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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-DM 1) + 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% CI1 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

HER?2 is overexpressed in 15%-20% of breast cancers.!? Trastuzumab, a HER2-
targeted monoclonal antibody, increases the clinical benefit of chemotherapy in patients
with HER2-positive metastatic breast cancer (MBC).® Antibody—drug conjugates
(ADCs) combine targeted antibodies with cytotoxic drugs to minimize systemic toxicity
and improve therapeutic index of chemotherapy.*® Trastuzumab emtansine (T-DM1)
is an ADC composed of trastuzumab conjugated to the microtubule polymerization
inhibitor DM1 via a stable linker.’ Like trastuzumab, T-DM1 inhibits HER2 shed-
ding, blocks HER2 signaling and activates antibody-dependent cellular cytotoxicity.°
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.”#

Pertuzumab is also a monoclonal antibody binding to
a different HER2 domain from trastuzumab and induces
antibody-dependent cell-mediated cytotoxicity as well.’
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.!*!! Previous
preclinical studies showed that pertuzumab could enhance
the antitumor activity of T-DM1.!2 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.!>-

The aim of this review was to systematically evaluate
the safety and efficacy of the addition of pertuzumab to
T-DMI1 = 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.'®* 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
PP>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.%° 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
studies'> 178 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/Ila and Phase III), two
nonrandomized trials (Phase II and Phase Ib/Ila) and two
single-arm studies (Phase I1a and Phase Ib/II). Among the
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Figure | Flow diagram of the literature search and selection process.

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.'”? 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-DM| * 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

Drug Design, Development and Therapy 2017:1 |
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Table | Basic characteristics of the included studies

Study Year Median age N (F/M) Design Phase Treatment arm Control arm Indications
(years)

Gupta 2013 52 51 (51/0) Multicenter, Phase Il T-DMI + pertuzumab T-DMI (n=51) HER?2-positive
etal” nonrandomized (n=20) LABC or MBC
Krop 2016 525 44 (43/1) Multicenter, Phase Ib/lla T-DMI + pertuzumab +  T-DMI + HER2-positive
etal' RCT paclitaxel (n=22) paclitaxel (n=22)  LABC or MBC
Martin 2016  Control: 47 98 (98/0) Multicenter, Phase Ib/lla T-DMI + pertuzumab + T-DMI + HER2-positive
etal Treatment: 52 nonrandomized docetaxel (n=33) docetaxel (n=65) LABC or MBC
Perez 2017 52 730 (730/0)  Multicenter, Phase IlI T-DMI + pertuzumab T-DMI (n=367) HER?2-positive
etal'® RCT (n=363) LABC or MBC
Miller 2014 54 64 (64/0) Multicenter, Phase lla T-DMI + pertuzumab - HER2-positive
etal'® single-arm (n=64) LABC or MBC
Phillips 2014 55 9 (9/0) Multicenter, Phase Ib/Il T-DMI + pertuzumab - HER2-positive
etal” single-arm (n=9) 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-DMI, trastuzumab emtansine.

(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

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,

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

95% CI1 0.279-0.923).

