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Metastatic Breast Cancer (MBC) is a serious and life threatening condition. The 
HER2/neu receptor is over-expressed in 15-30% of MBC, and is associated with a poor 
prognosis and an aggressive phenotype. Trastuzumab (Herceptin®) is a humanized, 
monoclonal antibody directed against the extracellular region of HER2. Trastuzumab-
containing regimens were approved for the treatment of patients with HER2-positive 
breast cancer in metastatic setting (1998) and in adjuvant setting (2008). In adjuvant 
setting, several studies showed that the patients randomized to Herceptin and chemotherapy 
experienced a significantly longer disease-free survival (DFS). In metastatic setting, the 
patients with previously untreated metastatic breast cancer randomized to Herceptin and 
chemotherapy experienced a significantly longer median time to disease progression, a higher 
overall response rate (ORR), and a longer median duration of response, as compared with 
patients randomized to chemotherapy alone. The Herceptin label also shows that with 
previously treated metastatic breast cancer, patients treated with Herceptin and chemotherapy 
experienced an overall response rate of 14%. The combination of lapatinib and 
capecitabine was approved in 2007 for the patients with HER2-positive locally advanced 
breast cancer or metastatic breast cancer progressing on or following trastuzumab-based 
regimen. The patients randomized to lapatinib plus capecitabine experienced a significantly 
longer median time to disease progression or death related to breast cancer. Pertuzumab is a 
recombinant, humanized, immunoglobulin (Ig)G1κ monoclonal antibody. Pertuzumab-
containing regimen was approved for the treatment of patients with HER2-positive 
locally recurrent, unresectable or metastatic breast cancer who have not received anti-
cancer treatment for their metastatic disease (2012). The pivotal study for pertuzumab 
demonstrated a statistically significant improvement in progression-free survival.  
 
In this application the applicant is seeking approval of trastuzumab emtansine (T-DM1) 
based on  results from a Phase III, randomized, multicenter, open-label clinical trial 
(EMILIA) designed to compare monotherapy of trastuzumab emtansine (T-DM1) with 
the combination of lapatinib plus capecitabine in patients with HER2-positive  

 metastatic breast cancer who had previously received trastuzumab and a 
taxane. 
 
In the EMILIA study, a total of 991 eligible patients were randomized (1:1) between Feb 
23, 2009 and Oct 13, 2011 with 495 patients in the trastuzumab emtansine arm and 496 in 
the lapatinib plus capecitabine arm, stratified by region (United States, Western Europe, 
other), number of prior chemotherapies for unresectable, locally advanced or metastatic 
disease (≤ 1 vs. >1) and visceral vs. non-visceral disease. Trastuzumab emtansine was 
administered 3.6 mg/kg IV every 21 days. Lapatinib was given orally at a dose of 1250 
mg daily and capecitabine was given 1000 mg/m2 b.i.d on Days 1-14. The co-primary 
endpoints were progression-free survival (PFS) assessed by the Independent Review 
Committee (IRC) and overall survival (OS). A total of 569 IRC-assessed PFS events 
occurred with 265 in the trastuzumab emtansine arm and 304 in the lapatinib plus 
capecitabine arm. The hazard ratio for IRC-assessed PFS stratified by region, number of 
prior chemotherapies for advanced or metastatic disease, and visceral disease status was 
0.65 (95% CI: 0.55, 0.77; stratified log-rank p-value<0.0001), indicating a 35% decrease 
in the hazard of disease progression or death in patients assigned to trastuzumab 
emtansine compared with patients assigned to lapatinib plus capecitabine. The Kaplan-
Meier (KM) estimates of median PFS was 9.6 months (95% CI: 8.3, 10.6) for 
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trastuzumab emtansine and 6.4 months (95% CI: 5.7, 7.1) for lapatinib plus capecitabine. 
The 2nd OS interim analysis was performed when 52% of the planned number of deaths 
had occurred with 149 in the trastuzumab emtansine arm and 182 in the lapatinib plus 
capecitabine arm. The stratified hazard ratio was 0.68 (95% CI: 0.55, 0.85; stratified log-
rank p-value=0.0006), representing a 32% decrease in the hazard of death in the 
trastuzumab emtansine group compared to the lapatinib plus capecitabine group. The KM 
estimates of median OS was 30.9 months (95% CI: 26.8, 34.3) for trastuzumab emtansine 
and 25.1 months (95% CI: 22.7, 28.0) for lapatinib plus capecitabine. The 2nd interim 
analysis crossed the efficacy stopping boundary of significance level of 0.0037 and thus 
was statistically significant. 
 
For further details regarding the design, data analyses, and results of the EMILIA study, 
please refer to the statistical review by Dr. Qiang (Casey) Xu (January 16, 2013). 
 
This team leader concurs with the recommendations and conclusions of the statistical 
reviewer (Dr. Qiang (Casey) Xu) of this application. The statistical results provide 
adequate evidence to support the PFS and OS claims proposed in the BLA. 
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1 EXECUTIVE SUMMARY  
 
This is a Biologics License Application (BLA) seeking the indication for trastuzumab emtansine 
(KADCYLA®) for the treatment of patients with HER2-positive,  

 metastatic breast cancer who have received prior treatment with trastuzumab and a taxane. 
 
The application is primarily based on a pivotal randomized Phase III study TDM4370g/BO21977 
(EMILIA). This study achieved its primary objectives and demonstrated a clinically meaningful 
and statistically significant efficacy improvement through the primary endpoints of progression-
free survival (PFS) assessed by the Independent Review Committee (IRC) and overall survival 
(OS) in the studied patients. A brief summary of major efficacy findings and statistical issues are 
presented below.  
 
Study TDM4370g/BO21977 was a Phase III, randomized, multicenter, open-label clinical trial 
designed to compare monotherapy of trastuzumab emtansine with the combination of lapatinib 
plus capecitabine in patients with HER2-positive locally advanced or metastatic breast cancer 
who had previously received trastuzumab and a taxane. The co-primary endpoints were IRC-
assessed progression-free survival (PFS) and overall survival (OS), supported by key secondary 
endpoints including investigator-assessed PFS and IRC-assessed overall response rate (ORR).  
A total of 991 patients were randomized. The main efficacy results are 
 
 A total of 569 IRC-assessed PFS events occurred with 265 in the trastuzumab emtansine 

group and 304 in the lapatinib plus capecitabine group. The hazard ratio for IRC-assessed 
PFS stratified by region, number of prior chemotherapies for advanced or metastatic 
disease, and visceral disease status was 0.65 (95% CI: 0.55, 0.77; stratified log-rank p-
value<0.0001), indicating a 35% decrease in the hazard of disease progression or death in 
patients assigned to trastuzumab emtansine compared with patients assigned to lapatinib 
plus capecitabine. The Kaplan-Meier (KM) estimates of median PFS was 9.6 months 
(95% CI: 8.3, 10.6) for trastuzumab emtansine and 6.4 months (95% CI: 5.7, 7.1) for 
lapatinib plus capecitabine. 

 
Stratified analyses on the investigator-assessed PFS demonstrated a hazard ratio of 0.66 
(95%CI: 0.56, 0.77; stratified log-rank p-value < 0.0001) with 287 events in the 
trastuzumab emtansine arm and 335 events in the lapatinib plus capecitabine arm. The 
median PFS in the trastuzumab emtansine arm was 9.4 months (95%CI: 7.5, 10.8) and 
5.8 months (95%CI: 5.6, 6.9) in the lapatinib plus capecitabine arm. 

 
 The 1st interim analysis of OS was performed at the time of the final analysis of PFS. 

Two hundred twenty-three deaths occurred (35% of the planned total number of deaths) 
with 94 in the trastuzumab emtansine group and 129 in the lapatinib plus capecitabine 
group. The hazard ratio for death from stratified analyses was 0.62 (95% CI: 0.48, 0.81; 
stratified log-rank p-value =0.0005). The KM estimates of median OS was 23.3 months 
(95% CI: 20.9, NR) in the lapatinib plus capecitabine arm and had not reached in the 
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trastuzumab emtansine arm (95% CI: 26.3, NR).  The 1st interim analysis did not cross 
efficacy stopping boundary of significance level of 0.0003.  

