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Purpose: The aim of this study was to evaluate the therapeutic efficacy and safety of trastuzumab 

emtansine (T-DM1) for the treatment of patients with human epidermal growth factor receptor 

2-positive breast cancer.

Methods: We performed a systemic review and meta-analysis of the relevant published 

clinical studies. A computerized search was performed for controlled clinical trials of T-DM1 in 

targeted treatment. Overall survival, progression-free survival, objective response rate, symptom 

progression free, and adverse events (AEs) were evaluated.

Results: Eight eligible trials with a total of 2,016 patients with breast cancer were included 

in the present meta-analysis. The treatment of patients with breast cancer with T-DM1 was 

associated with significantly increased overall and progression-free survival when compared 

with controls (P,0.0001). An analysis of the objective response rate and symptom progres-

sion free also demonstrated favorable results for T-DM1 treatment (P#0.0001). There was no 

significant difference between the T-DM1 and control groups with respect to nonhematologic 

or hematologic AEs (P=0.99 and P=0.30, respectively).

Conclusion: Overall, T-DM1 is efficacious in the treatment of patients with human epidermal 

growth factor receptor 2-positive breast cancer and low rates of AEs compared with controls.
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Introduction
Breast cancer accounts for ∼28% of all new cancers in women. It is a major health 

problem and the second leading cause of cancer death in the USA.1,2 Breast cancer 

is now known to be a heterogeneous disease, which is characterized by a variety 

of biological drivers and related clinical results.3 Human epidermal growth factor 

receptor 2 (HER2) is a member of the epidermal growth factor receptor family of 

transmembrane receptors.4–6 The other three family members are HER1 (also known 

as epidermal growth factor receptor), HER3 (ErbB3), and HER4 (ErbB4). Protein 

overexpression and/or gene amplification of HER2 (also known as ErbB2, p185HER2, 

and neu) is present in ∼15%–25% of new patients with breast cancer.4,7,8 HER2 over-

expression results in an aggressive form of breast cancer that is associated with poor 

clinical outcomes and greater therapeutic resistance compared with HER2-normal 

patients.9,10 The clinical outcomes of these patients with breast cancer have greatly 

improved with the development of HER2-targeted therapies, but therapeutic resistance 

is still common, and the management of toxicity remains a challenge.11 Therefore, 

new treatments are needed for patients with breast cancer who demonstrate disease 

progression following HER2-targeted therapies.

HER2-targeted therapies include trastuzumab, the first humanized monoclonal 

antibody, and newer drugs such as lapatinib, ertumaxomab, and pertuzumab. Trastuzumab 
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(Herceptin; Genentech, Inc., South San Francisco, CA, USA) 

combined with others is the standard treatment for HER2-

positive patients with early or metastatic breast cancer.12 The 

molecular mechanisms behind trastuzumab include mitogen-

activated protein kinases and phosphoinositide 3 kinase 

(PI3K)/AKT signaling inhibition, antibody-dependent cell-

mediated cytotoxicity, induction of apoptosis, and prevention 

of HER2 ectodomain cleavage.13,14 DM1, an antimicrotubule 

agent, is derived from maitansine. Trastuzumab emtansine 

(T-DM1, Kadcyla), which has been developed by Genentech, 

Inc. and ImmunoGen, Inc. (Waltham, USA), combines tras-

tuzumab and DM1, allowing preferential intracellular drug 

delivery to HER2-positive tumor cells.2,15,16

T-DM1, an  antibody–drug conjugate, was granted mar-

keting approval by the US Food and Drug Administration 

in 2013. Because the toxicity associated with chemotherapy 

is a large source of distress for patients, the  antibody–drug 

conjugate is considered to be a promising treatment.7,17 

T-DM1 combines the antitumor effects of trastuzumab with a 

cytotoxic antimicrotubule agent (DM1) that is released within 

HER-positive tumor cells. In August 2015, we identified 48 

registered Phase I, II, or III clinical trials on the treatment 

of breast cancer with T-DM1 on ClinicalTrials.gov website, 

using the keywords “T-DM1” and “breast cancer”. Ten of 

those clinical trials have been completed.

In the current study, we performed a systematic review 

and meta-analysis of clinical trials to assess the efficacy and 

safety of T-DM1 in the treatment of patients with breast can-

cer. The aim was to evaluate the clinical response to T-DM1 

by assessing overall survival (OS), progression-free survival 

(PFS), the objective response rate (ORR), and symptom pro-

gression free (SPF), in addition to adverse events (AEs).

