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Background: The aim of this review was to systematically evaluate the safety and efficacy of 

the addition of pertuzumab to trastuzumab emtansine (T-DM1) ± taxane in patients with human 

epidermal growth factor receptor 2 (HER2)-positive, locally advanced breast cancer (LABC) 

or metastatic breast cancer (MBC).

Materials and methods: Several databases were searched for relevant clinical trials. The 

study characteristics, details of adverse events (AEs) and details of treatment efficacy were 

extracted for analysis.

Results: Six studies with 996 patients were included. Common AEs of T-DM1 + pertuzumab ± 

taxane included fatigue, diarrhea, nausea, epistaxis, peripheral neuropathy, increased aspartate 

transaminase (AST), increased alanine transaminase (ALT) and thrombocytopenia. Major 

grade $3 AEs of T-DM1 + pertuzumab ± taxane included thrombocytopenia, neutropenia, 

fatigue, increased ALT, anemia and peripheral neuropathy. The addition of pertuzumab to 

T-DM1 ± taxane led to higher risks of diarrhea (especially grade $3 diarrhea), rash and vomiting, 

and decreased risks of thrombocytopenia and grade $3 increased AST. The relative risks of the 

addition of pertuzumab to T-DM1 ± taxane for objective response (1.068, 95% CI 0.945–1.207) 

and clinical benefit (1.038, 95% CI 0.974–1.106) were not statistically significant.

Conclusion: Common AEs should be carefully monitored in HER2-positive LABC or MBC 

patients treated with T-DM1 + pertuzumab ± taxane. The addition of pertuzumab to T-DM1 ± 

taxane showed noninferior, but not superior, objective response rate and clinical benefit rate. 

However, more studies are needed to further verify these findings.

Keywords: trastuzumab emtansine, pertuzumab, human epidermal growth factor receptor 2, 

breast cancer, adverse events, efficacy

Introduction
HER2 is overexpressed in 15%–20% of breast cancers.1,2 Trastuzumab, a HER2-

targeted monoclonal antibody, increases the clinical benefit of chemotherapy in patients 

with HER2-positive metastatic breast cancer (MBC).3 Antibody–drug conjugates 

(ADCs) combine targeted antibodies with cytotoxic drugs to minimize systemic toxicity 

and improve therapeutic index of chemotherapy.4,5 Trastuzumab emtansine (T-DM1) 

is an ADC composed of trastuzumab conjugated to the microtubule polymerization 

inhibitor DM1 via a stable linker.5 Like trastuzumab, T-DM1 inhibits HER2 shed-

ding, blocks HER2 signaling and activates antibody-dependent cellular cytotoxicity.6 

In two Phase III studies, T-DM1 resulted in improved efficacy and tolerability versus 
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standard therapy in patients with previously treated HER2-

positive MBC.7,8

Pertuzumab is also a monoclonal antibody binding to 

a different HER2 domain from trastuzumab and induces 

antibody-dependent cell-mediated cytotoxicity as well.9 

The addition of pertuzumab to trastuzumab + docetaxel has 

demonstrated significant improvements in progression-free 

survival (PFS) and overall survival (OS) in patients with 

previously untreated HER2-positive MBC.10,11 Previous 

preclinical studies showed that pertuzumab could enhance 

the antitumor activity of T-DM1.12 Recently, several clinical 

trials were published to examine the safety and efficacy of 

the addition of pertuzumab to T-DM1 ± taxane in patients 

with HER2-positive, locally advanced breast cancer (LABC) 

or MBC.13–15

The aim of this review was to systematically evaluate 

the safety and efficacy of the addition of pertuzumab to 

T-DM1 ± taxane in patients with HER2-positive LABC or 

MBC through performing a meta-analysis.

Materials and methods
Search strategy
We followed the guidelines for performing meta-analyses 

in our study.16 We searched PubMed, EMBASE, Cochrane 

Library, China National Knowledge Infrastructure (CNKI) 

and ClinicalTrials.gov (http://www.ClinicalTrials.gov) 

for relevant clinical trials (up to March 23, 2017). The 

following terms were used: “ado-trastuzumab emtansine,” 

“pertuzumab” and “breast neoplasms.” Reference lists of 

relevant articles were also screened for additional studies. 

No language restriction was used.

Study selection
Two reviewers (JZ and CZ) independently performed the 

study selection process, with any disagreements being dis-

cussed. The inclusion criteria included the following: 1) the 

studies were clinical trials in any phase; 2) the studies evalu-

ated the safety and efficacy of the addition of pertuzumab 

to T-DM1 ± taxane in patients with HER2-positive LABC 

or MBC; 3) the relevant data of adverse events (AEs) and 

treatment efficacy were available. Unrelated articles, retro-

spective studies, reviews, case reports, letters and studies 

without necessary data were excluded.

