EXHIBIT 1

REDACTED IN ITS ENTIRETY






UNCL

The Library - UC Berkeley
Received on: 04-28-98
American Society of Clinical
Orcology. Meeting

Annusl meeting of the
Atmaricmp Society of Glliniesl

AMGKANO02733994



THIRTY-FOURTH
Annual Meeting of the

American Society of Clinical Oncology

May 16 - 19, 1998

oG A

C NGS

Los Angeles, California

ASCO Program Information

Officers and Directors . . . ... .........
CalendarofEvents .. .............
Committee Rosters . ... . ... .....
General Information . .............
Award Recipients . .. .............
1998 ASCO Merit Awards . . . . ... ....
Plenary Session. ... .. e
Integrated Symposia . . ... .........
Special Sessions . . ....... ... .. ..
Annual Business Meeting. . . . .... ...
Tumor Panel Sessions . .. ... . ....
Scientific Symposia . . ... ... ... ...
EducationSessions . . ... .........
Meet the Professor Sessions . .. ... ..
1998 Annual Meeting Support. . . . . ...
1998 ASCO Exhibitor List. . . . .. ... ..
ASCO Shuttle Service . ...... .....
Los Angeles Convention Center Maps . . .

Scientific Program . ... .... ........

ASCO Proceedings . .. .............
PlenarySession. . ... .............
Adult Leukemia and Lymphoma
AIDS/Supportive Care . . . ..........
Bone Marrow Transplantation/Cytokines
BreastCancer. . . ...............
Clinical Pharmacology . .o
Gastrointestinal Cancer . .. ... . ...
Genitourinary Cancer . ...........
Gynecologic Cancer . . . ... .......
Head and Neck Cancer and CNS . . . . .
Health Services. . .. ... ..........
Immunobiology and Biologic Therapy . .
Lung Cancer. ..... e
Melanoma and Sarcoma . . .

Contents

xvii

xxiii
Qv

XXVl
xxxiii
XXXV
xxxviii
x1

xliii

la
la
2a
4la
75a
97a
185a
255a
307a
349a
378a
413a
428a
450a
505a
525a
H47a

AMGKAN(02733995



1998 ASCO CALENDAR OF EVENTS

SATURDAY, MaY 16, 1998

8:00 am-9:15 am Education Sessions

E5  Cancer Survivors: Clinical and Research Issues

E8 agement
E13 on

E15

E20

E22 Rectal Cancer
E24 Tumor Vaccines

8:00 am-9:15 am Meet the Professor Sessions

MSA

M15A Castleberry, MD
M28A

M29A

8:00 am-9:15 am Tumor Panel Sessions

TP1 C
TP3 E -Combined Modality Therapy

9:35 am-10:50 am Education Session

E6 ers the Management of Early Stage Breast Cancer
E7 ell IS

E9 Hodgkin’s Disease

E13 sceptibility and Testing Prevention
E14

E16 New Agents for Colon Cancer
E21 Psychosocial Interventions
9:35 am-10:50 am Meet the Professor Sessions

M2A
M6A
M7A
M12A
M14A
M17A
M1%9A
M23A
M25A
M27A
9:86 am-10:50 am Tumor Panel

TP10 Thymoma

9:35 am-10:50 am Scientific Symposium
S81 Molecular Targets of Chemoprevention

2:36 am-10:50 am Internet Session

IS1 TIntroduction to the Internet and the World Wide Web

11:10 am-1:10 pm  Presidential Symposium
Report of the Task Force on End of Life Issues: Robert oJ. Mayer, MD—Chair

2:10 pm-3:10 pm  American Cancer Society Lecture
Cancer Control Through Genetics: Opportunities and Challenges: Frederick Li, MD
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SATURDAY, MAY 16, 1998 (CONTINUED)

3:36 pm-4:50 pm Education Sessions

E3  Alternative Donor Sources in Allogeneic Transplant

E10 How to Break Bad News to Patients with Cancer

E11 Implications of Genetic Testing for Practicing Physicians

E17 New Approaches to the Treatment of Advanced Bladder Cancer
E18 Non-Hodgkin's Lymphoma

E19 Progress in Endocrine Tumors

3:35 pm-4:50 pm Meet the Professor Sessions

M1A  Anal Cancer: James Martenson, MD

M5A  Chronic Myelogenous Leukemia: Hagop Kantarjian, MD

M10A Late Complications of Allogeneic Transplant: Keith Sullivan, MD
M11A Management of Advanced Breast Cancer: Andrew Seidman, MD
MZ20A Pain Management: Stuart Grossman, MD

M22A Primary Extranodal Lymphomas—1998: Mary Gospodarowicz, MD
MB0OA Treatment of Older Breast Cancer Patients: Hyman Muss, MD

3:35 pm-4:50 pm Tumor Panel Sessions

TP2 Early Stage Prostate Cancer

TP4 Glioma—Adult and Pedialric

TP5 Head and Neck Cancers

TP7 Melanoma: Controversies in Advanced and Intermediate Risk Disease

8:35 pm-4:50 pm Internet Session

IS5 Oncology on the Internet—Resources, Tools, and Trends for the Experienced
Internet User

3:35 pm-4:50 pm. Special Sessions

NCI Listens
The Role of Consumers in Cancer Research and Clinical Trials

SunDAY, MaAY 17, 1998

8:00 am-9:15 am Education Sessions

E1  Adult Acute Myeloid Leukemia

E4 Bone Metastases—Management

E5 Cancer Survivors: Clinical and Research Issues

E8 Hepatocellular Carcinoma—Etiology, Pathogenesis and Management
E15 Management of Stage III Non-Small Cell Lung Cancer

E18 Non-Hodgkin’s Lymphoma

B:00 am-9:15 am Meet the Professor Sessions

M3A  Childhood Acute Lymphoblastic Leukemia—Treatment of Relapse: David Poplack, MD
M13A Management of Esophageal Cancer: Arlene Forastiere, MD

M16A Non-Small Cell Lung Cancer: Everett Vokes, MD

M18A Outcomes Research and Management: Jane Weeks, MD

M24A Resolving Ethical Dilemmas in Cancer Care: Ezekiel Emanuel, MD, PhD

M26A Small Cell Lung Cancer—Management Issues: David Johnson, MD

8:00 am-9:15 am Tumor Panel Sessions

TP1 Cutaneous Lymphoma

TP3 Esophageal Cancer Combined Modality Therapy
TP4 Glioma—Adult and Pediatric

3:00 am-92:15 am Scientific Symposia

881 Molecular Targets of Chemoprevention
882 Progress in Gene Therapy
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SUNDAY, MAY 17, 1998 (CONTINUED)

9:35 am-10:50 am Education Sessions

Eé6 in the Management of Early Stage Breast Cancer
E9 ease

E12 1 ng G ciples into Oncology Practice

El4 1 g Cli

E16 New Agents for Colon Cancer
E21 Psychosocial Interventions

9:35 am-10:50 am Meet the Professor Sessions

M2B B in : D

M4A C ¢L e

M9B  Identifying Patients at Risk for Cancer: Olufunimilayo Olopade, MBBS

M15B Munagement Trends in Low nediate Risk Neuroblastoma: Robert Castleberry, MD
M17B Osteogeneic Sarcoma: Robert , MD

M19B Ovarian Cancer: Molecular Approaches to Management: Robert Bast, MD

M21A Curren ent Strategies: Douglas Evans, MD
M25B rapy in

M27B  Solid Tumor Cytogenetics: Jonathan Fletcher, MD

M28B Testicular Cancer: Craig Nichols, MD

M29B  Therapy of Early Stage Colorectal Cancer: Daniel Hailer, MD
9:35 am-10:50 am Tumor Panel Session

TP2 Early Stage Prostate Cancer

9:35 am-10:60 am Internet Session

IS2 Introduction to the Internet and the World Wide Web

9:36 am-10:50 am Scientific Symposium
583 Viral Pathogenesis of Human Malignancies

11:10 am-12:25 pm Education Sessions

E2 AIDS Associated Malignancies
E4  Bone Metastoses—Management

E23 Strategies for Promoting Evidence Based Medicine: Critical Appraisal, Practice Guidelines and the Cochrane Collaboration
E24 Tumor Vaccines

11:10 am-12:25 pm Meet the Professor Sessions

M6B  Ductal Carcinoma in Situ: Monica Morrow, MD
M7B  Endometrial Cancer: Jonathan Berek, MD

M8A  Gastri er: Update on Clinical Trials and Recent Developments in Clinical Molecular Correlations:
David , MD

M12B

M14B hatiner, MD

M22B icz, MD

M23B

11:10 am-12:25 pm Tumor Panel Sessions
TP5 Head and Neck Cancer

TP7  Melanoma: Controversies in Advanced ond Intermediate Risk Disease
TP8 Sarcoma

TP9  The Clinical Challenge of Unknown Primary Tumors
TP10 Thymoma

11:10 am-12:25 pm Scientific Symposium

S52 Progress in Gene Therapy

11:10 am-1:10 pm Special Session
TFECS/ASCO Symposium: Controversies and Challenges in the Management of Rectal Cancer
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SunDAY, MAY 17, 1998 (CONTINUED)

1:26 pm-2:40 pm Education Sessions

E2  AIDS Associated Malignancies

E3  Alternative Donor Sources in Allogeneic Transplant

E10 How to Break Bad News to Patients with Cancer

E12 Incorporating Geriatric Principles into Oncology Practice
E20 Prostate Cancer: What to Do After Hormones Fail?

1:26 pm-2:40 pm  Meet the Professor Sessions

M4B  Chronic Lymphocytic Leukemia: Michael Grever, MD

MBB  QGastric Cancer: Update on Clinical Trials and Recent Developments in Clinical Molecular Correlations:
David Kelsen, MD

M13B Management of Esophageal Cancer: Arlene Forastiere, MD

M16B Non-Small Cell Lung Cancer: Everett Vokes, MD

M18B Outcomes Research and Management: Jane Weeks, MD

M21B Pancreatic Cancer: Current and Future Multimodality Treatment Strategies: Douglas Evans, MD

M24B Resolving Ethical Dilemmas in Cancer Care: Ezekiel Emanuel, MD, PhD

M26B Small Cell Lung Cancer—Management Issues: David Johnson, MD

1:25 pm-2:40 pm Tumor Panel Session

TP6 Locally Advanced Cervical Cancer:
Innovation and Treatment Optimization

1:25 pm-2:40 pm Special Session

International Symposium: Cancer Around the World

1:25 pm-2:40 pm Scientific Symposium
SS3  Viral Pathogenesis of Human Malignancies

3:20 pm-4:35 pm Education Sessions

E1  Adult Acute Myeloid Leukemia

E7 Germ Cell Tamors

E11 [Implications of Genetic Testing for Practicing Physicians

E17 New Approaches to the Treatment of Advanced Bladder Cancer

E19 Propress in Endocrine Tumors

E22 Rectal Cancer

E23 Strategies for Promoting Evidence Based Medicine: Critical Appraisal, Practice Guidelines and the Cochrane Collaboration

3:20 pm-4:35 pm Meet the Professor Sessions

M1B  Anal Cancer: James Martenson, MD

M3B  Childhood Acute Lymphoblastic Leukemia—Treatment of Relapse: David Poplack, MD
M5B  Chronic Myelogenous Leukemia: Hagop Kantarjian, MD

M10B Late Complications of Allogeneic Transplant: Keith Sullivan, MD

M11B Management of Advanced Breast Cancer: Andrew Seidman, MD

M20B Pain Management: Stuart Grossman, MD

M39B Treatment of Older Breast Cancer Patients: Hyman Muss, MD

3:20 pm-4:35 pm Tumor Panel Sessions

TP6 Locally Advanced Cervical Cancer: Innovation and Treatment Optimization
TP8 Sarcoma

TP9 The Clinical Challenge of Unknown Primary Tumors

3:20 pm-4:35 pm Internet Session

IS6 Oncology on the Internet—Resources, Tools, and Trends for the Experienced Internet User

4:00 pm-6:00 pm Integrated Session
HER-2-Neu in Breast Cancer

4:55 pm-6:10 pm Special Symposia

Forum on Reimbursement: Health Care Legislation, and Other Government Issues
Strategies for Successful Clinical Grant Writing
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MoNDAY, MAY 18, 1998

8:00 am-10:00 am Oral Sessions (Slide Sessions)

Allogeneic BMT & Cytokines
Cancer Genetics

Cancer Vaccine Therapy
Clinical Pharmacology

Head and Neck

Non-Hodgkin’s Lymphoma
Non-Small Cell Lung Cancer
Pediatric Oncology-Solid Tumors
Progress in Early Breast Cancer

8:00 am-10:00 am Poster Discussion Sessions
HSR: Quality of Life and Clinical Trials

Melanoma

8:00 am-10:00 am Integrated Symposium

Prostate Cancer: Optimizing Therapy for Different Disease Status

8:00 am-12:00 pm Poster Discussion Sessions

Clinical Pharmacology

8:00 am-12:00 pm General Poster Sessions

Adult Leukemia/Lymphoma/Myeloma

AIDS/Supportive Care

Central Nervous System

Clinical Pharmacology 1

Gastrointestinal Cancer I—Upper GI, Pancreatic and Liver Cancer
Gastrointestinal Cancer II—Colorectal Cancer

