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Pertuzumab combined with
trastuzumab compared to
trastuzumab in the treatment
of HER2-positive breast cancer:
A systematic review and
meta-analysis of randomized
controlled trials

Xiaoyun Liu, Yingying Fang, Yinjuan Li, Yan Li, Lu Qi
and Xinghe Wang*

Department of Phase I Clinical Trail Center, Beijing Shijitan Hospital, Capital Medical University,
Beijing, China
Objective: Although dual anti-HER2 therapy, namely, pertuzumab plus

trastuzumab, has shown promising results in patients with HER2-positive

breast cancer (BC), it is still unclear whether dual therapy will increase

adverse effects (AEs) while ensuring the efficacy compared with trastuzumab

monotherapy. We conducted a systematic review and meta-analysis to

compare the efficacy and safety of combined therapy with monotherapy.

Methods: A systematic search was performed to identify eligible randomized

controlled trials (RCTs) that evaluated the administration of dual anti-HER2

therapy [pertuzumab plus trastuzumab or trastuzumab emtansine (T-DM1)]

versus monotherapy (trastuzumab or T-DM1). The primary endpoints were

overall survival (OS) and progression-free survival (PFS).

Results: Fourteen RCTs (8,378 patients) were identified. Compared to

monotherapy, dual therapy significantly improved the OS (HR = 0.77, 95% CI:

0.59–0.99) and PFS (HR = 0.74, 95% CI: 0.63–0.86) in advanced BC. In

neoadjuvant therapy, dual blockade has a higher ORR rate than

monotherapy. Grade 3 or higher febrile neutropenia, diarrhea, and anemia as

well as heart failure were more frequently reported in dual therapy compared

to monotherapy. No significant difference in serious AEs was observed

between the two groups. In the subgroup analysis, compared to single-

target therapy, dual-target therapy has higher OS and PFS rates in Asian

patients with advanced therapy; however, total grade ≥3 AEs and serious AEs

were significantly higher in the dual group in Asian patients.
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fonc.2022.894861/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.894861/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.894861/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.894861/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.894861/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.894861/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.894861/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.894861&domain=pdf&date_stamp=2022-09-28
mailto:wangxh@bjsjth.cn
https://doi.org/10.3389/fonc.2022.894861
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.894861
https://www.frontiersin.org/journals/oncology


Liu et al. 10.3389/fonc.2022.894861

Frontiers in Oncology
Conclusions: Our study confirms that the combination of pertuzumab and

trastuzumab therapy could substantially improve the outcome of patients with

HER2-positive breast cancer and was well tolerated compared to trastuzumab

monotherapy.
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Introduction

In 2020, breast cancer was the fourth leading cause of

cancer-related deaths among women in China and ranked first

in the incidence of female cancer (1). Approximately 20% of

breast cancers strongly overexpressed human epidermal growth

factor receptor 2 (HER2), which has historically been associated

with a poor prognosis, an aggressive phenotype, and a shorter

overall survival (OS) (2). Trastuzumab, a recombinant

humanized monoclonal antibody targeting HER2, combined

with chemotherapy increased response rates and time to

progression. However, the majority of cancers that initially

respond to trastuzumab begin to progress again within 1 year

(3). Moreover, the cardiotoxicity rate in the trastuzumab arm

(4.0%) was higher than in the non-trastuzumab arm (1.3%) (4).

Pertuzumab, another monoclonal HER2 antibody, binds to a

different region of trastuzumab and blocks the dimerization of

HER2 with other HER family members such as HER3. Previous

studies proved that the combination of trastuzumab and

pertuzumab demonstrated a strongly enhanced antitumor

effect combined as compared with either agent alone in

preclinical studies (5). Pertuzumab was approved by the FDA

for use in combination with trastuzumab and chemotherapy for

the advanced, neoadjuvant, and adjuvant treatment of patients

with HER2-positive breast cancer (6, 7). Although they generally

are well tolerated, HER2-targeted therapies are associated with

cardiotoxicity such as an asymptomatic decrease in the left

ventricular ejection fraction (LVEF) (8).

