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2. The Division would also prefer to revise the language in the appropriate sections of the label to 
follow the format proposed by the draft Physician’s Pregnancy and Labor Labeling Rule (PLLR). 
We therefore request assistance from the Maternal Health Team in drafting the language for 
Sections 5.3 (Warnings), 8.1 (Use in Specific Populations: Pregnancy) and 13.2 (Animal 
Toxicology Data). Will the Maternal Health Team be able to provide assistance to the Division 
nonclinical review staff? 

 
 

INTRODUCTION 
 
PERJETA (pertuzumab) intravenous injection (BLA 125409) was submitted on December 6, 
2011 and given a priority review with a PDUFA date of June 8. 2012.  Genentech, Inc. is 
seeking approval of pertuzumab, a HER2/neu antagonist, to be used in combination with 
trastuzumab and docetaxel for the treatment of HER-2 positive metastatic breast cancer who 
have not received prior anti-HER2 therapy or chemotherapy for metastatic disease  

 
The Division of Oncology Products 1(DOP1) consulted the Pediatric and Maternal Health Staff – 
Maternal Health Team (PMHS-MHT) to review and update the pregnancy and nursing mothers 
sections in the PERJETA labeling. 

 
The PMHS-MHT review provides suggested revisions and re-ordering of information related 
to pregnancy and nursing mothers in the PERJETA labeling to comply with current regulatory 
requirements. 

 
BACKGROUND  
 
Pertuzumab is an IgG1 (k) humanized monoclonal antibody (human-mouse monoclonal 2C4 
heavy chain) with Fc framework identical to trastuzumab (HERCEPTIN).  Pertuzumab differs 
from trastuzumab at certain complimentarily determining regions (CDRs) – 12 Amino Acids 
(AA) on the light chain, and 29 AAs on the heavy chain. Pertuzumab is produced in Chinese 
Hamster Ovary cell cultures. Like trastuzumab, pertuzumab targets the Her2 receptor extra-
cellular domain (ECD) but differs in binding sites of the HER2 receptor ECD. Pertuzumab 
inhibits ligand-dependent HER2 dimerization with other HER family members such as 
HER1(EGFR), HER3 (ERBB3) and HER4 as well as homodimerization with HER2. This 
inhibition of HER2 homo- and heterodimerization is thought to activate antibody dependent cell-
mediated cytotoxicity (ADCC) and inhibit downstream signaling of pathways crucial to cancer 
cell proliferation and survival such as PI3K and MAPK. 
 

 
DISCUSSION AND CONCLUSION  
 
Teratogenic signal in cynomologus monkeys 

 
Pertuzumab was administered to pregnant cynomologus monkeys by IV injection on GD 19 at 
doses of 0, 30, 100, and 150 mg/kg with subsequent, bi-weekly doses of 10, 33.3, and 100 mg/kg, 
respectively, until GD 50. No maternal toxicity was noted. Pertuzumab caused fetal lethality in 
pregnant monkeys treated with loading doses of ≥ 30 mg/kg followed by bi-weekly doses ≥ 10 
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mg/kg (approximately 0.2 to 2-fold greater than the exposure at the recommended human dose, by 
AUC). Decreased amniotic fluid volume and an increased incidence of oligohydramnios was 
noted at all doses.  Fetal effects were also noted at doses ≥ 30/10 mg/kg. Malformations were 
observed at doses ≥ 100/33.3 mg/kg dose.  Fetal effects included reduced fetal weight at ≥ 30/10 
mg/kg; head width, circumference, hindfoot length ≥ 100/33.3 mg/kg, crown rump and tail length 
≥ 100/33.3 mg/kg, decreased lung and kidney weight ≥ 100/33.3 mg/kg, and hypoplasia in the 
kidney ≥ 30/10 mg/kg. Malformations and variations were observed at ≥ 100/33.3 mg/kg and 
included paw hyperextension/hyperflexion, microtia, small lungs, thin walls in the ventricular, 
fused caudal and sacral vertebra, and supernumerary lumber vertebra. Exposure was reported at 
delivery in offspring at levels of 30 - 86 % of the maternal blood levels. Due to fetal toxicities, a 
no-observed-adverse-effect-level, NOAEL, was not established. 
 
Reviewer comment: 
As noted by the Division, Herceptin (trastuzumab) has known human data with oligohydramnios 
and resulting deleterious effects on lung and renal development in exposed fetuses.   Given similar 
findings in the embryo-fetal development study in cynomologus monkeys with pertuzumab and the 
structural and functional similarity of  pertuzumab and trastuzumab, PMHS-MHT concurs with 
Division that the label for pertuzumab should strongly convey these findings to inform patients 
and prescribing physicians of the risks of pertuzumab use in pregnant patients.  PMHS-MHT 
agrees with the category D label and recommended label language as outlined below. 

 
Pregnancy and Nursing Mothers Labeling 
 
The Proposed Pregnancy and Lactation Labeling Rule published in May 2008. While the Final 
Rule is in clearance, PMHS-MHT is structuring the Pregnancy and Nursing mothers label 
information in the spirit of the Proposed Rule while still complying with current regulations. 
The first paragraph in the pregnancy subsection of labeling summarizes available data from 
published literature, outcomes of studies conducted in pregnant women (when available), and 
outcomes of studies conducted in animals, as well as the required regulatory language for the 
designated pregnancy category. The paragraphs that follow provide more detailed descriptions of 
the available human and animal data, and when appropriate, clinical information that may affect 
patient management. For nursing mothers, when animal data are available, only the presence or 
absence of drug in milk is considered relevant and presented in the label, not the amount. The goal 
of this restructuring is to make the pregnancy and lactation section of labeling a more effective 
communication tool for clinicians. 

 
 
 
 
 
 
 
 
 
 
 

 
3

Reference ID: 3134509



PMHS-MHT LABELING RECOMMENDATIONS 
 
The recommendations for labeling from PMHS-MHT are noted below and are based on the initial 
label draft provided by Dr. Anne Pilaro.  The annotated label version from May 15, 2012 is found 
in Appendix A. 

 
Highlights 

 Warnings and Precautions 

 Embryofetal toxicity (5.3, 8.1) 
 
Use in Specific Populations 

 Nursing mothers: Discontinue nursing or discontinue drug taking into consideration 
importance of  drug to mother (8.3) 

 Females of Reproductive Potential: Counsel females on pregnancy prevention and 
planning.  Encourage patient participation in the PERJETA pregnancy registry by 
contacting XXXXX. (5.3, 8.1, 8.6, 17) 

 
Box Warning 

Warning: Embryofetal toxicity 
Exposure to PERJETA can result in embryo-fetal death and birth defects.  Studies in animals have 
resulted in oligohydramnios, delayed renal development and death.  Advise patients of these risks 
and the need for effective contraception. [5.3, 8.1,8.6] 

5.3 Embryo-fetal Toxicity 

PERJETA can cause fetal harm when administered to a pregnant woman.  Treatment of pregnant 
cynomolgus monkeys with pertuzumab resulted in olighydramnios, delayed fetal kidney 
development, and embryo-fetal death.  If PERJETA is used during pregnancy, or if the patient 
becomes pregnant while taking this drug, the patient should be apprised of the potential hazard to a 
fetus [see Use in Specific Populations (8.1)]. 

Verify pregnancy status prior to the initiation of PERJETA. Advise female patients of the risks of 
embryo-fetal death and birth defects and the need for contraception during and after treatment.  
Advise female patients to contact their healthcare provider immediately if they suspect they may be 
pregnant. If PERJETA is used during pregnancy or if a patient becomes pregnant while taking 
PERJETA, immediately report exposure to the Genentech Adverse Event Line at XXXXXX. 
Encourage women who may be exposed during pregnancy to enroll in the PERJETA pregnancy 
registry program.  Patients or their physicians should call 1-800-XXX-XXXX to enroll [see Patient 
Counseling Information (17)]. 

Monitor patients who become pregnant during PERJETA therapy for oligohydramnios.  If 
oligohydramnios occurs, perform fetal testing that is appropriate for gestational age and consistent 
with community standards of care. The efficacy of intravenous hydration in the management of 
oligohydramnios due to PERJETA exposure is not known. 
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8.3 Nursing Mothers 

It is not known whether PERJETA is excreted in human milk, but human IgG is excreted in human 
milk.  Because many drugs are secreted in human milk and because of the potential for serious 
adverse reactions in nursing infants from PERJETA, a decision should be made whether to 
discontinue nursing, or discontinue drug, taking into account the elimination half-life of PERJETA 
and the importance of the drug to the mother [See Warnings and Precautions , Clinical 
Pharmacology (12.3)]. 

 

8.6 Females of Reproductive Potential 

PERJETA may cause embryo-fetal harm when administered to during pregnancy.  Counsel patients 
regarding pregnancy prevention and planning. Advise females of reproductive potential to use 
effective contraception while receiving PERJETA and for 6 months following the last dose of 
PERJETA. 