 
The 2nd OS interim analysis was performed when 52% of the planned number of deaths 
had occurred with 149 in the trastuzumab emtansine arm and 182 in the lapatinib plus 
capecitabine arm. The stratified hazard ratio was 0.68 (95% CI: 0.55, 0.85; stratified log-
rank p-value=0.0006), representing a 32% decrease in the hazard of death in the 
trastuzumab emtansine group compared to the lapatinib plus capecitabine group. The KM 
estimates of median OS was 30.9 months (95% CI: 26.8, 34.3) for trastuzumab emtansine 
and 25.1 months (95% CI: 22.7, 28.0) for lapatinib plus capecitabine. The 2nd interim 
analysis crossed the efficacy stopping boundary of significance level of 0.0037 and thus 
was statistically significant. 

 
 The confirmed ORR by IRC assessments in the trastuzumab emtansine group was 43.6% 

(95%CI: 38.6, 48.6) with a median duration of response of 12.6 months (95% CI: 8.4, 
20.8). The confirmed ORR in the lapatinib plus capecitabine group was 30.8% (95%CI: 
26.3, 35.7), and the median response duration was 6.5 months (95%CI: 5.5, 7.2). 

 
There were two major issues in study data and study conduct which were related to the efficacy 
analyses in ITT population.  
 
 Information on drug-specific toxicities was provided by the sponsor to the IRC 

oncologist, potentially biasing the IRC tumor assessments. Two sensitivity analyses were 
retrospectively conducted in which PFS was derived based on (1) IRC radiologist-
assessed progression or death and (2) the earliest progression of either radiology or 
oncology review or death. The hazard ratios were 0.65 (95%CI: 0.54, 0.77) and 0.66 
(95%CI: 0.56, 0.78), respectively, showing consistent results with the primary analyses. 

 
 The 2nd OS interim analysis was added after observing a positive trend in OS 

improvement in the 1st interim analysis, and thus overall type I error might be inflated. 
However, the use of Lan-DeMets alpha spending function O’B-F boundary for study 
monitoring greatly alleviated the alpha inflation caused by data-driven interim analyses, 
leading to an inflation no more than 10% (Proschan et al., 1992). Given the efficacy 
stopping boundary of significant level of 0.0037 for the 2nd interim analysis, this reviewer 
considered that the p-value observed in the 2nd OS interim analysis (0.0006) was adequate 
to reject the null hypothesis and to show statistical significance. 

 
This reviewer, based on the totality of the results summarized above, confirms that Study 
TDM4370g/BO21977 supports the indication proposed by the applicant.  
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2 INTRODUCTION 
 
2.1 Overview 
 
Background 
 
Approximately 15-20% of patients with breast cancers over-express human epidermal growth 
factor receptor 2 (HER2-positive), implying a poor prognosis. Trastuzumab, a monoclonal 
antibody directed against the extracellular region of HER2, was approved for the treatment of 
patients with HER2-positive breast cancer in metastatic setting (1998) and in adjuvant setting 
(2008). The combination of lapatinib and capecitabine was approved in 2007 for the patients 
with HER2-positive locally advanced breast cancer or metastatic breast cancer (MBC) 
progressing on or following trastuzumab-based regimen.  
 
Trastuzumab emtansine (T-DM1) is a novel antibody-drug conjugate (ADC) composed of DM1, 
a cytotoxic agent, conjugated to trastuzumab via succinimidyl 4-[N-
aleimidomethyl]cyclohexane-1-carboxylate (SMCC), a linker molecule containing lysine side 
chains. Trastuzumab emtansine retains the mechanisms of action of both trastuzumab and DM1. 
T-DM1 binds to HER2 and triggers the suppression of HER2 signaling pathways. It is then 
internalized and degraded to release DM1-containing cytotoxic components which cause 
inhibition of cell division and cell growth.  
 
In this application, the sponsor is seeking the approval for trastuzumab emtansine, as a single 
agent, in the patients with HER2-positive,  metastatic breast 
cancer who have received prior treatment with trastuzumab and a taxane.  
 
Clinical Studies 
 
The pivotal study to support the proposed indication is Phase III trial TDM4370g/BO21977 
(EMILIA) which compares the efficacy and safety of trastuzumab emtansine with lapatinib in 
combination with capecitabine. The EMILIA study outlined in Table 1 is selected by this 
reviewer for a full statistical review and evaluation. 
 
In addition to the EMILIA study, this BLA includes the following three studies as supportive 
evidence for efficacy: Study TDM4374g, a phase II, single-arm trial of T-DM1 in HER2-positive 
MBC, Study TDM4258g, a phase II, single-arm trial of T-DM1 in HER2-positive MBC patients 
who progressed on HER2 directed therapies, and Study TDM4450g/BO21976, a randomized, 
phase II study of T-DM1 vs. trastuzumab plus docetaxel in chemo naïve HER2-positive MBC.  
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Table 1: Study Included in the Review 
 
 Phase and Design Study Treatments 

 
N Study Population Primary 

Endpoints
Trastuzumab 
emtansine  

495 EMILIA Phase 3, 
Randomized,  
Open-label Lapatinib plus 

capecitabine 
496 

HER2-positive, locally 
advanced or 
metastatic breast cancer 
having prior 
treatment with 
trastuzumab and a 
taxane 

PFS and 
OS 
 
 
 
 

 
 
Regulatory Communications and Related Amendments in Study EMILIA 
 
Throughout the clinical development program of the EMILIA trial for trastuzumab emtansine, 
FDA and the sponsor had been in continuous dialog. The reviewer here would like to highlight 
the key interactions regarding statistical issues which were more relevant to this BLA statistical 
review. One of the major issues was the choice of the primary endpoint. In the original statistical 
analysis plan (SAP), PFS was the primary endpoint with OS as a key secondary endpoint. During 
the end-of-phase 2 (EOP2) meeting on August 8, 2008, FDA emphasized that “We encourage 
the use of Overall Survival as the primary efficacy endpoint, instead of PFS. You should be 
aware that PFS is subject to ascertainment bias, especially in an open label trial.” In response to 
the FDA’s advice, the SAP Amendment 1 (May 11, 2011) incorporated overall survival (OS) as 
a co-primary endpoint with PFS and increased sample size from 580 to 980 to ensure an 
adequate study power for OS.  
 
In light of the strong evidence of clinical improvement demonstrated at the time of the primary 
PFS analysis, the sponsor during the pre-BLA meeting on May 30, 2012 proposed adding an 
additional interim analysis for OS when at least 50% of the planned number of deaths had 
occurred, allowing the patients in the control arm the opportunity to receive T-DM1 earlier if the 
statistical significance was established at the second OS interim analysis. The Agency stated that 
“it is acceptable to add an additional interim OS analysis with appropriate alpha adjustment in 
the sequential testing plan.” The SAP Amendment 2 (June 22, 2012) subsequently reflected this 
change.  
 
Major Issues in Study TDM4370g/BO21977 
 
There were three major statistical issues: (1) the IRC oncologist was potentially unblinded 
regarding the patient treatment group (please refer to Section 3 for details; (2) the 2nd OS interim 
analysis was driven by the data trend observed in the 1st interim analysis (please refer to Section 
3 for the detailed discussion); and (3) disagreement between the investigator-assessed and IRC-
assessed visceral disease status cast ambiguity in the evaluation of the effect of trastuzumab 
emtansine in subgroups defined by disease involvement at baseline (please refer to Section 4 for 
the detailed discussion). 
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2.2 Data Sources  
 
Materials reviewed for this application include the submitted clinical study reports, raw and 
derived datasets, original and amended protocols, statistical analysis plans, documents of 
regulatory communications, and the applicant’s presentation slides. 
 
Electronic submission including the study reports and datasets for the primary PFS analysis and 
the 1st OS interim analysis based on the cutoff date of January 14, 2012 is located in  
\\Cbsap58\M\eCTD Submissions\STN125427\0004 
 
Updated electronic submission for the 2nd OS analysis including the study report and datasets 
based on the cutoff date of July 31, 2012 is located in 
\\Cbsap58\M\eCTD Submissions\STN125427\0013 
 
SAS program code was also submitted for key endpoint derivation and statistical analyses.  
 
