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Abstract

Objective: To systematically evaluate the clinical efficacy and safety of pertuzumab and trastuzumab
combined therapy in human epidermal growth factor receptor 2 (HER-2) positive breast cancer
through a meta-analysis.

Methods: English databases including PubMed, Embase, and the Cochrane Central Register of
Controlled Trials, as well as Chinese databases including China National Knowledge Infrastructure,
Wanfang Database, and the Chinese Biomedical Literature Service System (Sinomed), were searched
for randomized controlled trials (RCTs) comparing pertuzumab and trastuzumab combined therapy
(experimental group) with trastuzumab alone (control group) for the treatment of HER-2 positive
breast cancer. The literature search time was from the establishment of the database to July 2022.
Two reviewers independently screened the literature, extracted data, and assessed the quality of the
literature. Meta-analysis was performed using Review Manager 5.4 software.

Results: A total of 9 RCTs involving 7199 patients were included in the meta-analysis. The
results of the effectiveness indicators showed that the risk of tumor progression in HER-2 positive
breast cancer patients receiving dual-targeted therapy was significantly lower than that in patients
receiving trastuzumab alone [Hazard ratios (HR) = 0.68, 95% confidence intervals (CI) (0.58, 0.79),
P<0.00001]; the overall survival (OS) of HER-2 positive breast cancer patients receiving dual-targeted
therapy was significantly longer than that of patients receiving trastuzumab alone [HR=0.73, 95% CI
(0.59, 0.88), P<0.0009]. In terms of safety, there was no statistical difference in the incidence of severe
adverse events and >3 grade neutropenia between the experimental and control groups (P>0.05), but
the incidence of >3 grade diarrhea in the experimental group was significantly higher than that in the
control group [relative risks = 2.44, 95% CI (1.95, 2.99), P<0.00001].

Conclusion: The combined therapy of pertuzumab and trastuzumab has significant clinical efficacy in
HER-2 positive breast cancer patients, and its application can further improve patients' progression-
free survival and OS. However, it also increases the risk of adverse reactions to a certain extent.
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Therefore, in clinical practice, it is necessary to strengthen the monitoring and protection of relevant

adverse reactions in patients.
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1 INTRODUCTION

Breast cancer is a common malignant tumor in
clinical practice. In recent years, the incidence of this
disease has been increasing and gradually becoming
younger'. According to related research'”, breast cancer
accounts for about 25.1% of all cancers in women
worldwide, and approximately 14.7% of patients
with breast cancer die. Another study” pointed out
that 24.4% to 31.8% of breast cancer patients have
human epidermal growth factor receptor 2 (HER-2)
gene amplification or overexpression, which can make
breast cancer cells more aggressive, and thus HER-2-
positive patients have a worse prognosis than HER-2-
negative patients. Trastuzumab is a molecular targeted
drug targeting HER-2"". It can downregulate HER-2
expression and accelerate the degradation and absorption
of HER-2 receptor protein, achieving the effect of
inhibiting tumor angiogenesis. Currently, trastuzumab
has been clinically applied to the treatment of various
malignant tumors including breast cancer. Some
studies” have confirmed that the use of trastuzumab
can significantly improve the survival rate of HER-
2-positive breast cancer patients. However, other
studies'” have shown that as the patient's condition
progresses and metastasizes, trastuzumab's ability to
control the disease is limited, and some studies'” have
found that trastuzumab has certain cardiotoxicity and
drug resistance. With the advancement of technology, a
new generation of anti-HER-2 targeted therapy drugs -
pertuzumab, was launched in the United States in June
2012, and its therapeutic effect in advanced breast cancer
patients was significant™. Pertuzumab was launched in
China in December 2018. However, because the drug
had a high early selling price and was not covered by
medical insurance, its clinical use was relatively low
until January 2020, when China officially included
it in the medical insurance drug list and significantly
reduced its price, which finally led to its widespread
use. This move also truly promoted the standardization
of HER-2-positive breast cancer treatment in China.
Studies by scholars such as Wuerstlein” have shown
that compared with trastuzumab + chemotherapy, the
dual anti-HER2 treatment regimen of pertuzumab +
trastuzumab + chemotherapy can further increase the
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overall pathological complete remission rate of patients.
The ASCO guidelines"” also recommend adding
adjuvant pertuzumab treatment to the trastuzumab-based
combination chemotherapy for high-risk, early HER-
2-positive breast cancer patients. However, because
research on the combination use of pertuzumab is still
relatively rare, the safety of pertuzumab combination
therapy in clinical practice is in question. Therefore,
this study uses a systematic review and meta-
analysis method to compare the efficacy and safety of
pertuzumab combined with trastuzumab and trastuzumab
monotherapy in the treatment of HER-2-positive breast
cancer, aiming to provide corresponding scientific
evidence for clinical drug selection.