Materials and methods
search strategy, study design, and 
eligibility criteria
PubMed, ScienceDirect, the Cochrane Central Register 

of Controlled Trials, the China Science and Technology 

Journal Database, the Wanfang Database, and China Journal 

Net were searched for relevant studies published from 

1980 until August 5, 2015. The search strategy included 

the keywords (“trastuzumab emtansine” or “T-DM1” or 

“trastuzumab-DM1”) and “HER2” and (“breast cancer” 

or “metastatic breast cancer”) and clinical trial, with-

out language or time limitations. We also searched the 

ClinicalTrials.gov website for information on ongoing trials, 

using the keywords (“trastuzumab emtansine” or “T-DM1” 

or “trastuzumab-DM1”) and “breast cancer”. Publication 

citations displayed at the bottom of the “Full Text View” 

tab of a study record under the “More Information” heading. 

In addition, relevant review papers, postgraduate articles, and 

previously published trials were examined to identify further 

relevant trials. We carefully searched the latest reports of the 

European Cancer Conference and the American Society of 

Clinical Oncology Annual Meeting and the Word Confer-

ence on Breast Cancer. Studies were eligible for inclusion if 

they 1) were English or Chinese studies on T-DM1 treatment 

of patients with breast cancer; 2) included an appropriate 

control arm; and 3) enrolled ten or more patients. Reviews 

and Phase I studies were excluded. In addition, studies on 

cell lines and animals, case reports, studies investigating 

multiple types of cancer, and those lacking patients’ details 

were excluded.

Data selection criteria and quality 
assessment
Data extraction and study selection were independently 

conducted by two reviewers (Qianqian Ma and Hongqiang 

Wang) using a standardized approach. Any differences 

were adjudicated by a third reviewer (Bo Ma), based on the 

original publication. Study features extracted included the 

first author’s name, country and year of publication, clinical 

trial phase, tumor characteristics, number of patients, sample 

size per arm, mean patient age, previous treatments, T-DM1 

dose and route of administration, and number of estrogen 

receptor-, and/or progesterone receptor-positive patients. Any 

data that could not be directly obtained from the articles were 

calculated from the graphed data using Adobe Photoshop 

and Illustrator.

Definition of outcome measures
OS was defined as the time from study treatment initiation to 

death from any cause. PFS was defined as the interval from 

study treatment initiation to the first occurrence of progressive 

disease. ORR was defined as a complete or partial response 

on two consecutive tumor assessments not ,4 weeks apart. 

SPF was defined as the time from study treatment initiation 

to symptom progression. The primary endpoints were OS 

and PFS. Secondary outcomes were ORR, SPF, and safety. 

AEs and toxicities were graded according to the National 

Cancer Institute Common Toxicity Criteria.

statistical analysis
Data on OS, PFS, ORR, SPF, and AEs were extracted from 

the identified trials. In this analysis, we compared the T-DM1 

treatment groups form the trials with their respective control 
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groups. The meta-analysis was performed using Review 

Manager Version 5.0 (Nordic Cochrane Centre) and Stata 

Version 12.0 (StataCorp LP, College Station, TX, USA). 

The effects of T-DM1 treatment were reflected by odds 

ratios (ORs). Fixed- and random-effects models were used 

to estimate the effects of T-DM1 treatment. Heterogeneity 

among the trials was assessed to determine which model 

should be used. We used the χ2-based Q-test to examine 

heterogeneity among the studies, and the significance level 

was fixed at P,0.10. The quantity I2 was also calculated 

to evaluate heterogeneity, and I2.50% was considered to 

indicate a high level of heterogeneity. A random-effects 

model was used when statistical heterogeneity was con-

firmed; otherwise, a fixed-effects model was employed. 

P#0.05 was considered to be statistically significant, and all 

reported P-values resulted from two-sided version tests of 

the respective tests.18 To assess the possibility of publication 

bias, Egger’s test and Begg’s test were used.

Results
Trial selection
The data search yielded 119 references, 75 of whom 

were excluded for various reasons (Figure 1). A further 

36 studies were excluded because they were published in 

other languages, did not provide detailed enough clinical 

data, or did not have an appropriate control arm. Finally, 

eight articles reporting clinical trials of T-DM1-based 

therapy for breast cancer were selected for this meta-analysis 

(Figure 1).19–26

Baseline patient characteristics
The baseline characteristics of the patients in the eight 

selected publications that described six clinical trials are 

listed in Table 1. The trials involved a total of 2,016 patients 

with locally advanced or metastatic breast cancer. All the 

eight papers were fully published and described four Phase II 

trials19,21,22,24,25 and two Phase III trials.20,23,26 The patients 

enrolled were between 24 years and 84 years of age, with 

a median age of .52 years. Patients with breast cancer 

had received previous treatments, including trastuzumab, 

anthracyclines, taxanes, capecitabine, carboplatin, lapa-

tinib, endocrine therapy, and radiotherapy. In all the trials, 

patients assigned to T-DM1 were given a dose of 3.6 mg/kg 

intravenously every 3 weeks, while patients assigned to the 

control arms received trastuzumab, docetaxel, lapatinib, 

capecitabine, or hormonal therapy. A total of 1,065 patients 

(53%) were estrogen receptor and/or progesterone receptor 

positive.

