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Dosing Regimen Adjuvant Treatment of HER2-Overexpressing Breast Cancer: “Initial dose 
of 4mg/kg over 90 minute IV infusion, then 2mg/kg over  minute IV infusion weekly for 52 
weeks. Initial dose of 8 mg/kg over 90 minutes IV infusion, then 6 mg/kg over 30-90 minutes IV 
infusion every three weeks for 52 weeks.” 

This sBLA incorporates the weekly dosing regimen.

Indication for Adjuvant Breast Cancer: “Herceptin is indicated for adjuvant treatment of 
HER2 overexpressing node positive or node negative (ER/PR negative or with one high risk 
feature) breast cancer as part of a treatment regimen consisting of doxorubicin, 
cyclophosphamide, and either paclitaxel or docetaxel; with docetaxel and carboplatin; or as a 
single agent following multi-modality anthracycline based therapy.”

This sBLA application addresses the adjuvant indication as part of a treatment regimen 
consisting of doxorubicin, cyclophosphamide and paclitaxel.
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1. Summary

Herceptin is a HER2/neu receptor antagonist indicated for:

 the treatment of HER2 overexpressing breast cancer
 the treatment of HER2-overexpressing metastatic gastric or gastroesophageal junction

adenocarcinoma 

On November 16, 2006, Genentech’s supplemental BLA (STN: BLA 103792/51500) was 
approved for the use of Herceptin® as part of a treatment regimen containing doxorubicin, 
cyclophosphamide, and paclitaxel for the treatment of patients with HER2-overexpressing, node-
positive or high risk node-negative breast cancer. This approval in the adjuvant setting was based 
on the Disease-Free Survival (DFS) results from the joint analysis of the National Surgical 
Adjuvant Breast and Bowel Project (NSABP) Study B-31 and the North Central Cancer 
Treatment Group (NCCTG) Study N9831.

The current submission addresses the following Postmarketing Commitments (PMCs)
which are subject to reporting of 21 CFR 601.70:

PMC# 1: To provide a final study report at the time of the final analysis of overall survival 
(analysis based on 710 deaths) in accordance with the statistical analysis plan of April 2005 for 
integrated analysis of Studies NSABP B31 and NCCTG N9831. The final study report should 
include the primary datasets and programs for generation of analyses and all subset analyses for 
the final analysis of overall survival and an updated analysis of disease-free survival, including
exploratory analyses in subgroups based on the timing and type of hormonal treatment 
administered to patients. 

PMC#3: To provide interim cardiac safety updates on an annual basis beginning on 30 
September 2006, as the first cutoff date and ending with a final comprehensive cardiac safety 
analysis report submitted by 30 September 2012. Each annual cardiac safety update will include 
a detailed narrative summary of each new clinical event with associated radiologic reports and 
laboratory findings for all patients enrolled as of the termination of study enrollment in April 
2005. The first annual cardiac safety update will be submitted by 28 April 2007. The final 
comprehensive cardiac safety analysis will be included in the final study report based on 710 
deaths. In addition, the final comprehensive study report will contain primary datasets for the 
intent-to-treat (ITT) population and summary analyses that include, but are not limited to, the 
analyses described in the statistical analysis plan of April 2005.

This joint clinical and statistical review addresses the updated efficacy from the protocol-
specified preplanned final Overall Survival (OS) analysis and the final cardiac safety analysis of 
results from Studies NSABP B31 and NCCTG N9831 in fulfillment of PMCs #1 and #3. This 
review also includes the proposed labeling changes. Genentech submitted the updated datasets 
with a final analysis of OS, an updated analysis of DFS and a final and comprehensive cardiac 
safety analysis. In fulfillment of PMC #1, Genentech submitted datasets from studies NSABP B-
31 and NCCTG N9831 for the final analysis of overall survival and updated analysis of disease-
free survival. In fulfillment of PMC #3, Genentech submitted final cardiac safety analysis of 
results from studies NSABP B-31 and NCCTG N9831.
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2. Recommendation on Regulatory Action

We agree with Genentech’s assessment of efficacy and safety. The 8.3-year follow-up 
data from the joint NSABP B-31 and NCCTG N9831 analysis contained in this study report 
represents the final efficacy and safety update mandated by the Subpart H postmarketing 
commitments #1 and #3. The efficacy results with mature OS continue to support the superiority 
of trastuzumab therapy in the adjuvant setting with no new safety signals. At 8.3 years of median 
follow-up [ACTH], the OS hazard ratio was 0.64 (95% CI: 0.55, 0.74) and the survival rate 
was estimated to be 86.9% in the ACTH arm and 79.4% in the ACT arm.  The final OS 
analysis results indicate that the OS benefit was consistent across several subgroups (age, 
hormone receptor status, number of positive lymph nodes, tumor size and grade, and 
surgery/radiation therapy). 