 
3 STATISTICAL EVALUATION 
 
3.1 Data and Analysis Quality 
 
The applicant submitted both raw and derived analysis datasets of Study TDM4370g/BO21977 
in high quality. Variables were clearly formatted and labeled. From raw tabulation, the primary 
endpoints and the main secondary endpoints of the study were reproduced by this reviewer based 
on the programming algorithm defined by the applicant. 
  
Documentations of statistical analysis methods were included with sufficient details for this 
reviewer to reproduce the applicant’s key efficacy results. 
 
3.2 Evaluation of Efficacy 

 
The applicant demonstrated the efficacy of trastuzumab emtansine primarily based on Study 
TDM4370g/BO21977. Therefore, this review in the following subsections will focus on 
presenting the design and results of this trial. 

3.2.1 Study Design and Endpoints  

 
Study TDM4370g/BO21977 was a Phase III, randomized, multicenter, open-label clinical trial 
designed to compare monotherapy of trastuzumab emtansine with the combination of lapatinib 
plus capecitabine in patients with HER2-positive locally advanced or metastatic breast cancer 
who had previously received trastuzumab and a taxane (Figure 1). The co-primary endpoints 
were IRC-assessed PFS and OS, supported by key secondary endpoints including investigator-
assessed PFS and IRC-assessed ORR.  
 
A total of 991 enrolled patients were randomized in a 1:1 ratio to receive trastuzumab emtansine 
or lapatinib plus capecitabine, stratified by region (United States, Western Europe, other), 
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number of prior chemotherapies for unresectable, locally advanced or metastatic disease (≤ 1 vs. 
>1) and visceral vs. non-visceral disease. Patients with both visceral and non-visceral disease 
were considered as having visceral disease.  
 
In the study, trastuzumab emtansine was administered 3.6 mg/kg IV every 21 days. Lapatinib 
was given orally at a dose of 1250 mg daily and capecitabine was given 1000 mg/m2 b.i.d on 
Days 1-14. 
 

Figure 1: Study Design 
 

 
* From Figure 1 in the sponsor’s CSR 
 
Patients received study treatment until disease progression, unmanageable toxicity, or study 
termination by the sponsor. Tumor assessments were conducted every 6 weeks from the date of 
randomization or from Cycle 1 Day1 until 6 weeks after investigator-assessed progression or 
until death, whichever occurred first. Once progression was reported, all patients were followed 
for survival every 3 months until death, loss to follow up, withdrawal of consent, or study 
termination.  
 
An independent Data Monitoring Committee (DMC) reviewed patient safety data at least once 
every 6 months until the primary PFS analysis and reviewed serious adverse events (SAEs) at 
least once every 3 months. The Independent Review Committee evaluated tumor responses 
based on all radiographic and other tumor assessment data generated from all patients at the time 
of the final PFS analysis, with treatment arm information blinded to the IRC. 
 
Reviewer’ Comments: The sponsor provided the IRC oncologist with drug-specific toxicities, 
which might have caused bias in IRC tumor assessments. Please refer to Section 3 for details. 
 

3.2.2 Statistical Analysis Plan 

 
Analyses reported in this review follow SAP dated June 22, 2012, which incorporated 
Amendment 2 as noted in Section 2.1.  
 10
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Sample Size 
 
Two primary comparisons were planned for the co-primary endpoints of IRC-assessed PFS and 
OS in a fixed-sequence procedure in which PFS would be tested first followed by the hypothesis 
testing on OS if the result of PFS was statistically significant. Both tests would be conducted at a 
two-sided type I error of 0.05. 
 
The sample size of the study was calculated to ensure adequate power for OS analysis. To detect 
a 4.3-month median OS improvement from 17.2 months in the lapatinib plus capecitabine arm to 
21.5 months in the T-DM1 arm (a hazard ratio of 0.8 comparing T-DM1 to the control), 632 
deaths were required to provide 80% power at a two-sided alpha level of 0.05. A total of 980 
patients were therefore planned to be enrolled over an accrual period of 35 months.   
 
To detect a 2.1-month median PFS improvement from 6.2 months in the control arm to 8.3 
months in the T-DM1 arm (a hazard ratio of 0.75), a total of 508 PFS events were required to 
provide 90% power at a two-sided alpha level of 0.05.  
 
Analysis Populations 
 
The intent-to-treat (ITT) population was the primary efficacy analysis population. Patients who 
were randomized at least 3 months prior to the clinical data cutoff date for the final PFS analysis, 
regardless of whether they received study drug or completed a full course of treatment, were 
included in the ITT population.  
 
Reviewer’s Comments: The last patient was randomized on Oct 13, 2011, 3 months before Jan 
14, 2012, the data cutoff date for the final PFS analysis. As a result, all randomized patients 
were included in the ITT population. 
 
Safety analyses were conducted primarily on the treated population which consisted of 
randomized patients who received at least one dose of study medication. 
 
Primary Efficacy Endpoints 
 
Progression-Free Survival 
 
The primary efficacy endpoint of PFS, based on independent review of tumor assessments, is 
defined as the time from randomization to the first documented IRC-assessed disease progression 
using modified Response Evaluation Criteria in Solid Tumors (RECIST 1.0) or death from any 
cause, whichever occurred first. Patients who had neither progressed nor died were censored on 
the date of last evaluable tumor assessment prior to the clinical cutoff date. Patients who had no 
post-baseline assessment were censored at the time of randomization plus 1 day. For patients 
who received non-protocol anti-cancer therapy prior to documented progression, the primary 
PFS analysis was based on ITT follow-up in the sense that patients were not censored at the 
initiation of non-protocol anti-cancer therapy. 
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The two-sided log-rank test, stratified by world region (United States, Western Europe, other), 
number of prior chemotherapeutic regimens for unresectable, locally advanced or metastatic 
disease (0 1 vs. > 1), and visceral versus non-visceral disease was used as the primary analysis 
to compare PFS between the two treatment arms. The unstratified log-rank test was also 
performed to support the primary analysis. The Kaplan-Meier (KM) approach was used to 
estimate median PFS for each treatment arm. Cox proportional-hazards model, stratified by 
world region, number of prior chemotherapeutic regimens for unresectable, locally advanced or 
metastatic disease, and visceral versus non-visceral disease was used to estimate the hazard ratio 
(HR) and its 95% Confidence Interval. 
 
Overall Survival 
 
Overall survival, as a co-primary endpoint, was defined as the time from randomization to death 
from any cause. For patients who were alive at the time of analysis data cutoff, OS time was 
censored at the last date the patient was known to be alive prior to the cutoff date. Survival time 
for patients with no post-baseline survival information was censored on the date of 
randomization plus 1 day. 
 
To control the overall type I error of the comparisons on PFS and OS, the hypothesis testing for 
OS was conducted only when the test for PFS was statistically significant. OS was analyzed 
similarly as was PFS. The log-rank test stratified by the same stratification factors was 
performed for the primary analysis, supported by the unstratified log-rank test. Stratified Cox 
proportional-hazards model was used to estimate the HR and its 95% Confidence Interval. 
 
One interim OS analysis at the time of the final PFS analysis was scheduled initially in SAP 
Amendment 1. In light of the clinical benefits demonstrated by the final PFS analysis and the 
first interim OS results, in SAP Amendment 2, a second interim OS analysis was added at the 
time when at least 50% of the planned number of deaths had occurred. The final analysis of OS 
would be performed after approximately 632 deaths had occurred. Lan-DeMets alpha spending 
function with an O’Brien-Fleming boundary was used to determine the significance level for OS 
analyses based on the realized events in the analysis datasets. 
 
Secondary Efficacy Endpoints 
 
Following the testing on the co-primary endpoints of PFS and OS, secondary efficacy endpoints 
would be tested at a two-sided alpha level of 0.05 in the order as follows: investigator-assessed 
PFS, IRC-assessed response rate, time to treatment failure, and time to symptom progression. 
The analyses on the secondary endpoints would be considered as conclusive only if the PFS and 
OS analyses were statistically significant. Otherwise, these analyses would be considered as 
descriptive in nature.  
 