Therefore, it is still unclear whether the combination of

pertuzumab and trastuzumab does not increase the incidence of

adverse effects (AEs) while enhancing the antitumor effect,

compared with trastuzumab single-agent therapy. We conducted

an up-to-date systematic review and meta-analysis of randomized

controlled trials (RCTs) on pertuzumab plus trastuzumab (or ado-

trastuzumab emtansine, T-DM1) dual anti-HER2 therapy

compared with trastuzumab or T-DM1 monotherapy in patients

with HER2-positive breast cancer. Due to the effect of conjugated

trastuzumab, i.e., T-DM1, which is expected to be greater than the

original trastuzumab, we divided pertuzumab plus trastuzumab or

T-DM1 into two groups.
02
Material and methods

Study design, patients, comparison,
and outcome

We quantitatively summarized data on the efficacy and

safety of pertuzumab from RCTs. Patients were diagnosed

with HER2-positive breast cancer. The primary endpoints

were progression-free survival (PFS) and OS. The secondary

endpoints included pathologic complete response (pCR), partial

response (PR), complete response (CR), and objective response

rate (ORR). The safety endpoints were adverse events (AEs)

including cardiotoxicities, serious AEs, any-grade AEs, and so

on. The risk estimates were pooled by comparing the

pertuzumab plus trastuzumab (or pertuzumab plus T-DM1)

group with or without chemotherapy versus the trastuzumab (or

T-DM1) monotherapy group with or without chemotherapy.
Search strategy and selection criteria

This systematic review adhered to the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA)

statement (9). Relevant articles were identified by searching

PubMed, Medline, Embase, Cochrane Library, Web of

Science, ClinicalTrials.gov, CNKI, and Wanfang (the last

two were Chinese literature databases) without year and

language restrictions, by using the following keywords:

pertuzumab or Perjeta or Rhumba 2C4; breast or

mammary; randomized or randomised or randomly. The

last search was updated on 17 February 2022. To identify

additional articles, the reference lists of identified studies and

relevant reviews were reviewed. When more than one

publication was identified from the same clinical trial, we

used the most recent or complete report of that trial.

We used the following selection criteria: 1) original

articles reporting RCTs; 2) patients that had HER2-positive

breast cancer; 3) studies that had at least two groups included:

a dual anti-HER2 therapy group which is pertuzumab plus

trastuzumab or T-DM1 with or without chemotherapy and a
frontiersin.org

https://doi.org/10.3389/fonc.2022.894861
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liu et al. 10.3389/fonc.2022.894861
monotherapy group which is trastuzumab or T-DM1 with or

without chemotherapy; 4) studies that reported at least one of

the above efficacy or safety indicators; and 5) studies

published in English. Studies not matching the selection

criteria were excluded. Other exclusion criteria included the

following: 1) repeated publications or incomplete data,

2) conference abstracts and unpublished results, and 3)

phase I clinical trials.
Data extraction and quality assessment

The following information was extracted from each

included study: the first author’s name, publication year,

trial names, country of origin, study design, demographics

of participants, diagnosis and grading of diseases, number of

patients in each group, interventions (including type, dose,

and duration of anti-HER2 therapy; type of chemotherapy),

f o l l ow-up t ime , ou t comes , and o the r impor t an t

characteristics of the study population. Data extraction was

conducted independently by two investigators, and any

disagreement was resolved by consensus. Risk of bias

assessment was carried out using the Cochrane risk of bias

tool (10). Risk of bias was rated as high/low/unclear. The

quality assessment was measured using RevMan Version 5.4

(The Cochrane Collaboration, the UK).
Frontiers in Oncology 03
Statistical analysis

The pooled hazard ratio (HR) and 95% confidence

interval (CI) on primary endpoints (PFS and OS) were used

as the effect size of survival data. The pooled relative risk ratio

(RR) and 95% CI were used to calculate the effect size of

dichotomous data. Statistical heterogeneity was assessed

using the I2 and Q-statistic. In cases of no heterogeneity

between results (I2 < 50%; p > 0.1), a fixed-effect model based

on Mantel–Haenszel was used; otherwise, the random-effect

model was used to estimate t2 using DerSimonian and Laird

(11, 12). A sensitivity analysis was used to assess the influence

of each study on the overall results by omitting one study at a

time. Potential publication bias was assessed by Begg’s test

and Egger’s test. A two-sided p-value <0.05 was considered

statistically significant. All statistical analyses were performed

with Stata 12.0 (StataCorp, America).
Results

Search results and trial characteristics

The study selection process is summarized in Figure 1. A

total of 3,165 potentially relevant records were retrieved.