2 DATA AND METHODS
2.1 Inclusion and Exclusion Criteria for Literature

The included literature must meet the following
criteria: (1) randomized controlled trials (RCTs)
that compare the combined use of pertuzumab and
trastuzumab for the treatment of HER-2 positive breast
cancer with trastuzumab monotherapy; (2) the patients
included in the literature are all adults; (3) the Eastern
Cooperative Oncology Group performance status of
the patients in the included literature is 0 or 1; (4)
the left ventricular ejection fraction of the patients in
the included literature is >50%; (5) the intervention
measures are as follows: pertuzumab and trastuzumab
dual targeting combined use compared with trastuzumab
monotherapy, without limiting the dose and course of the
drug; (6) the outcome indicators include clinical efficacy
indicators [progression-free survival (PFS), overall
survival (OS)] and safety indicators [serious adverse
events (SAE), >Grade 3 adverse reactions, >Grade 3
adverse reactions mainly include neutropenia, diarrhea].

The following literature will be excluded: (1) literature
such as reviews, cohort studies, animal experiments,
case studies, basic research, cross-sectional studies,
case reports, etc.; (2) literature with outcome indicators
that do not meet the inclusion criteria; (3) literature that
cannot obtain the full text; (3) literature with data that
cannot be extracted, incomplete original data provided,
and data that cannot be obtained through inquiry; (4)
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literature with a sample size of <15; (5) literature with
only abstracts and no full text, duplicate publications, or
incomplete data.

2.2 Literature Search Strategy

Firstly, we formulated a search strategy based on
the "PICOS principle" in the Cochrane Handbook for
Systematic Reviews. The literature databases searched
mainly included Chinese and English databases. The
English databases searched were PubMed, Embase,
and the Cochrane Central Register of Controlled Trials.
The Chinese databases searched were China National
Knowledge Infrastructure, Wanfang Database, and China
Biomedical Literature Service System (Sinomed). The
search period was limited from the establishment of the
databases to July 2022.

Different keywords were used for the Chinese and
English databases. Free words and subject terms were
used to search the English databases with keywords
such as "Breast Cancer", "Breast Neoplasm(s)", "Breast
Tumor(s)", "Mammary Neoplasm(s)", "Mammary
Cancer(s)", "Trastuzumab", "Herceptin", "Pertuzumab",
and "Perjeta". The search strategy was determined after
multiple preliminary searches. The Chinese databases
were searched using keywords such as "HER-2 [H % %[,
W s FURE s BB I ER A
" WAZ RS 2 BRI R R A
"R BT A " and " BERLA RIS .

2.3 Quality Evaluation and Data Extraction

According to the inclusion criteria for literature, two
trained researchers independently screened the literature.
The initial screening was mainly based on the title and
abstract, and the literature that met the inclusion criteria
was searched and read in full text. If necessary, the
original authors were contacted to avoid missing data. If
the evaluation results of the literature were inconsistent,
a third party was invited to participate in the discussion
and resolve the issue. The methodological quality of
the included studies was evaluated using the Cochrane
Collaboration's risk of bias assessment tool for RCTs,
including six aspects: randomization method, allocation
concealment, blinding, completeness of outcome data,
selective reporting of study results, and other sources
of bias. The methodological quality evaluation results
were divided into three risk levels: low risk of bias,
high risk of bias, and unclear, and each risk level
corresponded to specific items in the Cochrane risk
of bias assessment criteria. The Cochrane score was
independently completed by two evaluators, and a third
party was invited to discuss and decide if the results
were inconsistent. The data extraction items included
patient baseline information, the groups allocated by
randomization and the number of cases in each group,
age, intervention measures, outcome indicators (mainly
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clinical efficacy indicators such as PFS and OS, and
safety indicators such as SAE and >Grade 3 adverse
reactions).

2.4 Statistical Analysis

Meta-analysis was conducted using RevMan 5.4
software. Hazard ratios (HR) were used as the effect
measure for survival data, while relative risks (RR) were
used for dichotomous outcome data. Point estimates
and 95% confidence intervals (CI) were calculated for
each effect size, and the /2 statistic was used to assess
heterogeneity among the included studies. When there
was statistical homogeneity among the studies (P>0.1,
I’<50%), a fixed-effect model was used for the meta-
analysis. When statistical heterogeneity was present
(P<0.1, I’>50%), the sources of heterogeneity were
investigated. If there was clinical and methodological
heterogeneity but no statistical heterogeneity between
two study groups, a random-effects model was used
for the meta-analysis. If there was significant clinical
heterogeneity, subgroup analysis or sensitivity analysis
was used. Descriptive analysis was used to explain any
differences that could not be explained by heterogeneity.
The significance level for meta-analysis was set at
a=0.05.