A Group by Statistics for each study Event rate and 95% CI
all-grade AEs Event Lower Upper Z-value P-value
rate limit limit
ALT increased 0.226 0.152 0.322 —4.958 0.000 .
AST increased 0.237 0.162 0.334 -4.780 0.000 ‘
Thrombocytopenia 0.217 0.154 0.298 -5.923 0.000 ’
-1.00 -0.50 0.00 0.50 1.00
B Group by Statistics for each study Event rate and 95% CI
all-grade AEs Event Lower Upper Z-value P-value
rate limit limit
Alopecia 0.272 0.075 0.632 -1.265 0.206
Anemia 0.208 0.110 0.357 -3.492 0.000 ‘-
Anorexia 0.226 0.118 0.391 -3.069 0.002 A
Arthralgia 0.172 0.099 0.282 -4.815 0.000 o
Chills 0.178 0.056 0.438 —2.342 0.019 <t
Constipation 0.193 0.097 0.348 -3.492 0.000 -
Cough 0.132 0.048 0.313 -3.356 0.001 4o
Diarrhea 0.378 0.215 0.574 -1.225 0.221
Dry mouth 0.125 0.009 0.691 -1.386 0.166
Dysgeusia 0.234 0.065 0.575 -1.562 0.118
Dyspnea 0.206 0.088 0.411 —-2.677 0.007 .
Epistaxis 0.362 0.214 0.543 -1.500 0.134
Fatigue 0.559 0.326 0.768 0.480 0.631
Headache 0.203 0.081 0.425 —2.515 0.012 i
Mucosal inflammation 0.212 0.076 0.469 -2.167 0.030 -
Myalgia 0.256 0.154 0.393 -3.306 0.001 <
Nausea 0.378 0.227 0.557 ~1.340 0.180 <l
Neutropenia 0.166 0.072 0.339 -3.350 0.001 .-
Peripheral neuropathy 0.302 0.136 0.544 -1.616 0.106 <t
Pyrexia 0.234 0.117 0.414 —2.779 0.005 -
Rash 0.251 0.173 0.349 —4.561 0.000 "
Vomiting 0.221 0.124 0.364 -3.519 0.000 .P
Overall 0.249 0.217 0.284 -12.118 0.000 .
-1.00 -0.50 0.00 0.50 1.00

Figure 2 Forest plots of the rates of all-grade AEs of T-DMI + pertuzumab + taxane, fixed-effects model (A) and random-effects model (B).
Abbreviations: AEs, adverse events; ALT, alanine transaminase; AST, aspartate transaminase; T-DMI, trastuzumab emtansine.
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A Group by Statistics for each study Event rate and 95% CI
grade 23 AEs Event Lower Upper Z-value P-value
rate limit limit
ALT increased 0.114 0.081 0.158 -10.576  0.000
Anemia 0.109 0.077 0.153 -10.622  0.000
Anorexia 0.029 0.008 0.095 -5.466 0.000
Arthralgia 0.013 0.002 0.086 —4.305 0.000
AST increased 0.073 0.047 0.110 -10.943  0.000
Constipation 0.013 0.002 0.086 —4.305 0.000
Cough 0.013 0.002 0.086 —4.305 0.000
Diarrhea 0.049 0.029 0.082 -10.436  0.000
Dyspnea 0.055 0.022 0.132 -5.837 0.000
Epistaxis 0.013 0.002 0.086 —4.305 0.000
Fatigue 0.128 0.078 0.203 —6.844 0.000
Mucosal inflammation ~ 0.025 0.005 0.115 —-4.415 0.000
Nausea 0.035 0.011 0.104 -5.621 0.000
Pleural effusion 0.058 0.022 0.144 -5.404 0.000
Pneumonia 0.058 0.022 0.144 -5.404 0.000
Rash 0.017 0.004 0.082 —4.894 0.000
Thrombocytopenia 0.145 0.109 0.190 -10.788  0.000
Overall 0.090 0.078 0.104 —28.875 0.000
-1.00 -0.50 0.50 1.00
B Group by Statistics for each study Event rate and 95% CI
grade 23 AEs Event Lower Upper Z-value P-value
rate limit limit
Febrile neutropenia 0.017 0.001 0.258 —2.654 0.008
Neutropenia 0134 0052 0306 3496  0.000 o
Peripheral neuropathy ~ 0.104 0.010 0.563 —1.754 0.079
Overall 0.108 0.046 0.232 —4.530 0.000 .
-1.00 -0.50 0.00 0.50 1.00

Figure 3 Forest plots of the rates of grade =3 AEs of T-DMI + pertuzumab * taxane, fixed-effects model (A) and random-effects model (B).
Abbreviations: AEs, adverse events; ALT, alanine transaminase; AST, aspartate transaminase; T-DM|I, trastuzumab emtansine.