After removing 608 duplicates, 2,557 remained for
FIGURE 1

Flowchart diagram of the study selection. *CNKI and Wanfang were two Chinese literature databases. #Not-relevant, including non-breast
cancer (n = 6); both the trial group and the control group used pertuzumab (n = 106); the control group did not use trastuzumab (n = 2); phase
I clinical trial (n = 2) and without efficacy or safety indicators (n = 1).
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evaluation. After screening titles and abstracts, 1,925 records

were excluded, including non-original research, non-relevant

studies, and so on. After screening the full text, 610 records

were further excluded due to the following reasons: the

patients included had no breast cancer, both experimental

and control groups used pertuzumab, the control group did

not use trastuzumab, the studies were conference abstracts,

the studies did not complete or provide results, and studies

reported the same study. Thus, a total of 22 records (13–33)

reporting 15 RCTs were included.

In terms of efficacy, six, one, and eight RCTs were

included in the neoadjuvant, adjuvant, and advanced breast
Frontiers in Oncology 04
cancer therapies. One trial (28) has compared the fixed-dose

combinat ion of per tuzumab and tras tuzumab for

subcutaneous (SC) administration with pertuzumab IV and

trastuzumab IV formulations and, thus, was excluded from

the meta-analysis. The characteristics of each trial are

presented in Table 1. Finally, 14 RCTs (8,378 patients) were

included for the meta-analysis, with 4,241 patients in the

dual-targeted therapy group and 4,137 in the monotherapy

group. Two trials had more than three arms, but we only

extracted the data related to our purpose, that is, the

comparison between pertuzumab plus trastuzumab and

trastuzumab alone (14, 20).
TABLE 1 Characteristics of the included studies.

Authors, year Trial
name

Region Phase Experimental group Control group Durationb

Treatment Sample
size

Agea Treatment Sample
size

Agea

Neoadjuvant setting

Gianni, L., et al., 2012
(14, 18)

NeoSphere International 2 T+P+D 107 – T+D 107 50 (32–74) 12w

Buxton, M., et al., 2016
(33)

I-SPY 2
TRIAL

International 3 T+P+D-AC 150 – T+D-AC 150 – 12w

Patel, T. A., et al., 2019
(24)

TEAL International 2 T+P 16 57 (40–75) T-DM1+L
+/-nab-Pac

14 53 (28–70) 18w

Shao, Z., et al., 2020
(26)

PEONY International 3 T+P+D 219 49 (24–72) T+Placebo+D 110 49 (27–70) 12w

Tan, A. R., et al., 2021
(28)

FeDeriCa International 3 T+P, IV 252 49 (42–58) T+P, fdc sc 248 52 (44–59) 12w

Zhang, Q., et al., 2021
(29)

NA China NA T+P+Pac 20 45.3 ± 1.3 T+Pac 20 45.3 ± 1.3 NA

Adjuvant setting

Minckwitz, G., et al.,
2017 (22)

APHINITY International 3 T+P+FEC-D/Pac 2,400 51.7 ± 10.9 T+Placebo
+FEC-D/Pac

2404 51.4 ± 10.7 52w

Metastatic setting (first line)

Baselga, J., et al., 2012
(13, 15–17, 32)

CLEOPATRA International 3 T+P+D 402 54.0 (27–
89)

T+Placebo+D 406 54.0 (22–
82)

Untilc

Krop, I. E., et al., 2016
(19)

– USA 2 T-DM1+P+Pac 22 54 (43–72) T-DM1+Pac 22 50 (35–81) Untilc

Urruticoechea, A., et al.,
2017 (21)

PHEREXA International 3 T+P+Cap 228 54 T+Cap 224 55 Untilc

Perez, E. A., et al., 2017
(20, 25)

MARIANNE International 3 T-DM1+P 363 52 (27–86) T-DM1
+Placebo

367 52 (27–82) Untilc

Rimawi, M., et al., 2018
(23)

PERTAIN International 2 T+P+AI 129 59 (35–87) T+AI 129 61 (31–89) 18–24w

Xu, B., et al., 2020 (27) PUFFIN China 3 T+P+D 122 51 (26–74) T+Placebo+D 121 53 (25–71) Untilc

Jiang, Y., et al., 2021
(31)

NA China NA T+P+D 40 56.4 ± 2.4 T+D 40 56.6 ± 2.5 18w

Ma, S. Y., et al., 2021
(30)