Overall survival
Two-month, 4-month, and 6-month OS
Information on the 2-month, 4-month, and 6-month OS 

rates was available from two trials.20,26 These two trials 

contained a total of 1,593 patients, of whom 899 patients 

received T-DM1, and 694 controls did not receive T-DM1 

• 
• 
• 
• 
• 

• 
• 
• 

Figure 1 Flow diagram of the study identification, screening, and inclusion process.
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or were HER2 negative. The 2-month OS rate was 96% 

(866/899) for patients receiving T-DM1 compared with 

92% (640/694) for controls. The meta-analysis showed a 

significantly higher 2-month OS rate for patients receiving 

T-DM1 compared with the control group (OR, 2.73; 95% 

confidence interval [CI], 1.73–4.31; P,0.0001). Cochran’s 

Q-test yielded a P-value of 0.84, and the corresponding 

I2 was 0%, indicating that the degree of variability between 

the two trials was consistent with what would be expected 

by chance alone (Figure 2A). The 4-month OS rate for the 

899 patients in the T-DM1 group was 88% compared with 

83% for controls. Pooled analysis showed that T-DM1 

significantly increased the 4-month OS rate compared 

with the control group (OR, 2.11; 95% CI, 1.55–2.87; 

P,0.0001). Cochran’s Q-test yielded a P-value of 0.95, 

and the corresponding I2 was 0% (Figure 2A). A signifi-

cant difference was also demonstrated in the 6-month OS 

rate (OR, 1.60; 95% CI, 1.23–2.10; P=0.0006). Cochran’s 

Q-test yielded a P-value of 0.76, and the corresponding I2 

was 0% (Figure 2A).

Eight-month, 10-month, and 12-month OS
Information on the 8-month, 10-month, and 12-month OS 

rates was available from two trials,20,26 including a total of 

1,593 patients (899 of whom received T-DM1; Figure 2B). 

T-DM1 treatment was associated with 8-month, 10-month, 

and 12-month OS rates of 63%, 54%, and 42% (566/899, 

483/899, and 379/899 patients), respectively. Both the tri-

als showed a longer OS for patients who received T-DM1 

in comparison with controls or HER2-negative patients at 

8 months, 10 months, and 12 months. The estimated pooled 

OR showed significantly improved 8-month and 12-month 

OS rates for patients with breast cancer receiving T-DM1 

(OR, 1.56; 95% CI, 1.15–2.12; P=0.005 and OR, 1.61; 95% 

CI, 1.25–2.07; P=0.0002, respectively), but the 10-month 

OS rate was not significantly improved (OR, 1.46; 95% CI, 

0.84–2.54; P=0.17). The overall Cochran’s Q-test had a 

P-value of 0.39, and the corresponding I2 was 5%.

Fourteen-month and 16-month OS
Information on the 14-month and 16-month OS rates was 

available from two trials,20,26 which contained a total of 

1,593 patients (899 of whom received T-DM1; Figure 2C). 

T-DM1 was associated with 14-month and 16-month OS 

rates of 33% and 27% (300/899 and 242/899 patients), 

respectively. Both the trials showed a longer OS for 

patients receiving T-DM1 in comparison with controls 

or HER2-negative patients at 14 months. The estimated 

pooled OR showed a highly improved 14-month and 

16-month OS rate for patients who received T-DM1 (OR, 

1.53; 95% CI, 1.20–1.96; P=0.0007 and OR, 1.37; 95% CI, 

1.07–1.76; P=0.01, respectively). The overall Cochran’s 

Q-test yielded a P-value of 0.75, and the corresponding 

I2 was 0%.

