benefit rate (CBR)

- Duration of response

- Time to response

- Safety and tolerabiliny

- Quality of life (EQ-503 questionnaires)
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Trial Design
Patients will be randomly assigned ina 1:1 ratio to one of two treatment arms:
- Pertozumab in combination with Trastuzamab plus an AL (Arm A).
- Trastuzamab plus an Al (control arm Arm B}

5 At the fnvestigator's discretion, patieats may also receive induction chemotherapy (a taxane,
either Docetaxel or pachitaxel), m combmation with the assigned monoclonal antibody treatment arm
up to the first 18 weeks of the treatment period. In patienis receiving induction chemotherpy,
treatment with the Al will start after the chemotherapy induction phase,

stratification factors for anaiysis wall be:
i0 - Chosen to recetve mduction chemotherapy (Yes/No).
- Time since adjuvant hormone therapy (<12 months, =12 months, or no prior hormone
therapy).
Patients with HERZ-positive and hormone receptor-positive (estrogen receptor (ER J-positive
and/or progesterone receptor (PgR)-pogitive} advanced breast cancer (metastatic or locally advanced)
15 who have not previously received systemic nonhormonal anticancer therapy in the metastatic setting,
Inchasion Criteria
1. Age greater than or equal 1o 18 years.
2. Pestmenopausal status =1 vear (fulfilling one or more of MNational Comprehensive Cancer Network

(NCCN) guideline criteria, Version 2.2011)

y
Lo

3. Histolegically or cytologically confirmed and documented adenccarcinema of the breast with

metastatic or locally advanced disease not amenable to curative resection.

4. HERZ2-positive {defined as either IHC 3+ or ISH positive) as assessed by local laboratory on

primary or metastatic tumor (JSH positivity is defined as a ratio of 2.0 or greater for the nuntber of
25 HER2 gene copies to the number of signals for CEPIT, or for single probe tests, o HERZ gene count

greater than 4).

3. Hormone receptor-positive defined as ER-positive and/or PgR-positive ayscssed locally as defined

by instinutional criteria.

6. At least one measurable lesion and/or non-measurable disease evaluable according to Response
30 Evaluation Criteriz In Solid Tumors {RECIST) version 1.1,

7. BCOG performance status 0 or 1.

8. Lefi ventricular gjection fraction (LVEF) of at least 50%.

9. Life expectancy of at least 12 weeks.

Ezclusion Criferia
35 1. Previous systemic non-hormonal anficancer therapy in the metastatic or locally advanced breast

cancer selting.

2. Pisease-Tree interval from completion of adjuvant or nec-adjuvant systemic non-hormonal
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trestment (o recurrence of within & months.
3. Previous approved or investigative anti-HERZ agents in any breast cancer treatment setting, except
Trastuzumab and/or lapatinib in the necadjuvant or adjuvant setting.
4, Disease progression while receiving Trastuzuimab and/or lapatinib in the adjuvant setting.
5 5 Hastory of persistent grade 2 or higher (NCLCTC, Version 4.0) hematological toxicity resulting
from previous adjuvant or neo-adjuvant therapy,
6. Radiographic evidence of central nervous system {CNS) metasiascs as assessed by €T or MRL
7. Carrent peripheral neuropathy of grade 3 or higher (INCI-CTC, Version 4.00.
&, Higtory of other malignancy within the last 5 years, except 1or carcinema in situ of the corvix or
10 basal cell carcinoma.
&, Berious uncontrolied concomitant discase that would contraindicate the use of any of the
mvestigational drugs vsed in this study or that would put the patient at high risk for treatment related
comphications.

10, Inadeguate organ function, evidenced by the following laboratory results;
o E e

o
L

~ Absolute neutrophil count 01,500 cells/mms.

- Platelet count <100,000 cells/nmma.

- Hemoglobin <9 g/dL

- Total bilirubin greater than the upper Bt of novmad (ULN) (unless the patient hag docwmented

Gilbert's syndrome).

20 -AST(SCOT) or ALT (SGPTY =25 x ULN

-AST(SGOT) or ALT (SGPT) > 1.5 = ULN with concwrent serum atkaline phosphatase »2.5

UL Serum alkaline )hos; ohatase may be >2.5 x ULN oaly if bone metastages are present and AST
{(SGUTY and ALT (5GP <15 = ULNM.

- Berum creatinine =2.0 mg/dL or 177 wmoel/L.