If PERJETA is during pregnancy or if a patient becomes pregnant while taking PERJETA, 
immediately report exposure to the Genentech Adverse Event Line at XXXXXX. Encourage 
women who may be exposed during pregnancy to enroll in the PERJETA pregnancy registry 
program.  Patients or their physicians should call 1-800-XXX-XXXX to enroll [see Patient 
Counseling Information (17)]. 

 

17 PATIENT COUNSELING INFORMATION  

• Advise pregnant women and females of reproductive potential that PERJETA exposure can 
result in fetal harm, including embryo-fetal death or birth defects [see Warnings and Precautions 
(5.3) and Use in Specific Populations (8.1)] 

• Advise females of reproductive potential to use effective contraception while receiving 
PERJETA and for 6 months following the last dose of PERJETA [see Warnings and Precautions 
(5.3) and Use in Special Populations (8.6)] 

• Advise nursing mothers treated with PERJETA to discontinue nursing or discontinue PERJETA, 
taking into account the importance of the drug to the mother [see Use in Specific Populations 
(8.3)] 

• Encourage women who are exposed to PERJETA during pregnancy to enroll in the PERJETA 
pregnancy registry program (1-800-XXX-XXXX) [see Warnings and Precautions (5.3) and Use 
in Specific Populations (8.1)]
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Memorandum 
 
Date:  May 17, 2012 
  
To:  Amy Tilley – Regulatory Project Manager 
  Division of Oncology Products 1 (DOP1) 
  Office of Hematology Oncology Products (OHOP) 
 
From:   Marybeth Toscano, PharmD – Regulatory Review Officer 
  Division of Professional Drug Promotion (DPDP) 
  OPDP 
 
Subject: OPDP comments on draft product labeling for Perjeta (pertuzumab) injection 

(Perjeta) 
  BLA 125409 
 
   
As requested in your consult dated February 3, 2012, OPDP has reviewed the draft labeling, 
Package Insert (PI) for Perjeta. 
 
OPDP’s comments are based on the proposed, marked-up, substantially complete version 
of the PI following the May 15, 2012 labeling meeting.  OPDP’s comments on the draft PI 
and Med Guide are provided directly in the attached, marked-up copy of the labeling.   
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VAI = Deviation(s) from regulations.  
OAI = Significant deviations from regulations.  Data unreliable.   
Pending = Preliminary classification based on information in 483 or preliminary 

communication with the field; Establishment Inspection Report (EIR) has not been 
received from the field, and complete review of EIR is pending. 

 
Note:      EIRs for the Kim and Im sites have been received, but are not yet finally reviewed.  

Information provided in this Summary was obtained from written correspondence 
with the inspecting FDA field investigators. 

 
1. Roberto Hegg 

Sao Paulo, Brazil 
 
a. What was inspected:  Informed consent documents for all subjects were 

reviewed.  Subject case histories were also reviewed. 
 
b. General observations/commentary:  Study site records were neat and well 

organized and no data issues were identified.  No Form FDA 483 was issued. 
 

c. Assessment of data integrity:  The data from this clinical site may be used in the 
assessment of the submitted application. 

 
Note: Observations noted above are based on communications with the field investigator; 

an inspection summary addendum will be generated if conclusions change upon 
receipt and review of the EIR.  

 
2.    Sung-bae Kim 

Seoul, Korea 
 
a.  What was inspected:   At this site 30 subjects were entered into the study.  

Informed consents, HER-2 test results, dosing and tumor assessments were 
reviewed for all subjects and 10 case histories were reviewed in depth. 

 
b. General observations/commentary:   The study was properly conducted and case 

histories were in order except for two issues which were discussed with the 
clinical investigator and reported on a Form FDA 483.  The hospital’s electronic 
medical system calculated doses of study drug trastuzumab based on a patient’s 
current weight and not on a subject’s baseline weight as directed by the 
protocol.  For example there were three instances related to three subjects who 
gained weight and each received a 10 mg increase in study drug over the 
average 350 mg they should have received.  This 3% increase in dose 
administered most likely had no measurable effect on the drug’s actions – 
therapeutic effectiveness or toxicity.  Study monitors identified and corrected 
this problem early in the study.  A confirmatory CT was missed for subject 
7151. 
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c. Assessment of data integrity:   The data from this clinical site may be used in the 
assessment of the submitted application.  The issues identified by the inspection were 
relatively small and limited in number and would not have much effect on the overall 
evaluation of the study. 

 
Note: Observations noted above are based on the Form FDA 483, communications with the 

field investigator, and preliminary review of the EIR; an inspection summary 
addendum will be generated if conclusions change upon final review of the EIR.  

 
3.    Seock Ah Im 

Seoul, Korea  
 
a.  What was inspected:  At this site 23 subjects were entered into the study.  

Informed consents, HER-2 test results, dosing and tumor assessments were 
reviewed for all subjects and 13 case histories were reviewed in depth. 

 
b. General observations/commentary:  The case histories were in good order, but 

several issues recorded on an issued Form FDA 483 were discussed with the 
clinical investigator.  For example, subjects 7139 and 7504 did not meet the 12 
month disease free exclusion entry criterion, but were continued in the study 
under a waiver granted by the sponsor.  Subject 7135’s medication order was 
misentered so that the subject received a first infusion dose of 130 mg of 
docetaxel instead of the correct dose of 108 mg docetaxel.  Additionally, subject 
7138 missed a week 9 tumor assessment and concomitant medications used by 
Subjects 7135 and 7148 were not timely reported. 

 
c. Assessment of data integrity:   The data from this clinical site may be used in the 

assessment of the submitted application.  The issues identified by the inspection were 
random and limited in number and would not have much effect on the overall 
evaluation of the study. 

 
Note: Observations noted above are based on the Form FDA 483, communications with the 

field investigator, and preliminary review of the EIR; an inspection summary 
addendum will be generated if conclusions change upon final review of the EIR.  

 
4.   Genentech 
 

a.  What was inspected:  Sponsor’s selection of clinical investigators, and monitors, 
monitoring procedures, adverse event reporting, quality assurance, data review 
and test article accountability. 

 
b.  General observations/commentary:  Records were in order and no Form FDA 

483 was issued. 
 

c. Assessment of data integrity:  The study appears to have been adequately conducted 
and the data appears to be reliable. 
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Note: Observations noted above are based on written correspondence from the field 

investigator, an inspection summary addendum will be generated if conclusions 
change upon receipt and review of the EIR. 

 
IV.   OVERALL ASSESSMENT OF FINDINGS AND RECOMMENDATIONS 
  

Data from the three clinical sites inspected appear to be reliable and may be used in 
assessment of the present application. 

 
Note: Observations noted above are based on the Form FDA 483 for the Sung-bae Kim and 
Seock Ah Im sites and communications with the field investigator for all three CI and 
sponsor sites; an inspection summary addendum will be generated if conclusions change 
upon review of the EIRs. 
 
 
       {See appended electronic signature page} 

 
Robert Young 
Good Clinical Practice Assessment Branch 
Division of Good Clinical Practice Compliance 
Office of Scientific Investigations 

 
 

CONCURRENCE: 
 
 
 {See appended electronic signature page} 
 
 Janice Pohlman, M.D., M.P.H. 

Team Leader  
Good Clinical Practice Assessment Branch 
Division of Good Clinical Practice Compliance 
Office of Scientific Investigations 

 
 
CONCURRENCE:   
 
  {See appended electronic signature page} 
 
  Lauren Iacono-Connors, Ph.D. 
  Acting Branch Chief 
  Good Clinical Practice Assessment Branch 
  Division of Good Clinical Practice Compliance 
  Office of Scientific Investigations 
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2 METHODS AND MATERIALS REVIEWED 
DMEPA reviewed the Perjeta label and labeling submitted by the Applicant. 

2.1 LABELS AND LABELING 
Using the principals of human factors and Failure Mode and Effects Analysis,1 along 
with post marketing medication error data, the Division of Medication Error Prevention 
and Analysis (DMEPA) evaluated the following: 

• Container Label submitted March 19, 2012 (Appendix A) 

• Carton Labeling submitted March 19, 2012 (Appendix B) 

• Insert Labeling submitted March 9, 2012 

3 MEDICATION ERROR RISK ASSESSMENT 
The following section describes the results of our risk assessment of the Perjeta product 
design as well as the associated label and labeling.  Our evaluation identified deficiencies 
with the labels and labeling.  Theses deficiencies are described in section 4.1 - Comments 
to the Division and section 4.2 - Comments to the Applicant.  We also identified potential 
confusion between the established names pertuzumab and trastuzumab. 

Healthcare practitioners are likely to be confused with the established names 
(Pertuzumab and Trastuzumab) due to their similarity, similar strength vials (420 mg vs. 
440 mg), colors of the container label and carton labeling, storage in the refrigerator, and 
likelihood these products will be prepared in the pharmacy at the same time.  See 
Appendix C for Herceptin (trastuzumab) container label and carton labeling and 
Appendix D for characteristics of products in treatment regimen).   