Gene Therapy

Gynecologic Cancer

Sarcoma

9:356 am-10:50 am Internet Session

IS3 Introduction to the Internet and World Wide Web

11:10 am-12:25 pm Internet Session

IS7 Oncology on the Internet—Resources, Tools, and Trends for the Experienced Internet User

11:15 am-12:00 pm Special Session

Karnofsky Award and Memorial Lecture: Cancer Pain—The Science, Politics, and Ethies, Kathleen Foley, MD

1:00 pm-3:30 pm Plenary Session

Plenary Session

1:00 pm-5:00 pm General Poster Sessions

Cancer Vaccines and Dendritic Cells
Clinical Pharmacology 11

Head and Neck Cancer

Health Services Research

3:45 pm-5:45 pm Oral Sessions (Slide Sessions)

Advances in Breast Cancer Biology and Treatment
Central Nervous System

Melanoma

Novel Compounds

Pediatric Oncology—Leukemia/Lymphoma

Small Cell and Other Lung Issues

Testicular Tumors

viii
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MonpAYy, MAY 18, 1998 (CONTINUED)

3:45 pm-5:45 pm Poster Discussion Sessions

AIDS/Psychosocial
Gastrointestinal Cancer
Genetic Markers of Risk and Prognosis

Tuespay, May 19, 1998

8:00 am-10:00 am Oral Sessions (Slide Sessions)

Sarcoma

8:00 am-12:00 pm Oral Sessions (Slide Sessions)

Gastrointestinal Cancer

HSR: Economics, Guidelines, Qutcomes and Patient Care
Major New Treatment Issues in Gynecologic Cancer

New Approaches in Drug Development

Renal, Bladder & Prostate Cancer

8:00 am-12:00 pm Poster Discussion Sessions

Breagt Cancer in Older Women

Central Nervous System

Cytokines, Minimal Residual Disease, and Conditioning Regimens
Predictive Factors for Breast Cancer Treatment

8:00 am-12:00 pm General Poster Sessions

Breast Cancer—Adjuvant Systemic Therapy

Breast Cancer—General

Breast Cancer—Local Therapy

Clinical Pharmacology III

Genitourinary Malignancies

Lung Cancer and Mesothelioma [—Diagnosis, Prognosis and Other

Lung Cancer II—Non-Small Cell Lung Cancer Therapy

Lung Cancer JIl—Small Cell Lung Cancer Therapy

Metastases and Advanced Breast Cancer

Pediatric Oncology I—Leukemia, Bone Marrow Transplant and Neuroblastoma
Pediatric Oncology II—Lymphoma, Brain Tumors, and Other Pediatric Issues
Tumor Biology and Cancer Genetics 1

Tumor Biology and Cancer Genetics II

9:00 am-11:00 am Oral Session (Slide Session)
Anti-Emetics

9:00 am-12:00 pm Oral Session (Slide Session)

Hodgkin's Disease, Lymphoma and Myeloma

9:35 am-10:60 am Internet Session

IS4 Introduction to the Internet and World Wide Web

11:10 am-12:25 pm Internet Session

IS8 Oncology on the Intermet—Resources, Tools, and Trends for the Experienced Internet User

1:00 pm-3:00 pm Oral Session (Slide Session)
Myelodysplasia and Leukemia
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TUESDAY, MAY 19, 1998 (CONTINUED)

1:00 pm-3:00 pm Poster Discussion Sessions

Genitourinary Cancer—Developing Approaches

1:00 pm-5:00 pm Oral Session (Slide Session)

Topics in Breast Cancer

1:00 pm-5:00 pm Poster Discussion Sessions

Biochemical Pharmacology

Small Cell, Non-Small Cell and Thoracic Surgical Tssues Worth Discussing
Gymnecologic Cancer

Head and Neck Cancer

1:00 pm-5:00 pm General Poster Sessions

Bone Marrow Transplantation/Cytokines
Clinical Pharmacology IV
Immunotherapy

AMGKANO02734002



98a BREAST CANCER

377

ADDITION OF HERCEPTIN® (HUMANIZED ANTI-HER2 ANTIBODY) TO FIRST LINE
CHEMOTHERAPY FOR HER2 OVEREXPRESSING METASTATIC BREAST CANCER
(HER2+/MBC) MARKEDLY INCREASES ANTICANCER ACTIVITY: A RANDOMIZED,
MULTINATIONAL CONTROLLED PHASE Ill TRIAL. , B. Leyland-Jones,
S. Shak, V. Paton, A. Bajamonde, T. Fleming, W. Eiermann, J. Wolter,
J. Baselga, L. Norton. Los Angeles CA, Montreal Canada, Genentech, S.
San Francisco, CA. Seaitle WA, Munich Germany, Chicago IL, Barcelona
Spain, New York NY.

Herceptin (H), a humanized monoclonal antibody directed against HER2,
has single-agent activity in previously-treated HER2+/MBC (JCO 14:737,
1996), and is additive lo chemotherapy (CRx) in HER2+ preclinical
models. To test H's ability to augiment the activity of CRx safely in the clinic,
469 female patients {pts) with HER2+/MBC received doxorubicin-
cyclophosphamide (AC) or paclitaxel (T) as first CRx if they had nat
received prior adjuvant A, or T if previously exposed to A (A = 60 mg/m?,
C = 600mg/m2, T = 175 mg/m? x 3 hrs, all CRx q 3 wecks X 6 cycles)
Half the pts (stratified by CRx) were randomized to additionally receive H (4
mg/kg loading, then 2 mg/kg intravenously g week). At a median follow-up
of 10.5 months, investigator assessments of time to disease progression
(TTP) and response rates (RR) show a significant augmentation of CRx
effect by H, without increase in overall severe adverse events (AE):

Enrolied TTP {months) RR(%) AE(%)
CRx 234 5.5 362 66
CRx +H 235 8.6 62.0%* 69
AC 145 6.5 42.1 71
AC + 146 9.0 64.9 68
T 89 4.2 25.0 59
T4+ H 89 7.1 57.3 70

*p < 0 001 by iog-rank test **p < O 01 by X? test

A svndrome of myocardial dysfunction similar to that observed with
anthracyclines was reported mare commoniy with AC + H (18% Grade 3/4)
than with AC alone (3%), T (0%), or T + H (2%) Review by an independent
Response Evaluation Committee and analysis of response duratian, time to
treatment tailure, survival, and quality of life are in progress In sumrary,
these data indicate that addition of Herceptin to CRx markedly increases
clinical benefit, as assessed by RR and TTP. Preliminary analysis of both
risk and benefit favors the regimen of Herceptin plus T.

*379

FACTORS RESPONSIBLE FOR THE UNDERUTILIZATION OF BREAST CONSERVING
THERAPY {BCT). D.P. Winchester, J.S. Chmiel, J. Moughan, J.
Owens, 1. Pajak, J. Sylvester and J.F. Wilson. Northwestern University
Medical School, Chicago, 1L

Guidelines for BCT were developed in 1992 and widely disseminated. This
study conducted by the American College of Surgeons and the American
College of Radialogy was undertaken to determine current patterns of care
and to evaluate guideline adherence. 17,931 patients with Stage | and |1
breast cancer treated at 827 institutions in 1994 were studied. Only 7,914
(44.1%) had BCT. 46.7% of BCT patients were under age 60 compared to
40.7% of mastectomy patients (p < 0.0001). Significant differences in
clinical and pathologic stage were noted between patients undergoing BCT
and mastectomy, with 53.6% of 8,312 clinical stage | patients having BCT
compared to 32.2% of 4,138 clinical stage |1 patients and 38.6% of 5,252
patients with no clinical stage data (p < 0 0001) Significant differences
in prccedure were noted on the basis of both clinical tumor size and nodal
status with 52.7% of 9,140 T1 tumors having BCT versus 32.6% of 3,954
T2 tumors {p < 0.0001),and 47.2% of 11,435 NO patients versus 31.9%
of 920 N+ patients having BCT (p < 0.0001). These differences persisted
when pathologic stage was considered, with 51.4% of 9,662 pathalogic
stage | patients having BCT compared to 30.5% of 7,417 pathologic stage
il patients (p < 0.0001) Patients with favorable histologies (tubular,
mucinous, intracystic, n = 840) were more likely to undergo BCT than
these with other histologies (n = 17,062; p < 0.0001). Radiotherapy (RT}
was given to 78.6% of BCT patients Of 1,155 patients not receiving RT,
surgical failure to rafer for RT accounted for 51 1%. and patient refusal for
15%. These results indicate that surgeons continue to utilize BCT primarily
for patients with favorable breast cancer, in spite of guidelines and data
from randomized trials indicating that age, prognosis, and tumor type
should not be used as selection criteria for local therapy. This misunderstand-
ing is a major factor responsible for low nationai rates of BCT.

Proceedings of ASCO Volume 17 1998

BREAST CANCER
Progress in Early Breast Cancer
Oral Session, Monday, May 18, 1998

*378
CIRCULATING INSULIN-LIXE GROWTH FACTOR | LEVEL AND RISK OF BREAST
CANCER. W.C. Willett, G.A Colditz, D.J. Hunter, D.S. Mi-

chaud B. Deroo, B. Rosner, FE Speizer, S E. Hankinson Channing
Laboratory, Brigham and Women’s Hospital and Harvard Medical School
(SEH, WCW, DSM, GAC, DJH, BR, FES); Departments of Epidemniology
(SEH, WCW, DSM, GAC. DJH) and Nutrition (WCW, DSM), Harvard Schooi
of Public Health, Boston MA; Depts. of Medicine and Oncology, Lady Dawis
Res Inst. of the Jewish General Hospital and McGili University, Montreal,
Quebec, Canada.

Insulin-like growth factor | {IGF-1) is a mitogernc and anti-apoptotic
peptide that influences the proliferative behavior of many cell types,
including normal breast epithelial cells. To determine if higher circulating
IGF-1 levels are associated with an increased risk of breast cancer, we
conducted a nested case-control study within the prospective Nurses'
Health Study cohort. We examined plasma levels of IGF-1 and {GF binding
protein 3 (IGFBP-3), the major circulating IGF binding protein, in 357
women with invasive breast cancer and 620 age-matched controls. We
observed no appreciable association between circulating IGF-1 and breast
cancer risk among women who were postmenopausal at blood collection
(top versus hottom quintile of IGF-1 levei: relative risk (RR) = 0.85; 95%
confidence interval (Cl) = 0.53-1.39; p-trend = 0.63). Howevar, among
premenopausal women, particularly premenopausal women who were £0
years of age or younger at biood collection, we observed a strong positive
relationship (top versus bottom tertile comparison: among all premeno-
pausal women RR = 2.33, 95% Cl = 1.06--5.16, p-trend = 0.08; among
premenopausal women 50 years of age or less, RR = 4.58,95% Cl = 1.75-
12.0, p-trend = 0 02). These relative risks were somewhat stronger after
accounting for plasma IGFBP-3 fevels (RR = 2.88 and 7.28, respectively).
These findings have potentially important implications both for identifying
women at high risk of breast cancer and for the development of risk
reduction strategies. Additional, larger studies of this association are
needed to provide more precise estimates of the effect and to investigate
the possibility of a relationship between premenopausal IGF-1 levels and
postmenopausal breast cancer risk

“380

CURRENT MANAGEMENT OF AXILLARY LYMPH NODES IN BREAST CANCER: A
NATIONAL PATTERNS OF CARE STUDY. . M. Morrow, J. Moughan,
J. Owen, J.F. Witson, and D.P. Winchester, Northwestern University Medical
School, Chicago L.

Routine axillary lymph node dissection (ALND) for breast cancer patients
has become controversial. Factors influencing the performance rates of
ALND and axillary irradiation (Al) were evaluated in a joint study of the
American College of Surgeons and the American College of Radiology
17,931 patients with Stage | and I breast cancer treated at 827
institutions in 1994 were studied. 15,992 (33.2%} underwent ALND The
mean ages of patients who did and did not undergo ALND were 60.4 yrs and
73.0yrs (p < 0.0001). Patients with T1a tumors underwent fewer ALND's
when compared to patients with larger tumors (81% vs 93%, p < 0.0001).
Patients with favorable histology (tubular, papillary and mucinous carcino-
mas) underwent ALND in 87 9% of cases, compared to 93.6% of patients
with other histologies (p < 0 0001). Wormen age 70 or older underwent
fewer ALND's compared to younger women (86% vs. 97%, p < 0.0001).
Multivariate Analysis of ALND Rate

Odds Ratio {35% CI) p
Mastectomy vs Lumpectomy 8.5(6.3-11 4) 0.00C1
Age <70vs =70 5.4 (4.1-7.3) 0.0001
Stage T1b, Tlcvs Tla 24(18-32) 0.0001
Non-favorable Histalogy 15(10-22) 0.04

ALND rate did not vary between palpable vs. non-palpable tumors nor with
turmor grade. 899 patients received Al. Patients nat undergoing ALND were
more likely to receive Al (27% vs 12%, p < 0.0001). In patients who
underwent ALND, 1.6% of those with no lymph node metastasis received
Al, 8 9% of those with 1-3 nodal metastases received Al, 24 0% of those
with 4-9, and 29.9% of patients with =10 nodal metastases received Al

We conclude that the majority of patients with small breast cancers
continue to undergo axillary dissection while Al is under-utilized in patients
at risk for local regional relapse.
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Study of Weekly Intrav
Hu zed Anti-p185"ER2 Mono I

nant
y in

Patients With HER2/neu-Overexpressing
Metastatic Breast Cancer

By José Baselga, Debasish Tripathy, John Mendelsohn, Sharon Baughman, Christopher C. Benz, Lucy Dantis,
Nancy T. Sklarin, Andrew D. Seidman, Clitford A. Hudis, Jackie Moore, Paul P, Rosen, Thomas Twaddell,
| Craig Henderson, and Larry Norton

Breast ¢ r vently overe sses the
P the HER2 o ogene al8 growth
factor receptor (p185''™?), The racombinant humanized
monoclonal antibody (rhuMAb) HER2 has high affinity
for p185"¥*? and inhibits the growth of breast cancer
cells that overexpress HER2. We evaluated the efficacy
and toxicity of weekly intravenous administration of rhu-
MAb HER2 in patients with HER2-overexpressing meta-
static breast cancer,

Patients and Methods: We ireated 46 patients with
m mas that overexpressed HER2.
Patients received a loading dose of 250 mg of intrave-
nous thuMAb HER2, then 10 weekly doses of 100 mg
each. Patients with no disease progression at the comple-
tion of this treatment period were offered a maintenance
phase of 100 mg/wk.