Data extraction
Two experienced researchers (JZ and CZ) independently 

extracted relevant data from the included studies, and 

discrepancies were resolved by consensus. The primary 

data included the characteristics of AEs, objective response 

rate (ORR), clinical benefit rate (CBR), complete response 

(CR) rate, partial response (PR) rate, stable disease (SD) rate, 

progressive disease (PD) rate and median PFS. The study 

and patient characteristics included first author, publication 

year, country, median age of patients, gender, study phase 

and treatment regimen.

Statistical analysis
The rates of AEs (both all-grade AEs and grade $3 AEs) 

and 95% CI were calculated from both single-arm studies 

and controlled trials. For controlled trials, the relative risks 

(RRs) of AEs (both all-grade AEs and grade $3 AEs) and 

treatment efficacy (ORR and CBR) were compared between 

the treatment arm and control arm. Significance was deter-

mined at P,0.05. Statistical heterogeneity was defined as 

I2.50% and P#0.1. Random-effects models were used if 

the heterogeneity existed. All the abovementioned analyses 

were performed by Comprehensive Meta-Analysis (CMA) 

program 2 (Biostat, Englewood, NJ, USA). The risks of bias 

of the included studies were also measured using RevMan, 

version 5.2.20 The items included random sequence genera-

tion (selection bias), allocation concealment (selection bias), 

blinding of participants and personnel (performance bias), 

blinding of outcome assessment (detection bias), incomplete 

outcome data (attrition bias), selective reporting (reporting 

bias) and other biases. The risks of bias were rated as low/

unclear/high.

Results
Literature search
The initial search yielded 734 studies. After removing dupli-

cates, 627 studies were screened for eligibility. According 

to the inclusion and exclusion criteria, 604 studies were 

excluded. The remaining 23 studies were assessed in full 

text. A total of 17 studies were further excluded, and six 

studies12–15,17,18 were finally included in our meta-analysis. 

The selection process is shown in Figure 1.

Study characteristics
These studies were published from 2013 to 2017. 

A total of 996 patients were included, and all of them 

were female except for one male. The studies were all 

multicenter clinical trials, including two randomized 

controlled trials (RCTs; Phase Ib/IIa and Phase III), two 

nonrandomized trials (Phase II and Phase Ib/IIa) and two 

single-arm studies (Phase IIa and Phase Ib/II). Among the 
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studies, the dose of T-DM1 was 3.6 mg/kg q3w, except 

for four patients (3.0 mg/kg q3w) in the study by Phil-

lips et al.12 The doses of pertuzumab in the six studies 

were all 840 mg loading dose followed by 420 mg q3w. 

The treatment regimens and other details are summarized 

in Table 1.

Safety analysis of the addition of 
pertuzumab to T-DM1 ± taxane
To investigate the rates of all-grade and grade $3 AEs, 

the data in the single-arm studies and controlled tri-

als were pooled (Figures 2 and 3). Among all-grade 

AEs, the highest rate was found for fatigue (55.9%, 

95% CI 32.6%–76.8%, random-effects model). Diar-

rhea (37.8%, 95% CI 21.5%–57.4%), nausea (37.8%, 

95% CI 22.7%–55.7%), epistaxis (36.2%, 95% CI 

21.4%–54.3%) and peripheral neuropathy (30.2%, 95% 

CI 13.6%–54.4%) were also common all-grade AEs in 

random-effects models. In fixed-effects models, common 

all-grade AEs included increased aspartate transaminase 

(AST; 23.7%, 95% CI 16.2%–33.4%), increased alanine 

transaminase (ALT; 22.6%, 95% CI 15.2%–32.2%) and 

thrombocytopenia (21.7%, 95% CI 15.4%–29.8%). As 

to grade $3 AEs, thrombocytopenia (14.5%, 95% CI 

10.9%–19.0%) was the most frequent (fixed-effects 

model). Other common grade $3 AEs in fixed-effects 

models included fatigue (12.8%, 95% CI 7.8%–20.3%), 

increased ALT (11.4%, 95% CI 8.1%–15.8%) and ane-

mia (10.9%, 95% CI 7.7%–15.3%). Neutropenia (13.4%, 

95% CI 5.2%–30.6%) and peripheral neuropathy (10.4%, 

95% CI 1.0%–56.3%) were common grade $3 AEs in 

random-effects models.