This product treatment regimen design is unique in that two products from the same 
pharmacologic class (humanized monoclonal antibody) are being administered 
concomitantly in a treatment regimen.  Generally, drug products from different 
pharmacologic classes with different mechanisms of action are used to treat disease and 
minimize toxicity.  However, the Applicant proposes pertuzumab and trastuzumab bind 
to distinct epitopes on the human epidermal growth factor receptor 2 protein (HER2) 
receptor without competing with each other, and have distinct mechanisms for disrupting 
HER2 signaling.  This results in significant clinical benefit to patients with HER2-
positive metastatic breast cancer with no increase in cardiac toxicity and no detriment in 
quality of life. 

Improved differentiation of Perjeta container label and carton labeling from Herceptin 
(trastuzumab) may minimize confusion during product selection from the refrigerator and 
during preparation in the pharmacy. 

                                                      
1 Institute for Healthcare Improvement (IHI).  Failure Modes and Effects Analysis.  Boston. IHI:2004.  
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2. State how long the diluted infusion solution is stable for after it has been 
prepared.   

3. Revise the statement,  
[Tradename], to read as follows: 

Dilute with 0.9% sodium chloride only.  Do not use Dextrose 5%. 

E. Section 3 - Dosage Forms and Strengths 

Revise the strength statement to include the concentration.  The statement 
should appear as follows: 

420 mg/14 mL (30 mg/mL) 

F. Section 10 – Overdosage 

Provide general treatment procedures and specific measures for management 
of overdose of pertuzumab.  

G. Section 16 - How Supplied 

Revise the first paragraph to read as follows: 

Perjeta is supplied as a 420 mg/14 mL (30 mg/mL) single-use vial 
containing preservative free liquid concentrate.  NDC 50242-145-01. 

4.2 COMMENTS TO THE APPLICANT 
DMEPA recommends the following be implemented prior to approval of your BLA:  

A. General Comments for the Container Label and Carton Labeling 

1. Revise the color scheme to differentiate from Trastuzumab packaging.   

2. Revise the proprietary name to appear in Title Case and revise the 
established name, (Pertuzumab) Injection, to have the same font size and 
weight as the proprietary name.  For example: 

Tradename  
(Pertuzumab)  

Injection  

3. Revise the concentration portion of the strength statement, 30 mg/mL, by 
slightly increasing the font size and relocating so that it appears within the 
colored background bar with the total drug content (420 mg/14 mL).   

4. Revise the listing of important information on the label in the following 
order: 

Dilute Prior To Use  
For Intravenous Infusion Only 
Single-Use Vial 
Discard Unused Portion 

5. Relocate the statement, No preservative, to the side panel to provide space 
for the preceding recommendation in A4. 

Reference ID: 3128044

(b) (4)



 

  5

6. Revise the storage and handling statements on the side panel to read as 
follows: 

Storage: Refrigerate at 2oC to 8oC (36oF to 46oF). Store in original 
carton to protect from light 

Do Not Freeze. Do Not Shake. 

Additionally, note the change in case to sentence case and Title case in 
both statements, respectively. 
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EXECUTIVE SUMMARY 

The Division of Oncology Products I (DOP1) is evaluating a Therapeutic Biologic 
License Application (BLA) submitted by the sponsor of pertuzumab to be used for a 
new indication as first-line treatment in metastatic breast cancer in combination with 
docetaxel and trastuzumab. Drug utilization data were requested to determine the extent 
to which trastuzumab is currently used and to determine the estimates of the number of 
patients with evidence of metastatic breast cancer with one or more claims for the 
selected diagnoses. This review provides an analysis of trastuzumab use among pediatric 
and adult patients from years 2009 through 2011, cumulative.  Proprietary drug use 
databases licensed by FDA were used to conduct this analysis. In addition, DOP1 also 
consulted DEPI to find the incidence of HER2+ breast cancer in the U.S., as well as the 
HER2+ incidence rates by racial categories, stage distribution, and 5-year survival by 
stage distribution. 

Summary of Findings: 

• During the cumulative study period from years 2009 through 2011, there 
were unique patients with primary breast cancer who received 
trastuzumab and were enrolled for at least one month in the year of the 
claim.  

• Patients aged 55-64 years and 45-54 years accounted for the largest 
proportions of patients accounting for 35% and 30.5% of total patients, 
respectively, for years 2009-2011, aggregated.  There was only one pediatric 
patient aged 0 to 17 years captured in the sample during this study period. 

• There was a greater proportion of female patients (over 99% or 6,994 
patients) compared to male patients (0.6% or 41 patients).  

• Approximately 96% of trastuzumab users had a diagnosis of primary breast 
cancer in the same calendar year for each year 2009 through 2011, over the 
cumulative study period. Of these, approximately 22% of trastuzumab users 
also had a diagnosis for a secondary neoplasm. 

• Limited research has evaluated the stage distribution, 5-year survival, and racial 
differences in patients with HER2+ breast cancer.  The majority of the research 
presented in this review is from two patient populations and the results may not be 
generalizable.  Therefore the results should be considered in the context of this 
limitation.   

• The incidence rate of HER2+ breast cancer in the United States is estimated 
between 22.3 and 31.0 per 100,000 in 2011. 

• At diagnosis, about 40% of HER2+ breast cancers are AJCC Stage I, 44% are 
Stage II and about 15% are Stage III. The distribution varies by ER/PR subtype; 
ER+/PR+ tumors have the lowest proportion of Stage III diagnoses (~13%) while 
ER-/PR- tumors have the highest (~20%).  

• Five-year survival by stage of HER2+ breast cancer diagnosis varies greatly by 
stage and is largely influenced by ER subtype.  Survival among patients with 
AJCC Stage I tumors ranges from about 97% to 94% for ER+ and ER- subtypes, 
respectively. Among Stage II cases, ER+ subtypes had the best survival ranging 
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from 97% to 92%.  ER- subtype case survival was around 83%.  Survival of Stage 
III cases diminishes even further; ER+ subtypes had about 80% survival while 
ER- subtypes had 63% and 51% survival for PR- and PR+ tumors, respectively. 
Statistical differences were not provided for the reported survival rates and the 
variation of each rate is unknown. For example, it cannot be determined if  the 
variation among survival of Stage II HER2+ breast cancer patients (97% to 92%) 
truly exists or if the 95% confidence intervals overlap, suggesting similar rates.  

• Based on data from limited patients population at a metropolitan area, Breast 
cancer incidence did not seem to differ significantly between Black and White 
females.  However, Black women might have a higher proportion of Stage III and 
IV tumors at diagnosis and a higher proportion of ER-/PR- tumors compared to 
White women. 
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1 INTRODUCTION 

The Division of Oncology Products I (DOP1) is evaluating a Therapeutic Biologic 
License Application (BLA) submitted by the sponsor of pertuzumab to be used for a new 
indication as first-line treatment in metastatic breast cancer in combination with 
docetaxel and trastuzumab. In support of this assessment, the Division of Epidemiology 
has been requested to provide drug utilization and epidemiologic data to assist DOP1 in 
assessing the application. Specifically, we will provide the estimated utilization of 
trastuzumab from the IMS Lifelink™ Health Plan Claims Database stratified by patient 
sex and age (0-17, 18-24, 25-34, 35-44, 45-54, 55-64, and 65 years and older) from years 
2009 through 2011, cumulative. In addition, an estimate of the number of patients with 
evidence of metastatic breast cancer with one or more claims for the selected diagnoses 
was examined from years 2009 through 2011, cumulative. This review also describes the 
incidence of human epidermal growth factor receptor 2 positive (HER2+) breast cancers 
in the U.S., as well as the HER2+ incidence rates by racial categories, stage distribution, 
and 5-year survival by stage distribution.   

1.1 BACKGROUND 

1.1.1 Regulatory History1 

 
The FDA approved trastuzumab, , on September 25, 1998 for 
the treatment of patients with metastatic breast cancer whose tumors over express the 
HER2 protein and who have received one or more chemotherapy regimens for their 
metastatic disease. Trastuzumab in combination with paclitaxel is indicated for treatment 
of patients with metastatic breast cancer whose tumors over express the HER2 protein 
and who have not received chemotherapy for their metastatic disease.  

Pertuzumab, also an anti-HER2 humanized monoclonal antibody, has a complimentary 
mechanism of action to trastuzumab by binding to receptor dimerization but is currently 
not FDA approved. 

1.1.2 Product Labeling2,3 

Trastuzumab is a recombinant DNA-derived humanized monoclonal antibody that 
selectively binds with high affinity in a cell-based assay to the extracellular domain of the 
human epidermal growth factor receptor 2 protein, HER2, in some patients with breast 
cancer and other malignancies (eg, ovarian, lung). The antibody is an IgG1 kappa that 
contains human framework regions with murine antibody (4D5) complementarily-

                                                      
1Labeling for trastuzumab. Drugs@FDA FDA Approved Drug Products, 
http://www.accessdata.fda.gov/drugsatfda docs/label/1998/trasgen092598lb.pdf. accessed 3/29/2012. 
2Labeling for trastuzumab. Drugs@FDA FDA Approved Drug Products, 
http://www.accessdata.fda.gov/drugsatfda docs/label/2010/103792s5256lbl.pdf. accessed 3/29/2012.. 
3Trastuzumab, Micromedex® 2.0: https://www.thomsonhc.com/micromedex2/librarian. Accessed March 23, 2012. 
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include non-retail settings, such as doctor's offices and specialists.  The IMS Lifelink™ 
Health Plan Claims Database is a commercially insured health care claims database with 
a subset of Medicare and Medicaid patients that are enrolled in commercially 
administered plans.  The data are not nationally projected. 