We recommend fulfillment of both PMCs #1 and #3. FDA will update the label 
accordingly (see Section 4). Herceptin continues to demonstrate a positive risk-benefit for the 
adjuvant treatment of HER2 overexpressing breast cancer with respect to cardiovascular and 
other toxicities weighed against a clinically meaningful and significant DFS and OS benefit.

3. Clinical Studies

This application jointly analyzed two randomized Phase 3 studies: The National Surgical
Adjuvant Breast and Bowel Cancer Project (NSABP) Study B-31 and the North Central Cancer 
Treatment Group (NCCTG) Study N9831. There were extensive discussions on the plan for a 
combined analysis of data from the two studies in order to get an earlier assessment of the 
efficacy of Herceptin for adjuvant treatment, and the FDA agreed with this joint analysis plan
prior to the first planned analysis of either study. The studies were considered amenable for a 
joint analysis given that both contained comparable control and treatment arms and although the 
population in the studies differed slightly, both high-risk node-negative and node-positive 
patients are of high risk of recurrence and death. These two studies both incorporated
chemotherapy regimens, Arm 1 of NSABP B-31 and Arm A of NCCTG N9831, of 
doxorubicin/cyclophosphamide (AC) followed by paclitaxel (T) (with slight frequency and 
dosing variations of the paclitaxel regimen) as the control regimen (ACT). Both studies also 
contained arms, Arm 2 of NSABP B-31 and Arm C of NCCTG N9831, with Herceptin for one 
year beginning with T after AC treatment, (ACTH). Thus Arm 1 and Arm A, and Arm 2 and 
Arm C from the two studies were combined for this analysis. Arm B (sequential therapy) from 
the NCCTG N9831 trial was not included because this treatment arm was not comparable to the 
treatment arms included in Study NSABP B31 and it would have been invalid to pool and 
analyze this data.

In both studies, breast tumor specimens were required to show HER2 overexpression (3+ 
by IHC) or gene amplification (by FISH). HER2 testing was verified by a central laboratory prior 
to randomization or was required to be performed at a reference laboratory. The ITT population 
from the joint study population included 4063 patients at the protocol-specified final overall 
survival analysis; 2031 patients received Herceptin with median treatment duration of 51 weeks. 
Similar demographic and baseline characteristics were reported. The median age was 49 years 
(range 24-80); 84% of patients were White, 7% Black, 4% Hispanic, and 3% Asian. The primary 
endpoint of the joint analysis of the studies was DFS and safety with a secondary endpoint of 
OS. DFS was measured from the time of randomization until recurrence of local, regional, or 
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distant breast cancer, development of a contralateral breast cancer or other second primary 
cancer, or death from any cause. Patients who did not experience any DFS events were censored 
at the time of their last visit. OS was measured from the time of randomization until death from 
any cause. Patients not reported as deceased were censored at the time of their last visit. The 
joint study was set to have a final OS analysis at a protocol-specified number of deaths that
occurred on June 30th, 2012 with 707 deaths. 

3.1 NSABP B-31:

NSABP B-31 is entitled “A Randomized Trial Comparing the Safety and Efficacy of 
Adriamycin (doxorubicin) and Cyclophosphamide Followed by Taxol (paclitaxel),(ACT), to 
that of Adriamycin and Cyclophosphamide Followed by Taxol Plus Herceptin, (ACTH), in 
Node-Positive Breast Cancer Patients Who Have Tumors that Overexpress HER2”. NSABP B-
31 was a randomized open-label Phase 3 multicenter study conducted in the United States (US) 
and Canada, which enrolled 2119 node-positive, HER2+, early breast cancer patients. Patients 
were stratified by the number of positive nodes (1-3, 4-9, 10+), planned hormonal therapy 
(tamoxifen, anastrozole, neither), surgery/radiation therapy, institution, and intended frequency 
of paclitaxel administration. Patients were randomized 1:1 to receive four 21-day cycles of 
Doxorubicin 60mg/m2 IV concurrently with Cyclophosphamide 600mg/m2 on Day 1 followed 
by: 

Arm 1: Paclitaxel 175 mg/m2 for four cycles (3 weeks per cycle) or 80mg/m2 for 12 cycles 
(1 week per cycle) as selected by the investigator prior to randomization.