Progression-free survival
Two-month, 4-month, and 6-month PFS
Information on the 2-month, 4-month, and 6-month PFS 

rates was available from six trials.19–22,25,26 These six trials 

included a total of 1,984 patients, 1,141 of whom received 

T-DM1 and 843 controls who did not receive T-DM1 treat-

ment or who were HER2 negative. The 2-month PFS rate 

was 83% (952/1,141) for patients receiving T-DM1 and 76% 

(641/843) for controls. The meta-analysis showed a signifi-

cantly higher 2-month PFS rate for patients receiving T-DM1 

compared with controls (OR, 1.93; 95% CI, 1.07–3.45; 

P=0.03; Figure 3A). Cochran’s Q-test yielded a P-value of 

0.001, and the corresponding I2 was 75%. The 4-month PFS 

rate for the 1,141 patients in the T-DM1 group was 65% 

compared with 56% for 843 controls. The pooled analysis 

showed that T-DM1 treatment did not significantly increase 

the 4-month PFS rate compared with controls (OR, 1.89; 

95% CI, 0.97–3.68; P=0.06; Figure 3A). Cochran’s Q-test 

yielded P,0.00001, and the corresponding I2 was 85%. The 

6-month PFS rate for the 1,141 patients in the T-DM1 group 

was 42% compared with 33% for 843 controls. A significant 

difference was also demonstrated in the 6-month PFS rate 

(OR, 1.90; 95% CI, 1.13–3.19; P=0.02). Cochran’s Q-test 

yielded a P-value of 0.01, and the corresponding I2 was 67% 

(Figure 3A).

Eight-month, 10-month, and 12-month PFS
Information on the 8-month, 10-month, and 12-month PFS 

rates was available from six trials,19–22,25,26 which included 

a total of 1,984 patients (1,141 of whom received T-DM1; 

Figure 3B). T-DM1 treatment was associated with 8-month, 

10-month, and 12-month PFS rates of 31%, 21%, and 14% 

(355/1,141, 240/1,141, and 165/1,141 patients), respectively, 

compared with only 24%, 14%, and 9% (199/843, 116/843, 

and 75/843 patients), respectively, in the control group. The 

results showed a longer PFS for patients who received T-DM1 

in comparison with controls or HER2-negative patients at 

8 months, 10 months, and 12 months. The estimated pooled 

OR showed a significantly improved 8-month,10-month, and 

12-month PFS rates for patients with breast cancer receiv-

ing T-DM1 (OR, 2.00; 95% CI, 1.69–2.37; P,0.00001). 
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The overall Cochran’s Q-test had a P-value of 0.37, and the 

corresponding I2 was 7%.

Fourteen-month, 16-month, and 18-month PFS
Information on the 14-month PFS rate was available from six 

trials,19–22,25,26 which included a total of 1,984 patients (1,141 

of whom received T-DM1; Figure 3C). T-DM1 treatment 

was associated with a 14-month PFS rate of 9% (107/1,141 

patients) compared with 6% (47/843 patients) in the control 

group. The estimated pooled OR showed a significantly 

improved 14-month PFS rate for patients who received 

T-DM1 (OR, 2.52; 95% CI, 1.73–3.65; P,0.0001). Cochran’s 

Q-test yielded a P-value of 0.60, and the corresponding I2 was 

0%. Information on the 16-month and 18-month PFS rates 

was available from four trials,20–22,25 which included a total of 

1,287 patients (663 of whom received T-DM1). T-DM1 treat-

ment was associated with 16-month and 18-month PFS rates 

of 11% and 8% (70/663 and 50/663 patients, respectively, 

compared with 5% and 3% (33/624 and 20/624 patients), 

respectively, in the control group. The results showed a higher 

PFS rate for patients with breast cancer receiving T-DM1 in 

comparison with controls at 16 months and 18 months. The 

estimated pooled OR showed a highly improved 16-month 

and 18-month PFS rates for patients who received T-DM1 

treatment (OR, 2.20; 95% CI, 1.42–3.41; P=0.0004 and 

OR, 2.59; 95% CI, 1.52–4.41; P=0.0005, respectively). The 

overall Cochran’s Q-test yielded a P-value of 0.66, and the 

corresponding I2 was 0%.

Objective response rate
Information on the ORR was available from five trials,19–21,24,25 

which included a total of 1,155 patients (627 of whom 

received T-DM1; Figure 4). The ORR was 44% (278/627) 

for patients receiving T-DM1 compared with 33% (175/528) 

in the control group. Pooled analysis indicated that T-DM1 

treatment was associated with a favorable result with respect 

to ORR (OR, 1.82; 95% CI, 1.41–2.34; P,0.00001). 

Cochran’s Q-test had a P-value of 0.24, the corresponding 

I2 was 28% (,50%), and a fixed-effects model was used 

(Figure 4).

symptom progression free
Two-month, 4-month, and 6-month SPF
Information on the 2-month, 4-month, and 6-month SPF rates 

was available from two trials,20,22 which included a total of 

1,027 patients (515 of whom received T-DM1; Figure 5A). 