2.1.3  Claims Data Analysis 

The dataset analysis of trastuzumab claims and diagnosis claims from the IMS Lifelink™ 
Health Plan Claims Database was conducted by .  For the first analysis 
(Tables 1 and 2 in Appendix 1), patients selected from the IMS Lifelink™ Health Plan 
Claims Database consisted of those who had a diagnosis for primary breast cancer with 
one or more claims for trastuzumab (prescription claims or procedure claims) within the 
same calendar year for each year from 2009 through 2011.  All selected patients had at 
least one month of health plan enrollment in the calendar year of the trastuzumab claim.  
Patients had a prescription for trastuzumab if they had one of the following codes:  

• Health Care Common Procedure Coding System (HCPCS Code): J9355 

• National Drug Codes (NDC): 50242-0056-56, 50242-0134-60, 50242-0134-68 

Patients with a diagnosis of primary breast cancer had to have at least one of the selected 
International Classification of Diseases (ICD-9-CM) Codes 174.xx “Malignant Neoplasm 
of Male Breast” and 175.xx  “Malignant Neoplasm of Female Breast”.  The first analysis 
was further stratified by patient sex and age.  
 
For the second analysis (Table 3 in Appendix 1), patients were selected if they had at 
least one claim for trastuzumab at any time during years 2009 through 2011.  All selected 
patients had at least one month of health plan enrollment for each calendar year with a 
trastuzumab claim from 2009 through 2011.  These patients were then stratified by the 
presence of a primary breast cancer diagnosis in the same calendar year as the 
trastuzumab claim and did not have a claim for trastuzumab alone in the year or years 
prior to the calendar year with both claims, versus those with primary breast cancer 
diagnosis and evidence of metastatic breast cancer as identified by at least one 
selected diagnosis for secondary neoplasm, ICD-9 CM Codes 197.xx “Secondary 
malignant neoplasm of respiratory and digestive systems” or 198.xx “Secondary 
malignant neoplasm of other specified sites” within the 90 days prior or 120 days after a 
trastuzumab claim, even if the 90 days before or 120 days after extended into a different 
calendar year.  Patients who had claims for trastuzumab in a year prior to having claims 
for trastuzumab and a primary breast cancer diagnosis in a subsequent year were not 
counted as having breast cancer.  These four diagnoses for breast cancer and secondary 
neoplasms were not considered if they were on an ancillary or auxiliary claim-type 
because of possible inclusion of diagnoses that might be associated with rule-out tests for 
the condition.  
 
Because IMS LifeLink™ Health Plan Claims Database receives data from a differing 
number of health plans over each year and has a data lag of 6-months, we only examined 
the cumulative patient counts for the entire study period in this analysis. 

2.2 LITERATURE REVIEW 

 7

Reference ID: 3128106

(b) (4)



(b) (4) (b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4) (b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)



 

 
 

3.2 LITERATURE REVIEW 

3.2.1 U.S. Incidence of HER2+ Breast Cancer 

The incidence of HER2+ breast cancer was not reported by any of the National Cancer 
Institutes’ data sources.  Studies published in the literature have estimated HER2+ 
cancers to occur in 18% to 25% of all breast cancer cases.5,6  The age-adjusted rate of 
breast cancer reported by SEER in 2011 (124.0 per 100,000).7 Although the populations 
reported in the literature may be different than that used by SEER to estimate national 
incidence rate, we could expect the HER2+ breast cancer incidence rate is between 22.3 
and 31.0 per 100,000 in 2011. 

3.2.2 Stage Distribution and 5-Year HER2+ Breast Cancer Survival 

Parise and colleagues have conducted two analyses focusing on cancer staging and 
survival utilizing data from the California Cancer Registry, a population-based registry 
composed of eight regional registries collecting cancer incidence and mortality data for 
the entire population of California. The registry was implemented state wide in 1988.  
The registry requires the collection of tumor marker information including the status of 
estrogen receptor (ER) and progesterone receptor (PR) since January 1, 1990 and HER2 
status since January 1, 1999. The details of breast cancer status identification are 
described elsewhere.8 Cases with complete tumor marker data are categorized into one of 
eight distinct subtypes based on biomarker status of the tumor.  Stage at diagnosis is 
collected from the patient’s medical record.  

The first study by Praise et al.9, evaluating 55,188 females with incident breast cancer 
between 1999 and 2004, identified an increasing proportion of HER2+ tumors with 
increasing breast cancer stage; 18.2% of all Stage I breast cancer patients were HER2+, 
24.9% of Stage II patients were HER2+, 32.7% and 36.0% of Stage III and Stage IV 
breast cancer patients were HER2+ (Table 4).   The authors also reported a 50% 

                                                      
5 Slamon DJ, Clark GM, Wong SG, et al. Human Breast Cancer: Correlation of relapse and survival with 
amplication of the HER2/neu oncogene. Science 1987; 235:177-82.  
6 Wolff AC, Hammond ME, Schwartz JN, et al. American Society of Clinical Oncology/College of 
American Pathologists guideline recommendations for human epidermal growth factor receptor 2 testing in 
breast cancer. Arch Pathol Lab Med 2007; 131:18-43. 
7 Surveillance Epidemiology and End Results. SEER 17 Registries Research. US National Institutes of 
Health, National Cancer Institute. [updated 2011 Nov 10; cited 2012 Feb 21] Available from: 
http://seer.cancer.gov/. 
8 Parise CA, Bauer KR, Brown MM, Caggiano V. Breast Cancer Subtypes as Defined by the Estrogen 
Receptor (ER), Progesterone Receptor (PR), and the Human Epidermal Growth Factor Receptor 2 (HER2) 
among women with invasive breast cancer in California, 1999-2004. Breast J 2009; 15(6):593-602. 
9 Parise CA, Bauer KR, Brown MM, Caggiano V. Breast Cancer Subtypes as Defined by the Estrogen 
Receptor (ER), Progesterone Receptor (PR), and the Human Epidermal Growth Factor Receptor 2 (HER2) 
among women with invasive breast cancer in California, 1999-2004. Breast J 2009; 15(6):593-602.  
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increased odds of ER+/PR+/HER2+ AJCC Stage IV tumors compared to Stage I [Odds 
ratio (OR) = 1.47, 95% Confidence Interval (CI) (1.21 to 1.79)] and ER-/PR-/HER2+ 
tumors had a 25% increased odds of being Stage III [OR= 1.25 (1.08 to 1.44)] and a 58% 
increased odds of being Stage IV compared to Stage I [OR=1.58 (1.27 to 1.98)].   

 
Figure 1: Proportion of HER2+ and HER2- Tumors Reported by Parise et al. 
(N=55,188) 

This pattern is consistent with another study evaluating 1.22 million female members of 
Kaiser Permanente Northern California females age 20 years and older where HER2+ 
cases were present in 11% of local cancers, 18% of regional cancers, and 25% of distant 
cancers.10 

The second study by Parise et al., utilizing California Cancer Registry data from 2001-
2008, estimated 5-year survival of 87,652 Stage I-III first primary female invasive breast 
cancer cases with complete stage and ER/PR/HER2 status. (Table 5)11,12   The most 
common subtype among all HER2+ tumors was ER+/PR+, comprising almost 50% of the 
HER2+ patients. ER-/PR- tumors were present in about 32% of patients, followed by 
ER+/PR- (16%), and finally ER-/PR+ tumors comprising only 2% of the HER2+ 
patients. Among all diagnoses of HER2+ tumors, Stage II was the most common 

                                                      
10 Fehrenbacher L, Habel L, Capra A, Anthony A, Li X, Quesenberry C, & Fulton R. Incidence and 
demographic and tumor characteristics of HER2-positive invasive breast cancer in a large, unselected 
population, 2000-2006. Cancer Research 2009; 69(24 Suppl):Abstract nr 3058. 
11 Cagginao V, Bauer KR, Parise CA. Survival of triple-negative and HER2-positive breast cancer by 
AJCC stage. Poster presentation. ASCO Annual Meeting. 2011; Abstract J Clin Oncol  2011; 29 (suppl; 
abstr 1078).  
12 This study was presented at the June 2011 American Society of Clinical Oncology (ASCO) meeting (see 
Figure 7 for poster). The authors were unwilling to provide additional information in light of the 
upcoming manuscript publication. 
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(44.5%), followed by Stage I (39.8%) then Stage III (15.7%). This is consistent with a 
previous analysis conducted by this research group.13 This pattern is consistent across all 
tumor subtypes except ER+/PR+ tumors which have almost equal proportion of Stage I 
and Stage II tumors. ER-/PR- tumors had the lowest proportion of Stage I diagnoses and 
highest proportion of Stage III diagnoses (Figure 2).    