Efficacy analysis of the addition of

pertuzumab to T-DM| * 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% CI1 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-DMI + 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-DM 1 = 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%,'>'*!7!# with high inci-
dences in the studies by Krop et al'* (86%), Phillips et al'?
(78%) and Martin et al'* (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."
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

Drug Design, Development and Therapy 2017:1 |
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A

Group by Study name All-grade AEs Statistics for each study Risk ratio and 95% CI
subgroup Risk Lower Upper Z-value P-value
within study ratio limit limit
Arthralgia Krop et al (2016)" Arthralgia 0.778 0.352 1.716 -0.622 0.534
Arthralgia Martin et al (2016)™ Arthralgia 0.295 0.095 0.923 —2.098 0.036 —
Arthralgia Perez et al (2017)'® Arthralgia 0.853 0.640 1.136 -1.087 0.277
Arthralgia 0.798 0.614 1.038 —1.684 0.092
Constipation Krop et al (2016)™ Constipation 0.800 0.247 2.589 -0.372 0.710
Constipation Martin et al (2016)™ Constipation 0.802 0.457 1.408 -0.767 0.443
Constipation 0.802 0.483 1.332 -0.853 0.394
Diarrhea Krop et al (2016)™ Diarrhea 2.750 1.032 7.327 2.023 0.043
Diarrhea Martin et al (2016)™ Diarrhea 1.612 1.016 2.555 2.029 0.042 f———
Diarrhea Perez et al (2017)"* Diarrhea 1.913 1.556 2.351 6.155 0.000 =
Diarrhea 1.885 1.566 2.268 6.713 0.000 L 2
Epistaxis Krop et al (2016)™ Epistaxis 2.200 0.916 5.286 1.763 0.078 —
Epistaxis Martin et al (2016)™ Epistaxis 1.069 0.739 1.547 0.355 0.722 =
Epistaxis Perez et al (2017)'° Epistaxis 1.121 0.911 1.380 1.081 0.280
Epistaxis 1.140 0.955 1.361 1.450 0.147
Headache Martin et al (2016)™ Headache 1.083 0.592 1.983 0.259 0.795
Headache Perez et al (2017)"® Headache 1.006 0.815 1.242 0.055 0.956
Headache 1.014 0.831 1.237 0.138 0.891
Mucosal inflammation Krop et al (2016)™ Mucosal inflammation 2.500 0.542 11.541 1.174 0.240 o
Mucosal inflammation Martin et al (2016)™ Mucosal inflammation 1.019 0.642 1.616 0.079 0.937
Mucosal inflammation 1.098 0.706 1.708 0.415 0.678
Myalgia Krop et al (2016)' Myalgia 1.200 0.429 3.359 0.347 0.728
Myalgia Martin et al (2016)™ Myalgia 0.584 0.299 1.139 -1.579 0.114
Myalgia Perez et al (2017)" Myalgia 0.958 0.698 1.316 -0.265 0.791
Myalgia 0.895 0.679 1.179 -0.789 0.430
Nausea Krop et al (2016)" Nausea 1.000 0.523 1.910 0.000 1.000
Nausea Martin et al (2016)™ Nausea 1.126 0.718 1.764 0.516 0.606
Nausea Perez et al (2017)'® Nausea 1111 0.960 1.286 1.414 0.157
Nausea Gupta et al (2013)"" Nausea 0.037 0.002 0.576 —2.354 0.019
Nausea 1.098 0.959 1.258 1.353 0.176
Neutropenia Krop et al (2016)" Neutropenia 0.500 0.176 1.421 -1.300 0.193
Neutropenia Martin et al (2016)™ Neutropenia 0.826 0.504 1.354 -0.759 0.448
Neutropenia Perez et al (2017)'® Neutropenia 0.772 0.498 1.197 -1.157 0.247
Neutropenia 0.763 0.558 1.043 —-1.696 0.090
Peripheral neuropathy Krop et al (2016)™ Peripheral neuropathy 1.000 0.830 1.205 0.000 1.000
Peripheral neuropathy Martin et al (2016)™ Peripheral neuropathy 0.616 0.247 1.533 —1.042 0.297 ——
Peripheral neuropathy Perez et al (2017)"® Peripheral neuropathy 1.339 0.950 1.887 1.668 0.095 0=
Peripheral neuropathy 1.051 0.894 1.235 0.601 0.548 b
Pyrexia Martin et al (2016)™ Pyrexia 1.354 0.712 2.577 0.924 0.356 —_——
Pyrexia Perez et al (2017)"® Pyrexia 1.167 0.934 1.458 1.359 0.174 E
Pyrexia 1.186 0.961 1.463 1.586 0.113
Rash Krop et al (2016)" Rash 3.000 0.935 9.621 1.848 0.065
Rash Martin et al (2016)™ Rash 1.970 0.956 4.059 1.837 0.066 (——
Rash Perez et al (2017)"® Rash 1.350 1.010 1.805 2.026 0.043 5=
Rash 1.477 1.136 1.921 2915 0.004 ‘
Thrombocytopenia Krop et al (2016)™ Thrombocytopenia 0.625 0.242 1.613 -0.971 0.331 —_—
Thrombocytopenia Martin et al (2016)™ Thrombocytopenia 0.606 0.309 1.187 —1.459 0.145 it
Thrombocytopenia Gupta et al (2013)"" Thrombocytopenia 0.067 0.004 1.060 -1.918 0.055
Thrombocytopenia 0.563 0.329 0.964 -2.092 0.036 -
Vomiting Martin et al (2016)™ Vomiting 1.083 0.592 1.983 0.259 0.795 ——
Vomiting Perez et al (2017)'® Vomiting 1.395 1.086 1.792 2.602 0.009 E 3
Vomiting Gupta et al (2013)” Vomiting 0.638 0.243 1.675 -0.913 0.361 ————
Vomiting 1.291 1.030 1.616 2.222 0.026 &