T-DM1 treatment was associated with 2-month, 4-month, 

and 6-month SPF rates of 77%, 57%, and 37% (395/515, 

296/515, and 193/515 patients), respectively, compared 

with only 67%, 45%, and 37% (341/512, 231/512, and 

χ

χ

Figure 2 Forest plots of OS rates between patients undergoing T-DM1 therapy and controls at (A) 2 months, 4 months, and 6 months, (B) 8 months, 10 months, and 
12 months, and (C) 14 months and 16 months.
Notes: Fixed- and random-effects models (M–H method) were used. Each trial is represented by a square, the center of which gives the odds ratio for that trial. The size of the square 
is proportional to the information in that trial. The ends of the horizontal bars denote 95% CIs. Black diamonds give the overall odds ratios for the combined results of all trials.
Abbreviations: CIs, confidence intervals; df, degrees of freedom; M–H, Mantel–Haenszel; OS, overall survival; T-DM1, trastuzumab emtansine.
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140/512 patients) in the control group. Both the trials showed 

a higher SPF rate for patients who received T-DM1 in com-

parison with controls at 2 months, 4 months, and 6 months. 

The estimated pooled OR showed significantly improved 

2-month, 4-month, and 6-month SPF rates for patients 

with breast cancer receiving T-DM1 (OR, 2.01; 95% CI, 

0.96–4.17; P=0.06; OR, 1.64; 95% CI, 1.28–2.10; P,0.0001; 

and OR, 1.60; 95% CI, 1.23–2.08; P=0.0005, respectively; 

Figure 5A). The overall Cochran’s Q-test had a P-value of 

0.68, and the corresponding I2 was 0%.

Eight-month, 10-month, and 12-month SPF
Information on the 8-month, 10-month, and 12-month SPF 

rates was available from two trials,20,22 which included a 

total of 1,027 patients (515 of whom received T-DM1; 

Figure 5B). The 8-month, 10-month, and 12-month SPF 

rates in the T-DM1 arm were 29%, 20%, and 15% (151/515, 

104/515, and 76/515 patients), respectively, compared with 

19%, 12%, and 10% (98/512, 63/512, and 49/512 patients), 

respectively, in the control group. The results showed that 

the SPF rate was significantly higher in the T-DM1 arm 

χ

Figure 4 Comparison of the ORRs between patients undergoing T-DM1 therapy and controls.
Note: The fixed-effects model (M–H method) was used.
Abbreviations: CI, confidence interval; df, degrees of freedom; M–H, Mantel–Haenszel; ORRs, objective response rates; T-DM1, trastuzumab emtansine.
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Figure 5 (Continued)
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Figure 5 Forest plots of SPF between patients undergoing T-DM1 therapy and controls at (A) 2 months, 4 months, and 6 months, (B) 8 months, 10 months, and 12 months, 
and (C) 14 months, 16 months, and 18 months.
Note: Fixed- and random-effects meta-analysis models (M–H method) were used.
Abbreviations: CI, confidence interval; df, degrees of freedom; M–H, Mantel–Haenszel; SPF, symptom progression free; T-DM1, trastuzumab emtansine.
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in comparison with controls at 8 months, 10 months, and 

12 months. The meta-analysis showed a significant improve-

ment in the 8-month, 10-month, and 12-month SPF rates 

in patients who received T-DM1 compared with controls 

(OR, 1.76; 95% CI, 1.31–2.35; P=0.0001; OR, 2.30; 95% 

CI, 0.91–5.83; P=0.08; and OR, 1.63; 95% CI, 1.11–2.39; 

P=0.01, respectively; Figure 5B). The overall Cochran’s 

Q-test had a P-value of 0.53. The corresponding I2 was 0%, 

indicating that the degree of variability between the trials was 

consistent with what would be expected by chance alone.

Fourteen-month, 16-month, and 18-month SPF
Information on the 14-month, 16-month, and 18-month SPF 

rates was available from two trials.20,22 These trials included 

a total of 1,027 patients (515 of whom received T-DM1 

treatment and 512 who acted as controls; Figure 5C). The 

14-month, 16-month, and 18-month SPF rates were 12%, 8%, 

and 6% (60/515, 42/515, and 29/515 patients), respectively, 

for patients receiving T-DM1 compared with 7%, 4%, and 

4% (34/512, 23/512, and 19/512 patients), respectively, for 

controls. The estimated pooled OR for the two trials showed 

significantly increased 14-month and 16-month SPF rates for 

patients who received T-DM1 compared with controls (OR, 

1.85; 95% CI, 1.19–2.87; P=0.006 and OR, 1.89; 95% CI, 

1.12–3.19; P=0.02, respectively). However, the 18-month 

SPF rate was not significantly improved (OR, 1.53; 95% CI, 

0.85–2.75; P=0.15). The overall Cochran’s Q-test yielded a 

P-value of 0.68, and the corresponding I2 quantity was 0%.