Results: Study patients had extensive metastatic dis-

most had received extensive prior anticancer
rheropy Adequate pharmacokinetic levels of rhuMAb

have been found to play important roles in the esis
of several human malignancies, including breast cancer.' The
HER?2 gene (also known as new and as c-erbB-2) encodes a
185-kd transmembrane glycoprotein receptor (p1857*%) that
has partial homology with the epidermal growth factor recep-
tor, and that shares with that receptor intrinsic tyrosine kinase
actvity.” HER2 is overexpressed in 25% 10 30% of human
breast cancers>® and predicts for a worse prognosis in patients
with primary disease that involves axillary lymph nodes.>™*
Several lines of evidence support a direct role for HER2
in the pathogenesis and clinical aggressiveness of HER2-
overexpressing tumors: The introduction of HER? into non-
neoplastic cells causes their malignant transformation *
Transgenic mice that express HER2 develop mammary tu-
mors."" HER2 overexpression is common in ductal carcino-
mas in situ and in their associated invasive cancers.'*" Anti-
bodies directed at p185™"* can inhibit the growth of tumors
and of transformed cells that express high levels of this reccp-
lOr.M-m

The latter observation suggests that pl85"™ may be
a potential target for the treatment of breast cancer or
preinvasive breast lesions because these cells commonly
overexptess HER2. The murine monoclonal antibody
(MAD) 4D5, directed against the extracellular domain of

HER2 were obtained in 90% of the palients, Toxicity was
minimal and no antibodies against rhuMAb HER2 were
detected in any patients. Objective responses were seen
in five of 43 assessable patients, and included one com-
plete remission and four partial remissions {overall re-
sponse rate, 11.6%; 95% confidence interval, 4.36 to
25.9). Responses were observed in liver, mediastinum,
lymph nodes, and chest wall lesions. Minor responses,
seen in two patients, and stable disease, which occurred
in 14 patients, losted for a median of 5.1 months,

Conclusion: rhuMAb HER2 is well tolerated and clini-
c patients with HER2-overexpressing meta-
static breast cancers that had received extensive prior
therapy. This is evidence that targeting growth factor
raceplors can cause regression of human cancer and jus-
tifies further evaluation of this agent.

J Clin Oncol 14:737-744. © 1996 by American So-
ciety of Clinicol Oncology.

pIRSHERY (ECDMER?) js a potent inhibitor of growth, in
vitro and in xenograft models, of human breast cancer

cells that overexpress HER2.'*?' However, murine anti-

bodies are limited clinically because they are immuno-
genic. To facilitate further clinical investigations,
therefore, MAb 4D5 was humanized. The resulting re-
combinant humanized anti-p185"¥%* monoclonal antibody
(thuMAb HER2) was found to be safe and to have dose-
dependent pharmacokinetics in two prior phase I clinical
trials.
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We now report the results of a phase Ul study of multi-
ple-dose intravenous administration of thuMAb HER2 in
patients with metastatic breast cancer, The objectives of
this trial were to determine the antitumor activity of rhu-
MAb HER? in this patient population, as well as to define
further the toxicity profile and pharmacokinetics of rhu-
MAb HER2.

PATIENTS AND METHODS

Preparation and Humanization of rhuMAb HER2
Antibody

MAb 4DS5 was initially derived by immunizing mice with cells
that expressed high levels of the HER2 pene product, p1g5He® "
MAb 4D5, directed at the extmcellular domain of plg5H°%*
(ECD"®"2), inhibits the in vitro growth of breast cancer cells that
contain high levels of p185"¥"2 % myMAb HER? was engineered
by inserting the complementarity determining regions of MAb 4D5
into the framework of a consensus human immunoglobulin G,
(1gGy).* The resulting thuMAb HER2 has high affinity for p185"="
(Dillohiation constant (K,] = 0.1 nmoV/L), markedly inhibits, in vitro
and in human xenografis, the growth of breast cancer cells that
contain high lcvels of p185"*?, and induces antibody-dependent
cellular eytotoxicity (ADCC).? rhuMAb HER? is produced by a
genetically engincered Chinese hamster ovary (CHO) cell line,
grown in large scale, that secretes thuMAb HER?2 into the culture
medium. Antibody is purified from the CHO culture media using
standard chromatographic and filtration methods. Each ot of anti-
body used in this study was assayed to verify identity, purity, and
potency, as well as to meet Food and Drug Administration require-
ments for sterility and safety.

Selection of Patients

Patients eligible for this study were adult women whose mctastatic
breast carcinomas overexpressed HER?2 (see later). All patients had
measurable disease, a Kamofsky's performance status of ar least
60%, and preserved hematologic, liver, renal, and pulmonary func-
tion. Patients with lymphangitic pulmonary metastasis, history of
brain metastasis, or bone metastases as the only site of measurable
disease were excluded. Chemotherapy or additive hormonal therapy
within 3 weeks before study entry (6 weeks for mitomycin or ni-
trosurcas) was not permittcd. Tnformed consent was obtained and
documented in writing beforc study entry

Tumor expression of HER2 was determined by immunohisto-
chemical analysis, as previously described.* of a set of thin sections
prepared from the patient's paraffin-archived rumor blocks. The pri-
mary detecling antibody used was murine MAb 4DS, which has
the same complementarity determining regions as thuMAb HER2.
Tumars were considered to overexpress HER? if at least 25% of
tumnor cells exhibited characteristic membrane staining for p1§5"=?

Antibody Administration

The pharmacokinetic goal was to achieve thuMAb HER2 trough
serum concentrations greater than 10 pg/mL, a level associated with
optimal inhibition of cell growth in the preclinical model.?* The
optimal dose and schedule of rhuMAb HER2 was based on two
prior phase 1 clinical trials, conducted ai University of California.,
Los Angeles. and Memorial Sloan-Kettering Cancer Center, which
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had documented dose-dependent pharmacokinetics. In this current
trial, huMAb HER2 was administered intravenously over a period
of 90 minutes in the outpatient setting. Each patient received a
lvading dose of 250 mg of thuMAb HER2 on day 0, and beginning
on day 7,100 mg weekly for a total of 10 doses. At the completion
of this treatment period, patients with stable disease or minor, partial,
or complete responses were entered onto a maintenance phase of
weekly thuMAb HER?2 administration until discase progression.

Evaluation of Toxicity

Toxicity was scored based on a modified National Cancer Institute
commen foxicity criteria, Complete blood cell counts, urinalysis,
coagulation profile, and hepatic enzyme, renal, and electrolyte stud-
ies were performed weekly while on the study

Pharmacokinetics, Determination of Extracellular
Domain of p185"%% Levels, and Antibodies Directed
Against rhuMAb HER2

Biood samples for pharmacokinetic analysis were collected just
before each treatment with thuMAb HER2 and within the first hour
following the end of each thuMAb HERZ infusion. Serum concentra-
tions of huMAb HER2 were determined in a receptor binding assay
that detects binding with ECD"¥. The nominal limit of detection
for rhuMAb HER? in serum samples was 156 ng/mL. The presence
of antibodies to thuMAb HER2 was determined with a bridging-
type titer enzyme-linked immunosorbent assay (ELISA). Circulating
concentrations of ECD"¥"? shed by patients’ tumors were also detcr-
mined using an ELISA * The pair of antibodies used for the assay
were 7C2 as coat and 2C4 as horseradish peroxidase~conjugated
antibody; the lower limit of detection for this assey ranged from 2.8
lo 8.3 ng/mL (Baly D, Wong WL, unpublished data, November
1994).

Serum levels of rhuMAb HER2 as a [unction of tine were ana-
lyzed for each patient using a one-compartment model. Model pa-
rameters (volume and the elimination rate constant [K,]) were esti-
mated for each patient using a maximum-likelihood estimation
procedure.” rhuMAb HER?2 half-life (t,,) was calculated by dividing
In 2 by K.

Tumor Response

Tumor response was determined at the completion of the initial
|1-week treatment period. All responses were confirmed by an inde-
pendent extramural evaluation commiltee composed of an oncologist
and a radiologist. Complete response was defived as the disappear-
ance of all radiographically and/or visually apparent lumor, partial
response as a = 50% reduction in the sum of the products of the
perpendicular diameters of all measurable lesions, minimal response
a3 a = 25% and less than 50% reduction in the diameters, stable
disease as no change greater than 25% in the size of measurable
lesions, and progressive disease as a = 25% increase in any measur-
able lesion or the appearance of any new lesion. Although bone
metaslases were considered not measurable for response, patients
had to have at least stability of bone lesions to be considered re-
sponders. Patients who had entered the maintenance phase of the
study had tumor responses evaluated every 11 weeks. or earlier if
clinically indicated. Time to tumor progression was calculated from
the beginning of therapy 1o progression. Confidence limits for re-
sponse rates were calculated using the exact method for a single
proportion.*
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ANTI-HER2 ANTIBODY THERAPY FOR BREAST CANCER

Table 1. Patient Characteristics

Palignts (N = 44)
Choraclerisic No %
Age, years
Median 50
Range 30-65
Karnofsky performance stalus
Median 90
Range 60-100
Level of HER2 expression”
25%-50% cells 7 152
> 50% cells 39 848
Receptor status
Estrogen receptar-positive {n = 40} 17 425
Progeslerone receplor-positive {n = 3%} 15 385
No. of metastalic sites
1 16 345
2 - 14 304
=3 16 345
Dominani sife of metastasis
Viscera 37 804
Skeleton 1 22
Soft tissues ] 17 4
Prior theropy
Chemotherapy 45 978
Adjuvant chemotherapy 26 565
Neoadjuvant chemotherapy 4 87
Melastafic disease {no of regimens)
None 8 174
1 9 194
2 9 19.6
>2 20 435
Median 2
Range 07
Hormonal theropy
Adjuvant tamoxifen 7 152
Metastatic disease 21 456

*In percent of tumor cells with cytoplasmic membrane staining.

RESULTS

Patients characteristics are listed in Table 1. A total of
46 patients were enrolled onto the study. Their leve] of
tumor overexpression of HER2 was relatively high, with
more than 80% of the tomors having more than half of
their cells exhibit positive membrane staining. Our patient
population had extensive metastatic disease: 34.5% of
patients had three or more metastatic sies. Dominant sites
of metastases were visceral in 8§0% of cases (lung in 18,
liver in 13, both liver and lung in five, and ovary in one).
Only 17.4% of cases had dominant metastases in soft
tissues (skin and lymph nodes) and only one patient had
bone as the dominant site of disease. The total number
of patients with bone discase was 18 (39%). All but one
of the patients had received prior chemotherapy, with
82.6% having received at least one regimen for metastatic
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diseasc and 63% having received two or more regimens.
Of this latter group, four patients had previously received
high-dose chemotherapy with hematopoietic stem-cell
support.

Data on thuMAb HER2 pharmacokinetics are available
from 45 patients (Table 2). More than 90% of the exam-
ined population (41 patients) had rhuMAb HER2 trough
levels above the targeted 10-pg/ml level. The mean sc-
rum t,,, of thuMAb HER2 was 8.3 * 5.0 days. The rhu-
MAb HER? serum t,, was found to be dependent on the
presence of circulating ECDMER? released from the tumor
into the serum (Table 2). Representative examples of
pharmacokinetics profiles are shown in Fig 1. Figure 1A
shows the serum levels of rthuMAb HER?2 in a patient
with undetectable level of circulating ECD"®; stable,
therapeulic serum levels of the drug were maintained in
this patient for more than | year. Figure 1B shows the
serum levels of thuMAb HER? in a patient with high
levels of circulating ECD"™%; trough levels of rhuMAb
HER?2 were consistently below detectable levels through-
out the treatrment course and until discase progression.
Aanlibodies against thuMAb HER2 (human antibuman an-
tibodies [HAHA]) were not detected in any patients.