Investigator-Assessed PFS 
 
Investigator-assessed PFS was defined as the time from randomization to investigator 
documented progression or death from any cause, whichever occurred first. The methods for data 
censoring and analysis were similar to those used for IRC-assessed PFS.  
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Objective Response Rate 
 
Objective response rate, as determined primarily by IRC per modified RECIST, was defined as 
the proportion of patients with complete response (CR) or partial response (PR). Only patients 
with measurable disease at baseline were included in the analysis. Patients without a post-
baseline tumor assessment will be considered non-responders. 
 
An estimate of the ORR and its 95% CI (Blyth-Still-Casella) was calculated for each treatment 
arm. The Mantel-Haenszel chi-squared test stratified as per the primary endpoint was used to 
compare the response rate between the two treatment arms. The difference in response rate with 
95% CIs was also provided. 
  
Duration of Objective Response 
 
Duration of objective response (DOR), as determined primarily by independent review of tumor 
assessments using modified RECIST, was defined as the time from first documented objective 
response to first documented PD or death from any cause, whichever occurred earlier. DOR was 
evaluated in patients with an objective response using censoring rule similar to those for PFS.  

3.2.3 Patient Disposition, Demographic and Baseline Characteristics 

 
A total of 991 eligible patients were randomized in Study TDM4370g/BO21977 between Feb 23, 
2009 and Oct 13, 2011 with 495 patients in the T-DM1 arm and 496 in the control arm. Two 
hundred and seventy (27%) patients were enrolled in US, 317 (32%) in Western Europe, 158 
(16%) in Asian, and 246 (25%) in other regions. 
 
The ITT population comprised all 991 randomized patients. Efficacy analyses were based on the 
ITT population. Five patients in the T-DM1 arm and 8 in the lapatinib plus capecitabine arm did 
not receive any study treatment and were excluded from the safety analysis (Table 2).  
 
As of the clinical data cutoff date of July 31, 2012 for the second OS interim analysis, 262 
patients (53%) in the control arm and 308 (62%) in the T-DM1 arm were still on study. The most 
common reason for study discontinuation was death (37% in the control arm versus 30% in the 
T-DM1 arm), as summarized in Table 2 with other reasons also listed.  
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Table 2: Patient Disposition (As of July 31, 2012) 
 

 Trastuzumab 
emtansine 

(%) 

Lapatinib+ 
Capecitabine 

(%) 
Randomized 495 496 

Evaluable for Efficacy 495 (100) 496 (100) 
Evaluable for Safety 490 (99.0) 488 (98.4) 

Still on Study 308 (62.2) 262 (52.8) 
    On Treatment 106 (21.4) 55 (11.1) 

In Survival Follow-Up 202 (40.8) 207 (41.7) 

 Discontinued Study   
Death 149 (30.1) 182 (36.7) 
Patient Decision 28 (5.7) 48 (9.7) 
Physician Decision 4 (0.8) 2 (0.4) 
Lost to Follow-Up 3 (0.6) 1 (0.2) 
Other 3 (0.6) 1 (0.2) 

 
 
Five of the ITT patients (0.5%) were male (4 in the control arm and 1 in the T-DM1 arm) (Table 
3). The majority of the patients were White (74%) or Asian (18%). There were 65 (13%) and 73 
(15%) patients in the T-DM1 arm and in the control arms aged ≥65 years, respectively. Ten 
patients (2 in the T-DM1 arm and 8 in the control arm) had missing baseline ECOG performance 
status; and the rest of the patients all had a baseline ECOG performance status of 0 or 1.  
 
Six hundred and sixty-nine patients (67.5%) had visceral disease assessed by investigators. 
Thirty-five percent of the control patients and 38% of the T-DM1 patients had three or more 
metastatic sites at baseline by IRC assessment. Over half of the patients (57% in the T-DM1 arm 
and 53% in the control arm) were hormone receptor positive (estrogen receptor [ER] positive or 
progesterone receptor [PR] positive). Seventy-nine percent of the patients had measurable 
disease at the baseline. Median time from diagnosis of locally advanced or metastatic disease to 
randomization was 17.5 months (range: 0.5−181.2) and 15.7 months (range: 0.4−292.0) in the 
trastuzumab emtansine and lapatinib plus capecitabine arms, respectively. 
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Table 3: Demographics and Baseline Disease Characteristics 

 
 Trastuzumab 

emtansine 
n=495 (%) 

Lapatinib+ 
Capecitabine 
n=496 (%) 

Sex   
Female 494 (99.8) 492 (99.2) 

Male  1 (0.2)  4 (0.8) 
Race   
     White 358 (72.3) 374 (75.4) 

Asian   94 (19.0)   86 (17.3) 

Other   43 (8.7) 36 (7.3) 
Age   

Mean (SD) 
Median (range) 

52.2 (11.0) 
53 (25 - 84) 

53.2 (10.8) 
53 (24 - 83) 

< 65 yrs 430 (86.9) 423 (85.3) 
 65 yrs   65 (13.1)   73 (14.7) 

ECOG Performance Status   
0 299 (60.4) 312 (62.9) 
1 194 (39.2) 176 (35.5) 

Disease Involvement (Assessed by Investigators)   

Visceral 334 (67.5) 335 (67.5) 

Non-Visceral 161 (32.5) 161 (32.5) 
Number of Metastatic Sites per IRC   

< 3 298 (60.2) 307 (61.9) 
≥ 3  
Missing 

189 (38.2) 
8 (1.6) 

175 (35.3) 
14 (2.8) 

Time Since Metastatic diagnosis (Months)   
Mean (SD) 23.4 (23.4) 25.5 (30.7) 
Median (Range) 17.5  

(0.5 – 181.2) 
15.7  

(0.4 – 292.0) 
ER and PR status   

ER+/PR+ 282 (57.0) 263 (53.0) 
ER- and PR- 202 (40.8) 224 (45.2) 

Disease Measurability per IRC   
Yes 397 (80.2) 389 (78.4) 

No 98 (19.8) 107 (21.6) 
 
 
All but one patient in lapatinib and capecitabine arm had received prior trastuzumab (84.4% of 
the patients received trastuzumab in the metastatic setting), with a median of 1.5 months since 
the previous dose of trastuzumab (Table 4). All but 4 patients had received a taxane prior to the 
study. Sixty-one percent of the patients in each arm had received a prior anthracycline.  Patients 
had received a median of 5 prior treatments overall for breast cancer, with a median of 
3 treatments for metastatic disease in both arms. The majority of patients (88%) had received 
prior systemic treatment in the metastatic setting. 
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Table 4: Prior Anti-Cancer Systemic Treatment 
 

 Trastuzumab 
emtansine 
n=495 (%) 

Lapatinib+ 
Capecitabine 
n=496 (%) 

Number of Prior Agents    
Median 5 5 
Range 2-18 2-14 

Therapy Type   
Anthracycline 303 (61.2) 302 (60.9) 
Taxane 493 (99.6) 494 (99.6) 

Trastuzumab 495 (100.0) 495 (99.8) 

Pertuzumab 51 (10.3) 43 (8.7) 

Hormonal 205 (41.4) 204 (41.1) 

 Time Since Last Trastuzumab Treatment (Months)   
Mean (SD) 4.5 (7.9) 4.8 (10.3) 
Median (Range) 1.5 1.5 
 (0.2 – 62.6) (-0.1 – 98.4) 

Prior Therapy for MBC   
N 435 (87.9) 438 (88.3) 
Median Number of Prior Agents  (Range) 3 (1-12) 3 (1-14) 
Prior Trastuzumab Treatment 417 (84.2) 419 (84.5) 
Prior Chemotherapy (>1) 191 (38.6) 191 (38.5) 

 
 
Reviewer’s Comments: The demographics, baseline disease characteristics and prior anti-
cancer therapies appear balanced between two arms.  