 
Figure 2: Proportion of HER2+ Breast Cancer Cases by Hormone Subtype 
Stratified by AJCC Stage I-III 

 

Five-year survival was similar among all Stage I breast cancer patients ranging from 97% 
among ER+ tumors to about 94% among ER-/PR+ tumors.  Among Stage II tumors, 5-
year survival became more differentiated.  All ER+ tumors had better 5-year survival 
compared to ER- tumors.  Among HER2+ subtypes, ER+/PR- had the best survival 
among all subtypes (97%) while ER-/PR+ and ER-/PR- had the worst (both ~83%).  
Patients with ER+/PR+/HER2+ Stage II tumors had approximately 92% five-year 
survival. Survival among Stage III tumors was further differentiated.  Patients with 
HER2+ subtypes ER+/PR- and ER+/PR+ tumors continued to have the highest survival 
rate (both around 80%).  HER2+ patients with ER-/PR- tumors had <65% five-year 
survival and patients with ER-/PR+ tumors has almost 50% 5-year survival rate.  
  

The same research group also described 5-year breast cancer survival using the 2007 St. 
Gallen Consensus statement (Table 6).  The St. Gallen Consensus is derived from an 
international group brought together to provide guidance for the therapy of early breast 
cancer outside clinical trials.  The committee also provides a breast cancer risk 

                                                      
13 Parise CA, Bauer KR, Brown MM, Caggiano V. Breast Cancer Subtypes as Defined by the Estrogen 
Receptor (ER), Progesterone Receptor (PR), and the Human Epidermal Growth Factor Receptor 2 (HER2) 
among women with invasive breast cancer in California, 1999-2004. Breast J 2009; 15(6):593-602 
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categorization based on patient and tumor characteristics and node involvement. The 
categorization includes five groups: Low Risk, Intermediate Risk 2, Intermediate Risk 3, 
High Risk 4, and High Risk 5 (See Table 9 for full description).  Patients with HER2+ 
tumors are considered Intermediate Risk 2, High Risk 4 or High Risk 5 and severity 
increases as the number of nodes increases. Among all HER2+ tumors, over half were 
categorized as Intermediate Risk 2, followed by High Risk 4 then High Risk 5.  

Using the St. Gallen Consensus patients with ER+ tumors had good 5-year survival 
regardless of HER2 status.  ER+/PR+/HER2+ patients had an estimated 5-year relative 
survival of 91.3% in contrast to ER-/PR-/HER2+ patients who had a 75.9% relative 5-
year survival.14  Like the 5-year survival distribution in AJCC classification, all cancer 
subtypes in the Low Risk group had a close to 100% 5-year survival.  Intermediate 
groups 1 and 2 did not statistically differ from each other. However, when tumor 
subtypes were evaluated among the Intermediate group, the subtypes significantly 
differed (Figure 5).  Similar to the pattern in the AJCC classification, patients with ER- 
tumors had worse 5-year survival compared to patients with ER+ tumors.  Among 
HER2+ subtypes, ER+/PR+ and ER+/PR- tumors had close to 100% 5-year survival, 
while ER-/PR+ and ER-/PR- tumors had about 92% 5-year survival.  Among the 
collective High Risk groups, ER+/PR+ and ER+/PR- tumors had around 87% 5-year 
survival (Figure 6). Patients with ER-/PR- and ER-/PR+ tumors had a 5-year survival of 
73% and 70%, respectively.  

Neither analysis used analytic techniques to determine statistical differences between the 
survival rates of each group.  Additionally, 95% confidence intervals for the survival 
rates were not reported.  Therefore the variation of each rate is unknown. For example, it 
cannot be determined if  the variation among survival of AJCC Stage II HER2+ breast 
cancer patients, ranging from 97% to 92%,  truly exists or if the 95% confidence intervals 
overlap, suggesting similar rates. 

3.2.3 Racial Distribution of HER2+ Breast Cancer 

A population-based study using data from the Atlanta SEER registry in conjunction with 
the Georgia Comprehensive Cancer Registry identified cases of primary invasive breast 
cancer from 2003 to 2004.  HER2 information was abstracted from medical records and 
registry abstracts.  The study focused on age and race differences among incident breast 
cancer patients.  The final study population consisted of 1,842 women, of which 12.6% 
were HER2+.  The Incidence of HER2+ breast cancer was similar among Whites and 
Blacks and was reported at rates of 21.1 per 100,000.15 This finding is consistent with an 
earlier study using similar data.16  

                                                      
14 Bauer K, Parise C, Caggiano V. Use of ER/PR/HER2 subtypes in conjunction with the 2007 St. Gallen 
consensus statement for early breast cancer. BMC Cancer 2010; 10:228 
15 Lund MJ, Butler EN, Hair BY, et al. Age/race differences in HER2 testing and in incidence rates for 
breast cancer triple subtypes. Cancer 2010;116:2549-59. 
16 Lund MJ, Trivers KF, Porter PL et al. Race and triple negative treats to breast cancer survival: a 
population-based study in Atlanta, GA. Breast Cancer Res Treat 2009;113:357-70.  
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Although the proportion of HER2+ cases was similar between Blacks and Whites, stage 
distribution differed; Blacks had higher stage tumors at diagnosis compared to Whites 
(Figure 3).17  The distribution of HER2+ subtypes also differed between Blacks and 
Whites. White women had a higher proportion of ER+/PR+ tumors and Black women 
had a higher proportion of ER-/PR- tumors (Figure 4).  
 

Figure 3: Proportion of HER2+ Breast Cancer Cases per AJCC Stage Stratified by 
Race 

 

 

                                                      
17 Lund MJ, Butler EN, Hair BY, et al. Age/race differences in HER2 testing and in incidence rates for 
breast cancer triple subtypes. Cancer 2010;116:2549-59.  
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Figure 4: Proportion of HER2+ Breast Cancer Cases per Hormone Receptor Status 
Stratified by Race 

 

 

This finding is also described in a population based study of 950 women aged 20-54 in 
Atlanta, Georgia diagnosed with incident breast cancer between 1990 and 1992.  This 
analysis suggested Black women had a 90% increased odds of ER-/PR-/HER2+ subtype 
compared to White women while no difference was seen with the odds of 
ER+/PR+/HER2+ tumors between Black and White women.18   

4 DISCUSSION 
 
Based on our analysis of the IMS LifeLink™ Health Plan Claims Database data, the 

 trastuzumab use was in adult patients aged 45-64 years of age. Female 
patients accounted for  patients) of use compared to male patients with 
around   patients).  pediatric patient aged 0 to 17 years captured 
during the study period.  Approximately  of trastuzumab users had a diagnosis of 
primary breast cancer in the same calendar year for each year over the study period. Of 
these, approximately  of trastuzumab users also had a diagnosis for a secondary 
neoplasm. 

Because of the slight variance in the methodology of patient selection for the 
stratification of trastuzumab patients by diagnoses (Table 3 in Appendix 1), there is an  
patient difference in the number of patients with trastuzumab and a primary breast cancer 
diagnosis as reported in Table 3 and the trastuzumab count as reported in Tables 1 and 2.   
There were  patients with a claim for trastuzumab and a diagnosis claim for primary 

                                                      
18 Trivers KF, Lund MJ, Porter PL, et al. The epidemiology of triple-negative breast cancer, including race. 
Cancer Cause Control 2009;20:1071-82 
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breast cancer and did not have a claim for trastuzumab alone in the year or years prior to 
the calendar year with both claims.  A total of  patients had claims for trastuzumab in a 
year prior to having claims for trastuzumab and a primary breast cancer diagnosis in a 
subsequent year.   
 
The IMS LifeLink Health Plan Claims Database is comprised of commercially insured 
patients, with a subset of managed Medicare and Medicaid patients, including medical 
services and prescription drug information across the entire continuum of care.  The 
health plan database is representative of the U.S. Commercially Insured population by 
age and gender.  The data are also longitudinal with average member enrollment duration 
of two to three years. Only health plans that submit data for all members are included in 
the database, ensuring complete data capture and representative samples. 

The data presented in this review were obtained from a sample of healthcare claims from 
commercially insured patients, with a subset of managed Medicare and Medicaid 
patients, and were not nationally projected.    Additionally, the IMS LifeLink™ Health 
Plan Claims Database receives data from a number of different health plans and currently 
has some data through the end of 2011; not all health plans are fully up to date due to a 
data lag of 6-months.  Therefore, only cumulative data for year 2009 through 2011 were 
presented for this analysis. 

Data on uninsured patients or cash-paying patients are not available from the IMS, 
LifeLink™ Health Plan Claims Database. Although, due to the nature of the drugs and 
conditions they are used to treat it is less likely that un-insured patients use them. The 
database includes both inpatient and outpatient diagnoses (in ICD-9-CM format) and 
procedures (in CPT-4 and HCPCS formats) as well as both retail and mail order 
prescription records.  It should be noted that there is no validation method available to 
confirm the diagnosis using IMS LifeLink™ and diagnosis is limited to the reporting year 
of the prescription.   