For controlled trials, the RRs of all-grade and grade $3 

AEs between the treatment arm and control arm were cal-

culated (Figures 4 and 5). Among all-grade AEs, increased 

risks of diarrhea (RR =1.885, 95% CI 1.566–2.268), 

rash (RR =1.477, 95% CI 1.136–1.921) and vomiting 

(RR =1.291, 95% CI 1.030–1.616) were found in the treat-

ment arm (fixed-effects model). The treatment arm was asso-

ciated with a decreased risk of all-grade thrombocytopenia 

Figure 1 Flow diagram of the literature search and selection process.
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(RR =0.563, 95% CI 0.329–0.964, fixed-effects model). 

The RRs of the five all-grade AEs in random-effects 

models were all not statistically significant. The seven 

grade $3 AEs were all pooled in fixed-effects models. 

The treatment arm was associated with an increased risk of 

grade $3 diarrhea (RR =7.047, 95% CI 1.583–31.382) and 

a decreased risk of grade $3 increased AST (RR =0.507, 

95% CI 0.279–0.923).

Table 1 Basic characteristics of the included studies

Study Year Median age 
(years)

N (F/M) Design Phase Treatment arm Control arm Indications

Gupta 
et al17

2013 52 51 (51/0) Multicenter, 
nonrandomized

Phase ii T-DM1 + pertuzumab 
(n=20)

T-DM1 (n=51) HeR2-positive 
LABC or MBC

Krop 
et al13

2016 52.5 44 (43/1) Multicenter, 
RCT

Phase Ib/IIa T-DM1 + pertuzumab + 
paclitaxel (n=22)

T-DM1 + 
paclitaxel (n=22)

HeR2-positive 
LABC or MBC

Martin 
et al14

2016 Control: 47
Treatment: 52

98 (98/0) Multicenter, 
nonrandomized

Phase Ib/IIa T-DM1 + pertuzumab + 
docetaxel (n=33)

T-DM1 + 
docetaxel (n=65)

HeR2-positive 
LABC or MBC

Perez 
et al15

2017 52 730 (730/0) Multicenter, 
RCT

Phase iii T-DM1 + pertuzumab 
(n=363)

T-DM1 (n=367) HeR2-positive 
LABC or MBC

Miller 
et al18

2014 54 64 (64/0) Multicenter, 
single-arm

Phase iia T-DM1 + pertuzumab 
(n=64)

– HeR2-positive 
LABC or MBC

Phillips 
et al12

2014 55 9 (9/0) Multicenter, 
single-arm

Phase Ib/II T-DM1 + pertuzumab 
(n=9)

– HeR2-positive 
LABC or MBC

Abbreviations: F, female; HER2, human epidermal growth factor receptor 2; LABC, locally advanced breast cancer; M, male; MBC, metastatic breast cancer; RCT, randomized 
controlled trial; T-DM1, trastuzumab emtansine.

A Group by Statistics for each study Event rate and 95% CI

–1.00 –0.50 0.00 0.50 1.00

all-grade AEs

ALT increased

AST increased

Thrombocytopenia

Event
rate

0.226

0.237

0.217

Lower
limit

0.152

0.162

0.154

Upper
limit

0.322

0.334

0.298

Z-value

–4.958

–4.780

–5.923

P-value

0.000

0.000

0.000

B Group by
all-grade AEs

Event rate and 95% CIStatistics for each study

–1.00 –0.50 0.00 0.50 1.00

Alopecia
Anemia
Anorexia
Arthralgia
Chills
Constipation
Cough
Diarrhea
Dry mouth
Dysgeusia
Dyspnea
Epistaxis
Fatigue
Headache

Myalgia
Nausea
Neutropenia

Pyrexia
Rash
Vomiting
Overall

Peripheral neuropathy

Mucosal inflammation

Event
rate
0.272
0.208
0.226
0.172
0.178
0.193
0.132
0.378
0.125
0.234
0.206
0.362
0.559
0.203
0.212
0.256
0.378
0.166
0.302
0.234
0.251
0.221
0.249

Lower
limit
0.075
0.110
0.118
0.099
0.056
0.097
0.048
0.215
0.009
0.065
0.088
0.214
0.326
0.081
0.076
0.154
0.227
0.072
0.136
0.117
0.173
0.124
0.217

Upper
limit
0.632
0.357
0.391
0.282
0.438
0.348
0.313
0.574
0.691
0.575
0.411
0.543
0.768
0.425
0.469
0.393
0.557
0.339
0.544
0.414
0.349
0.364
0.284