Arm 2: Paclitaxel according to one of the above regimens concurrently with Herceptin 
loading dose (given on same day as first paclitaxel dose) at 4mg/kg followed by 2mg/kg IV 
to complete 52 weeks.

Patients completed chemotherapy and went on to complete appropriate radiation therapy 
as indicated. Patients with ER+ and/or PR+ tumors received tamoxifen or an aromatase inhibitor. 
In some cases patients continued on to receive an aromatase inhibitor after tamoxifen therapy.  

3.2 NCCTG N9831: 

NCCTG N9831 is entitled “Phase III Trial of Doxorubicin and Cyclophosphamide (AC) 
Followed by Weekly Paclitaxel with or without Trastuzumab as Adjuvant Treatment for Women 
with HER-2 Over-expressing or Amplified Node Positive or High-Risk Node Negative Breast 
Cancer.” NCCTG N9831 was a randomized open-label Phase 3 multicenter study of ACT vs. 
ACTH in a population of node-positive or high-risk node-negative HER2+ early breast cancer 
patients conducted in the US, Canada and multiple other countries. High-risk node-negative 
disease was defined as a tumor size of >1cm with estrogen receptor (ER) and progesterone 
receptor (PR) negativity, or a tumor size >2cm regardless of hormone receptor status. Patients 
were stratified by cooperative group, nodal status, and receptor status. A total of 1944 patients 
were randomized 1:1:1 to receive four cycles of doxorubicin at 60mg/m2 IV concurrently with 
cyclophosphamide at 600mg/m2 IV on Day 1 every 21 days followed by one of three regimens:
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Arm A: Paclitaxel 80mg/m2 for 12 weeks given weekly.

Arm B: Paclitaxel 80mg/m2 for 12 weeks given weekly followed by Herceptin weekly with a 
loading dose at 4mg/kg followed by 2mg/kg IV to complete 52 weeks.

Arm C: Paclitaxel 80mg/m2 for 12 weeks given concurrently with Herceptin IV. Herceptin 
loading dose (given on same day as first paclitaxel dose) given at 4mg/kg followed by 
2mg/kg IV to complete 52 weeks.

Arm B of this study was excluded from the joint analysis. Patients completed 
chemotherapy and went on to complete appropriate radiation therapy as indicated. Patients with 
ER+ and/or PR+ tumors received tamoxifen or an aromatase inhibitor. In some cases patients 
continued on to receive an aromatase inhibitor after tamoxifen therapy.  

3.3 Summary of Efficacy Findings

3.3.1 2.0 Years of Median Follow-up:

NSABP B-31/NCCTG N9831:
The joint analysis demonstrated that the addition of Herceptin to adjuvant chemotherapy 

had a statistically significant improvement in DFS at 2.0 years of follow up. The ITT population 
included 3752 patients; 1872 patients received Herceptin and 133 (7.1%) experienced a DFS 
event compared to 261 (13.9%) of the 1880 patients not receiving Herceptin. The hazard ratio for 
the addition of Herceptin to chemotherapy relative to chemotherapy alone was 0.48 (95% CI 
0.39, 0.59; p<0.0001). OS analysis at this time was not mature, as not enough OS events 
occurred. These DFS results supported the initial approval of Herceptin in the adjuvant setting. 

3.3.2 8.3 Years of Median Follow-up:

NSABP B-31/NCCTG N9831:
The joint efficacy (ITT) population had a median duration of follow-up of 7.9 years 

(range: 0-12.2) for the control chemotherapy arm and 8.3 years (range 0.1-12.1) for the 
Herceptin containing arm.  

Disease Free Survival: 
The applicant submitted updated DFS data and demonstrated that at 8.3 years of median 

follow-up 1161 patients in the ITT population experienced a DFS event, 479 from the Herceptin 
arm and 682 from the control arm. Of note 24.8% of patients in the chemotherapy alone arm 
crossed over to receive some Herceptin. The hazard ratio for the Herceptin containing arm 
compared to the chemotherapy alone arm was 0.61 (95% CI 0.54, 0.69; log-rank p-value 
<0.0001). These results are consistent with the DFS findings at 2.0 years of median follow-up 
and remain statistically significant in demonstrating a benefit of the addition of Herceptin to the 
chemotherapy regimen in this setting. Table 1 summarizes DFS results. An absolute benefit of 
11.2% (95% CI 8.3%, 14.2 %) was demonstrated with the DFS estimated at 74.2% in the 
ACTH arm and 62.9% in the ACT arm.
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Table 1: 8.3-year efficacy DFS data (Applicant’s Table)

Survival:
The applicant submitted OS survival data for the joint analyses of NSABP B-31 and 