NA China NA T+P+Pac+CBP 23 43.9 ± 21.8 T+Pac+CBP 23 45.8 ± 20.9 12w
fr
T, trastuzumab; D, docetaxel; P, pertuzumab; T-DM1, trastuzumab emtansine; Pac, paclitaxel; Cap, capecitabine; A, doxorubicin; C, cyclophosphamide; FEC, fluorouracil+epirubicin
+cyclophosphamide; AI, anastrozole or letrozole; L, lapatinib; nab-pac, nab-paclitaxel; CBP, carboplatin.
aAge was expressed as median (IQR) or mean ± SD.
bDuration of anti-HER2 therapy.
cAnti-HER2 therapy was given until disease progression or unacceptable toxicity.
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Primary endpoints

In the treatment of advanced breast cancer, two RCTs (13,

21, 32) reported OS, including 630 patients in the pertuzumab

plus trastuzumab group and 630 in the trastuzumab group. The

pooled results showed that dual anti-HER2 therapy significantly

prolonged OS compared with monotherapy (HR = 0.67, 95% CI:

0.57–0.79; Figure 2), with no evidence of publication bias (Begg’s

test, p = 1.000). We noted no evidence of heterogeneity across

the included studies (I2 = 0%, p = 0.933).

In advanced therapy, five RCTs (13, 21, 23, 27), including

881 patients of pertuzumab plus trastuzumab and 880 of

trastuzumab, reported PFS data. The pooled PFS demonstrated

a statistically significant improvement for patients in the dual

therapy group compared to the monotherapy group (HR = 0.69,

95% CI: 0.61–0.78; Figure 2), with no heterogeneity across

studies (I2 = 16.2%, p = 0.310) and no publication bias

(Egger’s test, p = 0.904; Begg’s test, p = 0.734).
Secondary endpoints

In neoadjuvant therapy, the pCR and ORR data were

reported in four (14, 26, 29, 33) and two RCTs (14, 26),

respectively (Supplementary Figure 2). The pooled pCR and

ORR had a significant absolute improvement (RR = 1.61, 95%

CI: 1.30–2.01; RR = 1.11, 95% CI: 1.02–1.21) in the dual

blockade group (pertuzumab plus trastuzumab) compared to

the monotherapy group. In advanced therapy of pertuzumab

plus trastuzumab versus trastuzumab, in evaluating the CR, PR,

and ORR rates, four (13, 27, 30, 31), four (13, 27, 30, 31), and five

(13, 21, 27, 30, 31) RCTs were included, respectively. The pooled

PR and ORR showed a substantial benefit in the dual HER2

blocking group compared to the monotherapy group (RR = 1.23,

95% CI: 1.11–1.36; RR = 1.21, 95% CI: 1.11–1.31, respectively)

with no heterogeneity among studies. There was no statistical
Frontiers in Oncology 05
significance in the pooled CR (RR = 1.24, 95% CI: 0.76–2.03)

(Supplementary Figure 3). However, in advanced therapy

of pertuzumab plus T-DM1 versus T-DM1, there was no

statistical significance in the pooled CR, PR, and ORR

(Supplementary Figure 4).
Safety endpoints

Eight RCTs (13, 18, 20–22, 26, 27, 29) reported

cardiotoxicities, including LVEF decline, asymptomatic left

ventricular systolic dysfunction (LVSD), and heart failure

(HF). The pooled HF was statistically significant in the dual

HER2 blocking group compared with monotherapy (RR = 4.18,

95% CI: 1.07–16.30), whereas LVEF decline and asymptomatic

LVSD did not show significant difference (Supplementary

Table 1). We conducted an analysis of grade ≥3 AEs reported

in the trials: neutropenia (eight trials), diarrhea (eight trials),

febrile neutropenia (five trials), leukopenia (five trials), anemia

(five trials), asthenia (four trials), fatigue (four trials), and so on

(Supplementary Table 2). Patients receiving dual blockade of

pertuzumab plus trastuzumab had a significant increase in the

incidence of febrile neutropenia (RR = 1.17, 95% CI: 1.01–1.34),

diarrhea (RR = 2.26, 95% CI: 1.87–2.74), and anemia (RR = 1.39,

95% CI: 1.11–1.73), whereas only diarrhea was significant in

patients with pertuzumab plus T-DM1 dual therapy compared

to T-DM1 monotherapy. There were no statistical differences in

total grade ≥3 AEs and the other grade ≥3 AEs between the dual

therapy group and the monotherapy group (Figure 4). The

pooled analysis showed no substantial increase in the

incidence of total serious AEs (RR = 1.12, 95% CI: 0.90–1.38)

and death (RR = 0.83, 95% CI: 0.68–1.00) (Figure 4 and

Supplementary Table 3). More than half of the trials reported

all-grade AEs such as diarrhea (13 trials), nausea (11 trials), rash

(9 trials), neutropenia (8 trials), and alopecia (7 trials).