]
(91

- Interpational normalized ratic (INR) and activated partial thromboplastin time (aPTT) or partial
thromboplastn time (PT1) 1.5 x ULN (unless on therapeutic coagulation).

T, Uncontrolied hypertension (systolic 150 mm Heg and/or diagiolic > 100 mm Hy) or clinically
significant (.o, sctive) cardiovascular disease: corcbrovascular secidert (TV AMsroke or myocardial

infarction within 6 moenths prior to first study medication, unstable anging, congestive heart fathure

L
o
o]

{CHF) of New York Heart Agsociation (NYHA) grade 1T or higher, or serious cardiac arthythmia
requiring medication,

12, Current known infection with HIV, HBY, or HCV.

13, Dyspuea at rest due o complications of advanced malignancy, or other disease requiring
continuous oxygen therapy.

35 14, Major surgical procedure or significant fravmatic injury within 28 days prior to randomization or
anticipation of needed for major surgery during the course of study treatment.

15, Lack of physical integrity of the upper gastrointestinal tract, clinicelly significant malabsorption
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syndrome, or inability to take oral medication.
16. Receipt of intravenous antibictics for infection within 14 days prior to randomization.
17. Current chronic daily treatment with corticosteroids (dose of 10 myg/day methyiprednisolone
cquivalent), excluding inhaled steroids.

5 18. Known hypersensitivity to any of the study medications or to excipients of recombinant human or
humanized antibodies.
19, History of receiving any investigational restment within 28 days prior to randomization,

20, Concurrent participation in any clinical frial.

0 Arm A
Pertuzumab (TV miusion)

Administered on Day 1 of the first freatment cycle as a loading dose of 840 mg, foliowed by 420 g

on Bay 1 of each subssquent 3 weekly cyele.

15 observed for at least 30 minutes from the end of infusion for infusion-related sympforms such as
fever, chills efe. Imterruption or slowing of the mfusion may reduce such sympioms. If the infusion is
well tolerated, subsequent infesions may be administered over 30 (£ 10) minutes with patients
observed for a further 30 minutes.

Traghiammab (IV infusion administered after Perfuzumab) Tay 1 of the {irst treatment cycle

20 asaloading dose of B mg/kg, followed by 6 mg/kg on Day 1 of each subsequent 3 weekly cyele; to
be administered in fine with product [abeling.

Al{oral)
Administered n line with product labeling (anastrozole: 1 mg once daily; letrozole: 2.5 mg
once dailyy

25 Induction chemotherapy

Patients receiving induction chemotherapy up to the first 18 wecks of the treatment period
will receive a faxane (Docetaxel every 3 weeks or paclitaxel weckly), administered in line with the
respective product labeling, Chemotherapy will be administered after the monoclonal antibody

(Pertuzumab and/or Trastuzumab) miisions.

30 I paticnts receiving induction chemotherapy treatment with the A will start after the

chemotherany induction phase.

Contrel arm - Avin B
Trastuzumab (IV inflsion)
35 Day 1 of the first treatment cyele as a loading dose of 8 mg/ky, followed by 6 mg/kg on Day
{ of each subsequent 3 weekly cycle; to be administered in line with product labeling,
AT {oral)
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Adrunistered 1 fine with product labeling (anastrozole: 1 mg once daily; letrozole: 2.5 my
once daily).
Indoction chemotherapy

Same as for investigational anm.

Primary Eificacy Duicome
PES (defined as the time from randomization uniil the first radiographically documenied

nrogression of disease or death from sny cause, whichever occurs first).

scondary Bificacy Outeome
- 08
- ORR
- CBR

- Puration of response

- Time to response

Safely
- Incidence and r.sf;v@riiy of adverse events (AES) and serious adverse events {SAES)
Incidence of CHF
- LVEF over the course of the gtudy
- Laboratory test abnormalitios
It is anticipated that the the combination of Pertuzumab, Trastuzamab and A will be safe and
cffective in the patient population and that the addition of Pertuzumab fo Trastuzumeb and an AT will
extend progression-free survival (PIS} compared fo Trastuzumab plus an Al without Pertuzumab.