Toxicity and adverse reactions
The clinical trials included in this meta-analysis reported 

several AEs, including headache,19 pyrexia,19,21 epistaxis,19,21 

constipation,19,21 cough,19,21 hypokalemia,19,21 pain in 

extremity,19,21 arthralgia,19 mucosal inflammation,25 dry mouth,21 

alopecia,22 pneumonia,21 etc. Because some AEs occurred less 

frequently than others, we analyzed only the common AEs in 

this meta-analysis.

nonhematologic aes
Information on diarrhea, fatigue, and increased aspartate 

aminotransferase (AST) levels was available from three 

trials.20,22,26 These three trials included a total of 1,700 patients 

(962 of whom received T-DM1 and 738 controls; Figure 6A). 

Compared with controls, fewer patients treated with T-DM1 

experienced diarrhea (62% versus 17% of patients), but more 

patients experienced fatigue (33% versus 29%) and increased 

AST levels (8% versus 18%). Pooled analysis showed that 

diarrhea (OR, 0.19; 95% CI, 0.06–0.61; P=0.005), fatigue 

(OR, 1.29; 95% CI, 1.04–1.59; P=0.02), and AST increases 

(OR, 3.33; 95% CI, 1.43–7.76; P=0.005) were significantly 

different between T-DM1-treated patients and controls 

(Figure 6A). Information on nausea, vomiting, and alanine 

aminotransferase (ALT) increases was available from two 

trials.20,22 These two trials included a total of 1,113 patients 

(559 of whom received T-DM1 treatment and 554 controls). 

Compared with control patients, nausea (45% versus 40%) 

and vomiting (29% versus 20%) occurred less frequently 

with T-DM1 treatment, whereas ALT increases occurred 

more frequently. Pooled analysis showed that vomiting 

(OR, 0.64; 95% CI, 0.42–0.98; P=0.04) and ALT increases 

(OR, 2.90; 95% CI, 1.20–7.01; P=0.02) were significantly 

different between the two groups, but nausea was not (OR, 

0.89; 95% CI, 0.61–1.28; P=0.51; Figure 6A). Information 

on dyspnea was available from two trials,20,26 which included 

a total of 722 patients (472 of whom received T-DM1). There 

was no significant difference in dyspnea between the T-DM1 

and control groups (OR, 0.74; 95% CI, 0.32–1.73; P=0.49; 

Figure 6A). Because there was a significant heterogeneity, 

a random-effects model was used.

hematologic aes
Information on neutropenia, anemia, and thrombocytopenia 

was available from three trials.20,22,26 These three trials 

included a total of 1,700 patients (962 of whom received 

T-DM1 and 738 controls). Compared with controls, T-DM1 

treatment was associated with less neutropenia (17% versus 

6% of patients) but more thrombocytopenia (23% versus 3%). 

Pooled analysis showed that the incidences of neutropenia 

(OR, 0.25; 95% CI, 0.09–0.73; P=0.01) and thrombocy-

topenia (OR, 8.50; 95% CI, 3.96–18.24; P,0.00001) were 

significantly different between the two groups, but anemia 

was not (OR, 0.85; 95% CI, 0.45–1.61; P=0.62; Figure 6B). 

Information on febrile neutropenia and leukopenia was avail-

able from two trials,22,26 which included a total of 722 patients 

(472 of whom received T-DM1). Compared with controls, 

febrile neutropenia (6% versus 0%) and leukopenia (11% 

versus 2%) occurred less frequently with T-DM1 treatment. 

The pooled analysis showed that the incidences of febrile 

neutropenia (OR, 0.06; 95% CI, 0.01–0.30; P=0.0008) and 

leukopenia (OR, 0.22; 95% CI, 0.08–0.57; P=0.002) were 

significantly different between patients treated with T-DM1 

and controls (Figure 6B).