0.01 0.1 1 10 100

Favors treatment Favors control

B

Group by Study name All-grade AEs Statistics for each study Risk ratio and 95% CI
subgroup Risk Lower Upper Z-value P-value
within study ratio limit limit
Alopecia Krop et al (2016)" Alopecia 1.833 0.824 4.081 1.485 0.138
Alopecia Martin et al (2016)™ Alopecia 0.739 0.442 1.236 -1.154 0.248
Alopecia Perez et al (2017)"® Alopecia 1.360 0.821 2.253 1.193 0.233
Alopecia 1.163 0.696 1.944 0.578 0.563
Anemia Krop et al (2016)" Anemia 1.250 0.386 4.046 0.372 0.710
Anemia Gupta et al (2013)"" Anemia 32.190 1.897 546.274 2.403 0.016
Anemia 4.862 0.210 112.392 0.987 0.324
Dry mouth Martin et al (2016)™ Dry mouth 0.938 0.502 1.754 -0.201 0.841
Dry mouth Gupta et al (2013)"" Dry mouth 0.049 0.003 0.761 —2.154 0.031
Dry mouth 0.293 0.017 4.984 -0.849 0.396
Dyspnea Krop et al (2016)™ Dyspnea 2.333 0.691 7.876 1.365 0.172
Dyspnea Martin et al (2016)™ Dyspnea 0.152 0.021 1.109 —1.858 0.063
Dyspnea 0.669 0.046 9.659 -0.295 0.768
Fatigue Krop et al (2016)" Fatigue 1.188 0.875 1.611 1.104 0.270
Fatigue Martin et al (2016)™ Fatigue 0.916 0.662 1.269 -0.528 0.598
Fatigue Gupta et al (2013)"" Fatigue 0.309 0.126 0.760 —2.558 0.011
Fatigue 0.831 0.506 1.367 -0.728 0.466
0.01 0.1 1 10 100
Favors treatment Favors control

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.

324(Q  submit your manuscript Drug Design, Development and Therapy 2017:1 |

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Safety and efficacy of pertuzumab plus T-DM| * taxane in breast cancer

Group by Study name Grade 23 AEs Statistics for each study Risk ratio and 95% CI
subgroup Risk Lower Upper Z-value P-value

within study ratio limit limit

ALT increased Martin et al (2016)™ ALT increased 1.407 0.483 4.095 0.626 0.531

ALT increased Perez et al (2017)'® ALT increased 1.152 0.614 2.162 0.442 0.659

ALT increased 1.213 0.705 2.087 0.698 0.485

Anemia Martin et al (2016)™ Anemia 0.657 0.071 6.070 -0.371 0.711 -

Anemia Perez et al (2017)"° Anemia 1.256 0.692 2278 0.750 0.453

Anemia Gupta et al (2013)” Anemia 17.333 0.935 321.232 1.915 0.055

Anemia Krop et al (2016)"™ Anemia 0.500 0.049 5.121 -0.584 0.559 —#
Anemia 1.258 0.727 2177 0.821 0.411