Compared with the monotherapy group, the incidence rates of
FIGURE 2

Meta-analysis of primary endpoints [overall (OS) and progression-free survival (PFS)] between the dual anti-HER2 therapy group
(pertuzumabplus trastuzumab) and the monotherapy group in advanced breast cancer. The size of the squares indicates the weight of the study.
Error barsrepresent 95% confidence intervals (CIs). The diamond indicates the summary odds ratio.
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diarrhea (RR = 1.48, 95% CI: 1.30–1.69), rash (RR = 1.54, 95%

CI: 1.29–1.83), and mucosal inflammation (RR = 1.45, 95% CI:

1.17–1.78) were significantly higher in the dual therapy

(pertuzumab plus trastuzumab) group; however, only the

incidence of rash (RR = 1.42, 95% CI: 1.07–1.87) was

significant in the dual therapy of pertuzumab plus T-DM1. No

other differences were observed in the other all-grade AEs

(Supplementary Table 4).
Subgroup analysis

To explore the effect of pertuzumab in Asian patients, we

conducted a subgroup analysis and extracted data from nine

publications on the treatment of advanced breast cancer (17, 20,

21, 26, 27, 29–31, 34). The pooled analysis found that the dual

treatment of pertuzumab and trastuzumab resulted in an

improvement in both OS and PFS compared with trastuzumab

alone (HR = 0.63, 95% CI: 0.42–0.94; HR = 0.65, 95% CI: 0.52–

0.82) (Figure 3). The incidence rates of total grade ≥3 AEs

(HR = 1.11, 95% CI: 1.03–1.21) and SAEs (HR = 1.39, 95% CI:

1.07–1.82) were statistically significant in the pertuzumab plus

trastuzumab group compared with the monotherapy group

(Figure 4 and Supplementary Tables 5, 6). For all-grade AEs,

the incidence rates of diarrhea, mucosal inflammation,

and infusion-related reactions were significantly higher

in Asian patients treated with dual anti-HER2 therapy

(Supplementary Table 7).
Quality assessment and publication bias

The risk of bias for the included trials is shown in Figure 5

(and Supplementary Figure 1). Overall, the quality of the studies

was satisfactory. Six trials (14, 19, 21, 23, 24, 33) were open label,

that is, no blinding of the study participants and personnel. One
Frontiers in Oncology 06
trial (31) used a list of random numbers, which could possibly