3.2.4 Main Efficacy Results  

3.2.4.1 Progression-Free Survival 

 
The data cutoff date for the primary analysis of PFS was January 14, 2012. All 991 ITT patients 
were included for the analysis of PFS with 569 patients having experienced disease progression 
or had died per IRC: 265 in the trastuzumab emtansine group and 304 in the lapatinib plus 
capecitabine group. 
 
The primary stratified log-rank test demonstrated a statistically significant difference in the 
duration of IRC-assessed PFS favoring the trastuzumab emtansine group (p < 0.0001). The 
stratified hazard ratio for trastuzumab emtansine relative to lapatinib plus capecitabine was 0.65 
(95% CI: 0.55, 0.77), representing a 35% decrease in the hazard of disease progression or death 
for patients in the trastuzumab emtansine group compared to patients in the control group (Table 
5). The unstratified analysis of IRC-assessed PFS was consistent with the primary stratified 
analysis. 
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Figure 2 shows the Kaplan-Meier estimates for IRC-assessed PFS. The Kaplan-Meier estimate of 
median PFS for the trastuzumab emtansine group was 9.6 months (95% CI: 8.3, 10.6) and for 
patients in the lapatinib plus capecitabine group was 6.4 months (95% CI: 5.7, 7.1). 
 
Stratified analyses on the investigator-assessed PFS, a key secondary endpoint, demonstrated a 
hazard ratio of 0.66 (95%CI: 0.56, 0.77; log-rank p-value < 0.0001) with 287 events in the 
trastuzumab emtansine arm and 335 events in the lapatinib plus capecitabine arm. The median 
PFS in the trastuzumab emtansine arm was 9.4 months (95%CI: 7.5, 10.8) and 5.8 months 
(95%CI: 5.6, 6.9) in the lapatinib plus capecitabine arm. Approximately 81% of the patients 
reached agreement on PFS status between IRC and investigator assessments (79% and 84% in 
the trastuzumab emtansine arm and in the control arm, respectively). Among them, the PFS dates 
were also matched in 53% of the trastuzumab emtansine patients and 54% of the control patients. 
 

Table 5: Analysis of IRC-Assessed Progression-Free Survival 
 

 
Trastuzumab 

emtansine 
n=495 (%) 

Lapatinib+ 
Capecitabine 
n=496 (%) 

Number of Events 265 (53.5) 304 (61.3) 

Number of Censored Patients 230 (46.5) 192 (38.7) 

Time to Event (months)   
Median 9.6 6.4 
(95% CI for Median) (8.3, 10.6) (5.7, 7.1) 

p-Value (Stratified Log-Rank) <0.0001 
Hazard Ratio (Stratified Cox Regression) 
(95% CI for HR) 

0.65 
(0.55, 0.77) 

p-Value (Unstratified Log-Rank Test)  <0.0001 

Hazard Ratio (Unstratified Cox Regression) 
(95% CI for HR) 

0.66 
(0.56, 0.78) 

 
Figure 2: Kaplan-Meier Estimates of IRC Assessed Progression-Free Survival 
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In addition, several sensitivity analyses, as shown in Figure 3, were conducted by the sponsor 
and this reviewer to examine the robustness of the primary PFS results. The first sensitivity 
analysis in figure 3 used the earliest event of death or progressions called by either the IRC or the 
investigators. The second sensitivity analysis truncated IRC tumor assessments at the time of 
disease progression called by investigators, ignoring the extra one visit after investigator-
assessed progression. In the third sensitivity analysis, patients who had non-protocol anti-cancer 
therapy prior to the first documented PD were censored at the time of their last tumor assessment 
before the initiation of the non-protocol anti-cancer therapy. In the fourth sensitivity analysis, 
patients who had documented IRC-assessed progression after two or more missing assessments 
were recorded as an event at the documented IRC-assessed progression date after the missing 
assessments. The results of all the aforementioned sensitivity analyses are consistent with the 
result of the primary PFS analysis, supporting that the primary PFS analysis is robust. 
 
Reviewer’s Comments: One of the potential issues of IRC-assessed PFS is that usually in clinical 
trials no further assessments are conducted once investigators consider the patients have 
progressed even though disease progression has not yet reached per IRC. Extra visits after 
investigator-assessed progression may certainly alleviate the censoring problem in IRC-assessed 
PFS caused by this reason. The sponsor paid efforts in this study on this issue by allowing one 
more visit after disease progression called by investigators. Since the results of the IRC-assessed 
PFS and the investigator-assessed PFS were highly consistent, the second sensitivity analysis 
conducted by this reviewer, whereby the patients who had not yet progressed per IRC by the time 
of disease progression per investigator were censored at the time of investigator-assessed 
progression, shows similar results to those of the primary PFS analysis. 

 
Figure 3: Sensitivity Analyses of PFS 
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Study Conduct Issue Related to PFS analyses  
 
A GCP compliance deviation related to the conduct of the IRC assessment of disease progression 
was identified by the FDA during this BLA review. The IRC in the EMILIA study consisted of 
blinded radiology review followed by an oncology review which could confirm or over-write the 
radiology assessment. The radiology review was based only on radiographic scans. The oncology 
review was based on the results of radiology review as well as the relevant clinical data sent by 
the sponsor.  
 
Per the IRC charter, clinical information must be redacted of all references to study medication 
treatment group as well as subject confidential identifiers and investigator site information. Any 
information about specific toxicities of any study drug must be removed. However, the patient 
profiles provided by the sponsor to the IRC for oncology review contained information on drug-
specific toxicities, which may have potentially biased the assessments by the oncology reviewer.  
 
To examine the impact of this compliance deviation on the primary PFS results, two additional 
sensitivity analyses were subsequently conducted in which PFS was derived based on (1) IRC 
radiologist-assessed progression or death and (2) the earliest progression of either radiology or 
oncology review or death. The hazard ratios from the stratified Cox regression were 0.65 
(95%CI: 0.54, 0.77) and 0.66 (95%CI: 0.56, 0.78), respectively.  
 
Reviewer’s Comments: Based on the results of the two sensitivity analyses, this reviewer 
considers the primary analysis on the IRC-assessed PFS robust. In addition, the improvement in 
OS, which will be presented in the following section, also supports that the effect of trastuzumab 
emtansine is superior to lapatinib plus capecitabine in the population studied.  

3.2.4.2 Overall Survival 

 
The first interim analysis on OS was conducted at the time of the primary PFS analysis with the 
data cutoff date of January 14, 2012. A total of 223 deaths had been reported (94 in the 
trastuzumab emtansine arm the 129 in the lapatinib plus capecitabine arm) in the first interim 
analysis. The stratified analysis demonstrated a hazard ratio estimate of 0.62 (95%CI: 0.48, 0.81) 
comparing trastuzumab emtansine to lapatinib plus capecitabine and a p-value of stratified log-
rank test of 0.0005 (Table 6). The pre-specified efficacy stopping boundary of alpha level for this 
interim analysis was 0.0003. Consequently, the results failed to reach statistical significance at 
the first OS interim. The KM estimate of median OS was 23.3 months (95%CI: 20.9, Not 
Reached) in the control arm and was not reached in the trastuzumab emtansine arm.  
 
The second OS interim analysis was conducted when 331 deaths (149 in the trastuzumab 
emtansine arm and 182 in the control arm) had occurred, representing 52% of the total number of 
deaths planned for the final OS analysis (632 deaths). The data cutoff date of the second interim 
analysis was July 31, 2012. The median duration of survival follow up was 18.6 months (range 0 
- 41.2) in the lapatinib plus capecitabine arm and was 19.1 months (range 0 - 40.3) in the 
trastuzumab emtansine arm. 
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The hazard ratio estimate from the stratified analysis at the second OS interim was 0.68 (95%CI: 
0.55, 0.85) with the stratified log-rank p-value of 0.0006 which crossed the pre-specified efficacy 
stopping boundary of alpha level of 0.0037, showing statistically and clinically significant 
improvement in OS comparing trastuzumab emtansine with lapatinib plus capecitabine. The 
median OS was 25.1 months (95%CI: 22.7, 28.0) in the control arm and 30.9 months (95%CI: 
26.8, 34.3) in the trastuzumab emtansine arm, demonstrating a 5.8 months improvement in the 
median survival duration in the trastuzumab emtansine arm. The Kaplan-Meier estimates for OS 
are presented in Figure 4. 
 