NCCTG N9831. OS was a secondary endpoint for the joint analysis and at the time of the initial 
DFS data at 2.0-year follow up was not yet mature. At the time of the current analysis with a 
follow-up of 8.3 years, there were 707 deaths with 289 deaths in the ACTH arm and 418 
deaths in the ACT arm. The hazard ratio for Herceptin arm relative to the chemotherapy alone 
arm was 0.64 (95% CI 0.55, 0.74; p<0.0001). At 8.3 years of follow-up the OS rate was 
estimated to be 86.9% in the Herceptin arm and 79.4% in the chemotherapy alone arm yielding 
an absolute benefit of 7.4% (95% CI 4.9%, 10%). Table 2 and Figure 1 summarize the OS joint 
analysis results.

Multiple subgroup analyses were performed with respect to demographics, tumor 
characteristics, and additional treatment. In general, the OS benefit of the Herceptin containing 
arm was preserved across all subgroups. Table 3 shows subgroups of interest. Additional 
analyses examining HER2 overexpression/amplification by immunohistochemistry and FISH are
also shown in Table 3. 
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Table 2: 8.3-year efficacy OS data (Applicant’s Table)

Figure 1: Duration of Overall Survival (Applicant’s Figure)
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Reviewer Comments:
DFS in the Herceptin arm was statistically superior to the control chemotherapy arm at 

8.3 years of median follow-up. These results are consistent with the 2.0 years of median follow-
up efficacy data. FDA verified the DFS results with the applicant’s submitted datasets using a 
stratified log-rank test. The absolute benefit of improvement in DFS of 11.8% (95% CI 8.9%, 
14.6%) is clinically meaningful and statistically significant. 

The OS analysis at 8.3 years of median follow-up demonstrates a statistically significant 
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verified with the submitted datasets. Interestingly, even with limited events, there appeared to be 
a trend towards benefit in HER2 negative populations. Secondary to these findings, cooperative 
groups have launched trials examining the role of Herceptin in the HER2- population. 

3.4 Summary of Safety Findings

Updated safety results indicated no change in the risk profile of Herceptin and are 
consistent with prior safety reports. Although NSABP B-31 and NCCTG N9831 were analyzed 
jointly for this supplement, the adverse events (AEs) were recorded differently and thus AE 
safety data submitted was for individual studies. In addition, patients who received Herceptin at 
any point for added adjuvant therapy after chemotherapy treatment (regardless of if they were 
randomized to Arm 1, 2, A, or C) were analyzed as a separate sequential arm (ACTH).
Table 5 shows an overview of safety. 

Table 5: Overview of Safety (Applicant’s Table)
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Mortality: 
The primary cause of mortality in all three treatment groups was metastatic breast cancer. 

The rate of non-breast cancer related deaths counted from the initiation of paclitaxel at 8.3 years 
of median follow-up were similar among the different treatment arms (3.6% ACTH, 2.9% 
ACTH, and 4% ACT). The overall death rates in the different treatment arms 
demonstrated an improvement in the arms containing Herceptin (12.8% ACTH, 8.5% 
ACTH, and 25.6% ACT) with the majority of deaths occurring from metastatic breast 
cancer.

Adverse Events:
Adverse events (AEs) after the initiation of paclitaxel occurred in 88.5% of patients in the 

ACTH group, 80% of the ACTH group, and 83.8% of the ACT group in the NSABP 
B-31 study. In the NCCTG N9831 study, AEs during this time period occurred in 57.6% in the 
ACTH group, 57.2% of the ACTH group, and 45.1% of the ACT group. Neither study 
specifically assessed if adverse events resulted in study treatment withdrawal or discontinuation.
In addition, neither study assessed AEs as serious or non-serious. Grade > 3 AEs occurred in 
43.4% and 23% for the ACTH group, 28.8% and 22.5% for the ACTH group, and 39.8% 
and 19.8% for the ACT group respectively in the NSABP B-31 and the NCCTG N9831 
studies as recorded after the initiation of paclitaxel. AEs in the updated safety analysis were 
similar with respect to severity and rate to prior safety reports. 

Pregnancy: 
While the studies did not prospectively collect pregnancy data, there were four reports of 

pregnancies for patients enrolled in NSABP B-31. Of those four patients, one patient’s data is 
unknown, one electively terminated in the first trimester while on Herceptin, one patient had a 
healthy baby five years after trastuzumab treatment, and one patient on Herceptin for 6 months 
was found to have severe oligohydramnios at 23 weeks pregnant and after subsequent cessation 
of Herceptin delivered a full-term healthy infant. 