Z-value

–1.265
–3.492
–3.069
–4.815
–2.342
–3.492
–3.356
–1.225
–1.386
–1.562
–2.677
–1.500

–2.515
–2.167
–3.306
–1.340
–3.350
–1.616
–2.779
–4.561
–3.519
–12.118

0.480

P-value

0.206
0.000

0.000
0.019

0.002

0.000
0.001
0.221
0.166
0.118
0.007
0.134
0.631
0.012
0.030
0.001
0.180
0.001
0.106
0.005
0.000
0.000
0.000

Figure 2 Forest plots of the rates of all-grade Aes of T-DM1 + pertuzumab ± taxane, fixed-effects model (A) and random-effects model (B).
Abbreviations: AEs, adverse events; ALT, alanine transaminase; AST, aspartate transaminase; T-DM1, trastuzumab emtansine.
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Efficacy analysis of the addition of 
pertuzumab to T-DM1 ± taxane
The outcomes of the patients in each study are summarized 

in Table 2. As to the controlled trials, the RRs of the ORR 

and CBR between the treatment arm and control arm were 

pooled (Figure 6). The results showed that the RRs of the 

ORR (1.068, 95% CI 0.945–1.207, fixed-effects model) and 

the CBR (1.038, 95% CI 0.974–1.106, fixed-effects model) 

were not statistically significant.

Risk of bias
The risk of bias graph and risk of bias summary of the four 

controlled trials are outlined in Figure 7. The overall risk of 

bias was evaluated as low risk.

Discussion
To the best of our knowledge, this is the first meta-analysis that 

assesses the safety and efficacy of the addition of pertuzumab 

to T-DM1 ± taxane in patients with HER2-positive LABC 

or MBC. Our results showed that major AEs of T-DM1 + 

pertuzumab ± taxane included fatigue, diarrhea, nausea, 

epistaxis, peripheral neuropathy, increased AST, increased 

ALT and thrombocytopenia. Major grade $3 AEs of 

T-DM1 + pertuzumab ± taxane included thrombocytopenia, 

neutropenia, fatigue, increased ALT, anemia and peripheral 

neuropathy. The addition of pertuzumab to T-DM1 ± taxane 

led to higher risks of diarrhea (especially grade $3), rash 

and vomiting, and decreased risks of thrombocytopenia and 

grade $3 increased AST. As to efficacy, the addition of 

pertuzumab to T-DM1 ± taxane showed noninferior, but not 

superior, ORR and CBR.

In our safety analysis, fatigue was the most common AE 

(55.9%). However, among the included studies, the incidence 

of fatigue varied from 20% to 86%,12–14,17,18 with high inci-

dences in the studies by Krop et al13 (86%), Phillips et al12 

(78%) and Martin et al14 (61%). The possible explanation 

may be that the studies by Krop et al and Martin et al used 

paclitaxel or docetaxel in addition to T-DM1 plus pertuzumab 

respectively, and taxane use could cause neurotoxicity.19 

In addition, the sample number in the study by Phillips et al 

is very small (nine patients). Besides, the event rate of periph-

eral neuropathy in the study by Krop et al (91%) was much 

higher than that in other studies, which may be also attributed 

to the addition of paclitaxel. Of note, our results showed that 

Figure 3 Forest plots of the rates of grade $3 Aes of T-DM1 + pertuzumab ± taxane, fixed-effects model (A) and random-effects model (B).
Abbreviations: AEs, adverse events; ALT, alanine transaminase; AST, aspartate transaminase; T-DM1, trastuzumab emtansine.
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Figure 4 Forest plots of the RRs of all-grade AEs comparing the treatment group and control group (without pertuzumab) in controlled trials, fixed-effects model (A) and 
random-effects model (B).
Abbreviations: Aes, adverse events; ALT, alanine transaminase; AST, aspartate transaminase; RRs, relative risks.
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Figure 5 Forest plots of the RRs of grade $3 AEs comparing the treatment group and control group (without pertuzumab) in controlled trials (fixed-effects model).
Abbreviations: Aes, adverse events; ALT, alanine transaminase; AST, aspartate transaminase; RRs, relative risks.

hematologic disorders, such as thrombocytopenia, anemia 

and neutropenia, were common grade $3 AEs in patients 

treated with T-DM1 + pertuzumab ± taxane, making it more 

important to monitor blood tests during therapy. After pool-

ing the data in the controlled trials, we found that the addition 

of pertuzumab to T-DM1 ± taxane resulted in higher risks of 

diarrhea, rash and vomiting, which was consistent with the 

results in Phase IIa of the study by Krop et al.13 Martin et al14 

also found higher severe/serious AE rates for the combina-

tion regimens and considered it as a result of overlapping 

toxicities. Despite the overlapping toxicities, interestingly, 

we found decreased risks of thrombocytopenia and grade $3 

increased AST in patients treated with the addition of pertu-

zumab. However, more studies are needed to clarify the event 

rate of AEs with the addition of pertuzumab to T-DM1 ± 

taxane, due to the limited study size, small sample number 

and difference in the use of taxane.