Table 6: Analyses of Overall Survival 
 

 The 1st Interim Analysis The 2nd Interim Analysis 

 
Trastuzumab  

emtansine 
n=495 (%) 

Lapatinib+ 
Capecitabine 
n=496 (%) 

Trastuzumab 
emtansine 
n=495 (%) 

Lapatinib+ 
Capecitabine 
n=496 (%) 

Number of Events 94 (19.0) 129 (26.0) 149 (30.1) 182 (36.7) 

Number of Censored Patients 401 (81.0) 367 (74.0) 346 (69.9) 314 (63.3) 

Time to Event (months)     
Median NR 23.3 30.9 25.1 
(95% CI for Median) (26.3, NR) (20.9, NR) (26.8, 34.3) (22.7, 28.0) 

p-Value (Stratified Log-Rank) 0.0005 0.0006 
Hazard Ratio (Stratified Cox Regression) 
(95% CI for HR) 

0.62 
(0.48, 0.81) 

0.68 
(0.55, 0.85) 

p-Value (Unstratified Log-Rank Test)  0.0005 0.0012 

Hazard Ratio (Unstratified Cox Regression) 
(95% CI for HR) 

0.63 
(0.48, 0.82) 

0.70 
(0.56, 0.87) 

 
Figure 4: Kaplan-Meier Estimates of Overall Survival (Cutoff date of July 31, 2012) 
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Reviewer’s Comments: The second OS interim analysis was driven by the favorable trend of OS 
improvement in the trastuzumab emtansine arm compared with the lapatinib plus capecitabine 
arm observed in the first interim analysis. Generally, the FDA does not encourage data-driven 
interim analysis if there is no appropriate plan pre-specified for overall type I error control.  
 
Proschan et al. (1992) evaluated the inflation in overall type I error in the presence of data-
driven interim analyses when using alpha spending function for the overall alpha level control in 
group sequential study and pointed out that alpha inflation is greatly alleviated using continuous 
alpha use functions such as O’B-F boundary. Even with careful calculation to maximize the 
alpha inflation when scheduling an interim analysis given current data trend, the overall alpha 
level is inflated no more than 10% if using alpha spending function O’B-F type boundary. 
 
According to the protocol of this study, the overall type I error of OS looks was controlled by 
Lan-DeMets alpha spending function O’B-F boundary. As a result, the alpha inflation 
introduced by adding the 2nd interim look based on the results from the 1st interim look is 
minimized. Furthermore, the observed p-value in the 2nd interim analysis (0.0006) was far below 
the efficacy stopping boundary (0.0037). Based on the above arguments, this reviewer believes 
that the statistical inference of OS analyses is valid and concludes that OS improvement in the 
trastuzumab emtansine arm compared with the lapatinib plus capecitabine arm is statistically 
and clinically significant.  

3.2.4.3 IRC-assessed Objective Response Rate and Duration of Objective Response 

 
A total of 786 patients (397 in the trastuzumab emtansine group and 389 in the lapatinib plus 
capecitabine group) were evaluable for the analysis of ORR. As of the data cutoff date of 
January 14, 2012, per IRC, 173 of 397 patients (43.6%; 95% CI: 38.6%, 48.6%) in the 
trastuzumab emtansine group and 120 of 389 patients (30.8%; 95% CI: 26.3%, 35.7%) in the 
lapatinib plus capecitabine group had an objective response that was confirmed (Table 7). The 
difference in overall response rates was 12.7% (95% CI: 6.0%, 19.4%) in favor of trastuzumab 
emtansine with the p-value of Mantel-Haenszel Chi-squared test of 0.0002.  
 
In the IRC-assessed responders, the median duration of response in the trastuzumab emtansine 
arm was 12.6 months (95% CI = 8.4, 20.8) and was 6.5 months (95% CI = 5.5, 7.2) in the 
lapatinib plus capecitabine arm.  
 

Table 7: Objective Response Rate and Duration of Response 
 

 
Trastuzumab 

emtansine 
n (%) 

Lapatinib+ 
Capecitabine 

n (%) 
Number of Evaluable Patients 397  389 
Objective Response 173 (43.6) 120 (30.8) 
(95% CI for ORR, %) (38.6, 48.6) (26.3, 35.7) 

Complete Response 4 (1.0) 2 (0.5) 
Partial Response 169 (42.6) 118 (30.3) 

Absolute Difference in ORR, %  12.7 
(95% CI)  (6.0, 19.4) 
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p-Value  0.0002 
  Duration of ORR (months) 

Median 
(95% CI) 

12.6 
(8.4, 20.8) 

6.5 
(5.5, 7.2) 

 
 
Reviewer’s Comments: Because the characteristics of randomization may not be preserved in the 
patients with objective response between two arms; that is, the responders are a subset of ITT 
patients, the analysis of duration of objective response is considered as exploratory. 

3.2.4.4 Discussion on Related Data Issue 
 
During the review of this BLA, the FDA identified patients with lung and liver involvement who 
had been classified as having non-visceral disease by investigators at the time of randomization. 
To examine the impact of the misclassification of visceral disease status, a stratification factor, 
on the primary efficacy results, additional analyses were conducted by the sponsors and this 
reviewer. Specifically, these analyses included calculating concordance rate between two sources 
of assessment, re-analyzing the primary PFS and OS stratified by the IRC-assessed visceral 
disease status as well as visceral vs. non-visceral subgroup analyses defined by the IRC 
assessments. The respective subgroup analyses will be presented in Section 4.2.  
 
In these analyses, disease involvement was determined by reviewing the sites of disease at 
baseline per IRC. According to the original definition (IRC-1), patients with disease present in 
lungs or liver (either target or non-target lesions) were categorized as with visceral disease; 
otherwise, patients were considered as with non-visceral disease. By a modified definition (IRC-
2), patients with disease present in lungs or liver or ascites or pleural effusion (either target or 
non-target lesions) were categorized as with visceral disease, otherwise, as with non-visceral 
disease. 
 
A total of 104 patients with non-visceral disease by investigator were considered as with visceral 
disease by the IRC assessments (Definition IRC-1), and 126 with visceral disease by investigator 
were re-grouped to non-visceral disease. The discordance rate was 23.2% based on the definition 
IRC-1 (23.0% in the control arm and 23.4% in the trastuzumab emtansine arm). Similarly, 116 
patients were re-grouped to visceral disease and 113 were re-grouped to non-visceral disease by 
IRC assessments (Definition IRC-2). The respective discordance rate was 23.1% (22.8% in the 
control arm and 23.4% in the trastuzumab emtansine arm). 
 
By the definition IRC-1, the stratified hazard ratio estimate for PFS was 0.66 (95%CI: 0.55, 0.78; 
stratified log-rank p-value <0.0001), and the hazard ratio for OS at the 2nd interim was 0.72 
(95%CI: 0.57, 0.89; stratified log-rank p-value=0.0026). By Definition IRC-2, the stratified 
hazard ratio estimate for PFS was 0.65 (95%CI: 0.55, 0.78; stratified log-rank p-value <0.0001), 
and hazard ratio for OS was 0.71(95%CI: 0.57, 0.88; stratified log-rank p-value=0.0019).  

3.2.4.5 Exposure-Response Analysis 
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The clinical pharmacology review team of this BLA noticed that patients with low population 
PK predicted T-DM1 trough concentration on Day 21 in Cycle 1 (Cmin,C1D21) might benefit from 
increasing T-DM1 dose level. To better understand the exposure-response pattern in the studied 
population, this reviewer used P-splines within the additive Cox proportional hazards model 
based on patients in the T-DM1 arm to reflect the functional form of Cmin level in relation to the 
study outcomes PFS and OS.  
 
Figure 5 and Figure 6 show hazard ratios of PFS and OS across C  level with minimum of C  min min

as the reference level, respectively, both adjusted for liver metastasis status (Yes vs. No), prior 
anthracycline use (Yes vs. No), ECOG score, prior trastuzumab use for metastatic setting (Yes 
vs. No), visceral disease status (Yes vs. No), tumor burden, and log transformed ECD. The solid 
red line represents the point estimates with point-wise 95% confidence intervals presented by 
two dashed red lines. Three vertical reference lines separate plot space according to the C  min

quartiles.  
 