HEEAMPLE B

'y )

Pertuzumad for Imywroving Overall Soevival (05 in Cancer Patients

Background: In the CLEGPATRA study in Example 3 above, 808 patiomts with HER2-
positive first-line (1L metasiatic breast cancer (MBC) were randumized o treatment with
Placebotrastuzumab+ Docetaxel (Pla+T+ D) or Pertuzumab+Trastuzumab+Docetaxel (PHT+HD).
The pritary endpoint of independently reviewed progression-free survival was significantly
improved with P+ T+ vs Pla- T3 (hazard ratio (HR)=0.62; P<0.0001; medians, 18.5 vs 12.4 mths)
(Example 3 above). This example includes a second interim overall survival (O8) analysis afier
longer follow-up.

Methods: This interim overall survival {O5) analysis was performed applying the Lan-
DeMets a-spending funciion with the O Brien-Fleming (OBF) stopping boundary to maintain the
overall Type §error at 5%, Based on the number of OS events observed, the OBF boundary for
statistical significance at this analysis was P<0.0138, The log-rank test, stratificd by prior treatment
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status and geographic region, was used to compare OS between arms in the intention-to-ireat
population. The Kaplan-Meier approach was used to estimate the median O% in both arms; a
stratified Cox proportional hazard mode] was used fo estimate HR and 95% Cls. Subgroup analyses
of 05 were performed for the stratification factors and other key baseline characteristics,

Residts: At the time of this analysis, median follow-up was 30 months and 267 deaths (69%
of planned events for the final analysis) had ccourred. The resulis showed a statistically significant
mmprovement in OS in favor of PHTHD (HR=0.66: 93% confidence interval (CI), 0.52-0.84;
significance and is thercfore considered the confirmatory O8 analysis. The median OS was 37.6 mihs
in the Pla arm and has not yot been reached in the PP arm. The treatment effect was generally
consistent in predefined subgroups based on baseline variables and strafification factors, including:
, 0.46-0
, 0.47-0.93); prior (neojadivvant T (HR=0.68; 95% C1, 0.30-1.55); hormone

0.57;95% CL 0.41-0

prior (neoyadjuvant therapy (HR=0,66; 95% (1

(HR=0.66; 95% CI

1.94%: no prior (neojadjuvant therapy
receptor-negative disease (HR=
(HR=0.73; 95% C1, 0.50-1.0G6).
PAT+D at 1, 2, and 3 yrs.

79); and hormone receplor-positive disease

Kaplan-Meier cstimates of O8 rates show survival benefit with

Table i4: Overall Barvival Beneflt with Perfurumah

MatT+D PATD A
o Survival rates, %
T wr 590 4.4 54
2 yrs 694 807 113
3 yrs 0.4 65.8 15.4

The majonity of ots received anil-concer 1’hz-:1‘apy after discontinuation of study trcatment

(64% Pla arm, 56% P arm). Subscguent therapy with FIERZ-directed agents (T, lapatinib, T
emtansine) was balanced between arms. Causes of death remained unchanged from the first inferim
08 apalysis, with the most comimon cause being progressive disease, Adverse events leading o death
were vare and balanced belween arms.

Conclusions: Treatment of patients with HERZ-positive 11 MBC with P+T4D compared

with PlatT+D was associated with an improvement in O, which was both statistically significant

and clinically meaningful. These results show that combined HER2 blockade and chemotherapy

using the P+T+D regimen can be considered a standard of care for patients with HER Z-positive MRBC
in the 1L setting.
These data regarding O5 can be included on the package insert with preseribing infonmation

regarding Pertuzamab in an article of manufacture as in Example 4 above, for example.
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EXAMPLE 10
Pertuznmab and Trastuzumab with a Taxane as First-Line Therapy for Patients with HERZ-
FosHtive Advanced Breast Cancer (PERUSE)

Background: Pertuzumab (P}, a humanized monoclonal antibedy, inhibits signaling
downstream of FERZ by binding to the dimerization domain of the receptor and ;}reven"tiﬂg
heterodimerization with other HER family members. The epitope recognized by P is distinet from
that bound by Trastuzamab (H) and so their complementary mechanisms of sction resull in a more
comprehensive HERZ blockade. Dara from the phase 1T trial CLEOPATRA showed significantly
improved PFS in patients (pis) receiving P+ H + docetaxel compared with H + docetaxel + placebo
as first-line treatment for HERZ -positive metastatic breast cancer (BC).