Treatment with thuMAb HER2 was remarkably well
tolerated. Of a total of 768 administrations of thuMAb
HER?2, only 11 events occurred that were considered to
be related to the use of the antibody (Table 3). Fever and
chills occurred on five occasions after the first administra-
tion of thuMAb HER?2. The fever lasted less than 8 hours
in all cases and did not recur on subsequent administra-
tions of the antibody. Three patients experienced chest
pain in areas of tumor involvement shortly after the infu-
sion of the first dose of thuMAb HER2; in one case this
required an overnight hospital admission for pain control.
The pain did not recur on successive administrations of
the antibody None of the patients whose cancer regres-
sion met the formal criteria for complete or partial re-
sponse had pain at a tumor site after administration of
rhuMAb HER2.

The number of patients assessable for treatment re-
sponse on evaluation day 77 was 43. Three patients were
not assessable for response. One had a bacteremic infec-
tion of an intravenous catheter that required prolonged
administration of antibiotics, which precluded treatment

Table 2. ECD"*2-Dependent Pharmacokinetics of thuMAb HER2

thuMAb HERZ 112
N Patient Group {days)
45 All patients 8350
40 Circulating ECO"* < 500 ng/mlL 91247
5 Circulolting ECD"E? > 500 ng/mL 1.8+10
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Fig 1. Effect of serum ECD"™* on rhuMAb HER2 pharmacokinelics. Stable serum levels of rhuMAb HERZ in @ patient with absence of ECD"E*2
() v suboplimal rhuMAb HER2 serum levels in a patient with high ECD¥™ (B). Note that log scales on the Y-axis describing the serum ECDS%
differ among charts. LTS, less than lowest assay standard. (O) observed rhuMAb HER2 serum cancentration; (@) LTS for rhuMAb HER2 serum
concenlration; (A] ECD¥* serum concentralion; [0 ) LTS for ECDYER2 serum concentration.

with thuMAb HER2. A second declined to continue on
the study for personal reasons. The third died of conges-
tive heart failure associated with prior doxorubicin treat-
ment. Among 43 assessable patients, 5 had tumor re-
sponses: one patient had a complete remission and four
had partial remissions. Therefore, the overall responsc
rate (complete plus partial responses) for assessable pa-
tients is 11.6% (95% confidence interval, 4.36 to 25.9).
Details of responses are listed in Tables 4 and 5, and
examples of the responses are shown in Fig 2.

Table 3. rhuMAb HER2-Related Toxicity
Toxicity Moderate (grade 2} Severe {grode 3]

Fever and chills 5
Pain ot tumor site 2
2
1

Diarrhea

Nausea and emesis

NOTE In number of evenls of a tolal of 768 adminisiralions.
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Two patients had minor responses and 14 patients had
stable disease at day 77. These patients entered a mainte-
nance phase of weekly antibody administration until pro-
gression of disease. The median time to progression for
the patients with either minor or stable disease was 5.1
months. An additional patient had a greater than 50%
reduction in the size of the metastatic disease on her
mediastinum and chest wall after 2 weeks of treatment.
While the duration of response was greater than 4 weeks,
by evaluation day 77 the lesion had begun to regrow from
the size of maximal response to therapy. Per protocol
guidelines, this patient was therefore considered not to
have had a response (o therapy, but rather progression of
disease.

DISCUSSION
During the last decade, overexpression of the HER2

gene has been shown 10 play an important role in the
pathogenesis and poor prognosis of breast cancer. As a
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ANTI-HER2 ANTIBODY THERAPY FOR BREAST CANCER

Table 4. Response Rate Obtained With rhuMAb HER2

in 43 Assossable Patients
Rasponse No of Patients %
Complete response 1 2.3
Partial rasponse 4 9.3
Overall response 5 1né
Minor response 2 4.6
Stable disease 14 3246
Progression of disease 22 51.2

consequence, strategies directed at interference with
HER?2 expression or the function of its protein, p185ERZ
have been anticipated to have therapeutic value. Exten-
sive preclinical studies have shown that certain MAbs
directed against pi85"%%* can inhibit growth of HER2-
overexpressing tumor cells.'>'® This study provides the
first clinical evidence of the antitumor activity of one of
these agents, thuMAb HER?2.

Of 43 patients with p185**-positive tumors assess-
able for response after treatment with rhuMAb HERZ,
five experienced a complete or partial remission, for an
overall response rate of 11.6%. One additional patient
had a greater than 50% shrinking of her cancer that lasted
more than 1 month, but was not considered a responder by
our protocol definition. The objective antitumor responses
observed were of clinical importance, since two patients
had regression of cancers in the liver and one patient
achieved a pathologically-proven complete response of
chest wall disease, which has persisted for 24 months. Our
patients were selected to have many sites of metastatic
involvement, one of the most dire prognostic characteris-
tics regarding response to therapy. This selection was
the conseguence of the rule that patients with disease
involving only bone were ineligible for accrual, because
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bone is the solitary site of initial metastatic involvement
in up to 60% of cases.?’ 1t is reasonable to hypothesize
that the percentage of patients who show objective tumor
regression to thuMAb HER2 will be higher when patients
with less extensive breast cancer are treated, since labora-
tory studies bave shown that the response to antireceptor
antibodies is greater with lower tumor burden.” It would
be also of interest to analyze the response rate to thuMAb
HER? in a patient population with no prior chemotherapy
for stage IV disease, since prior experience has shown
that untreated patients usually respond better to new anti-
cancer drugs.”

Another important point about the probability of re-
sponse to thuMAb HER?2 concerns the observation that
37% of patients achieved minimal responses or stable
disease. In the laboratory, thuMAb HER2 or the parent
antibody 4D5 has been noted to be cytostatic, which
causes growth arrest, rather than cytocidal, which causes
cell death. In clinical trials of many anticancer drugs,
particularly chemotherapy, the achievement of stable dis-
ease is not considered a reliable measure of anticancer
activity. However, with thuMAb HER2, stable disease
may be an authentic reflection of the biologic action of
the drug, which differs markedly from conventional anti-
cancer agents. The unusually long durations of minimal
responses and stable disease seen in our trial may relate
to this distinction. These data are specially interesting in
light of the absence of significant toxicity observed here,
for in a setting in which palliation is a main objective,
quality of life while on treatment should be a main end
point.

The dose and schedule of thuMAb HER2 administra-
tion used in this protocol provided adequate serum con-
centrations in all patients, except in those with circulating
levels of tumor-shed ECD"¥ at serum concentations =

Table 5. Characterislics of Patients Who Achieved a Response o Trectment

Pafient No. HER2” Site of Mstastafic Dissase Prior Sysiemic Therapy Besr Rasponse Doration of Response {months}

1 3+ Chest wall Doxorubicin Complete rasponset > 24

2 3+ Liver Doxerubicin, mitoxantrone, Parlial response 6.7
paclitoxel

3 2+ Mediastinum CMFVP, doxorubicin, Partial response 77
tarmoxifen, poclitaxel

4 3+ Liver + relroperiloneal lymph CMF, docefaxel Partial response 1

nodes + bone
5 2+ Chest wall Paclitaxal Pardial response 34

Abbreviations: CMFYP, cyclophosphamide, mathotrexate, fuorouracil, vincristine, and prednisone; CMF, cyclophosphamide, methotrexate, and flvoro-

uracil.

*By immunohistochemisiry: 2+, 25% lo 50% of tumor cslls with cloplasmic membrane staining; 3+, > 50% of tumor cells with cytoplasmic membrane

shaining.

tPalient’s complate response was pathologically proven with several bicpsies at fumor site. Potieni bone scan, head, thoracic, abdominal, and pelvie

computed tomographic scans are negative.
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W

500 ng/mL. ECD*™®* is known to he released by some
breast cancer cells that overexpress HER2,"™ and ele-
vated BCD"™%* serum levels have been previously re-
ported in patients with breast cancer ' The most
likely explanation for the short serum 1,5 values and
subtherapeutic trough levels of rhuMAb HER?2 in this
group of paticents is that in the presence of ECDWER? ip the
serum, antigen-antibody complexes form and are rapidly
cleared from the circulation. Of interest, no anticancer
responses were observed in the group of patients with
serum concentrations of ECD"™ = 500 ng/mL. Hence,
the interpretation of results of future trials of agents that
bind to or exert their function through p185"** should
take ECD"™? release from the tumors into account; at
present, patients with high levels of ECD"**2 should con-
linue to participale in these sludies.

Therc are several possiblc mechanisms, not mutually
exclusive, that could explain the clinical resulis observed.
An important fact js that rhuMAb HER? induces a marked
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Fig 2. Patient with exten-
sive liver diseose before treai-
ment with rhuMAb HER2 (A)
and 8 months into treatment
showing marked reduction in
liver involvement [B). Patient
with chest wall recurrence be-
fore start ireatment (C, left)
und 1 yeor later showing com-
plete resolution of disease (C,
right). Visible scars are from
multiple biopsies that con-
firmed histologically the ab-
sence of lumor,

downregulation of pl185"*2.” Antibody-induced down-
regulation of p185"™** has been shown to induce rever-
sion of the transformed phenotype in HER2-transformed
cells.** By a similar mechanism, the continuous exposure
to thuMAb HER?2 at adequate concentralions achieved in
our trial could be reversing the malignant phenotype of
the clinical cancers by downregulating their level of
pI85"™. Another possibility is thal the known partial
agonistic effects of thuMAb HER2¥ could result in the
activation of a signal transduction pathway thai leads to
inbibition of tumor-cell proliferation. Both of these poten-
tial antitumor mechanisms would require, in addition to
receptor expression, intact receptor functon. Little is
known about the functional status of p185"¥%* in breast
tumor specimens, but it is conceivable that not all overex-
pressing tumors have functional receplors. In support of
this view is the observation that HER2-overcxpressing
tumor-cell lines that are not growth-inhibited by anti-
p185"F*? antibodies have been described and well charac-
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ANTI-HER2 ANTIBODY THERAPY FOR BREAST CANCER

terized™; it is noteworthy that some of these antibody-
resistant tumor cells also overexpressed truncated forms
of ECD"**_ Furthermore, in vitro studies suggest that
those breast cancer cell lines that have the highest basal
level of pl185"™®? phosphorylation are the most growth-
inhibited by anti-p185™* antibodies.” If this were the
case in the clinic, the recently produced antiserum that
specifically recognizes only overexpressed tyrosine-phos-
phorylated p185"** might prove usefu! in predicting the
subset of p185"ER2-positive tumors most likely to respond
to thuMAb HER2.}

Another possible mechanism of action concerns the
observation that thuMAb HER2 is a potent inducer of
ADCC.* However, while this immune-mediated mecha-
nism might play a role in the observed clinical responses,
ADCC is obviously not involved in the pronounced
growtb-inhibitory effects of the antibody in vitro.

The observed activity of thuMAb HER2 against ad-
vanced breast cancers that overexpress HER2 provides
the first clinical evidence thal anti-growth factor recep-
tor-directed strategies may be useful in the treatment of
human breast cancer. Therefore, continued research with
this agent and other HER2-targeted treatment strategies
appears warranted. The response to thuMAb HER2 in a
less heavily pretreated population and in those with less
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extensive metastatic disease would be of interest since
both parameters have historically correlated with a higher
response to drugs,” and this same principle may apply
to antibody-based therapy.”” In preclinical studies, both
in vitro and in xenografts, rhuMAb HER?2 markedly po-
tentiated the antitumor effects of several chemotherapeu-
tic agents, including cisplatin, doxorubicin, and pacli-
taxel, % without increasing their toxicity. Laboratory
studies of the mechanism of this effect and clinical trials
of such combination therapy are currently in progress.
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HER2/neu-Overexpressing Metastatic Breast Cancer
Refractory to Chemotherapy Treatment

By Mark D. Pegram, Allen F. Hayes, Barbara L. Weber, ga, Tripathy, Debbie Baly,
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cancer.
HE GENE a 185-kd m-
bra thatis a of the type of

growth factor receptors. Amplification of this gene is found
in approximately 25% of human breast cancers and results in
overexpression of the 185-kd encoded receptor tyrosine
kinase, which is homologous to the epidermal growth factor
receptor (EGFR). Overexpression of pl85HERZmer jg gp
independent predictor of both relapse-free and overall
survival in patients with breast cancer.'* In addition,
overexpression of this gene has prognostic significance in
paticnts with ovarian,® gastric,” endometrial,f and salivary
gland malignancies 7 In breast cancer, overexpression of
HER2/neu is also associated with a number of other adverse
prognostic factors that include advanced pathologic stage,*
number of metastatic axillary lymph nodes absence of
estrogen and progesterone receptors,® increased S-phase
fraction,” DNA ploidy,"” and high nuclear grade.! A role for
the HER2/neu alteration in metastasis has also been sug-
gested given the increased occumence of visceral metasta-
sis'> and micrometastatic bone marrow disease in patients
with HER2/neu overexpression.'* Like many other cell-
surface receplors, a soluble form of the extracellular domain
(ECD) of p185HER¥neu cap be shed from the surface of tumor
cells and is detectable in the sera of experimental animals
that bear HER2/neu-overexpressing xenografts, as well as in

expected from CDDP alone with the most common foxici-

CDDP.
: The use of rhuMAb HER2 in combination

59-2671. ¢ 1998 by American Society

the sera of approximately 20% to 25% of patients with
locally advanced or metaslatic breast cancer.!*16 Patients
with elevated serum levels of shed HER2/nex ECD have a
decreased response to hormonal therapy and shortened
overall survival compared with patients without shed HER2/
neu ECD,'4.16

A murine monoclonal anti-HER?2 antibody, 4D3, known
to have anliproliferative acttvity against HER2/neu-overex-
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pressing human breast carcinoma cells in vitro and against
breast cancer xenografts with HER2/reu overexpression in
viva, was humanized, which resulted in a human immuno-
¢lobulin (IgG1) molecule with retained murine sequences
only in the complementarity determining regions. The
resultant molecule has improved binding affinity to the
extracellular domain of HER%reu (kd = 0.1 nM v 0.3 nM
for murine 4D5) and similar growth inhibitory activily
against HER2/new-overexpiessing cell lines and xeno-
orafts.””