foresee assignments and, thus, introduce selection bias. One trial

(24) was closed early due to superiority, with 14 patients not

completing the experimental group. No evidence of significant

publication bias was detected for any of the measured outcomes

by Egger’s test and Begg’s test.
Discussion

As we know, this is the first meta-analysis of RCTs

focus ing on the combinat ion of per tuzumab and

trastuzumab/T-DM1 therapy versus trastuzumab/T-DM1

single-agent therapy in patients with HER2-positive breast

cancer. Most other studies discussed different combination

regimens of dual anti-HER2 therapy (35, 36). This meta-

analysis of RCTs observed the efficacy of pertuzumab plus

trastuzumab with or without chemotherapy that was superior

to trastuzumab monotherapy with or without chemotherapy

in the treatment of advanced breast cancer, with a significant

improvement in OS, PFS, PR, and ORR. In neoadjuvant

therapy, the dual blockade of pertuzumab and trastuzumab

has higher pCR and ORR rates than monotherapy

(trastuzumab). Moreover, the total incidence of grade ≥3

AEs and SAEs did not increase in patients with dual

therapy (pertuzumab plus trastuzumab) compared to

monotherapy (trastuzumab). However, compared with

trastuzumab, pertuzumab plus trastuzumab therapy has a

higher incidence of heart failure and grade ≥3 febrile

neutropenia, diarrhea, and anemia. Furthermore, in Asian

patients in advanced therapy, compared to single-

target therapy (trastuzumab), the double-target therapy

(pertuzumab plus trastuzumab) also has a higher OS rate

and PFS rate, which was consistent with the efficacy in global

patients. However, the incidence of total grade ≥3 AEs and

SAEs was increased significantly in Asian patients.
FIGURE 3

Subgroup analysis of OS and PFS between the dual anti-HER2 therapy group (pertuzumab plus trastuzumab) and the monotherapy group in
advanced breast cancer in Asian patients. The size of the squares indicates the weight of the study. Error bars represent 95% confidence
intervals (CIs). The diamond indicates the summary odds ratio. No evidence of publication bias was detected for OS (Begg’s test: p = 1.000) and
PFS (Egger’s test: p = 0.752, Begg’s test: p = 1.000).
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The HER family plays an important role in cell survival and

proliferation and is implicated in oncogenesis. Overexpression

of HER2 is associated with aggressive disease and poor

prognosis. Both pertuzumab and trastuzumab are humanized

monoclonal antibodies targeting HER2 and have proven to offer

survival benefit for women with HER2-positive breast cancer.

Several mechanisms have been proposed to explain the

synergism of pertuzumab and trastuzumab in treating HER2-

positive breast cancer, the favored theory of which was the

different functions of the two antibodies (5, 37–39).

Trastuzumab and T-DM1 bind to domain IV of HER2 and

inhibit the homodimerization of HER2 and the downstream

signaling pathways activated by the HER2 homodimer.

However, pertuzumab binds HER2 in domain II, a different

domain than trastuzumab, and preferentially blocks the

heterodimerization of HER2 with EGFR, HER3, and HER4,

and the downstream signaling pathways activated by HER2

heterodimers, which activates several intracellular signaling

cascades, including cell proliferation and survival (38, 39).

Therefore, the combination of the two antibodies could

synergistically enhance the blocking effect of the downstream

signaling, resulting in greater antitumor activity than either

agent alone in preclinical studies (5). However, the German

Federal Joint Committee (G-BA) and the Institute for Quality

and Efficiency in Health Care (IQWiG) did not conclude that

there is any additional benefit of adding pertuzumab to the

neoadjuvant combination treatment of chemotherapy and

trastuzumab based on the prognostic benefit, which was at
Frontiers in Oncology 07
that time unconfirmed (40). The combination of pertuzumab

with trastuzumab and chemotherapy has been approved both by

the FDA and the European Medicines Agency in the metastatic,

neoadjuvant, and adjuvant settings (6, 7). Therefore, we

extracted and summarized RCT studies to explore the efficacy

and safety of dual blockade compared with monotherapy.

In pivotal studies of breast cancer, PFS was widely used as a

primary endpoint although the choice of PFS or OS remained

the subject of debate. In the CLEOPATRA trial, PFS was

significantly improved with pertuzumab plus trastuzumab plus

docetaxel, which was first approved in June 2012 by the FDA for

the first-line treatment of HER2-positive MBC (13). After one

additional year of follow-up, the OS analysis also demonstrated

statistically significant and clinically meaningful survival benefit

with this combination compared with trastuzumab plus

docetaxel (16), which was maintained after a median follow-

up of more than 8 years (41). However, the PHEREXA study did

not show this consistency between PFS and OS in advanced

breast cancer. It was found that adding pertuzumab to

trastuzumab and capecitabine modestly increased PFS, but

there was no statistical significance. Although the median OS

was increased by using two anti-HER2 regimens, the statistical

significance of OS cannot be claimed as a result of the

hierarchical testing of OS after the primary PFS endpoint (21).

In this study, after the pooling analysis, we demonstrated that

dual blocking therapy could significantly prolong OS and PFS in

advanced and neoadjuvant therapy in patients with HER2-

positive breast cancer compared with trastuzumab single-agent
FIGURE 4

The incidence of total grade =3 AEs and SAEs between the dual anti-HER2 therapy group (pertuzumab plus trastuzumab) and the
monotherapygroup in global and Asian patients.
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therapy with or without chemotherapy. Furthermore, a

subgroup analysis of the CLEOPATRA trial showed that

patients experienced PFS benefit with treatment in the

pertuzumab plus trastuzumab arm compared with the placebo

plus trastuzumab arm in both the <65-year (HR = 0.65; 95% CI:

0.53–0.80) and >65-year groups (HR = 0.52; 95% CI: 0.31–0.86)

(42). They suggested that the combined use of pertuzumab and

trastuzumab should not be limited by age, though proactive

management of toxicities and regular cardiac monitoring should

clearly be undertaken.

pCR is an established predictor of the prognosis, and

improvements in pCR appear to be associated with
Frontiers in Oncology 08
improvements in the prognosis to some extent (40).