Trial design: This 13 a phase Hb, muliicenter, open-label, single-arm study in pts with
HERZ-positive metastatic or focally recurrent BC who have not been treated with systemic
nonhormonal anticancer therapy for metastatic cancer. Pts will receive, P 840 mg initial dose, 420
mg 3w IV, I 8 mg/kg initial dose, 6 mg/kg q3w 1V taxane: docetaxel, paclitaxel, or nab-paclitaxel
according to local guidelines. Treatment will be administered until disease progression or
unaccepiable toxicity, A planned protocol amendment will allow hormone receptor-positive pis 1o
receive endoerine therapy alongside P+H after completion of taxane therapy, in line with clinical
practice.

Cligibility criteria: At baseline, pis must have an LVEF of =50%, an BECOG PS of 0, 1, or 2,
a disease-free interval of =6 months, and must not have received prior anti-FER2 agents for the
treatment of metastatic BC. Prior B and/or lapatinib in the (neo)adjuvant setting is permitted,
providing there was no disease progression during treatment. Pts must not have experienced other
malignancies within the last 5 yrs other than carcinoma in situ of the corvix or basal cell carcinoma.
There must be no clinical or radiographic evidence of CNS metastases or clinically significant
cardiovascular disease,

Specific aims: As I was pot widely available in the (neo)adjuvant setting prior to

EOPATRA recruitmment, a relatively low proportion of pts in CLEOPATRA had previously
received H. PERUSE will assess the safety and tolerability of P+H + choice of taxane as first-line
therapy for pts with HERZ-positive metastafic or locally advanced BC in a pt population likely to
have experienced wider exposure fo prior H therapy.

Statistical methods: The primary endpoints of the PERUSE study are safety and tolerability.
secondary endpoints include PFS, OS, ORR, CBR, duration of response, fime 1o response and Qoll.
The final apalysis will be performed when 1500 pts have been followed up for at least 12 months
after the Tast pt recetves last study treatment vnless they have been lost to follow-up, withdrawn
consent, or died, or if the study s prematurely terminated by the spensor. Safety analyses are planned
after enrollment of ~350, 700, and 1000 pts. Additionally, a data and safety monitormg hoard will
review safety data after ~50 pts have been enrolled and then every 6 months.
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1t is anticipated that the Pertuzumab and Trastuzumab with a taxane will be effective as
first-ling therapy for patients with HERZ-positive advanced breast cancer according to the protocol in
thig example.

Pertuzmab in Combination with Chemotherany in Low HERS Ovarian Caneer

Epithelial ovarian cancer, along with primary peritoneal, and fallepian tube carcinoma, is the
fifth leading cause of cancer-related deathy in women in BEurope (Bray et al. fnt J. Cancer 113:977-
90 (2005)). Ovarian cancer is often not diagnosed until it has progressed to an advanced stage, at
which point the standard treatment 15 surgieal resection followed by chemotherapy. Although the
addition of taxanes {o platinum-based chemotherapy has resulied in approximately 80% of patients
achieving complete response (CR), the disease recurs in most patients, and more than 50% of patients
diagnosed with epithelial ovarian cancer cventually die from their disease (Iu Bois et al. Cancer
115:1234-1244 (2009)). Following fatlure of platinom-based chemotherapy, there are few therapeutic
options. Patients with platinum-sensitive disease (discase recurrence occurs more than 6 months after
last cycle of platinum-based chemotherapy) arc often retreaied with platinum-based therapy and have
a progression-free survival (PES) of approximately 9-10; however, for patients with primary
platimun-resistant disease, the prognesis is considerably worse. For these patients, re-trcatment with
platimum-based therapy ot surgery is not reasonable, instead, patients with platimum-resistant are
often treated with single-agent chemotherapy such as topotecan, pegyviated liposomal doxorbicin
{PLD), pachitaxel and gemcitabine.

Objective response rates for patients with platinum-resistant disease ranges botween 10-20%
while median progression ree supvival {PFS) ranges between 3.5-4 months. Platinum-resistant
discase is not corable; the goals of treatment for these patients include palhiation of symptoms,
protonged survival and mprovements in quality of lite (Qol). Overall, results from major clinical
rials conducted over the last 20 vears show that the median PES for patients with advanced disease
ranges between 16-23 months while median overall survival (O8) ranges between 31-65 months.

The majority of ¢varian cancer cell lines and many ovarian cancer blopsy samples express all
meinbers of the HER family of receptors (Carpiglio et al. J. Cell Biochem 73:522-32 {1999}, BEGFR
and HERZ have been studied the most extensively, and multiple agents targeting the receptor or
associated wiracellular tyrosme knases have been tosted.