Previous work has shown that treatment with monoclonal
antibodies dirccted against EGFR in combination wilh the
cytotoxic drug cisplatin (CDDP) resulted in a marked
reduction in both size and number of human epidermoid
carcinoma xenografts that overexpressed EGFR.'® Using 2
similar experimental approach, we have shown a synergistic.
cytocidal cffcct against cell lines and xenografts with
HER2/ncu overexpression by using monoclonal anti-HER2/
neu antibodies plus CDDP.'® The mechanism of this elfect
appears to involve a decreased capacity of HER2/neu-
overexpressing cells to repair CDDP-induced DNA adducts
after pretrcatment with anti-HER2/neu antibodies 12! This
activity, which we have termed receptor-enhanced chemosen-
sitivity (REC). hus potential clinical application based on the
fact that (1) the dose-effect relationship of the anti-HER2/
neu anlibody plus CDDP is synergistic. (2) this synergistic
effect is specific for cells that overexpress the HER2/nen
receptor, (3) the combination of CDDP plus anti-HER2/neu
antibody results in a two-log increase in cell killing, and (4)
the combination yields pathologic compleic remissions
against HER2/neu-overexpressing human breast carcinoma
xenografts in athymic mice.'®

Pursuant to these preclinical observalions, a series of
phase I clinical trials were initiated and conducted at the
University of California at Los Angeles to determine the
safety and pharmacology of the murine monoclonal anti-
body 4DS5, as well as the recombinant, humanized anti-
p185"FR2 antibody monoclonal (rhuMAb HER?2), both alene
and in combination with CDDP. These studies showed that
the pharmacokinerics of thuMAb HER2 were predictable,
and that the doses delivered achicved a target trough serum
concentration of 10 1o 20 pg/mL, which is associated with
antitumor activity in preclinical models. In addition, admin-
istration of this anti-HER2/neu antibody was safe: the only
toxicily was low-grade fever that occurred with the first
infusion and/or pain at the site of known tumor deposits in a
minority of patients. Moreover, these studies showed that
rhuMAb HER2 was not immunogenic in contrast lo murine
monoclonal antibody 4D5. Finally, the phase 1 studies
showed that the combination of thuMAb HER2 and CDDP

PEGRAM ET AL

showed significant antitumor efficacy, with four of 15
patients who achicved objective responses, which included
three partial responses and one sustained complete remission
that Jasted in excess of 5.5 years without subsequent
Ireatment. Bused on these findings. we designed the current
phase 11 trial with the following objectives: (1) to determine
the overall response rate and response duration of intrave-
nous (TV) rhuMAb HER2 plus CDDP in an open-lahel,
multicenter clinical trial for patients with HER2/neu-
overexpressing Inetastatic breast cancer who have shown
disease progression while undergoing standard chemother-
apy wreatment: (2) to document the tolerance and toxicity of
rthuMAb HER2 plus CDDP; and (3) 10 determine the
pharmacokinetics of thuMAb HER2 when administered in
combination with CDDP.

PATIENTS AND METHODS

Eligibility Criteria

Women aged from 18 10 75 years with a primary histologic diagnosis
of invasive breast cancer, with radiographically or visually measurable
and assessable metastatic discase documented by physical examination
or radiographic findings. were considered for entoliment Parients were
required 1o have cvidence of overexpression (24 to 3 +) of the
HER2/neu proto-oncogene in their malignant cells as delermined by
immunohisiochemical analysis (Roche Biomedical Luboratorics, Re-
search Triangle Pask, NCJ, and were required 10 have documentation of
objective lumor progression whilke receiving active chemotherapy for
breast cancer. No therapy of any kind (cytotoxic, cytokine. or hormonal)
was allowed within the 3 weeks before study entry. In addition, no
therapy with mitomycin or nitrosoureas was allowed within 6 weeks of
study entry A Karnofsky performance status (KPS) greater than 60%:;
Tife expectancy of 3 months or greater: nornal serum caleiurn level
(= 10.5 mg/dl); and preserved cardiac, renal (serum creatinine
level = 15 mg/dl,, creatinine clearance 2 60 mL/min, < 2 + protein-
unia), hepatic (bilirubin level < 15 mg/dL), pulmonary (forced expira-
tory volume in | second = 70% of predicted value), hematologic (WBC
count = 3,000/pL.  pranulocyte count = 1,500/pL, platelet count =
123,000/uL). and cuagulation (prothrombin time < 14 seconds. partial
thromoplastin time < 35 seconds) function were all required All
patients signed a written, intcmal teview hoard-approved, informed
consent ducument. Patients were excluded for active infection, preg-
nancy or lactation, significant cardiac disease (Ncw York Heart
Association class 11T or IV), known hemorthagic diathesis, hepatic
metastases that involved greater than S0% of the liver parenchyma,
Iymphangitic pulmonary melastasis, CNS metastasis, bone-unly metas-
tasis, prior treatment with CDDP or other cisplatin analopues, previous
therapy with a monoclonal or polyclonal entibedy, or concomitant use
of any investigational agent.

Studv Design

Eligible paticats received a 230-mg loading dose of rhuMAb HER2
IV day 0. followed by 100 mg [V weekly for a total of eight doses.
Patients also received CDDP 75 ma/m? day | of treaument, with cepeat
doses on days 29 and 57. Clinical response was assessed on day 70.
Responsive patients or patients with stable disease were eligible for
entry onto a maintenance phase program after day 70. The maintenence
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thuMAL HERZ PLUS CISPLATIN IN BREAST CANCER

phasc protocol consisted of rhuMAb HER2 100 mg IV weckly plus
CDDP 75 mg/m® 1V every 4 weeks until disease progression or
prohibitive toxicity ensued.

Treatment Plan

A baseline pretreatment evaluation that included a complete history
and physical examination, 12-lead ECG, chest radiograph, serum
pregnancy test, complete blood count, arinalysis, creatinine clearance,
serum chemistries (which included hepatic function tests), coagulation
studies, hepatitis serologies, audiologic lesting, pulmonary function
lests, and baseline tumor measurements was performed within 2 weeks
before study entry. Study patients were monitored weekly by physical
examination, complete blood counts, serum chemistries, and coagula-
fion studies All chuMAb HER? doses were administered in 250 mL of
09% sodium chloride solution infused IV over 90 minutes. Vital signs
were recorded before each dose, at the end of the infusion, and 1 hour
postinfusion. Serum samples were collected just before and 1 hour after
each thuMAbR HER2 dose for pharmacokinetic analysis of thuMAb
HER?, presence of shed p185¥ER2 ECD, and detection of anti-ThuMAb
HER2 antibodies. All CDDP doses were administered 1 doy after
scheduled rhuMAb HER2 doses, consisted of CDDP 75 mg/m? diluted
in 500 mL of 0.9% sodium chloride solution, and were administered IV
over 60 minutes after hydration with a minimum of 500 mL of 5%
dextrose/0.9% sodium chloride solution. After CDDP administration,
patients received an additional 500 ml. of 5% dextrose/B.9% sodium
chloride solution. Additonal hydrarion, mannitol, furosemide, and
clectrolyte solutions were administered as medically indicated. Anti-
emetic therapy consisted of dexamethasone 20 mg TV before CDDP
administration and ondansetron 0.15 mg/kg IV before CDDP adminis-
tration and 1.5 and 3 5 howrs after the CDDP infusion. A graded toxicity
scale based on the modified National Cancer Institute criteria was used
lo assess toxicity Dose modification of CDDP to 50% of the original
dose was performed for grades I ta Il nephrotoxicity or grades I1I to [V
gastrointestinal toxicity. For any other grades Il fo IV toxicity,
treatment was reinstiruted at doses of CDDP of 50 mg/m? and rhaMAb
HER2 of 50 mg IV after resolution of toxicity. Response criferia were
defined as follows: complete response, disappearance of al! radiographi-
cally and/or visually apparent tumor; partial response, reduction of at
least 50% in the sum of the products of the perpendicular diameters of
all measurable lesions with no new lesions detected: minor response, @
reduction of 25% 10 49% in the sum of the products of the perpendicular
diameters of all measurable lesions with no new lesions detected; stable
disease, not meeting the criteria for response or progtession; and
progressive disease, objective evidence of an increase of 25% in any
measurable lesion or the appearance of any new lesion. All objective

P were dby an independent responsc cvaluation commit-
lee comprised of a medical oncologist and radiologist who were
otherwise not involved in the conduct of this study.

Detection of HER2/neu Oncogene Overexpression
in Clinical Tissue Specimens

Patierns of HER2/neu expression were evaluated by a modificarion of
p i that used a murine mono-
clonal antibody (4D5) directed against HER2/net.>™ Four-micron
sections from formalin-fixed, paraffin-embedded tissues were cut and
mounted on positively charged slides. Tissue sections were Ueparaf-
finized and endogenous peroxidase activity was quenched with 1%
hydrogen peroxide in methanol Sections were digested with | mg/mL.
of prolease in phosphate buffered saline (PBS) and allowed to incubate

hlichad & he h 1 techni,
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with horse scrum to block nonspecific antibody binding. Primary
antibody (4D3; Genentech, Inc, South San Francisco, CA) was applied
(10 ug/mL) and sections were allowed to incubate at 4°C for 18 hours.
Sections were washed with PBS and trested with a biotinylated
antimouse secondary antibody (Vector Laboratories, Inc, Burlingame,
CA) After rinsing wilth PBS, sections were incubated with avidin-
biotinylated enzyme complex (Vector Laboratories, Inc). Sections were
then rinsed in PBS, and antibody binding was detected by staining with
a diaminebenzidine/hydrogen peroxide chromogen solution. Sectons
were rinsed in deionized water, counterstained in Harris hematoxylin,
dehydrated through graded alcohols. cleared in xylene, and cover-
slipped. The scoring system for interpretation of HER2/neu immunostain-
ing is as follows: 0, 10% or less of wmor cells show any level of
positive staining: 1 +. barely perceptible light membranous timming
that may not totally encircle the cell membrane; 2 =, light to moderate
membranous rimming that totally encircles the membrane: and 3 +,
modecale lo suong membrene rimming that lotally encircles ihe
membrane.

Pharmacokinetics of rhuMAb HER2

The concentration of thuMAb HER2 in serum was measured by
means of an enzyme-linked immunosorbent assay (ELISA) with the
ECD of p185HE"2 as the coat antigen. In this ELISA format, 100 pL of
p1BSHER? (Genentech, Inc) was added to MaxiSarp 96-well micratiter
plates (Nunc, Roskilde, Denmark) at 1 mg/mL in 0.05 moVL of sodium
carbonate, pH 96 After overnight incubation at 2° to 8°C, the plates
were washed three times with ELISA wash buffer (PBS that contained
0.05% Tween-20) using a Biotek FL304 platewasher (Bio-tek Instru-
ments, Inc, Winooski, VT) The plates were then blocked with 200 uL
per well of ELISA diluent (PBS that contained 0.5% bovine serum
zlbumin [BSAJ: 0 05% Tween-20; and 0.05% Proclin300, pH 7.2) for 1
to 2 hours at ambient temperature with agitation. After blocking, plates
were washed again three times with ELISA wash buffer. Subsequently,
100 pL. of standards, samples, or controls were added to duplicate wells
and allowed to incubate for 1 haur at ambient temperature The standard
curve range for the assay is 1.56 to 100 pp/mL. After the sample/
standard incubation, the plates were washed six times with ELISA wash
buffer and 100 pl of goat anthuman IgG Fe-horseradish peroxidase
(HRP), freshly diluted o its optimal concentration in ELISA diluent,
was added to the plates. After a I-hour incubation, the plates were
washed six times in ELISA wash buffer and 100 pL of PBS, pH 7.2, that
contained 2.2 mmoV/L of orthophenylene diamine (Sigma Chemical Co,
St Louis, MO) and 0.012% (volivol) hydrogen peroxide (Sigma
Chemical Co) were added to each well. When color had fully
developed, the reaction was stopped wilh 100 pL per well of 4.5 mol/L.
of sulfuric acid. The absourbencies of the well contents were read at 492
nm minus 405 nm reference absorbance using an automatic plate reader
(Molecular Devices, Palo Allo, CA). A four-parameter curve fit program
was used to generate the standard curve, from which sample and control
concentrations were interpolated