Combining trastuzumab and pertuzumab in neoadjuvant

therapy in the NeoSphere trial resulted in a pCR rate of 45.8%

and was significantly superior to neoadjuvant chemotherapy

plus trastuzumab alone (29%; p = 0.014) (14). However, a 5-year

survival analysis of this trial did not show any significant

differences between the two groups (HR = 0.69; 95% CI: 0.34–

1.40) (18). Two further neoadjuvant treatment trials reported

that the pCR rate in patients treated with dual blockade was

approximately twice as high as that in patients with trastuzumab

single-agent therapy (26, 29). In our study, however, the pooled

pCR was significantly increased in the dual blockade group
FIGURE 5

Risk of bias summary.
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compared to the monotherapy group in neoadjuvant therapy. A

meta-analysis by Chen et al. confirmed that trastuzumab plus

pertuzumab significantly improved the pCR compared to

trastuzumab in neoadjuvant settings (OR = 1.33; 95% CI:

1.08–1.63; p = 0.006) (43). However, this study included non-

RCTs, such as single-arm studies and retrospective studies,

which might generate biases.

Although dual anti-HER2 therapies were associated with an

efficacy benefit in HER2-positive breast cancer, they could

increase the risk of cardiac toxicity in previous trials. The FDA

recommendations for pertuzumab, trastuzumab, and T-DM1

limit their use to patients whose LVEF prior to treatment

exceeds 50% or 55%, and the agency advises dose delay or

discontinuation in the setting of LVEF decline during treatment

(44). Our study showed that the combined anti-HER2 therapy

increases the incidence of heart failure compared with single-

agent therapy, which was not consistent with the findings from

the meta-analysis, concluding that doubling up on anti-HER2

drugs did not increase cardiac toxicity compared with the use of

anti-HER2 drugs individually (45). However, this study did not

specify the administration of pertuzumab plus trastuzumab

versus trastuzumab. Our results should be considered valid

because of the included patients with an adequate cardiac

function prior to therapy.

Furthermore, adverse events (any grade) such as diarrhea,

rash, and mucosal inflammation which were mostly grade 1 or 2

were reported more frequently in the pertuzumab plus

trastuzumab group than in the trastuzumab monotherapy

group. Furthermore, a higher incidence of grade 3 or higher

febrile neutropenia, diarrhea, and anemia was reported in the

dual therapy group, which was consistent with the reports of the

meta-analysis published by Chen et al. (43). The meta-analyses

of Yu et al. (36) and Zhang et al. (46) only confirmed that dual

therapy increased the incidence of grade 3–4 diarrhea because

they did not collect the data of other AEs. Although our study

demonstrated that dual HER2 blocking does not significantly

increase the risk of total grade ≥3 AEs and total serious AEs,

strict patients’ selection criteria should be adopted in future

trials, and patients receiving dual regimens should be closely

monitored in clinical practice. However, in the subgroup

analysis of Asian patients, we found that the incidence of total

grade ≥3 AEs and serious AEs was significantly higher in the

dual therapy group, suggesting that clinical monitoring should

be given more to Asian patients with dual-targeted therapy.

In 2002, trastuzumab (Herceptin) was initially granted

regular approval by the NMPA of China, and its safety and

efficacy in Chinese patients have been fully verified. In December

2018, pertuzumab was initially approved by the NMPA, and on 1

January 2020, it was included in the Chinese national

reimbursement drug list (NRDL) to reduce the burden of

disease. However, the data of the application of pertuzumab in

Chinese patients mostly came from a subgroup analysis of

international trials or bridging studies. Due to the lack of
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RCTs in Chinese patients, we observed the use of the

combination of pertuzumab and trastuzumab therapy in global

studies. This meta-analysis provides the basis for clinical practice

supporting the use of the combined therapy in China. However,

this meta-analysis has several limitations. First, the number of

studies included was relatively small. There are some ongoing

trials investigating the dual anti-HER2 therapy compared to

monotherapy, and the results are yet to be released. Moreover,

some studies outlined in the included studies are still in progress,

and follow-up results will be used in the future analysis. Second,

clinical heterogeneity does exist among trials in terms of

treatment setting. Third, the calculations were based on

published positive study results, and many negative results

may not be published, which might generate biases.