AST increased Martin et al (2016)™ AST increased 0.492 0.057 4.231 -0.646 0.519

AST increased Perez et al (2017)'® AST increased 0.445 0.225 0.878 -2.333 0.020 ——

AST increased Gupta et al (2013)"" AST increased 1.020 0.215 4.835 0.025 0.980 ———
AST increased 0.507 0.279 0.923 -2.223 0.026 il

Diarrhea Martin et al (2016)™ Diarrhea 9.706 0.479 196.522 1.481 0.139

Diarrhea Perez et al (2017)'® Diarrhea 8.734 1.119 68.168 2.067 0.039 _1_
Diarrhea Krop et al (2016)" Diarrhea 3.000 0.129 69.868 0.684 0.494

Diarrhea 7.047 1.583 31.382 2.562 0.010 -&-
Fatigue Martin et al (2016)" Fatigue 0.438 0.100 1.911 -1.099 0.272 i

Fatigue Krop et al (2016)" Fatigue 1.000 0.226 4.425 0.000 1.000

Fatigue 0.659 0.231 1.878 -0.780 0.435 r
Neutropenia Martin et al (2016)™ Neutropenia 0.774 0.443 1.351 —0.901 0.367 ——
Neutropenia Perez et al (2017)'° Neutropenia 0.607 0.284 1.297 -1.289 0.197 —_—
Neutropenia Krop et al (2016)" Neutropenia 0.571 0.195 1.678 -1.018 0.308 —
Neutropenia 0.688 0.454 1.042 -1.767 0.077 <>
Thrombocytopenia Martin et al (2016)™ Thrombocytopenia 0.492 0.149 1.625 -1.163 0.245 —_—
Thrombocytopenia Perez et al (2017)"® Thrombocytopenia 1.224 0.740 2.024 0.786 0.432 -
Thrombocytopenia Gupta et al (2013)"" Thrombocytopenia 0.275 0.015 4.889 -0.879 0.379

Thrombocytopenia Krop et al (2016)" Thrombocytopenia 0.400 0.087 1.847 -1.174 0.240

Thrombocytopenia 0.953 0.615 1.478 -0.213 0.831 -

0.01 0.1

Favors treatment

10
Favors control

100

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 Ila of the study by Krop et al.'* Martin et al'
also found higher severe/serious AE rates for the combina-
tion regimens and considered it as a result of overlapping

Table 2 The outcomes of the patients in the included studies

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

Controlled trials

Study Treatment arm Control arm (without pertuzumab)
ORR CBR Median PFS ORR CBR Median PFS
(95% CI) (months) (95% CI) (months)
Gupta et al'’ 10.0% (2/20) NR NR 25.5% (13/51) 39.2% (20/51) 4.3 (4-6.7)
Krop et al' 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 al'* NR NR NR 80.0% (20/25) 92.0% (23/25) 13.8 (1.6-34)
Perez et al'® 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 al'® 3 (4.7%) 23 (35.9%) 6 (9.4%) 32 (50.0%) 6.6 (4.21-9.46)
Phillips et al'2 0 (0%) 4 (44.4%) 4 (44.4%) I (I'1.1%) 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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A Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper Z-value P-value
ratio limit limit
Gupta et al (2013)"7 0.392 0.097 1.585 -1.314 0.189
Krop et al (2016)" 1.100 0.600 2.017 0.308 0.758 ——
Perez et al (2017)"® 1.075 0.948 1.218 1.131 0.258
1.068 0.945 1.207 1.050 0.294

0.01 0.1 1 10 100
Favors treatment  Favors control
B Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper Z-value P-value
ratio limit limit
Krop et al (2016)"® 1.083 0.647 1.815 0.304 0.761
Perez et al (2017)"° 1.037 0.972 1.106 1.110 0.267
1.038 0.974 1.106 1.139 0.255
0.01 0.1 1 10 100

Favors treatment  Favors control

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.
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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.!®!! Besides, preclinical studies have shown that
pertuzumab could enhance the antitumor activity of T-DM1.'?
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 I1I randomized
trial (MARIANNE; Clinical Trials.cov NCT01120184).!2 141718
Perez et al'® 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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