Publication bias
There was no evidence of publication bias for all outcomes 

through both Egger’s test and Begg’s test (P.0.05).
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Figure 6 Forest plots of adverse event rates between patients undergoing T-DM1 therapy and controls with respect to (A) nonhematologic and (B) hematologic adverse 
events.
Note: A random-effects meta-analysis model (M–H method) was used.
Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; CI, confidence interval; df, degrees of freedom; M–H, Mantel–Haenszel; T-DM1, trastuzumab 
emtansine.

Discussion
Breast cancer is the most frequently diagnosed cancer and 

the leading cause of cancer death in women worldwide.27 

HER2 overexpression is closely associated with a poor 

prognosis in some breast cancers.1 The effective treatment 

of HER2-overexpressing breast cancer after initial HER2-

directed therapy continues to represent an important medical 

need.19 A number of clinical trials have shown that HER2-

positive patients with breast cancer who receive T-DM1 

have a more favorable prognosis than patients who do not 

receive T-DM1 or HER2-negative patients. T-DM1 was 

the first antibody-drug conjugate to use a thioether linker, 

which, in preclinical testing, proved to be more stable than 

other drugs used as linkers.28 In vitro studies showed that 
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T-DM1-activated antibody-dependent cellular cytotoxicity 

inhibited HER2 receptor signaling and shedding of the 

HER2 extracellular domain in HER2-overexpressing cells 

from patients with breast cancer.29 In the current study, we 

performed a systemic analysis of the published clinical trials 

in order to assess the efficacy and safety of T-DM1 treatment 

in patients with breast cancer with respect to OS, PFS, ORR, 

SPF, and AEs.

Our analysis yielded several major findings. First, 

the overall meta-analysis showed that T-DM1 treatment 

could significantly improve the 2-month to 6-month, 

8-month to 12-month, and 14-month to 16-month OS 

rates (all P,0.0001) of patients with breast cancer com-

pared with controls Our comprehensive results calculated 

2-month, 4-month, 6-month, 8-month, 10-month, 12-month, 

14-month, and 16-month OS rates of 96%, 88%, 74%, 63%, 

54%, 42%, 33%, and 27%, respectively, which are slightly 

different to the results of independent trials; the median 

OS was ∼10 months. Although the 10-month OS rate was 

not significantly improved (P=0.17), this may be explained 

because the number of patients included in this analysis was 

not large enough. Thus, the advantage of logistic regression 

is obvious. Our data analysis showed that T-DM1 treatment 

can significantly prolong OS in patients with breast cancer.

Second, the results also showed that T-DM1 treat-

ment had a significant impact on 2-month to 6-month, 

8-month to 12-month, and 14-month to 18-month PFS rates 

(P,0.0001) compared with controls (Figure 3). The sum-

marized results showed that the 2-month, 4-month, 6-month, 

8-month, 10-month, 12-month, 14-month, 16-month, and 

18-month PFS rates were 83%, 65%, 42%, 31%, 21%, 

14%, 9%, 11%, and 8%, respectively, while the respective 

rates for controls were 76%, 56%, 33%, 24%, 14%, 9%, 

6%, 5%, and 3%, respectively. The median PFS time of 

patients treated with T-DM1 was between 4 months and 

6 months. A previous study reported a median PFS time 

of 5.3 months for patients with breast cancer treated with 

T-DM1 (95% CI, 3.6–8.9 months),19 while another Phase II 

clinical trial reported a median PFS of 5.5 months (95% CI, 

4.2–7.9 months).21 Although there were a few differences 

among the trials included in this meta-analysis, the posi-

tive trend was fully confirmed. However, T-DM1 therapy 

was not found to significantly extend the 4-month PFS rate 

compared with controls (P=0.06). This may be because 

the number of patients included in this analysis was not 

large enough. Through logistic regression, however, our 

analysis revealed that T-DM1 therapy has a significant 

influence on PFS.

Furthermore, the secondary endpoints of ORR and SPF 

showed favorable results in the T-DM1 treatment group 

compared with corresponding controls (P#0.0001; Figures 4 

and 5). Our pooled analysis of the collected data showed 

that the 2-month, 4-month, 6-month, 8-month, 10-month, 

12-month, 14-month, 16-month, and 18-month SPF rates 

were 77%, 57%, 37%, 29%, 20%, 15%, 12%, 8%, and 

6%, respectively, compared with 67%, 45%, 37%, 19%, 

12%, 10%, 7%, 4%, and 4%, respectively, for controls. 

The 2-month, 10-month, and 18-month SPF rates were not 

significantly improved versus controls (P=0.06, P=0.08, and 

P=0.15, respectively). We should note that the SPF analysis 

included only two trials with a total of 1,027 patients for 

each endpoint; a larger number of trials are required to prove 

these results.