Detection of Anti-rhuMAb HER2 Antibodies in Serum

An antibody titer ELISA was developed to measure the presence and
titer of antibodies against huMAb HERZ in human sera. The positive
control in the ELISA was an antiserum prcpared against thuMAb HER2
in cynomulogous moukeys The negative conwrol was a human serum
pool prepared from a panel of healthy donors Briefly, 100 L of
rhuMAb HER2 was added to 96-well nucrotiter plaies al 1 pg/mL in
0.05 molL of sodium carbonate buffer, pH 9 6. After overnight
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incubation at 4°C, plates were wushed with ELISA wash buffer (PBS
that contained 0.05% Tween-20 and (1.01°% thimerosal) and blocked for
| hour with ELIS A dituent (PBS that contained 0.05% Tween-20, (} 5%
BSA. and 0 01% thimerosal) Subsequently. 50 pL of sample, positive
cantrol, ot negative control and 50 pL of bivtin-rhuMAb HER2 were
added to approprinte wells and allowed to incubate for | hour at room
temperature (RT). The titer of the positive control was detertnived by an
initial 1:100 dilution of the sample followed by serial 1:2 dilutions The
plates were washed in ELISA wash bulfer, then 100 ul. of PBS thal
contained 2 2 mmol/L of orthophenylene diamine {OPD) and 0.012%
hydrogen peroxide was added to each well The colorimerric reaction
was quenched with 100 pb of 4 3 mol/L of sulfuric acid and ahsorbance
was measuted al 492-nm wavelenglh in an antomated plate reader.
Intra-assay and interassay varjability averaged 2.6% and 12.1%,
respectively

Detection of p185"ER¥y ECD in Serum

The method for delection of shed HER2 ECD levels in serum is an
ELISA-bascd assay and has been described in detail elsewhere 2*
Briefly, the ELISA uses pairs of anti-HER2 monoclonal antibodies
(Genentech, Inc) that recognize mutually exclusive determinants of the
ECD of pi§sHERZneu Wells were coared overnight aL 4°C with MAb
7F3, which does not compete with thuM Ab HER2 for shed 11ER2 ECD
binding. Assay standards (recombinant, p |85HER¥ne ECD) and patient
samples werc added to appropriatc wells and allowed 10 incubate for 2
haurs. After a wash step, secondary antibody was added (MAb 4D5 10
detect free shed HER2 ECD and MADB 2C4 ta detect (otal shed HER2
ECD) for 2 huurs The buund conjugalc was delected with OPD
substratc and the resulting ubsorbance was measured at a 490-nm
wavelength. The range of the assay is 2.75 0 1,800 ng/mL in serum or
plasma.

RESULTS
Patient Characteristics

Thirty-nine patients were enrolled onto the study, and
their characteristics are listed in Table 1. Patients ranged in
age from 29 to 75 years. Eighty-six pereent of the paticnts
had a KPS of Y0% or greater. Uligh levels of HER2/neu
overexpression (3+) werc observed in 82% of the patients
Twenty-four of 37 patients (65%) who had measurements of
serum shed HER2/neit ECD performed before treatment had
levels greater than 2.75 ng/mL. (the lower Jimit of detection
in the ELISA assay). Only one third of the patients for whom
hormonc receptar data were availablc were either cstrogen
receptor— or progesterone receptor—positive, consistent with
previous studies that showed an inverse conelation between
HER2/neu overexpression and hormone receplor expres-
sion,* Twenty-seven of the 39 patients (69%) were post-
menopausal at diagnosis, and a majority of the patients had a
high disease burden, with 18 of 39 patients (46%) who had
three or more sites of metastatic discase. This patient
population had been heavily pretreated before study eniry.
with 35 of 39 patients (90%) in whom two or more prior
chemotherapeutic regimens had failed for metastatic dis-
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Table 1. Patient Charodteristics
Characteniic No %
Age, years
Mean 50
Range 2975
Kamofsky performance status, % (n = 37)
100 22 59
90 10 27
80 4 n
70 1 3
Lovel of HER2/ nev overexpression
2+ 7 18
3+ 32 82
Detection of shed HER? ECD {n = 37)
Receptor status
Estrogen recaptor-posifive (n = 37) 13 35
Progesterona receptor-positive {n = 36)
Menopausal status
Premencpausal 10 26
Postmenopausal 27 69
Perimenopausol 2 5
No. of melastaic siles
1 7 18
2 4 36
23 18 44
Sites of melostosis
Lung 19 49
Lymph node 19 49
Bone 18 46
Chast wall/skin 17 44
Liver 14 36
Breast 4 10
Ovary 1 2.5
1 2.5
No ol prior chemotherapy regimens for melastolic disease
1 4 10
2 18 46
=13 17 44
Prior hormonal therapy 21 54
Prior radiotherapy 27 69
NOTE N =39,

ease. In addition, all patients had to show resistance (0
standard chemotherapy as evidenced by lumor progression
while receiving chemotherapy treatment to be eligible for
this trial.
Toxicity

Toxicity data are listed in Table 2. During the main study,
105 cycles of CDDP were administered in combination with
314 weekly IV doses of rhuMAb HER2. During the
maintenance phase, an additional 81 cycles of CDDP and
434 doses of rhuMAb HER2 were administered. Thirty-
seven patients had KPS assessed al baseline and at least once
during the course of the study. The KPS remained un-
changed in 19 patients (the majority of whom had
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thuMAb HER2 PLUS CISPLATIN IN BREAST CANCER

Table 2, Grade 3 or 4 Clinical Adverse Events, Irespective of Causality

Grode 3 Grode 4
Event No. % No b1
Main study {n = 39)

Accidentol injury 3 0 0
Back pain 3 0 0
Infediion 5 0 0
Dyspnea 5 0 0
Angrexia 3 0 0
Nausea and/or vomiling 18 0 0
Increased AST 3 0 0
Increased alkaline phosphatase 3 0 0
Hyperbilirubinemia 8 1 3
Nephrotoxicity 0 1 3
Asthenia 13 0 0
Hypertonia 3 0 0
5 0 0

Anemia 8 0 0
Thrombocytopenia 10 0 0

Maintenance phose [n = 19)

Hyperglycemia 1 5 0 0
Sepsis 0 0 1 5
Cardiomyopothy 1 5 0 0
Nausea and/or vomiting 2 10 1 5
Hyperbilirubinemia 1 5 0 0
Peripheral nevropathy 2 10 0 0
Leukopenia 1 5 0 0
Anemia 1 5 0 0
Thrombocytopenia 4 21 0 0

KPS > 80%), improved in two patients, and decreased in 16
patients. Four patients experienced weight loss in excess of
10% of their baseline body weight during the study. Four
patients experienced fever greater than 38°C during thuMAb
HER? infusion or at the postinfusion measurement. There
was no significant difference in blood pressure between
pretreatment and postireatment measurements across all
treatment days. During the main study, 22 of 39 patients
(56%) experienced at least one episode of grade IT or IV
toxicily. The most frequent grade TN toxicities observed
were nausea and/or vomiting in seven patients (18%),
asthenia in five patients (13%), thrombocytopenia in four
patients (10%), anemia in three patients (8%), and leukope-
nia in two patients (5%). One episode of reversible grade IV
nephrotoxicity was registered during the main study, and this
patient’s renal function recovered after 9 days, One patient
developed grade IV hyperbilirubinemia during the main
study. This event was believed to be disease-related rather
than treatment-related. During the maintenance phase, 10 of
19 patients (53%) experienced grade III or IV toxici ty. The
moast trequent grade II toxicities were thrombocytopenia,
four patients (21%); nausea and/or vomiting, two patients
(10%); and peripheral nevropathy, two patients (19%). Two
patients experienced grade IV toxicity during the mainte-
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nance phase, one patient with sepsis and another with
gastrointestinal toxicity. Grade II/IV toxicily reported as
possibly related to thuMAb HER2 was infrequent and was
reported in six of 39 patients (15%). These events consisted
of grade 111 cytopenia in three patients, grade 11T nausea or
anorexia in two patients, grade III asthenia in one patient,
and grade 111 hyperbilirubinemia in one patient. In most of
these cases, we were not able to dissociate toxicity possibly
related to thuMAb HER?2 from toxicity likely caused by
CDDP or the patient’s underlying disease. There was no
report of grade IV toxicity attributable to rhuMAb HER2
administcation. We observed no evidence of increased
toxicity in those tissues that are known to express p18§5'ER2,
ie, lung, gastrointestinal tract, CNS, or skin, nor was there
any toxicity at the IV injection site. Three patients discontin-
ued the main study treatment because of toxicity or intercur-
rent medical illness (two with nephrotoxicity and one with
hepatic failure), and one patient discontinued the mainte-
nance phase as a result of cardiomyopathy. The latter patient
had a cumulative anthracycline dose of 420 mg/m? and had
also received prior chest-wall irradiation. This patient also
had a history of concurrent hypertension and diabetes. Four
patients died before day 70; however, in each case, patients
had been removed from the study because of diseasc
progression before death. In summary, the toxicities ob-
served were consistent with those previously reported for
CDDP alone in a heavily pretreated population of breast
cancer patients (Table 3).

Response and Response Duration

Tumor response was evaluated on day 70 during the main
study and every 10 weeks during the maintenance phase
protocol. Patients with symptoms or suspected progressive
disease could have tumor assessment at any time during the
course of the study. Thirty-seven of the 39 patients enrolled
(95%) were assessable for tumor response (Table 4). Assess-
able patients were defined as those who met all eligibility
criteria. received at least one dose of therapy, and underwent
response evaluation other than at baseline. Patient deaths
before tumor evaluation were considered assessable (progres-
sive disease). Two patients were not assessable for tumor
response because of adverse events before tumor assess-
ment. During the main study, the median number of doses of
rhuMAb HER2 per patient was nine (range, one to nine
doses). The median number of doses of CDDP per patient
was three, and the average administered dose was 74 mg/m?.
Three patients missed one dose of CDDP or received dose
reduction as dictated by the study guidelines Nineteen
patients (49%) eqtered the maintenance phase protocol, in
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2664 PEGRAM ET AL
Toble 3. Studies of Single-Agent Cisplatin in Patients With Previously Treated Metostatic Breast Cancer
Responze  Mephro- Gostroinfestinal ~ Leukopeniot
Investigator Dosaga Ne CR PR Ouvrolion  faicity* (%} Neuroloicityt Toxicity {% Thrombocytopania
Bulletal®(1978]  70mg/m2every3 16 0 2 21-85days 8 36%Hearing loss  97% Severe nausea 44 473 < 50,000/
weeks pl > 7 days
Samol el ol? {1978]  15mg/m?/d x 5 23 0 0 NA 0 9% Tinnitus 70% Nousea and 29-50  50%-57% <
every 4 weeks or 4% Alaxio/lethargy  vomiting 100,000/ ul
120 mg/m? every
4 weeks
Yap el a5 (1978} 100 mg/m? every 2 0 0 NA 21-33 B% Tinnitus 17%-57% Moderate NR NR
3-4 weeks or 20 4% Heoring loss to savare nousea
mg/m? X 5 evary and vomiling
4 weaks
Ostrow et al {1980} 100 mg/m? every 17 1 0 3months 35 29% Hearingloss ~ 100% Nousea ond k| 4% < 20,000/l
3-4 weeks % Optic nouritis vomiing, fre-

Forastiers et ol*” &mg/m’every3 17 0 5 1-6moaths 135
{1982)§ weaks or 120
mg/m? every 3-4
weeks
Totol 119 1 7 21 days- 035

& months

Overall response rate 7% (95% Cl, 210 11}

6% Peripheral neu-  quently severe

ropathy
66% Tinnitus 100% Navsea nd 37 1%-2% <
33% Hearing loss vomiting 50,000/l
15% finnitus/
hearing loss with
40 mg/m?}
5%-66% Tinnitus/  17%-97% Nauseo 350 1%47% <
hearing loss and vomifing fre- 50,000/l
0%-6% Peripheral quently severe
neurepathy

Abbreviafions: CR, complete response; PR, partial response; NA, not available; NR, nat reported

*Creatinine level > 2 mg/dL

tHigh-frequency hearing loss > 20 dB,

$WBC count < 3,000/l

§All 5 responses in this sludy occurred in the 120-mg/m? orm

which the median number of rhuMAb HER2 doses per
patient was 17 (range, three to 75 doses), and the mechan
number of CDDP doses per patient was four (range, one to
10 doses), with an average CDDP dose of 65 mg/m?. Ten
patients required dose reductions of CDDP during the
maintenance phase. The maximum number of rhuMAb
HER2 doses received by any patient was 84.