In a recent study, quantitative HERZ protein analyses demonstrated that malignant ovarian
tumors have significantly higher levels of HER2 compared with benign ovarian tumors and normal
ovaries, Furthermore, a correlation between HERZ and HERZ protein levels has been seen
(Steffensen et al. IntrJ Onecol. 33:195-204 (20083, Studies in cell culture systems have shown that
heregulin-agtivated HER3-HER? heterodimers ehicit the strongest proliferative and transformaiion

cesponses of any possible receptor combination (Pinkas-Kramarsks ¢t al. EMBO J. 15:2452-67
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(1990); Riese et al. Mol Cell Biol 15:5770-6 (1995). Erratum in: Mol Cell Biol 167735 {1996)). The
potency of these biologic responses 15 Tikely the result of the dual and efficient activation of the MAT
fanase and P13 kinase pathways, Furthermore, HER3 is the most potent activator of the PI3
kinase/AKT pathway (Olayioye et al. EMBO.J 19:3159-07 (2000)). Studies in HERZ-amplified
breast cancer cell lines show that TTER3 but not EGFR was critical for HER? signaling, and that
HER3 mhibited growth in three-dimensional culture and nduced rapid tumor regression of in vivo
xenografts (Lee-Hoeflich et al. Cancer Res 68:5878-87 {2008)).

Additionally, HER3 expression has been implicated as a possible risk factor in ovarian
cancer { Tanner et al. J Clin Oneol 24:4317-23 (2006)).

In 2 Phase I multicenter trial (TOC2689g) in patients with advanced ovarian
cancer that recurred affer treatment with or were refractlory o platinum-based chemotherapy, patients
who were envolled in Cohort 1 (n=61) received a loading dose of 840 mg Pertuzomab, followed by
420 mg Pertuzamab on Day 1 of each 3-weel cycle, and paticnts in Cobort 2 (n=62) received 1050
mg Pertuzomab on Bay 1 of cach 3-week cycle. Stmilar outcomes were observed in both cohorts in
terns of overall response rate and median PFS, Fight patients (4 in each cohort) had evidence of
stable disease (S} lasting at least 6 months, Median PFS and O8 were 6.6 weeks and 52.7 weeks,
respectively, for the overall population.

The results of this study led to two randomized Phase 1 irials in platinium-sensitive and
nlatinum-resistant populations. In Study TOC3258g, the efficacy and safety of gemeitabine +
Pertuzumab versug gemcitabine + placebo were evaluated in paticnts with advanced ovarian, primary
peritonesl, or fallopian tube cancer that was resistant to platinom-based chemotherapy (Amler et al. J
Clin Oncol 26:5552 (2008)). The study allowed patients to cross over to receive Pertuzumab at the
time of disease progression. There was a median PFS of 2.6 months in the gemeitabine + placebo arm
and 2.9 months in the gemcitabine + Pettozumab arm. Median OS was similar between the treatment
arms. Gf the most common adverse events (AEs), those increased (by at least 6 patients) in the
Pertuzumab-treated cohort included fatigue, nausea, diarrhea, back pain, dyspepsia, stomatiis,
headache, epistaxis, rhirorrhes, rash, and Grade 3-4 nevtropenia.

In Study BO17931, 149 natients with ovairian cancer who experienced a recutrence 6 monils
aficr a plannum-based therapy were randomized 1o receive a combination of paclitaxel and
carboplatin or gemeilabine with or without Perfuzimab. After 6 treatment cycles, chemotherapy was
discontinued, and patients in the chemotherapy -+ Periuzumab arm continued fo receive Pertuzinmab
slone for up to 11 additional cycles {total of 17 cycles of Portuzumab). There were no significant
differences in the PFS or O5 for the overall group, Median PFS was 34.1 weeks for the
chemotherapy -+ Pertuzumab group versus 31.3 for the chemotherapy alone group; however, an
exploratory subset analyses of HER3 mRNA expression with a freaiment-free interval of 6-12
months indicated a trend toward clintcal benefit in patients who express high levels of HER3 mRINA
(Kaye et al. J Clin Oneol 26:5520 (2008)).
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Archival tissue samples from pationts envolled in both randomized Phase 11 studies were
examined by quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) for mRNA
expression levels of the HER receptors EGFR, HERZ, HERS3, and two HER ligands: amphiregulin
and betacellulin,

Unly tumor HER3 mRNA expression was associated with a significant difference in PFS.
For patients who achieved a clinical response, PRs were observed i 9 patients on the gemeitabine +
Pertuzumab wmm and 3 on the gemeitabine - placebo arm. 51x of the gemcitabine + Pertuzomab
patients with PRs had tumor HER3 mRNA levels lower than the median level. In contiast, no paticnts
in the gemeitabine -+ placebo arm whose tomor HERZ mRNA levels were Jower than the median
level of the study population experienced a PR. An additional 6 paticnts achieved PRg, and all of
these patients had tumor HER3 mRINA levels at or above the median level of the study population,
Of these patients, 3 received gemcitabine + Perturumab and 3 received gemcitabine + placebo,
suggesting no effect of Pertuzumalb 1 this population.