The rate of HER2+ breast cancer tumors occur in approximately 18% to 25% of all breast 
cancer cases.19,20  However, no studies have reported the incidence of HER2+ breast 
cancer in the United States.   Using the SEER breast cancer incidence rate in 2011 we 
estimate the incidence of HER2+ breast cancer is between 22.3 and 31.0 per 100,000 in 
2011. 

Both the AJCC Staging and 2007 St. Gallen Consensus suggest that estimated survival 
among HER2+ patients decreases as stage at diagnosis worsens and survival may be 
worse in patients with ER- subtypes. Survival estimates were lower using the AJCC 
staging criteria; ER-/HER2+ AJCC Stage III cases had 60% to 51% survival while 
patients identified as High Risk using the St. Gallen Consensus were estimated to have 
73% to 70% 5-year survival. Differences in staging criteria should be taken into 

                                                      
19 Slamon DJ, Clark GM, Wong SG, et al. Human Breast Cancer: Correlation of relapse and survival with 
amplication of the HER2/neu oncogene. Science 1987; 235:177-82.  
20 Wolff AC, Hammond ME, Schwartz JN, et al. American Society of Clinical Oncology/College of 
American Pathologists guideline recommendations for human epidermal growth factor receptor 2 testing in 
breast cancer. Arch Pathol Lab Med 2007; 131:18-43. 
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consideration when interpreting the results of each study.  Also, the use of trastuzumab 
was not available in either study and its effect on survival is unknown in the study 
populations. Furthermore, the population utilized for the analyses was from California 
only and may not be representative of all areas of the United States. However, the 
incidence of breast cancer in California has historically been similar to the national 
incidence rate of breast cancer.21  

The results of two studies, each conducted during different time periods, indicated that 
incidence rates of all HER2+ breast cancers do not differ between Black and White 
females but suggested that Black women are more likely to have ER- tumors compared to 
White women. However, all data presented in this section was conducted in a limited 
population from the Atlanta, Georgia metropolitan area.  The incidence rate of women 
diagnosed with breast cancer reported by Lund et al. was 176 per 100,000.   This rate is 
higher than reported by the CDC for the state of Georgia in 2004 (120 per 100,000) 22 and 
the generalizability of these results to other populations may be limited.   

5 CONCLUSION 

• Based on our analysis of the IMS LifeLink™ Health Plan Claims Database data, 
 trastuzumab use was in adult patients aged 45-64 years. Female 

patients accounted for   patients) of use compared to male patients 
with around   patients).  pediatric patient aged 0 to 17 years 
captured during the study period.  

• Of those patients with selected diagnoses for primary breast cancer and 
one selected secondary neoplasm, nearly a quarter had evidence of secondary 
neoplasm exposure during the cumulative study period, respectively.  

• Limited research has evaluated the stage distribution, 5-year survival, and racial 
differences in patients with HER2+ breast cancer.  The majority of the research 
presented in this review is from two patient populations and the results may not be 
generalizable.  Therefore the results should be considered in the context of this 
limitation.   

• The incidence rate of HER2+ breast cancer in the United States is estimated 
between 22.3 and 31.0 per 100,000 in 2011. 

• At diagnosis, about 40% of HER2+ breast cancers are AJCC Stage I, 44% are 
Stage II and about 15% are Stage III. The distribution varies by ER/PR subtype; 
ER+/PR+ tumors have the lowest proportion of Stage III diagnoses (~13%) while 
ER-/PR- tumors have the highest (~20%).  

• Five-year survival by stage of HER2+ breast cancer diagnosis varies greatly by 
stage and is largely influenced by ER subtype.  Survival among patients with 
AJCC Stage I tumors ranges from about 97% to 94% for ER+ and ER- subtypes, 
respectively. Among Stage II cases, ER+ subtypes had the best survival ranging 
from 97% to 92%.  ER- subtype case survival was around 83%.  Survival of Stage 

                                                      
21 Centers for Disease Control and Prevention. U.S. Cancer Statistics: An Interactive Atlas [Online]. 
Accessed March 14, 2012 at http://apps.nccd.cdc.gov/DCPC_INCA/DCPC_INCA.aspx 
22 Centers for Disease Control and Prevention. U.S. Cancer Statistics: An Interactive Atlas [Online]. 
Accessed March 14, 2012 at http://apps.nccd.cdc.gov/DCPC_INCA/DCPC_INCA.aspx 
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III cases diminishes even further; ER+ subtypes had about 80% survival while 
ER- subtypes had 63% and 51% survival for PR- and PR+ tumors, respectively. 
Statistical differences were not provided for the reported survival rates and the 
variation of each rate is unknown. For example, it cannot be determined if  the 
variation among survival of Stage II HER2+ breast cancer patients, ranging from 
97% to 92%, truly exists or if the 95% confidence intervals overlap, suggesting 
similar rates. 

• Based on data from limited patients population at a metropolitan area, Breast 
cancer incidence did not seem to differ significantly between Black and White 
females.  However, Black women may have a higher proportion of Stage III and 
IV tumors at diagnosis and a higher proportion of ER-/PR- tumors compared to 
White women.  
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7 APPENDIX 2:  LITERATURE REVIEW TABLES 
 

Table 4: Proportion of HER2-Positive and HER2-Negative Tumors Reported by Parise et 
al. (N=55,188) 

 
Table 5: Proportion of HER2+ Breast Cancer Cases by Hormone Subtype Stratified by 
AJCC Stage I-III 

Table 6: St. Gallen Distribution of HER2+ Tumors 
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Figure 5: Five-year relative survival for all cases within the St. Gallen Intermediate risk 
group by ER/PR/HER2 subtype23 

                                                      
23 Bauer K, Parise C, Caggiano V. Use of ER/PR/HER2 subtypes in conjunction with the 2007 St. Gallen consensus 
statement for early breast cancer. BMC Cancer 2010; 10:228 
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10 APPENDIX 3:  DATABASE DESCRIPTIONS 

IMS Health, IMS National Sales Perspectives™: Retail and Non-Retail 

The IMS Health, IMS National Sales Perspectives™ measures the volume of drug 
products, both prescription and over-the-counter, and selected diagnostic products 
moving from manufacturers into various outlets within the retail and non-retail markets. 
Volume is expressed in terms of sales dollars, eaches, extended units, and share of 
market.  These data are based on national projections.  Outlets within the retail market 
include the following pharmacy settings: chain drug stores, independent drug stores, mass 
merchandisers, food stores, and mail service. Outlets within the non-retail market include 
clinics, non-federal hospitals, federal facilities, HMOs, long-term care facilities, home 
health care, and other miscellaneous settings.   
 
IMS LifeLink™ Health Plan Claims Database 
 
The IMS Health Plan Claims Database is a health plan claims database representing 
approximately 101 managed care plans and covering approximately 65.8 million de-
identified patients. The medical claims are captured from doctor's offices, retail and mail 
order pharmacies, patient visits to specialists and hospitalizations including diagnoses, 
ER visits, office visits, home care, diagnostic tests, procedures and injections. The data 
are not nationally projected; however, it represents approximately 9 percent of the U.S. 
commercially insured population based on year 2007 U.S. Census. 
 
The IMS, LifeLink™ Health Plan Claims Database is comprised of commercial health 
plan information obtained from health plans and other related sources throughout the 
United States. It is largely a commercially insured database with a subset of Medicare 
and Medicaid patients that are enrolled in commercially administered plans. The data are 
paid claims data, which are fully adjudicated and paid for covered services on behalf of 
an enrollee by their health plan. The database consists of medical and pharmaceutical 
claims for over 70 million unique patients from over 75 health plans across the U.S. 
(approximately 15 million covered lives per year). 
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Interdisciplinary Review Team for QT Studies Consultation:  
QT Sub-Study Review 

IND or NDA BLA 125409 

Generic Name Pertuzumab 

Sponsor Genentech, Inc. 

Indication For the treatment of patients with 1st Line HER2-
positive metastatic breast cancer 

Dosage Form Intravenous infusion 

Drug Class HER2 blocker 

Therapeutic Dosing Regimen 840 mg loading dose by i.v. infusion followed by 
420 mg every 3 weeks (q3wk) 

Duration of Therapeutic Use Chronic 

Maximum Tolerated Dose 15 mg/kg q3wk 

Submission Number and Date 8 Dec 2011 

Review Division DOP1 

1 SUMMARY 

1.1 OVERALL SUMMARY OF FINDINGS 
No large changes in mean QTc intervals (i.e., >20 ms) were detected at the proposed 
pertuzumab therapeutic dose in this QTc substudy. Although the largest upper bound of 
the 2-sided 90% CI for the mean difference between pertuzumab (pertuzumab + 
trastuzumab + docetaxel) and placebo arm (placebo + trastuzumab + docetaxel) was 17.5 
ms, the point estimate was 6.0 ms. Due to study design limitations (e.g. lack of positive 
control, confounding of effects of concomitant treatments on the QT interval, underlying 
disease in patient population, and slightly higher QTcF baseline in the placebo group 
compared to that in the pertuzumab treatment group), precise effect of pertuzumab on QT 
interval cannot be estimated. Because of the lack of demonstrated assay sensitivity, the 
results should be interpreted as having ruled out an effect of about 20 ms. 
 