The analysis also showed that nonhematologic and 

hematologic AEs were not significantly different between the 

T-DM1 and control groups (P=0.99 and P=0.30, respectively; 

Figure 6). Overall, therefore, according to the present study, 

T-DM1 treatment may prove advantageous for HER2-

positive patients with breast cancer.

There are some points that may explain these results. 

First, T-DM1 has shown antitumor activity against breast 

cancer tumors and HER2-positive cancer cell lines that do 

not respond or that have developed resistance to trastuzumab 

or lapatinib.15,28,29 Furthermore, T-DM1 was the first HER2-

targeted agent to demonstrate a significant clinical activity 

in patients with breast cancer who had progressed on both 

lapatinib- and trastuzumab-based regimens.13 Second, T-DM1 

has been shown to inhibit PI3K in cells that are insensitive to 

trastuzumab.30,31 In addition, T-DM1 has been seen to inhibit 

the growth of breast cancer cells that are resistant to lapa-

tinib and have an activated PI3K pathway.29,32–35 Third, the 

maximal cytotoxicities in antibody-dependent cell-mediated 

cytotoxicity assay have been reported to be 57% with 

T-DM1 and 48% trastuzumab.10,36,37 In addition, the active 

metabolite of T-DM1, lysine-Ne-4-(N-maleimidomethyl) 

cyclohexane-1-carboxylate-DM1 is released when T-DM1 

is internalized. Because lysine-Ne-(N-maleimidomethyl) 

cyclohexane-1-carboxylate-DM1 is a zwitterion, it does not 

readily cross the plasma membrane of neighboring normal 

cells. This likely contributes to the overall safety profile of 

T-DM1.33,38,39 Finally, Yu et al27 have concluded that the 

regimen of T-DM1 as well as pertuzumab in combination 

with trastuzumab and docetaxel is efficacious with fewer side 

effects as compared with other regimens through a network 

meta-analysis of six HER2-targeted treatment drugs and one 

naive standard treatment. Although that article only included 
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a clinical study of T-DM1, it has been shown that T-DM1 

is a better regimen.

In short, T-DM1 therapy for patients with breast cancer 

associated with significantly prolonged OS and PFS improved 

ORR and SPF and low rates of AEs.

Limitations
The reliability of this meta-analysis might be influenced 

by several factors. First, not all the trials included in this 

systemic review were multicenter clinical trials, so the 

results of the present meta-analysis cannot be extended to all 

patients with breast cancer across the world. Second, some 

clinical trials with good efficacy were excluded because 

they lacked appropriate control arms; thus, the validity of 

the study results might be underestimated. Third, not all the 

eight clinical trials included in this study were randomized 

controlled trials, and only two trials were Phase III trials with 

large samples. Therefore, this review might contain distribu-

tion and implementation biases. Finally, we included data 

on patients with breast cancer from published articles, rather 

than drawing the first-hand data from patient records. In 

addition, negative trial outcomes often remain unpublished. 

Thus, our analysis might have resulted in an overestimation 

of the effects of T-DM1 treatment. Finally, the results of our 

study may be misleading because of the different design of 

clinical trials included in this meta-analysis. These factors 

might also introduce bias into the conclusions. However, we 

believe that this study is valuable in improving the design of 

randomized controlled multicenter clinical trials.

Future perspectives
In the near future, T-DM1 will be widely used in the treat-

ment of HER2-positive patients with breast cancer, and the 

costs of the therapy will be reduced. But before that, there 

are still some unanswered questions about T-DM1 which 

need to be solved. First of all, for which kinds of patients is 

T-DM1 most effective? We urgently need to identify bio-

markers that will help to identify those patients who are most 

likely to benefit from T-DM1.8,40 In addition, we still need to 

definitively address the mechanisms of resistance to T-DM1; 

such research will require tumor tissue from patients with 

progressive disease, and biopsies from these patients should 

be included in future trials of T-DM1.8,41,42 Furthermore, we 

also need to summarize and explore the best optimal dose 

and dosing method for T-DM1. Finally, with the continu-

ous progress that is being made in biotechnology, the future 

treatment of patients with breast cancer will move toward 

individualized therapy.

Conclusion
Overall, this meta-analysis of T-DM1 in HER2-positive 

patients with breast cancer has yielded encouraging results 

with superiority in OS and PFS, improvements in ORR and 

SPF, and low rates of AEs. Hence, these results suggest that 

T-DM1 has a great potential as an efficacious clinical therapy 

for the treatment of HER2-positive patients with breast cancer 

who were previously treated with trastuzumab, lapatinib, or 

other standard-directed therapies.
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