Patients with low HER3 mRNA expression (lower than the median level of the study
population) demonstrated a PFS hazard rafio (2R) of 0.32 in contrast to1.68 for patients with HER3
mRMA expression greater than or equal to the median Jevel; Lo, the offect of adding Perturumab
trended n the opposite direction. Mo significant benefit was defected in Q85 for patients with low
HER3 mRNMNA expression; however, a trend toward greater OS was observed in patients receiving
Perfuzumab. The O8 for patients expressing high FIER? mRNA expression demongtrated an HR of
1.59.

To assess the prognostic value, HERS mRNA expression wag correlated with PFS and GS for
patients in the gemciiabine + placebo arm. Median PFS was 1.4 months for patients with low HERS
MRINA expression (n=35), comparedwith 5.5 months for patienis with high HER3 mRNA

expression (n = 24). Similarty, median O3 for patients with low HER3 mRNA expression was §.4
months, compared with 18.2 months for paticnts with high HER3 mRNA expression.
In Study BGI7931, in patients with low HERZ mBNA expression (lower than the median
level of this study population), no treatment effect was seen. However, i an exploratory analysis of
paticnts with 2 freatmentdree tnterval of 6-12 months, there was atrend toward benefit for the

combination of chemotherapy with Pertozumab in terms of PFS.

Orverview of this Stady

This 15 2 multicenter trial with two parts; a non-randomized safety run-in Part T and a
ramdomized, double-blind Part 2.

Fart 1 will be performed to agssess safely and tolerability of Pertuzumab in a new
combination with two chemotherapeutic agents {topotecan or paclifaxel), Part 2 of the trial is a
randomized, double-blind, placebo controlled, two-am, multicenter, prospective trial of Pertuzimab
in combination with chemotherapy (topotecan, paclitaxel, or gemceitabine). Patients will receive frial
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medication until disease progression as per the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1, disease progression according fo the Gynecologic Cancer ITntergroup (GCIG)
criteria of CA-125 assessable disease, unacceptable toxicity, withdrawal of consent, or death. PFS
will be assessed in Part 1 of the trial, but due to small number of paticats and PFS cvents per cohort,
results will be deseriptive only. The trial design for Part 1 of the study is provided in Figure 30.

In Part 2 of the teial, patients will be randomized ina 111 ratio to receive either
- Arm At Pertuzumab i combination with chemotherapy (fopotecan, paclitaxel, or gemceitabine), or
- Arin B Pertuzumab-placebo plus chemetherapy {topotecan, paclitaxel, or gomcitabine).

The aliocaiion of study medication will be double-blind with respect to whether the patient

receives Pertuzumab or Pertuzumab-placebo. The chemotherapy agent allocated will be at the

discretion of the investigator.

Stratification factors for Part 2 of the trial will be:

Selected chemotherapy cohort (topotecan v, paciitazel vs. gemeitabine),

- Previous anti-angicgenic therapy {yes vs. no). It a patient has previcusly participated in a
biinded trial with an anfi-angiogenic agent, the patient will be enrolled in the same stratum
with patients known to have previously received an anti-angiogenic agent.

- Treatment-fres interval (TFD since platinum therapy (strictly less than 3 months vs. 30 0

inonths inclusive, prior to first study freatment).
The trial design for Part 2 of the study is provided in Figure 31,

Primary Objectives of the Study:

Fart 1: The primary objective for Part 1 of this study is o determine the safety and
tolerability of Pertuzumab in combination with either topotecan or paghitaxel,

Fart 2: The primary cbjective for Part 2 of thas study 15 to determine if Pertuzumsb plus

chemotherapy 15 superior to placebo plus chemotherapy as measured by PFS.