This is a randomized, double-blind, placebo-controlled QTc substudy of the pivotal Phase 
III trial TOC4129g/WO20698. The pertuzumab dose studied is the proposed therapeutic 
dose (840 mg loading dose by i.v. infusion followed by 420 mg q3wk). The substudy 
included total 37 patients with HER2 positive, previously untreated metastatic breast 
cancer (17 in the placebo+trastuzumab+docetaxel group, 20 in the 
pertuzumab+trastuzumab+docetaxel group). Overall summary of findings is presented in 
Table 1. 
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Table 1:  The Point Estimates and the 90% CIs Corresponding to the Largest Upper 
Bounds for Pertuzumab (FDA Analysis) 

Treatment Time (h) ∆∆QTcF (ms) 90% CI (ms) 

Pertuzumab C3POST15* 6.0 17.5 

* Cycle 3, Day 1, 15 min post infusion   
QT evaluation of pertuzumab was performed at the proposed therapeutic dose. 
Pertuzumab is eliminated via intracellular lysosomal degradation. There is no effect of 
intrinsic factors on the exposure of pertuzumab and drug interactions are not expected. 
Hence QT evaluation at the therapeutic dose is reasonable. At the concentrations 
observed in this QT substudy, there are no detectable prolongations of the QT interval. 
Furthermore, exposure-response relationship was not evident within the range of 
concentrations observed in the study. 

2 BACKGROUND 

2.1 PRODUCT INFORMATION 
Pertuzumab (rhuMAb 2C4), a fully humanized monoclonal antibody, acts by blocking 
the association of human epidermal growth factor receptor-2 (HER2) with other HER 
family members, including epidermal growth factor receptor (EGFR, also known as 
HER1), HER3, and HER4. As a result, pertuzumab inhibits ligand-initiated intracellular 
signaling through two major signal pathways, MAP kinase and PI3K. 

Pertuzumab is being developed for the treatment of patients with solid tumors. 

2.2 MARKET APPROVAL STATUS 
Pertuzumab is not approved for marketing in any country  

2.3 PRECLINICAL INFORMATION 
Dedicated cardiovascular safety pharmacology studies were not conducted. 

2.4 PREVIOUS CLINICAL EXPERIENCE 
From eCTD 2.7.4  

“A summary of ECG abnormalities is provided in Table 113. This summary is based on 
Investigator assessments of ECG abnormalities, which were collected as free text in the 
eCRF. Measurements of ECG parameters such as QT interval duration were not 
requested and are only available if the Investigator reported them. These Investigator 
assessments were based on routine ECGs recorded at the study site. For details of ECG 
findings based on Holter monitoring of patients in the QT Substudy, refer to the separate 
report and to Section 2.1.5.2. 

“Most abnormalities emerging during treatment were seen on one or two ECGs only and 
previous and/or subsequent ECGs were unremarkable. Some of the patients also had 
abnormalities on their baseline ECG. All except six patients (3 in each arm) with post-
baseline ECG abnormalities were reviewed by the CRC at some time during the study. 

Reference ID: 3104061







 

 5

“No other significant ECG abnormalities were reported as AEs in these or other 
pertuzumab studies. Individual patient listings of ECG abnormalities are provided in the 
clinical study reports.” 

From ISS (page 105) 

Single-agent pertuzumab studies (Adverse events) 

“In the single-agent studies, AEs were most frequently reported in the SOC 
‘Gastrointestinal disorders’ (80.8%; with diarrhea and nausea being the most common 
AEs in this category), followed by SOC ‘General disorders and administration site 
conditions’ (59.6%; with fatigue being the most common AE in this category. Most 
events were Grade 1-2 in severity. 

The most frequently occurring AEs (> 25% of patients) were diarrhea, nausea, fatigue, 
alopecia, neutropenia and rash Table 4. 
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population, once again indicating that neutropenia was driven by treatment with 
docetaxel. 

“Apart from gastrointestinal disorders, the incidence of Grade 3-4 events in the single-
agent pertuzumab studies was < 10% in all SOCs, with diarrhea (6.5%) being the most 
commonly reported Grade 3-4 AE.” 

From eCTD 2.7.4 (page 97) 

Pivotal study (Deaths)  

“In the pivotal study WO20698/TOC4129g, 22 deaths (12 in the Pla+T+D arm and 10 in 
the Ptz+T+D arm), were reported during or within 42 days of the last treatment (Table 
37). The incidence of death due to febrile neutropenia or an infectious etiology was 
balanced between treatment arms (3 patients in the Pla+T+D arm and 5 patients in the 
Ptz+T+D arm). There were three cardiovascular-related deaths, all in the Pla+T+D arm.” 

Reviewer’s Comments: The main cardiovascular AE in all studies (pivotal study 
WO20698/TOC4129g, key supporting studies and single-agent study) was decline of 
LVEF. The incidence of this AE ranged between 4.5 to 7 %. In the pivotal study there was 
a report of ventricular arrhythmia and another of ventricular fibrillation, both in the 
pertuzumab+trastuzumab+docetaxel arm. It seems unlikely that events were linked to 
pertuzumab (i.e., event took place >100 days after starting treatment, the events were 
confounded by comorbidities). No sudden cardiac death occurred when under 
pertuzumab.  

 

2.5 CLINICAL PHARMACOLOGY 
Appendix 5.1 summarizes the key features of pertuzumab’s clinical pharmacology. 

3 SPONSOR’S SUBMISSION 

3.1 OVERVIEW 
The QT-IRT reviewed the protocol prior to conducting this study under BB IND 9900. 
The sponsor submitted the study report WO20698-pkpd-qtc-substudy for pertuzumab, 
including electronic datasets and waveforms to the ECG warehouse. 

3.2 TQT STUDY 

3.2.1 Title 
A Substudy in Association with Pertuzumab Protocol TOC4129g/W020698 to Evaluate 
Corrected QT Interval, Pharmacokinetics, and Drug-Drug Interaction. 

3.2.2 Protocol Number 
TOC4129g/W020698 (Substudy 2) 

3.2.3 Study Dates 
The pivotal Phase III trial TOC4129g/W020698 is still ongoing. First patient enrolled on 
12 February 2008, primary analysis data cut on 13 May 2011. 

Reference ID: 3104061



 

 8

3.2.4 Objectives 
• To describe of the potential effects of pertuzumab on the QTc interval. 

• To evaluate the pharmacokinetic profile of pertuzumab in the presence of 
trastuzumab and docetaxel and to describe any drug-drug interactions that might 
be observed when all three drugs are co-administered. 

3.2.5 Study Description 

3.2.5.1 Design 
Study TOC4129g/WO20698 is a randomized, double-blind, placebo-controlled study. 
The substudy was designed to enroll a total of 50 electrocardiogram (ECG)-evaluable 
patients and at least 40 pharmacokinetic (PK)-evaluable patients. The main study will 
enroll 800 patients from approximately 250 sites worldwide. 

3.2.5.2 Controls 
The Sponsor used placebo control. 

3.2.5.3 Blinding 
All treatment arms were administered blinded.   

3.2.6 Treatment Regimen 

3.2.6.1 Treatment Arms 
Treatment Arm A: placebo + trastuzumab + docetaxel every 3 weeks 

Treatment Arm B: pertuzumab + trastuzumab + docetaxel every 3 weeks 

3.2.6.2 Sponsor’s Justification for Doses 
The dose to be studied is the proposed therapeutic dose (840 mg loading dose by i.v. 
infusion followed by 420 mg q3wk). 

Reviewer’s Comments:  QT evaluation of pertuzumab was performed at the proposed 
therapeutic dose. Pertuzumab is . 
There is no effect of intrinsic factors on the exposure of pertuzumab and drug 
interactions are not expected. Hence QT evaluation at the therapeutic dose is reasonable. 

3.2.6.3 Instructions with Regard to Meals 
Pertuzumab is administered via i.v. infusion, hence food affects are not anticipated. 

3.2.6.4 ECG and PK Assessments 
On Cycle 1 Day 1 and Cycle 3 Day 1, ECGs were assessed at the following time points: 
30 min prior to pertuzumab/placebo infusion, 15 min prior to pertuzumab/placebo 
infusion, immediately postinfusion (0-15 min post-pertuzumab/placebo infusion), and 60-
75 min post-pertuzumab/placebo infusion. ECGs were also assessed at Cycle 1 Day 3 
(approximately 72 h post-infusion), post-docetaxel infusion and coincident with the 23-h 
PK sample. Study treatment cycles were three weeks (21 days) in length. 
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Blood samples for PK evaluations were plan at the following timepoints: Pre-dose: within 
15 min before the infusion; post-dose: within 15 min after the end of infusion. At Cycles 
1 and 3, the post-pertuzumab PK sample will be drawn 60−75 min after the end of the 
pertuzumab/placebo infusion (prior to administration of trastuzumab). 