Both plots demonstrate that compared with the minimum level of Cmin of 0.007, the hazard of 
progression or death (Figure 5) and overall death (Figure 6) decreases sharply in the first quartile 
of Cmin level (<1.2), and this trend slows down in the later three quartiles, indicating that patients 
with Cmin level less than 1.2 might benefit the most from increasing T-DM1 dose. This reviewer 
would like to point out that caution should be exercised when trying to interpret the ends of the 
curves due to sparse samples.  
 
A total of 234 (47%) out of 495 T-DM1 patients had missing data in at least one aforementioned 
regression predictors or Cmin level. Convenient samples caused by massive missing data might 
generate bias in the analysis results. Therefore, these retrospective exposure-outcome analyses 
should be considered as exploratory. 
 

Figure 5: Exposure-Response Pattern of PFS   
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Figure 6: Exposure-Response Pattern of OS 
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3.3 Evaluation of Safety  
 
Safety issues in this application were reviewed by Dr. Gideon Blumenthal. Please refer to Dr. 
Blumenthal’s review for detailed safety evaluation and interpretation. 
 

3.4 Benefit-Risk Assessment 
 
There is a need for new therapies to treat HER2-positive MBC to substantially delay disease 
progression and prolong survival. MBC caused 39,250 deaths in the U.S. in 2011. The 
HER2/neu receptor is over-expressed in 15-30% of MBC, and is associated with a poor 
prognosis.   
 
In this BLA submission, the efficacy of trastuzumab emtansine in the ITT population was 
established by the co-primary endpoints of IRC-assessed PFS and overall survival. The hazard 
ratio for IRC-assessed PFS stratified by region, number of prior chemotherapies for advanced or 
metastatic disease, and visceral disease status was 0.65 (95% CI: 0.55, 0.77; stratified log-rank p-
value<0.0001). The stratified hazard ratio for OS in the 2nd interim analysis was 0.68 (95% CI: 
0.55, 0.85; stratified log-rank p-value=0.0006).  
 
According to Dr. Blumenthal’s safety review, the safety profile of trastuzumab emtansine 
appeared to be acceptable relative to the benefits.  In the EMILIA trial, the safety profile was 
favorable compared to lapatinib plus capecitabine, with less deaths, grade 3 and above toxicities, 
serious adverse events, discontinuation, interruptions or dose delays.  The most serious adverse 
events associated with trastuzumab emtansine included hepatotoxicity (including liver failure 
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and death), cardiotoxicity (including LVEF declines), thrombocytopenia, peripheral neuropathy 
and pneumonitis.  
 
In conclusion, trastuzumab emtansine in patients with HER2-positive MBC demonstrated a 
favorable risk-benefit profile in the EMILIA trial.   
 
 
4 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS 
 
All analyses on PFS in this section were based on the primary cutoff date of January 14, 2012 
and analyses on OS were based on the cutoff date of July 31, 2012. All results presented in this 
section were based on unstratified analyses. 
 
4.1 Gender, Age, Race, and Geographic Region 
 
Table 8 summarizes IRC-assessed PFS and OS results by race, age, and geographic region. Since 
only 5 patients in this study were male, subgroup analysis by gender will not be presented. 
 
Results of these subgroup analyses on PFS and OS showed that the effect of trastuzumab 
emtansine was consistent across various defined subpopulations except that in the age group 
greater or equal to 65 years of age, the hazard ratio estimates of PFS and OS were close to null 
(PFS HR=1.06 [95%CI: 0.68, 1.66]; OS HR=1.05 [95%CI: 0.58, 1.91]). 
 

Table 8: IRC-assessed PFS and OS by Age, Race and Geographic Region 
 

 PFS OS 

 n  HR  95% CI   HR  95% CI  

Age (Years)       
  < 65  853 0.62  (0.52, 0.74)   0.66  (0.52, 0.83)  

≥ 65 138 1.06 (0.68, 1.66)  1.05 (0.58, 1.91) 

Race       
  White 732 0.63 (0.52, 0.77)   0.77 (0.60, 0.99)  
  Asian 180 0.82  (0.57, 1.18)   0.57  (0.34, 0.97)  
Other 79 0.59 (0.31, 1.11)  0.43 (0.19, 0.98) 

Geographic region        
  US  270  0.70  (0.51, 0.98)   0.62 (0.41, 0.96)  
  Western Europe  317  0.56 (0.41, 0.74)   0.95  (0.65, 1.39)  
  Asia  158 0.74  (0.50, 1.08)   0.48  (0.27, 0.85)  
Other 246 0.73 (0.51, 1.03)  0.68 (0.45, 1.04) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reviewer’s Comments: There was no overall alpha level control to protect against the alpha 
inflation due to multiple testing in these subgroup analyses. Therefore, this reviewer would like 
to emphasize that we should exercise extra caution when trying to interpret the subgroup results, 
especially those with small sample size, and all subgroup analyses in Section 4 should be 
considered as exploratory. 
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4.2 Other Special/Subgroup Populations 
 
The effect of trastuzumab emtansine was also evaluated in subgroups defined by various baseline 
disease characteristics and prior anti-cancer therapies. This reviewer would like to highlight 
those analyses by hormonal receptor status (HR+ vs. HR-), disease involvement (Visceral vs. 
Non-Visceral), baseline disease measurability (Yes vs. No), and prior trastuzumab use for MBC 
(Yes vs. No), which are summarized in Table 9.  
 
The results of these subgroup analyses demonstrated that the effect of trastuzumab emtansine 
was consistent in categories defined by HR status, visceral disease status per IRC assessments, 
and prior trastuzumab use for MBC. The improvement in PFS and OS was minimal in patients 
whose disease was not measurable at baseline (PFS HR=0.91 [95%CI: 0.59, 1.42]; OS HR=0.96 
[95%CI: 0.54, 1.68]) or those with non-visceral disease assessed by investigators (PFS HR=0.96 
[95%CI: 0.71, 1.30]; OS HR=1.05 [95%CI: 0.69, 1.61]). 
 

Table 9: IRC-assessed PFS and OS by Baseline Characteristics 
 

 PFS OS 

 n  HR  95% CI   HR  95% CI  

HR Status       

  HR + 545 0.72 (0.58, 0.91)  0.62 (0.46, 0.85) 
  HR - 426 0.56 (0.44, 0.72)  0.75 (0.54, 1.03) 
Disease Involvement       

Visceral (IVRS) 669 0.55 (0.45, 0.67)  0.59 (0.46, 0.76) 

Non-Visceral (IVRS) 322 0.96 (0.71, 1.30)  1.05 (0.69, 1.61) 
Visceral (IRC-1) 647 0.62 (0.51, 0.76)  0.70 (0.54, 0.90) 
Non-Visceral (IRC-1) 344 0.76 (0.56, 1.02)  0.73 (0.48, 1.12) 
Visceral (IRC-2) 672 0.64 (0.53, 0.78)  0.73 (0.57, 0.94) 

Non-Visceral (IRC-2) 319 0.69 (0.51, 0.95)  0.59 (0.37, 0.94) 
 Disease Measurability       
  Yes 786 0.62 (0.52, 0.75)  0.65 (0.51, 0.82) 
No 205 0.91 (0.59, 1.42)  0.96 (0.54, 1.68) 

 Prior Trastuzumab for MBC       
  Yes 836 0.67 (0.56, 0.81)  0.70 (0.55, 0.88) 
No 155 0.62 (0.40, 0.95)  0.72 (0.43, 1.21) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

5 SUMMARY AND CONCLUSIONS 
 
5.1 Collective Evidence and Statistical Issues  
 
Study TDM4370g/BO21977 demonstrated a clinically and statistically significant efficacy of 
trastuzumab emtansine compared to lapatinib plus capecitabine in terms of co-primary endpoints 
of PFS and OS in the patients with HER2-positive, unresectable locally advanced or metastatic 
breast cancer who have received prior treatment with trastuzumab and a taxane. The main 
efficacy results are summarized below.  
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 The hazard ratio for IRC-assessed PFS stratified by region, number of prior 
chemotherapies for advanced or metastatic disease, and visceral disease status was 0.65 
(95% CI: 0.55, 0.77; log-rank p-value<0.0001), indicating a 35% decrease in the hazard 
of disease progression or death in patients assigned to trastuzumab emtansine compared 
with patients assigned to lapatinib plus capecitabine (Table 5). The KM estimates of 
median PFS was 9.6 months (95% CI: 8.3, 10.6) for trastuzumab emtansine and 6.4 
months (95% CI: 5.7, 7.1) for lapatinib plus capecitabine. 