P S LT o o B
Secondary @5&\5 setives of the B

Part 1: The secondary objective for Part 1 of this study is 1o evaluate descriptively the PFS
of Pertuzinnab in combination with either topotecan or paclitaxel.

Part Z: The sccondary objectives for Part 2 of this study ars to determine if
¥ o) Y
Perturumab phos chemotherany is superior to placebo nlus chemotherany with respect to;
1 i f
- 05,
- Ohjective response rate.

Biological progression-free interval (Pilo).

safety and toierability.

- QoL
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Eificacy Sutcome Measures

The following efficacy outcome measures will be measured in Part 1 of the trial;

-PES, which is defined as the time from randonmization into Part 1 of the trial, uniif discase
progression per RECIST version 1.1 or according to GCIG criteria in CA-125 assessable disease or

death from any cause, whichever occurs first.

The ethcacy cutcome measures for Part 2 of the tinl are as follows:

- PES, which is defned ag the tme From randomization into Part 2 of the toal, unhl disease
progression per RECIST version 1.1 or according to GUIG oriteria in CA-125 asscesable disease or

death from any cause, whichever occuors first.
05, defined as the time from randomizaiion iirto Part 2 of the trial untl death from any
cause.

- Objective response rate (ORR), which will be based on RECIST version 1.1 and assessed
by the best {confirmed) overall response (BOR); defined as the best response recorded fron: the start
of the freatment i Part 2 of the trial until disease progression/recurrence (taking as reference for PD,
the smallest measuremerts recordad sincs the freatment started o Part 2 of the wrial). Pafients need to
have two conscoutive assessiments of partial response (PR) ar complete response (CR) to be a
responder. PR or CR has to be confirmed by 2 consecutive tumor cvaluations spaced at least 4 woeks
apart. Only patients with measurable disease at baseline will be meluded in the analysis of objective
TCSPOTSE.

- Patients who have a response ag per RECIST version 1T and using the 50% response
eriteria for CA-1725 are delfined as ress;w'ﬁdcrsg whereas patients who only have response as defined
per RECIST are defined as RECIST responders. Patients who do not have a response as per RECIST
but have a response defined vsing the 50% response criteria for CA-125 are defined as CA-125
responders.

- PElye, defined on the basis of a progressive seral elevation of serum CA-125 (assessed

aceording to the CGIG oriteria) as the time from the date of randomization into Part 2 of the trial to
st documented inorgase in CA-125 lavels for two thimes the upper it of aormal (Tor patients with
normal pretreatment CA-125 or elovaied pretreatment CA-125 and initial normalization on-
treatment}, or two times the nadir value (for patients with elevated baseline CA-125 that did not

normalize on-freatment},

Safety Outevme Messures
In Past 1 of the study salfety and tolerability will be assessed afler all patients have received 3
cveles of treatment.
in addition, safety outcome measures for this study will be assessed m both Parts 1 and 2 of
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the stidy, and are as follows:
- Incidence, nature, and severity of all AFs, serious adverse events (SAES), AFs with NCI-
CTCAE version 4.0 Grades >3, and AEs that caused premature withdrawal from study medication.
- Premature withdrawal from the study and study treatment,
5 - Cardiac disorders / Incidence of congestive heart failare
- Laboratory test abnormalities.

- Left veatricular ¢iection fraction

10 1. Female pationts aged 18 years o1 older

2. Low HER3 mRNA expression levels {concentration ratio equal or lower than 2.81, ag
assessed by gRT-PCR on a COBAS z480% instrument).

3. Histologicaily or cyiologically confirmed and documenied epithelial ovarian cancer that is
platinum-resistant or refractory (defined as progression within 6 months from completion of a

15 minimum of 4 platinym therapy cycles or progrossion during platinum itherapy).

4. At least one measurable lesion and/or non-measurable disease according to RECIST
version 1.1, or cancer antigen-125 (CA-125) assessable disease according fo Gynecologic Cenfer
Intergroup (GCIG) eriteria. The following hisiological types are eligible:

- Adenocarcinoma not otherwise specified.
20 - Clear cell adenocarcinoma.
- Endometrioid adenocarcinoma,
- Malignant Brenner's tumor,
- Mixed epithelial carcinoma including malignant mixed Milllerian fumors.
- Mucinous adenccarcinema.
25 - Berous adenocarcinoma.
~ Transitional cell carcinoma.
Undifferentiated carcinoma,
5. Bastern Cooperative Oncology Group (ECOG) performance siatus 0 to 7