With regard to the efficacy analysis, our pooled results 

showed that the addition of pertuzumab to T-DM1 ± taxane 

showed noninferior, but not superior, ORR and CBR than did 

Table 2 The outcomes of the patients in the included studies

Controlled trials

Study Treatment arm Control arm (without pertuzumab)

ORR CBR Median PFS 
(95% CI) (months)

ORR CBR Median PFS 
(95% CI) (months)

Gupta et al17 10.0% (2/20) NR NR 25.5% (13/51) 39.2% (20/51) 4.3 (4–6.7)
Krop et al13 52.4% (11/21) 59.1% (13/22) Ne (5.8–Ne) 47.6% (10/21) 54.5% (12/22) 7.4 (5.9–Ne)
Martin et al14,* NR NR NR 80.0% (20/25) 92.0% (23/25) 13.8 (1.6–34)
Perez et al15 64.2% (192/299) 87.6% (262/299) 15.2 (NR) 59.7% (181/303) 84.5% (256/303) 14.1 (NR)

Single-arm trials

Study CR PR SD PD Median PFS 
(95% CI) (months)

Miller et al18 3 (4.7%) 23 (35.9%) 6 (9.4%) 32 (50.0%) 6.6 (4.21–9.46)

Phillips et al12 0 (0%) 4 (44.4%) 4 (44.4%) 1 (11.1%) NR

Note: *Only the outcomes of the 25 patients with MBC.
Abbreviations: CBR, clinical benefit rate; CR, complete response; MBC, metastatic breast cancer; NE, not estimable; NR, not reported; ORR, objective response rate; 
PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.
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Figure 6 Forest plots of the RRs of ORR (A) and CBR (B) comparing the treatment group and control group (without pertuzumab) in controlled trials (fixed-effects models).
Abbreviations: CBR, clinical benefit rate; ORR, objective response rate; RRs, relative risks.

Figure 7 The risk of bias graph (A) and the risk of bias summary (B).
Notes: Risk of bias graph: review of authors’ judgments about each risk of bias item presented as percentages across all included studies. Risk of bias summary: review 
authors’ judgments about each risk of bias item for each included study.
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T-DM1 ± taxane. As mentioned earlier, the addition of per-

tuzumab to trastuzumab + docetaxel led to significant better 

survival outcomes in patients with previously untreated HER2-

positive MBC.10,11 Besides, preclinical studies have shown that 

pertuzumab could enhance the antitumor activity of T-DM1.12 

However, recent clinical studies draw no definitive conclusions 

about the effect of adding pertuzumab to T-DM1 ± taxane, and 

the researchers anticipated the results of the Phase III randomized 

trial (MARIANNE; ClinicalTrials.gov NCT01120184).12–14,17,18 

Perez et al15 published the MARIANNE results, unexpectedly 

demonstrating that the addition of pertuzumab to T-DM1 did 

not improve PFS. Thus, further studies are warranted to explain 

and validate their results.

There are several limitations in our study. First, our meta-

analysis was based on a limited number of clinical trials, and 

the sample size in most studies was small. Second, the study 

design of the included studies varied, with two RCTs, two 

nonrandomized clinical trials and two single-arm studies. 

Third, the treatment regimens were not exactly the same 

between the studies. Besides, few studies provided the PFS 

data and only the ORR and CBR were pooled. Furthermore, 

significant heterogeneity existed when analyzing some AEs. 

Thus, random-effects models were used to minimize 

heterogeneity. All of these limitations might lead to bias 

in our analysis. Therefore, caution should be applied with 

regard to our results, and many more studies are needed to 

further clarify the findings.

Conclusion
Common AEs, such as neurologic disorders, digestive dis-

orders and hematologic disorders, should be carefully moni-

tored in HER2-positive, LABC or MBC patients treated with 

T-DM1 + pertuzumab ± taxane. The addition of pertuzumab 

to T-DM1 ± taxane showed noninferior, but not superior, 

ORR and CBR. However, due to the small sample size and 

heterogeneity of the included studies, the results should be 

treated with caution, and more studies are warranted to further 

assess the safety and efficacy of the addition of pertuzumab 

to T-DM1 ± taxane.
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