 

Reviewer’s Comments: There is no real consensus on the best approach to evaluate the 
QT effects of monoclonal antibodies. The classic mechanism of directly inhibiting the 
hERG channel is not probable due to the large size of monoclonal antibodies. We do 
recognize the monoclonical antibodies can have off-target cardiac effects but to date QT 
prolongation has not been observed. The design of the proposed substudy is reasonable 
to capture large effects on the QT interval. 

3.2.6.5 Baseline 
Baseline ECG was defined as the average of pre-dose observations at Cycle 1 Day 1 (15 
minutes and 30 minutes prior to infusion). This definition of baseline is carried forward 
throughout the substudy.  

3.2.7 ECG Collection 
ECG data were obtained through 12-lead electrocardiogram (ECG) measurements which 
were extracted in triplicate. These measurements were sent to a central core cardiology 
laboratory which produced a single data set which was forwarded to  by the 
Sponsor following unblinding of the main study. 

3.2.8 Sponsor’s Results 

3.2.8.1 Study Subjects 
Descriptive statistics of demographic data and other baseline characteristics of the female 
breast cancer patients enrolled in the substudy are presented in Table 5.  
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Table 5: Summary of Demographic Data 
 

 
Source: CSR, Table 1 

3.2.8.2 Statistical Analyses 

3.2.8.2.1 Primary Analysis 
All ECG analyses will be exploratory, and fixed hypotheses will not be tested. The 
nominal times were used in the analysis. Treatment group comparisons were performed 
between means of baseline-adjusted measurements. The ΔQTcF upper ranges for the 
pertuzumab –treated group were less than 30 ms. Point estimates of ΔΔQTcF in Cycle 1 
were all lower than 5 ms, with corresponding upper 90% CIs values lower than 10 ms. 
Point estimates of ΔQTcF for the placebo treatment in Cycle 3 were generally lower than 
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those observed for the ΔQTcF of pertuzumab. As a result, ΔΔQTcF values may have 
been inflated due to the over-correction associated to the ΔQTcF of placebo. The baseline 
QTcF in the placebo group was slightly higher compared to that in the pertuzumab group. 
Overall, the above effects on QTcF interval in patients were not deemed clinically 
relevant. 

 

Table 6:  Summary Statistics of ΔQTcF (ms) and ΔΔQTcF (ms) in Cycle 1 

 
(Source: Sponsor’s Study Report wo20698-pkpd-qtc-substudy, Table 7. on Page 25) 
 

Table 7:  Summary Statistics of ΔQTcF (ms) and ΔΔQTcF (ms) in Cycle 3 

 
(Source: Sponsor’s Study Report wo20698-pkpd-qtc-substudy, Table 8. on Page 25) 
 

Reviewer’s Comments: The sponsor’s exploratory analyses are reasonable. The reviewer 
performed independent analyses in section 5.2. 

3.2.8.2.2 Categorical Analysis 
The categorical evaluation of the maximum absolute QTcF intervals indicated that none 
of the subjects had values >450 ms with the pertuzumab treatment. Similarly, the 
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maximum QTcF change from baseline did not exceed the clinically significant category 
of 30 ms for subjects with the pertuzumab treatment and 60 ms for any subject across all 
treatments. 

3.2.8.3 Safety Analysis 

Table 8: Incidence of Adverse Events That Could be Associated with Prolongation 
of Cardiac Repolarization or Proarrhythmia 

 
Source: CSR, Appendix F, Table 12 

Reviewer’s Comments: No relevant differences between treatment arms were reported in 
AEs presented in Table 8.  

3.2.8.4 Clinical Pharmacology 

3.2.8.4.1 Pharmacokinetic Analysis 
Serum pertuzumab concentrations are presented in Figure 1. 
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Figure 1: Boxplots of Serum Pertuzumab Concentrations 

 
C1POST60: Cycle 1 Day 1 60 minutes post infusion; C3PRE15: Cycle 3 Day 1 
15 minutes pre infusion; C3POST60: Cycle 3 Day 1 60 minutes post infusion; 

(Source: Sponsor’s Study Report wo20698-pkpd-qtc-substudy, Figure 12. on Page 32) 

3.2.8.4.2 Exposure-Response Analysis 
The concentration-ΔQTcF plot shows the lack of any apparent relationship between 
serum pertuzumab concentrations and ΔQTcF (Figure 2). 

 

Figure 2: Scatter-Smooth of Concentration versus ΔQTcF, 
Both Cycles 

 
(Source: Sponsor’s Study Report wo20698-pkpd-qtc-substudy, Figure 16. on Page 35) 
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Reviewer’s Comments:  The reviewer performed independent analyses to explore the 
relationship between pertuzumab concentration and ΔQTcF or ΔΔQTcF (see section 5.3). 
Consistent with the sponsor’s results, the slope of the concentration-response 
relationship is relatively flat and non-significant from zero. 

4 REVIEWERS’ ASSESSMENT 

4.1 EVALUATION OF THE QT/RR CORRECTION METHOD 
We evaluated the appropriateness of the correction methods (QTcF and QTcB).  Ideally, 
a good correction QTc would result in no relationship of QTc and RR intervals.  The 
relationship between different correction methods and RR is presented in Figure 3.  QTcF 
was used for further analysis. 

  

Figure 3: QT, QTcB, and QTcF vs. RR (Each Subject’s Data 
Points are Connected with a Line) 

 

 

4.2 STATISTICAL ASSESSMENTS 

4.2.1 QTc Analysis 

4.2.1.1 The Primary Analysis for Pertuzumab 
The reviewer used mixed model to analyze the ΔΔQTcF effect. The analysis results are 
listed in Table 9. There was no moxifloxacin arm in the study so the assay sensitivity can 
not be established. 
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4.2.1.3 Categorical Analysis 
Table 10 lists the number of subjects as well as the number of observations whose QTcF 
values are ≤ 450 ms, between 450 ms and 480 ms.  No subject’s QTcF was above 480 
ms.   

Table 10: Categorical Analysis for QTcF  

 Total N Value<=450 ms 450 ms<Value<=480 ms 

Treatment 
Group 

# 
Subj. 

# 
Obs. 

# 
Subj. (%) 

# 
Obs. (%) 

# 
Subj. (%) 

# 
Obs. (%) 

Pertuzumab 21 175 21 (100%) 175 (100%) 0 (0%) 0 (0%) 

Placebo 16 136 13 (81.2%) 129 (94.9%) 3 (18.8%) 7 (5.1%) 

 

Table 11 lists the categorical analysis results for ΔQTcF.  No subject’s change from 
baseline was above 60 ms. 

Table 11: Categorical Analysis of ΔQTcF 
 Total N Value<=30 ms 30 ms<Value<=60 ms 

Treatment 
Group 

# 
Subj. 

# 
Obs. 

# 
Subj. 

# 
Obs. 

# 
Subj. 

# 
Obs. 

Pertuzumab 19 127 19 (100%) 127 (100%) 0 (0%) 0 (0%) 

Placebo 14 98 12 (85.7%) 94 (95.9%) 2 (14.3%) 4 (4.1%) 

4.2.2 PR analysis 
The outlier analysis results for PR are presented in Table 12. 

Table 12: Categorical Analysis of PR 
 Total N Value > 200ms 

Treatment 
Group 

# 
Subj. 

# 
Obs. 

# 
Subj. 

# 
Obs. 

Pertuzumab 21 175 4 (19%) 7 (4%) 

Placebo 16 132 2 (12.5%) 4 (3%) 

 

4.2.3 QRS analysis 
 The outlier analysis results for QRS are presented in Table 13. 

Table 13: Categorical Analysis of QRS 
 Total N Value > 110ms 

Treatment 
Group 

# 
Subj. 

# 
Obs.

# 
Subj. 

# 
Obs. 

Pertuzumab 21 175 0 (0%) 0 (0%) 

Placebo 16 136 1 (6.2%) 9 (6.6%) 
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4.3 CLINICAL PHARMACOLOGY ASSESSMENTS 
The relationship between ΔQTcF (or ΔΔQTcF) and pertuzumab concentrations is 
visualized in Figure 5 with no evident positive exposure-response relationship. 

 

Figure 5: ΔQTcF (left) and ΔΔQTcF (right) vs. Pertuzumab Concentration 

 

4.4 CLINICAL ASSESSMENTS 

4.4.1 Safety assessments 
No seizure, significant ventricular arrhythmias or sudden cardiac death occurred in this 
study. 

4.4.2 ECG assessments 
Waveforms from the ECG warehouse were reviewed.  According to ECG warehouse 
statistics 19 % of the ECGs were annotated in the primary lead II and rest in multiple 
leads, with less than 0.5% of ECGs reported to have significant QT bias, according to the 
automated algorithm.  Overall ECG acquisition and interpretation in this study appears 
acceptable. 

4.4.3 PR and QRS Interval 
Four subjects in the pertuzumab arm had a PR greater than 200 ms. In two subjects the 
effect was observed before starting the infusion in cycle 3 day 1. None of the post-
pertuzumab values were > 40 % of baseline values.  

None of the subjects under pertuzumab had a QRS > 110 ms at baseline.  
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