G, LVEF groater than or egoeal 10 55%.
Ly i

30
Pertummab Dosage and Administration
Pertuzumab and Pertuzumab-piacebo will be adminisiered ag en infravenous infusion on Day
1 ofthe frst reatment oyele as a loading dose of 840, followed by 420 mg on Tay 1 of each
subsequent 3-weekly cyele. The itial infusion of Pertuzumab/FPertuzumab -placebo will be
35 administered over 60 rainutes followed by a 60-mimute observational period in a seated position ifthe

miusion is well tolerated, subsequent infusions may be given over 30 nunutes, followed by a 30-
minute observational period, after which the chemotherapy agent will be administered. Pre-
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medication should be implemented according to ocal practices and the chosen chemotherapy.

Topotecan Dosage and Administration
Topotecan should be administered 1.25 mg/m?® as a 30-minute intravenous infusion daily on

Daye 1-5 every 3 weeks, as per the divgotions in the summary of product characteristics.

Pachitaxei Dosage and Administration
Paclitazel should be administered 80 mg/m? as a 1-hour 1.v. infusion on Days L, 8, 15 and
22, Pharmacists should follow the summary of product characteristios for information regarding the

preparation and adminisiration of the 80 mgfm? dose.

Gemcitabine Dosage and Adminisiration
Gemcitabine (Part 2 of the study only) should be administered 1000 mg/m?Z as a 30-minute
irfravenous infusion on Days 1 and § cvery 3 weeks as per the divections desernbed in the summary

of product characteristics.

HER3 mEMNA Expression

Patients will be asked to specifically consent (o the collection and testing of primary tumor
tissue samples fo assess HER3 mRNA level, meluding mENA and protein levels of other HER
family receptors e.g. HERZ, before they provide consent to participate in the tial, Only patients who
hmm tymors cxpressing low levels of HERZ mBENA will be eligible 1o parficipate in the trial,
During the initial screentng for HERZ mRMA levels, other receptors of the

HER family (e.g. EGER, HERZ, or HER4) will be assessed at the mENA level and/or protein level in

paraliel to the HERZ agsessment, in order 1o obtain a more complete picture of the status of HER
family receptors by mRIVA level,

o

81 as
assessed by gRT-PCR on a COBAS z480® instroment using the “COBASE HER2 & HER3 (RT-

The cut-off defined for study eligibility 1s defined as a concentration rafio of <

POR) mBEMNA expression assay” provided by Roche Molecular Diagnostics, The muonale for cut off
definttion is based on a cut off modeling in previous simdies as well as on s transformation function
that had to be introduced since the assay was switched 10 a new instrument; the COBAS 248060, It is
anticipated that 40-506% of screcned patients will have HERZ mRNA lovels bolow the cutoff of 2.81
and that 30% of patients expressing low levels of HER3 mRNA will be ineligible Tor enroliment
owing to other inclusion/exclusion critenia,

Submission of a formalin-fixed, paraffin-embedded tumor specimen of the primary twmor
from the original surgery will be required for all paticnts prior fo screening; cytology specimens are
not acceptable replagements. Patients will be assessed for HER3 mRINA expression level, ag well ag
mRNA expression and protein expression levels of other HER family receptors by the use of a qRT-
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PCR assay and [HC, Such assessment of HER receptor mRNA/protein expression will ocour after
obtaining the patient’s informed consent at any time after the primary surgery and prior to screening,
it is anticipated that Pertuzumab in combination with topotecan or paclitaxel will be safe and
ctfective in paticnts with epithelial ovarian, primary peritoncal, or fallopian tube cancer.
I addition, if is anticipated that Pertuzumab plus chemotherapy (fopotecan, paclitaxel, or
gerncitabine) will be superior to placebo plus chemotherapy in patients with epithelial ovarian,

primary peritoneal, or fallopian tube cancer where efficacy is measured by PFS.



WHAT IS CLAIMED 18:

1. Use of Perfuzumab, Trastuzumab, and carboplatin-based chemotherapy in  the
mavufacture of a medicament for treating early-stage HER2-positive breast cancer in a patient,

wherein the carboplatin-based chemotherapy comprises Docetaxel and Carboplatin.

2, The use according to claim I, wherein the Pertuzumab is to be admindstered concurrently

with the carboplatin-based chemotherapy.

-

3. The use according to claim 1 or 2, wherein the medicament is to be used in a neoadjuvant

or adiuvant therapy,
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