Of the 37 patients assessable for tumor response, eight
patients had a partial response documented during the main
study, and one additional palient had a partial response thal
occurred during the maintenance phase Thers were no
complete responses in this study. Three patients met the

Table 4. Response Data for Main Study Plus Maintenance Phase

Among 37 Assessable Patients

Response No of Pafients %
Complete response 0 0
Particl response 9 243
Overall response ? 243
Minor response 3 8
Stable disease 6 16
Diseass progression 19 513

criteria for minor response and six patients had stable
disease during the main study Disease progression was
observed in 19 patients. The overall objective response rate
among assessable patients (main study plus maintenance
phase) was 24% (nine of 37 patients), all of whom had
partial responses (95% confidence interval [CI]. 12.4 10
41.6). The overall response rate for all patients (intent-to-
treat population) was 23% (nine of 39 patients; 95% C1, 11.7
to 39.7). The sites of response were lung (n = 5), lymph
node (n = 2), chest wall/skin (n = 6), and liver (n = |). The
median response duration was 5.3 months (range, 1.6 to 18
months). The characleristics of the responders are listed in
Table 5. Pretreatment clinical variables were evaluated to
determine if any variable was predictive of clinical responsc.
Neither age, KPS. body weight, degree of HER2/neu
overexpression, prior treatment, number or sites of metasta-
scs. hormone receptor slatus, or pretrcatment shed HER2/
new ECD serum concentration correlated with clinical
response. Furthermore, we found no association between
fever during the rhuMAb HER?2 loading dose and clinical
response, nor did febrile reaction to rhuMAb HER2 corre-
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Tabls 5, Characteristics of Patients Who Respanded fo CDDP Plus chuMAb HER2

Na of Prior
Potient Chemothesapeufic Maximum Response Time o Tumor
Regimenn for HR2 Shed HERZ/ new Duration Progression
[years} Matcrniatic Disoose Exprestion Site{s) of Objociive Response ECD [ug/ml) [months) {months)
39 3+ Chestwall, supracloviculor 0.201 77 10.0
63 3+ Chestwall 0.056 53 7.5
45 2+ Lung 0.019 40 6.7
39 3+ Liver 221 14 4.4
68 3+ Lung 0.048 9.4 ns
41 2+ Lung, supradavicular 0.004 27 8.4
37 3+ Chest wall, lung 0.004 a7 1
50 3+ Chest wall None dotacted 18 20.5
43 0 3+ Chest wall, lung 0062 A7 7.0

NOTE. All nine patients had objsctive particl responses

late with pretreatment shed HER2/nen ECD concentration in
serum.

rhuMAb HER2 Pharmacokinetics

To determine the ettect of concomitant CDDP administra-
tion on rhuMAb HER?2 pharmacokinetics, we compared the
mean pharmacokinetic paramelers measured in the current
study with those in patients from a previously reported phase
II clinical trial of rhuMAb HER2 alone in patients with
HER2/neu-overexpressing advanced breast cancer (Table
6).2 These dala show that there is no significant difference
in thuMAb HER2 pharmacokinetics with the coadministra-
tion of CDDP when compared with treatment with antibody
alone.

In addition, there was an inverse relationship between
thuMAb HER?2 scrum half-life and serum shed HER2 ECD
of 05 pg/mL or greater. Indeed, patients with any measur-
able shed HER2neuw ECD serum level, compared with
patients without measurable circulating ECD, had lower
mean trough rhuMAb HER? concentrations (18.7 v 43.6
pg/mL; P = .0001) across all time points (n = 443 observa-
tions: Fig 1). Among the subsel of patients with measurable
shed HER2/neu ECD levels, an inverse log-linear relation-
ship between thuMAb HER2 trough and shed HER2/neu
ECD serum levels (R = 0.79; P = .0001) was seen (Fig 2).
Although shed HER2/neu ECD may interfere with the
quantitation of rhuMAb HER2. significant loss of quantita-

tion of trough rthuMAb HER2 concentration was not ob-
served unless the ratio of thuMAb HER2 t0 shed HER2/neu
ECD concentration was less than 10:1, Therefore, the
observed relationship between rhuMAb HER?2 serum concen-
tration and serum shed HER2/neu ECD cannot be explained
solely on the basis of assay interference.

Correlation of Shed HER2/nen ECD Levels
ond Clinical Response

The relationship between the maximum serum shed
HER2/new ECD concentration and level of HER2/neu
expression (2 + v 3 +), as well as disease burden (number
of metastatic sites), is shown in Fig 3. These data suggest a
relationship between the maximum observed shed HER?2/
neu serum concentration with both degree of HER2/neu
overexpression and disease burden, although these correla-
tions did not reach statistical significance, pethaps because
of the small numbers of patients in each of these subgroups.
Clinical pretreatment variables, which included level of
HER2/neu overexpression, number of metastatic sites, and
serum shed HER2/neu ECD, were not predictive of clinical
outcome; however, the difference in serum shed HER2/neu
ECD concentration (day 70 posttreatment v day 0 pretreat-
ment) was significantly associated with clinical outcome
(disease progression v stable or responsive disease; P = 008,
Fisher's exact test). Patients with disease progression showed
a significant increase in serum shed HER2/new ECD over

Table 6. Mean Pharmacokinetic Paromaters

Shed HER-2 No of Patients
Study HalkLife {days) ECD(pg/ml)  Max Cpeok (ng/ml)  Mox Chough (pg/ml} Mox Cirough < 10 ug/ml*
rthuMAb HER?2 alone ?22=53n=39) <05 113 +35(n=46] 54 + 32(n = 45) 523+ 23.6[n=45) 7/40
29=32(n=¢6) 205
rhuMAb HER2 + CDDP 110 = 4.4 (n = 30} <0.5 1212 84[(n=37) 85+18.in=37) 501 £2]6[n—37) 12/37

40x26=7)

Abbreviations: Max Cpeak, maximum concentrafion peak; Max Cirough, maximum concentration trough; Css. mean concentration steady stale
*Number of patients with o least one minimum thuMAb HER2 through concentration less than 10 ng/mb
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time (paired two-tail f test, P = .0006; Fig 4A). Patients with
stable or responsive disease had a significant decrease in
serum HER2/neu ECD after CDDP plus thuMAb HER2
therapy (P = .004; Fig 4B); however. in these patients, a
decrease in serum shed HER2/neu ECD concentration was
not sufficient to discriminale between paticnts with stable
disease and those with objective clinical responses, because
five of six patients with stable disease had a decrease in shed
HER2/neu ECD that was not associated with a measurable
objective clinical response
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data demonstrate an inverse relationship between serum shed HER2/neu
ECD and rhuMAb HER2 trough concentrotion (P = .0001}.
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Human Antihumanized Antibody Responses

Seven hundred forty-eight doses of thuMAb HER2 were
administered in this study. There have been no cases in
which measurable antibodies to rhuMAb HER2 were de-
tected despite repeated weekly IV exposure, in some cases
for many months In addition, there were no reports of
severe allergic reactions, such as bronchospasm. hypoten-
sion, urticaria, or eosinophilia after thuMAb HER2 adminis-
trauon,

DISCUSSION

Therapeutic antitumor antibodies have long been pro-
posed as an aturactive approach to cancer therapy. However.
despite many years of research. this approach to cancer
therapy has not gained wide use in clinical practice for many
reasons, which include (1) the lack of antitumor efficacy of
antibodies in buman clinical trals, (2) (he lack of antibody
specificity for tumor targets, (3) the induction of immune
responses against nonhuman antibodies that preclude the use
of multiple doses, and (4) the technical limitations to
large-scale production and purification of monoclonal anti-
bodies. Amplification and overexpression of the HER2/neu
proto-oncogene occurs in 25% to 30% of breast cancers thal
provide a tumor-selective target for antibodies directed
against pl8§!1ERZner Previpus studies showed that a murine
monoclonal antibody, 4D3, directed against the ECD of the
HER2/neu protein, has growth inhibitory effects on malig-
nant cells that overexpress this receptor.2® This anti-HER2
antibody has been humanized so that it is less capable of
eliciting either human antimurine or antihumanized anti-
body responses. Humanized antibodies may also be capable
of affecting antitumor immune responses. We have previ-
ously shown the clinical cfficacy of thuMAb HER? alone in
a phase I1 clinical study,?* and the combination of rhuMAb
HER2 with CDDP had significant antitumor efficacy against
HER?2/neu-overexpressing breast cancers in a phase I clini-
cal trial.

The mechanism of action of CDDP involves the formation
of an equated cisplatin species that can react bifunctionally
with DNA, which results in inter- and intrastrand cisplatin-
DNA adducts that lead to inhibition of DNA synthesis 230
One mechanism of resistance 1o CDDP involves removal of
cisplatin-DNA adducts through DNA excision-repair pro-
cesses.*1?2 Experimental data suggest that this DNA repair
activity can be significantly decreased by the binding of
ligands (EGF) to or antibodics against ccll-surface type [
receptor tyrosine Kinases, such as the EGFR or
pl §5HERYAe 193534 This phenomenon translates into a two-
log increase in CDDP killing of cells that is specific to those
cells that overexpress the HER2 receptor.'” In preclinical in
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vivo breast xenograft models, this resulted in the cure of
some animals.

To assess the response of previously treated patients with
metastatic breast cancer to CDDP alone, we have reviewed
the literature and compared that experience to the results in
this study. To date, there have been five reports on Lhe use of
CDDP as a single agent in previously treated patients with
advanced breast cancer.’*% These studies are listed in Table
3. Of 119 patients treated with a variety of CDDP administra-
tion schedules, only one complate response and seven partial
responses were seen for an overall objective response rate of
7% (95% CI, 2 to 11). The duration of Tesponses ranged
from 21 days to 6 months, and no responses were seen in
patients treated with doses of less than 70 mg/m?2.

1,500

=3
=3
=3

Serum Shed HER2 ECD (ng/mL)
o
=4
a
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In the current trial, we administered rhuMAb HER2 in
combination with CDDP to 39 patients with advanced breast
cancer who had disease progression while receiving chemo-
therapy before study entry. We observed nine objective
partial responses (eight during the main study and one
during the maintenance program) among 37 patients who
were assessable for response for an overall objective re-
sponse rate of 24% (95% CI, 12.4 w0 41.6). The sites of
response were diverse (lung, liver, lymph node, and chest
wall/skin), and the response duration ranged from 1.6 to 18
months, with 8 median response duration of 53 months.
Clinical response data in a trial run in parallel to this study,
which used weekly IV administration of thuMAb HER?2 as a
single agent in patients with metastatic breast cancer with

Fig 4. (A} Shed HER2/nev ECD
at baseline (pretreatment) and day
70 {postiraatment] for patients with
disease progression demonstrating
a significant increase in shed HER2/
neu ECD {P = .006). {B) For patients
v with stable or responsive diseass,
there wus o significant decrease in
shed HER2/neuv ECD {P = .004).

Baseline Postreal ment Baseline Postreat ment
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the same dose and dosing schedule used in the current study.
showed an objeclive response rate of 12% (95% CI, 4 to 26),
with mild o moderate fever and chills reported as the
predominate toxicity.

There arc at lcast four potential explanations for the
observed objective clinical responses seen in the current
trial First, some of the palients may have responded 10
CDDP alone; however, the tesponse rate observed in the
current study is substantially higher than those reported
previously for single-agent CDDP, especially considering
the relatively modest CDDP dose administered and the
reyuirement for demonstration of resistance lo ongoing
reatment with cytotoxic drugs in patients enrolled onto this
study. Furthermore, overexpression of HER2/neu has been
associated with CDDP resistance in previous studies. "4 It
is, therefore, less likely that the observed objective response
rate resulted from a unique sensitivity to CDDP among
patients with HER2/neu-overexpressing breast cancer. Sec-
ond, it is also possible thar some of the clinical responses
observed were caused by the action of thuMAb HER? alone
However, in the previously published parallel tial, the
objective response rate to thuMAb HER?2 alone was approxi-
mately one half (12%) that seen in this stady. On binding to
pl8sHERYres - thyMAb HER2 causcs downrcgulation of
pl85HERZrev expression and disrupts the formation of HER2/
HER3 and HER2/HER4 heterodimers. These events are
accompanied by a decrease in cell proliferation.**#% Because
this effect is not cytotoxic, administration of rhuMAb HER2
alone may not be expected to result in objective clinical
responses; however. the thuMAb HER2 antibody used in
this study has been engineered to elicil antibody-dependent
cellular cytotoxicily by host natural-killer cells, macro-
phages. and neutrophils, and this may have resulted in some
of the observed objective clinical responses.* A third
mechanism to account for clinical responses with CDDP
plus rhuMAb HER2 might simply be the additive effects
from each agent alone. Finally. it is possible that downregu-
lation and/or inactivation of HER2/neu rcceptor activity by
rhuMAb HER2 may result in increased response to CDDP
by decreasing cellular repair of cisplatin-induced DNA
adducts, thus effecting the clinical responses seen with this
treatment. This latier hypothesis is supported by data that
indicate such a mechanism is operative in HER2/neu-
overexpressing breast cancer cells when (reated with anti-
HER2/neu antibodies.?