Cardiac Toxicity:
As cardiac toxicity is a known effect of Herceptin, the applicant and FDA placed specific 

interest on cardiac toxicity data related to symptomatic and asymptomatic left ventricular 
dysfunction per PMC #3. Overall, cardiac-related adverse events occurred at rates of 16.1% in 
the ACTH group, 9.2% in the ACTH group, and 4.6% of patients in the ACT group as 
recorded after the initiation of paclitaxel. The applicant reported left ventricular dysfunction in 
13.1% of patients in the ACTH group, 7.6% in the ACTH group, and 1.9% of patients in 
the ACT group during the reporting period beginning with the initiation of paclitaxel. Grade >
3 cardiac LV dysfunction occurred in 2.1% of patients in the ACTH group, 0.8% in the 
ACTH group, and 0.1% of patients in the ACT group.

Patients who developed symptomatic CHF typically exhibited left ventricular (LVEF) 
dysfunction reversibility with 64.5% of patients becoming asymptomatic and 90.3% 
demonstrating partial or full LVEF recovery at time of latest follow-up. 8.5% of patients 
discontinued Herceptin prior to the completion of the 52 weeks most commonly for decrease in 
LVEF. The applicant reported that the majority of cardiac events occurred in the first 15 months 
from initiation of Herceptin therapy as shown in Table 6. After 15 months, the incidence plateaus 
for all treatment groups. For these reasons, this safety update at 8.3 years did not demonstrate 
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major changes in the cardiac safety signal of Herceptin. 

Table 6: Cumulative Incidence of Time to First Cardiac Event (Applicant’s Table):

Deaths from cardiac causes were also reviewed. Patient narratives demonstrated there 
were seven deaths with cause of death listed as cardiac death, sudden cardiac death, or CHF in 
the ACTH group of the combined studies. All but one of these deaths occurred approximately 
six to ten years after the initiation of Herceptin therapy. This one case occurred during therapy 
and was clearly related to CHF (Patient ID 2123 in the NCCTG N9831 study). This patient was 
33 at the time of her enrollment, had a Left Ventricular Ejection Fraction (EF) of 58% after AC 
therapy, and was found after approximately ten weeks of Herceptin to have symptoms of CHF 
with an EF of 10%. She subsequently developed cardiac failure requiring significant medical 
therapy however approximately eight weeks later died of cardiomyopathy. Autopsy reported the
cause of death as related to anthracyline use. Per the applicant’s definition of death from cardiac 
events this single case was the only case in the ACTH group that met the full definition (death 
clearly being related to CHF, MI or primary arrhythmia). However, the applicant also included a 
patient with sudden death presumed cardiac death (Patient ID 710209925 from the NSABP B-31 
study) into the cardiac event category bringing the total deaths related to cardiac events in the 
ACTH group to two. In the ACTH group one patient died a definite cardiac death from 
myocardial infarction (MI). There was also one death in the ACTH group in a patient with 
unresolved CHF that occurred approximately 2 years 10 months after Herceptin therapy;
however, the death was attributed to causes unknown. In the ACT group there were five deaths 
from cardiac events.

Reviewer Comments:
The updated results of the safety data with 8.3 years of median follow up were reviewed 

and do not significantly differ from the safety profile of Herceptin as previously reported in the 
joint analysis clinical study report and addendum (2/4/2006 and 7/23/2008). FDA reviewed the 
cardiac death patient narratives and verified the causes as described above. While the percentage 
of cardiovascular events is increased from prior reports so are the events in the chemotherapy 
alone arm and the difference remains similar, as does the comparison to other Herceptin cardiac 
data. FDA also examined and verified the numbers of reversibility of cardiac toxicity after 
discontinuation of Herceptin and concurred that the majority of events occurred within the first 
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15 months after Herceptin therapy with most CHF events being reversible.

4. Labeling Changes

In order to reflect the updated safety and efficacy results, FDA and the applicant 
incorporated changes into the label. As ado-trastuzumab emtansine is now approved, a statement 
was added in order to draw providers attention to the differences in the drugs. In the Warnings 
and Precautions section under Cardiomyopathy, updated data from the jointly analyzed studies
was added to update the safety information in the label. The Clinical Trial Experience section 
was also updated to include the new percentage of adverse events according to toxicity; the 
percentage change in adverse events from the prior label was minimal. Cardiomyopathy 
information regarding reversibility of left ventricular dysfunction was also added to this Clinical 
Trial Experience section as described in the review document above. Efficacy information 
regarding overall survival and subgroup analysis was added to the Clinical Studies section and 
tables with the new data described above were added. 
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