 
Stratified analyses on the investigator-assessed PFS demonstrated a hazard ratio of 0.66 
(95%CI: 0.56, 0.77; stratified log-rank p-value < 0.0001) with 287 events in the 
trastuzumab emtansine arm and 335 events in the lapatinib plus capecitabine arm. The 
median PFS in the trastuzumab emtansine arm was 9.4 months (95%CI: 7.5, 10.8) and 
5.8 months (95%CI: 5.6, 6.9) in the lapatinib plus capecitabine arm. 

 
 The 1st interim analysis of OS was performed at the time of the final analysis of PFS. The 

hazard ratio for death from stratified anlayses was 0.62 (95% CI: 0.48, 0.81; log-rank p-
value =0.0005) (Table 6). The KM estimates of median OS was 23.3 months (95% CI: 
20.9, NR) in the lapatinib plus capecitabine arm and had not reached in the trastuzumab 
emtansine arm (95% CI: 26.3, NR).  The 1st interim analysis did not cross efficacy 
stopping boundary.  

 
The 2nd OS interim analysis was performed when 52% of the planned number of deaths 
had occurred. The hazard ratio was 0.68 (95% CI: 0.55, 0.85; log-rank p-value=0.0006), 
representing a 32% decrease in the hazard of death in the trastuzumab emtansine group 
compared to the lapatinib plus capecitabine group. The KM estimates of median OS was 
30.9 months (95% CI: 26.8, 34.3) for trastuzumab emtansine and 25.1 months (95% CI: 
22.7, 28.0) for lapatinib plus capecitabine. The 2nd interim analysis crossed the efficacy 
stopping boundary of significance level of 0.0037 and thus was statistically significant. 

 
 The confirmed ORR in the trastuzumab emtansine group was 43.6% (95%CI: 38.6, 48.6) 

with a KM estimate of the median duration of response of 12.6 months (95% CI: 8.4, 
20.8) (Table 7). The confirmed ORR in the lapatinib plus capecitabine group was 30.8% 
(95%CI: 26.3, 35.7). Median response duration 6.5 months (95%CI: 5.5, 7.2). 

 
 Consistent efficacy of trastuzumab emtansine on primary endpoints was observed across 

most of the examined subgroups defined by geographic and baseline disease 
characteristics (Table 8 and Table 9). The effect of trastuzumab emtansine was 
numerically close to null in subgroups of patients who were at least 65 years old, those 
with non-visceral disease assessed by investigators, and those with non-measurable 
disease at baseline.   

 
There were three major issues in this study which were related to efficacy analyses.  
 
 Information on drug-specific toxicities was provided by the sponsor to the IRC 

oncologist, potentially biasing the IRC tumor assessments. Two sensitivity analyses were 
retrospectively conducted in which PFS was derived based on (1) IRC radiologist-
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s. 

The 2  OS interim analysis was driven by the positive trend in OS improvement 
ever, 

an 

The disagreement on visceral disease status between investigator and IRC assessments 
l 

5 
d 

e 

The pivotal study TDM4370g/BO21977 achieved its primary objective and demonstrated a 
f 

assessed progression or death and (2) the earliest progression of either radiology or
oncology review or death. The hazard ratios were 0.65 (95%CI: 0.54, 0.77) and 0.66
(95%CI: 0.56, 0.78), respectively, showing consistent results with the primary analyse

 
nd 

observed in the 1st interim analysis, and thus overall type I error was inflated. How
the use of Lan-DeMets alpha spending function O’B-F boundary for study monitoring 
greatly alleviated the alpha inflation caused by data-driven interim analyses, leading to 
inflation no more than 10% (Proschan et al., 1992). Given the efficacy stopping boundary 
of 0.0037 for the 2nd interim analysis, this reviewer considered that the p-value observed 
in the 2nd OS interim analysis (0.0006) was adequate to reject the null hypothesis and to 
show statistical significance. 

 
 

cast ambiguity on the evaluation of the effect of trastuzumab in visceral vs. non-viscera
disease subgroups.  Trastuzumab emtansine showed minimal effect in non-visceral 
disease determined by investigators (PFS HR=0.96 [95%CI: 0.71, 1.30]; OS HR=1.0
[95%CI: 0.69, 1.61]), compared with a PFS hazard ratio of 0.55 (95%CI: 0.45, 0.67) an
an OS hazard ratio of 0.59 (95%CI: 0.46, 0.76) in visceral disease. In contrast, patients 
benefited almost equally from trastuzumab emtansine in visceral and non-visceral diseas
determined by IRC assessments. Please refer to Section 4 for the details. 

 
.2 Conclusions and Recommendations 5

 

clinically meaningful and statistically significant improvement in the co-primary endpoints o
PFS and OS in the studied patients. The data submitted by the applicant supports the proposed 
indication.  
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1.5 Reviewer’s analyses   
Let X be the number of drug molecules attached to one antibody molecule. X=0, 1, 2, 3, 4, 5, 6, 
7, 8. Clearly this is multinomial distribution. Denote DAR for the sample average number of 

drug molecules attached to one antibody. DAR=∑
=

=
8

0
)(ˆ*

n
nXPn , here )(ˆ nXP = is the 

proportion of antibody molecule with n attached drug molecules. The population average of 

DAR, E(DAR)=∑
=

=
8

0
)(*

n
nXPn .  In this multinomial model, there is no explicit function of 

DAR for prediction of )(ˆ nXP = . Hence, in order to obtain the DAR, the sponsor must measure 
)(ˆ nXP = for n=0, 1, 2, 3, 4, 5, 6, 7, 8. 

 
In the small scale process characterization studies (in Table 4 excerpted from IR#16, 
RESPONSE TO FDA REQUEST FOR INFORMATION, Date of Response: 7 December 2012, 
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NDA Number: BLA 125427 Applicant: Genentech Stamp Date: 8/24/2012 

Drug Name: T-DM1 NDA/BLA Type: BLA  

 
On initial overview of the NDA/BLA application for RTF: 
  

 Content Parameter Yes No NA Comments 

1 Index is sufficient to locate necessary reports, tables, data, 
etc. 

 
  X 

   

2 ISS, ISE, and complete study reports are available 
(including original protocols, subsequent amendments, etc.) 

 
  X 

   

3 Safety and efficacy were investigated for gender, racial, 
and geriatric subgroups investigated (if applicable). 

 
  X 

   

4 Data sets in EDR are accessible and do they conform to 
applicable guidances (e.g., existence of define.pdf file for 
data sets). 

 
  X 

   

 
IS THE STATISTICAL SECTION OF THE APPLICATION FILEABLE? Yes  
 
If the NDA/BLA is not fileable from the statistical perspective, state the reasons and provide 
comments to be sent to the Applicant. 
 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 
Content Parameter (possible review concerns for 74-
day letter) 

Yes No NA Comment 

Designs utilized are appropriate for the indications requested.  X   No Issues 
Endpoints and methods of analysis are specified in the 
protocols/statistical analysis plans. 

 X    

Interim analyses (if present) were pre-specified in the protocol 
and appropriate adjustments in significance level made.  
DSMB meeting minutes and data are available. 

 X    

Appropriate references for novel statistical methodology (if 
present) are included. 

  X  

Safety data organized to permit analyses across clinical trials 
in the NDA/BLA. 

 X    

Investigation of effect of dropouts on statistical analyses as 
described by applicant appears adequate. 

 X    
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