The toxicity observed in this study essentially parallels
that reported previously for single-agent CDDP in a similar
patient population in which treatment was frequently accom-
panied by gastrointestinal, renal. neurologic, and hemato-
logic toxicity (Table 3) There was no evidence that huMAb
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HER2 enhanced the toxicily of CDDP. Moreover, the
toxicity data from the current clinical trial are consistent
with preclinical data that indicate that the enhanced cytotox-
icity of CDDP mediated by rhuMAb HER2 is restricted to
cells that contain HER 2/neu amplification/overexpression 1
This clinical observation validates the specificity proposed
in the REC model and shows that the increased CDDP
killing effects are nnique to cells that contain the HER2/neu
altcration. The only observed toxicity unique to thuMAb
HER?2 infusion was mild to moderate tever and chills in a
minorily of patients, usually during or just alter the thuMAb
HER2 loading dose. This phenomenon was also noted in
earlier phase 1 and [T clinical trials with this drug.> We
found no correlation beween febrile reaction to ThuMAb
HER2 and serum HER2/new LECD, nor was there any
correlation between fever and clinical response.
Coadministration of CDDP with rhuMAb HER2 had no
measurable effect on the mean pharmacokinetic parameters
of TV administered thuMAb HER2 compared with values
obtained with weckly [V administration of thuMAb HER2
as 4 single agent (Table 6). Furthermore, in light of the
distinct mechanisms of elimination for these two agents
(clearance of [gG through the reticuloendothelial system and
predominantly renal climination of CDDP), as well as the
absence of any increase in toxicity attributable to CDDP, we
believe it is unlikely that thuMAb HER2 impacts signifi-
cantly on CDDP pharmacokinetics, although the pharmacol-
ogy of CDDP was not directly evaluated in this study.
Twenty-four of 37 patients (65%) who had measurements
of serum shed HER2/neu ECD performed before treatment
had detectable serum levels in a sensilive ELISA assay. As
noted in the previous study of single-agent thuMAb HER?2,
serum HER2/neu ECD was associated with rhuMAb HER2
pharmacokinetics (Table 6; Figs 1 and 2). There are three
potential mechanisms that may account for this observation.
Firsl, thuMAb HER2 may bind to HER2/neu ECD, which
results in an antigen/antibody complex formation that results
in a more rapid clcarance of thuMAb HER2 from scrum.
Second, the serum shed HER2/new ECD may merely be a
marker of high disease burden thai reflects an increased
thuMAb HER2 binding by (umor cells that results in
shortened rhuMAb HER?2 serum half-life. This hypothesis is
supported by the observation of a significant inverse correla-
tion between scrum rhuMAb HER2 concentration and
xenograft volume, which is independent of serum shed
HER2/ner ECD in athymic mice that bear HER2/neu-
overexpressing breast carcinoma xenografts.® The third
possibility is that there may have been interference in the
assay used to measure serum thuMAb HER2 caused by the
presence of serum HER2/rew ECD, which resulted in
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artifactually low rhuMAb HER?2 measurements in the pa-
tients with high levels of shed HER2/new ECD. Significant
loss of quantitation of rhuMAb HER2. however, is not
observed unless the ratio of serum thuMAb HER?2 to shed
HER?2/nex ECD is less than 10:1. This occurred in only a
small number of samples in this study The extent to which
any or all of these mechanisms account for the observed
pharmacokinetic relaonships between shed HER 2/ner ECD
and thuMAb HER?2 concenurations cannot be determined
from the current data set and requires further study. Pretreat-
ment seram HER2/neu ECD levels did not correlate with
clinical response to CDDP plus thuMAb HER? therapy. This
apparent lack of comelation between pretreatment shed
HER?2/neu ECD and clinical response may be caused by lack
of statistical power to detect such a difference. because there
were only 24 patients with measurable levels of shed
HER2/neu ECD before treatmenl. An important aspect of
the current data is the demonstration that measurable serum
HER2/nex ECD does not preclude clinical response to
CDDP plus thuMAb HER2 because eight of the nine
responders had measurable shed HER2/nex ECD during the
course of this study, which included one patient with a very
high level (2.21 pg/mL).

We were unable to identify any clinical pretreatment
variables that correlated with clinical outcome, which in-
cluded age, KPS, body weight, degree of HER2/neu overex-
pression, prior weatment, number or sites of metastases.
hormone-receptor status, or pretreatment shed HER2/neu
ECD serum concentration. Although pretreatment serum
HER2/neu ECD did not correlate with response to thuMAb
HER? plus CDDP, we found that trends in shed HER2/neu
ECD over time did correlate with overall clinical outcome,
specifically with disease progression. Nine of 13 patients
with progressive disease showed an increase in shed HER2/
ney BCD during treatment, and six of six patients with
objective partial response and measurable serum levels
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showed a decrease in shed HER2/neu ECD after treatment
with the combination. A significant decrease in shed HER2/
neu ECD. however, was also evident in five of six patients
with stable disease, as well as in one patient with disease
progression, which indicated a decrease in HER2/neuw ECD
concentration alone was not sufficient to discriminate be-
tween stable disease and objective clinical response in this
small data set. These data further suggest that serial measure-
ment of serum HER2/neu ECD may have limited use as a
predictive factor for objective clinical response, but it may
be a useful marker of treatment failure in patients who
continue to show increases in serum HER2/nex ECD during
treatment.

This is the first report of a therapeutic strategy that uses a
combination of chemotherapy plus anti-HER2/neu antibody.
The REC approach shows activity in patients with breast
cancer with prior clinical resistance to chemotherapy, and
the objective response rate of approximately 24% after
treatnent with CDDP plus rhuMAb HER2 holds promise
that the REC strategy that used rhuMAb HER2 with
cylotoxic drugs may be a viable therapeutic approach that
warrants further study. We have tested the combination of
thuMAb HER2 with other chemotherapeutic agents known
to be active in breast cancer in preclinical models both in
vitro and in vivo. These studies showed evidence for an
additive or synergistic efficacy of rhuMAb HER? in combi-
nation with alkylating agents, epipodophyllotoxins, taxanes,
vinca alkaloids, anthracyclines, and somc antimetabo-
lites'®*® (R.). Pietras et al, unpublished data, May 1997).
These preclinical studies formed the basis for an ungoing
phase I1I clinica) trial that evaluates combinations of thuMAb
HER2 with doxorubicin plus cyclophosphamide or pack-
taxel in previously untreated patients with HER2/neu-
overexpressing metastatic breast cancer. The results from
this trial will shed further light on the clinical utility of the
combined HER 2/neu antibody/chemotherapy approach.
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THE VI DEOGRAPHER: Good
norni ng. Here begins the video
recorded deposition of Dr. Larry
Norton, M D., taken by the
defendant, in the matter of
Genentech I ncorporated and City of
Hope, the plaintiffs, versus Angen
| ncor por at ed, defendant, Civil
Action No. 1:18-cv-924-CFC, in the
United States District Court, for
the District of Del aware.

Thi s deposition is proceeding
at Menorial Sl oan Kettering Cancer
Center, Breast and | mging Center,
300 East 66th Street, 9th floor,
New Yor k, New York 10065, on
Monday, June 17, 2019, at
approxi mately 10:41.

My nanme is Howard Brodsky and
| amthe | egal video specialist in
association with Veritext Legal
Solutions, with offices located in
New Yor k, New York. The court
reporter is Eric Finz, in

association with Vertex.
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Wl counsel please state
t heir appearances for the record.

MS. ARORA: Priya Arora of
Cool ey representing defendant
Amgen. Wth nme is ny coll eague
M chel |l e Rhyu of Cool ey.

MS5. PI ROZZOLO. Lisa Pirozzolo
fromW I nerHale, representing the
plaintiffs. And with me is ny
col | eague St ephanie Lin.

MR. KRASNOO Et han Krasnoo
from Reavis Page Junp, representing
the wi tness and Menorial Sloan
Kettering. And ny colleague is on
t he tel ephone, Charl ene Choi,

i n-house counsel at Menorial Sloan
Kettering.

THE VI DEOGRAPHER: Thank you
very nmuch.

MS5. FETSCH: Good nor ni ng.

THE VI DEOGRAPHER: W I 1 the
court reporter please swear in the
Wi t ness.

MS. PIROZZOLO: There is one

ot her | awyer on the phone.
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THE VI DEOGRAPHER: |'m sorry.
W Il other renote counsel please
state their appearances for the
record.
MS. FETSCH:. Katrina Fetsch
fromWite & Case, representing
def endant Sanmsung Bi oepi s.
MR. KRASNOO. And I'Ill just
say that another coll eague,
i n-house counsel from Menori a
Sl oan Kettering, Rebecca
Ki m Kri esberg, may al so be joining
us shortly in person.
THE VI DEOGRAPHER: Thank you
very much.
WIIl the court reporter please
swear in the w tness.
LARRY NORTON, M D.,
havi ng been first duly sworn by the
Notary Public (Eric J. Finz), was
exam ned and testified as foll ows:
EXAM NATI ON BY
MS. ARORA:
Q Good nmorning. Thank you very

much for taking the tine to be with us
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So just with the factor of
pati ent conveni ence, an oncol ogi st woul d
be willing to give the three-weekly
dosage of Herceptin and a chenotherapy in
the interest of patient conveni ence?

MR. KRASNOO.  Obj ecti on.

MS. Pl ROZZOLO.  Obj ecti on.

Q By late '90s?

MR. KRASNOO: (bj ecti on.
MS. PI ROZZOLGO:  Obj ecti on.
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A | don't think it was an
obvious. | think it was an individual
deci sion to be made for the individual
patient's life and individual patient's
confort. | nmean, you know, we had
establ i shed, at sone period of tinme we
had established the pharnmacoki netics of
trastuzumab was such that you coul d
achi eve the bl ood I evels that you wanted,
whet her you gave it every week or you
gave it every three weeks.

Q But the factor driving that
woul d be patient convenience; right?

A. That woul d be one factor, yes.
It would be a factor, yes.

Q Ckay. So just if you can go

back to the 1998 tinme frame when the drug

was actually approved. Did you nake any
reconmendati on regarding testing it for
three-weekly Herceptin dosage?

A Yes.

Q And what ki nd of
recommendati on was that?

A Vell, | nmean, | think it

was -- and you've alluded to sonme of the
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discussion with Steve Shak, at -- during 12:07:07
the coffee break at an advisory board 12:07:12
meeting, where it was during the coffee 12:07:15
break and he asked ne what | thought of 12:07:18
it. And | thought that it was a 12:07:21
reasonable thing to study, both on the 12:07:25
basis of work that we had done 12:07:27
previously, but also on the basis of the 12:07:29
mathematical -- the mathematical analysis  12:07:32
of the pharmacokinetics of the drug. | 12:07:35
remember that very specifically. 12:07:38

Q  And just to be clear, we are 12:07:38
talking about the three-weekly dosage of 12:07: 38
Herceptin; right? 12:07: 40

A Yeah, the transfer fromweekly  12:07:40
to every three weeks was something that 12:07: 42
was discussed. The mathematics suggested  12:07:45
that it would be a reasonable thing to 12:07: 48
study. 12:07: 49

Q Do you know what advi sory 12: 07: 50
board neeting that was? 12: 07:52

A No. It was not in New York, 12: 07: 52
that's all | renmenber. | don't renenber 12: 07: 54
what -- it's all a blur, | don't renmenber 12: 07: 56
what city it was in. | remenber where | 12: 07:59
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Q And that's where you discussed
the three-weekly Herceptin dosage?

A Agai n, the exact timng is not
sonething | can vouch for.

Q That's fine.

A But roughly during this
exciting late '90s period that we were

maki ng these di scoveri es.
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Q Ckay. Do you know who Bri an

Leyl and- Jones i s?

A. Yes, a coll eague of m ne.
Q Who is he?
A. He's a nedi cal oncol ogi st,

clinical investigator.
Q Does he specialize in

phar macoki neti cs?
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A. Yes. We were all involved in
the witing of the paper and the anal ysis
of the results, absolutely.

Q Okay. And there would have
been di scussi ons regardi ng dosi ng
regi nens, regarding mathemati ca
cal cul ati ons?

MR. KRASNOO. (Obj ecti on.

A It's inconceivable to me that
If I was involved in the discussion that
it wouldn't have tal ked about dosing
regi mens and mat hematics, yes, because
that's what | do.

Q When you -- you said that
there were sone mat hemati cal cal cul ati ons

that you presented to Steve Shak.

A. Um hum

Q Can you descri be what
mat hemati cal information that woul d have
been?

MS. Pl ROZZOLO. (Obj ecti on.

A Yeah, | nean, very -- | nean,
| remenber very precisely. |s because
paclitaxel is -- trastuzumab is a very

interesting drug because it's half-life

12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:
12:

: 31:
31:
31:
31:
31:
31:
32:
32:
32:
32:
32:
32:
32:
32:
32:
32:
32:
32:
32:
32:
32:
32:
32:
32:
32:

Page 116

47
49
51
52
55
57
00
02
02
05
06
08
10
10
12
15
18
19
21
22
23
24
27
29
32

Veritext Lega Solutions
800-826-0277



COCHRANCM
Highlight


Page 117

Veritext Legal Solutions
800-826-0277


COCHRANCM
Highlight


22

Q And was there sonething that
he di scussed about how t hey woul d
approach testing it?

MR. KRASNOO.  Obj ecti on.

12: 34: 10
12: 34: 13
12: 34: 16
12: 34: 18
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CERTI FI CATE
STATE OF NEW YORK )
SS.
COUNTY OF NEW YORK )

I, ERIC J. FINZ, a Shorthand
Reporter and Notary Public within and for
the State of New York, do hereby certify:

That LARRY NORTON, the witness whose
deposition is hereinbefore set forth, was
duly sworn by me and that such deposition
is a true record of the testimony given
by the witness.

| further certify that | am not
related to any of the parties to this
action by blood or marriage, and that |
am in no way interested in the outcome of
this matter.

I N W TNESS WHEREOF, | have hereunto
set my hand this 20th day of June, 2019.

ERIC J. FINZ
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EXHIBIT 9

REDACTED IN ITS ENTIRETY



























































































