In summary, our findings provide robust information that

the combination of pertuzumab and trastuzumab with or

without chemotherapy in breast cancer is warranted. The

combined therapy could substantially improve the outcome of

patients with HER2-positive breast cancer in both advanced and

neoadjuvant therapies and was well tolerated, with no increase in

total grade ≥3 AEs and serious adverse events, compared with

trastuzumab monotherapy. However, in Asian patients, the

incidence of total grade ≥3 AEs and SAEs was more frequent

in the dual therapy group, which needs to be more closely

monitored in clinical practice. Additional large-scale

randomized controlled trials should be designed to further

confirm the efficacy and safety of dual blocking therapy in

Chinese patients with HER2-positive breast cancer.
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material. Further

inquiries can be directed to the corresponding author.
Author contributions

XL and XW conceived the idea, designed the study, defined

the search strategy and inclusion/exclusion criteria, and were the

major contributors in writing the manuscript. XL and YF

performed the literature search and the analysis. YJL, YL, and

LQ contributed to the writing and editing of the manuscript. All

authors contributed to the manuscript and approved the

submitted version.
Funding

The current analyses were supported by funding from

Bei j ing Science and Technology Program (Project

No. Z211100002521011).
frontiersin.org

https://doi.org/10.3389/fonc.2022.894861
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liu et al. 10.3389/fonc.2022.894861
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Oncology 10
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fonc.2022.894861/full#supplementary-material
References
1. Jie H, Wanqing C, Mi L, Hongbing S, Jiang L, Yong W, et al. China Guideline
for the screening and early detection of female breast Cancer(2021 Beijing. China
Cancer (2021) 30(3):161–91. doi: 10.11735/j.issn.1004-0242.2021.03.A001

2. Mitri Z, Constantine T, O'Regan R. The HER2 receptor in breast cancer:
Pathophysiology, clinical use, and new advances in therapy. Chemother Res Pract
(2012) 2012:743193. doi: 10.1155/2012/743193

3. Goldhirsch A, Gelber RD, Piccart-Gebhart MJ, de Azambuja E, Procter M,
Suter TM, et al. 2 years versus 1 year of adjuvant trastuzumab for HER2-positive
breast cancer (HERA): An open-label, randomised controlled trial. Lancet (2013)
382(9897):1021–8. doi: 10.1016/s0140-6736(13)61094-6

4. Romond EH, Jeong JH, Rastogi P, Swain SM, Geyer CEJr., Ewer MS, et al.
Seven-year follow-up assessment of cardiac function in NSABP b-31, a randomized
trial comparing doxorubicin and cyclophosphamide followed by paclitaxel (ACP)
with ACP plus trastuzumab as adjuvant therapy for patients with node-positive,
human epidermal growth factor receptor 2-positive breast cancer. J Clin Oncol Off J
Am Soc Clin Oncol (2012) 30(31):3792–9. doi: 10.1200/jco.2011.40.0010

5. Scheuer W, Friess T, Burtscher H, Bossenmaier B, Endl J, Hasmann M.
Strongly enhanced antitumor activity of trastuzumab and pertuzumab
combination treatment on HER2-positive human xenograft tumor models.
Cancer Res (2009) 69(24):9330–6. doi: 10.1158/0008-5472.Can-08-4597

6. Blumenthal GM, Scher NS, Cortazar P, Chattopadhyay S, Tang S, Song P,
et al. First FDA approval of dual anti-HER2 regimen: pertuzumab in
combination with trastuzumab and docetaxel for HER2-positive metastatic
breast cancer. Clin Cancer Res (2013) 19(18):4911–6. doi: 10.1158/1078-
0432.CCR-13-1212

7. Howie LJ, Scher NS, Amiri-Kordestani L, Zhang L, King-Kallimanis BL,
Choudhry Y, et al. FDA Approval summary: Pertuzumab for adjuvant treatment of
HER2-positive early breast cancer. Clin Cancer Res (2018) 25(10):2949–55. doi:
10.1158/1078-0432.CCR-18-3003
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