3 RESULTS
3.1 Literature Search Process and Results

A total of 657 articles were obtained from the
database search. Firstly, 96 duplicate articles were
removed using NoteExpress. Secondly, 479 articles were
excluded based on their titles, abstracts, and full texts,
which were reviews, case reports, animal experiments,
or meta-analyses. Finally, 82 articles were screened by
reading the full text based on inclusion and exclusion
criteria, and 9 articles were included in the meta-
analysis. A total of 7,199 patients were included, with
3,590 in the experimental group and 3,609 in the control
group (Figure 1).

3.2 General Characteristics of the Included Studies
General Characteristics of the Included Studies
(Table 1).

3.3 Methodological Quality Assessment of the Included
Studies

The methodological quality of the nine included
studies was evaluated using the methods provided
by RevMan 5.4 software. All studies indicated that
randomization was used for grouping, and four studies
used double-blinding. There were no clinical trial
dropouts, and two studies reported complete outcome
data. The baseline levels of the included literature were
comparable. Based on the evaluation of the risk of bias
in the literature, the overall quality of the literature was
generally fair. The risk of bias in the included studies is
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657 literatures were included
through database retrieval

l Eliminate 96 duplicate documents
[ A total of 561 articles were included ]

By reading the title, abstract,
exclude overview,

Case Reports,

Animal experiment,
Meta-analysis,

479 other documents

[The remaining 82 papers were included]

According to inclusion and exclusion
criteria, After reading and screening
the full text,

We excluded those that were not
randomized controlled trials,

The observation content is not
relevant to this study,

;Waiti.ng for 73 articles

[The remaining 9 papers were included]

l

Finally, 9 studies were
included in Meta-analysis

Figure 1. Flow chart of literature search.

Table 1. General Characteristics of the Included Studies

Author Year of Sample Size  Age Intervention Program Outcome
Publication Test/Control ~ Test/Control Test Control Measures
Xu et al.™ 2020 122/121 51(26-74)/ Pertuzumab 840mg, Placebo + PFS, OS,
53 (25-71) iv, then 420mg, q3w +  trastuzumab SEA, >Grade
trastuzumab 8mg/kg, 6mg/kg, iv, 3 adverse
iv, then 6mg/kg, q3w  q3w + docetaxel  reactions
+ docetaxel 75mg/ m’, 75mg/ m’, q3w
Q3w
Arpino et al.l® 2017 129/129 60.9+10.85/ Pertuzumab 840mg, Trastuzumab PFS, OS,
62.3+11.54 iv, followed by 420mg, 8mg/kg, iv, SAE, >Grade
q3w + trastuzumab followed by 3 adverse
8mg/kg, iv, followed  6mg/kg, q3w +  reactions
by 6mg/kg, q3w + anastrozole 1mg,
anastrozole Img, qd or qd or letrozole
letrozole 2.5mg, qd + 2.5mg, qd +
docetaxel docetaxel
Gianni et al.™ 2016 107/107 49.6+£10.05/ Pertuzumab 840mg, Trastuzumab PFS, SAE,
50.9+8.94 iv, followed by 420mg, 8mg/kg, iv, then 2>Grade 3
q3w + trastuzumab 6mg/kg, q3w + adverse
8mg/kg, iv followed docetaxel reactions
by 6mg/kg, q3w +
docetaxel
Huang etal.™ 2022 38/38 56.50+5.74/  EC regimen for 4 EC regimen for SAE
56.02+5.76 cycles, 3w continuous 4 cycles, q3w
THP continuous TH
Minckwitz et 2017 2400/2404 51.7+10.9/ Pertuzumab 840mg, Placebo + SAE, >Grade
al® 51.4+10.7 iv, followed by 420mg, trastuzumab 3 adverse
q3w + trastuzumab 8mg/kg, iv, reactions

8mg/kg, iv followed  followed by
by 6mg/kg, q3w + 6mg/kg, q3w +
chemotherapy chemotherapy
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Swain etal.' 2020 402/406 53.4+10.94/
53.5+11.35
Lin et al.”” 2022 35/51 764 /75+4
Urruticoechea et 2017 228/224 53.0£11.21/
al.l™® 55.1+10.10
Rimawi et al." 2018 129/129 59(35-87)/
61(31-89)

Pertuzumab 420mg, Placebo + PFS, SAE,
iv, q3w + trastuzumab  trastuzumab >Grade 3
6mg/kg, iv, q3w + 6mg/kg, iv, 3w  adverse
docetaxel + docetaxel reactions
Pertuzumab 840mg, Vinorelbine PFS, >Grade
iv, then 420mg, q3w tartrate 25- 3 adverse
+ vinorelbine tartrate 30mg/ m> iv, reactions
25-30mg/m2, iv, day ondays 1,8, 15

1, 8,15 + trastuzumab  + trastuzumab

8mg/kg, iv, Then 8mg/kg, iv, then

6mg/kg, q3w 6mg/kg, q3w

Pertuzumab 840mg, Trastuzumab PFS, OS, SAE
iv, followed by 420mg, 8mg/kg, iv, then

q3w + trastuzumab 6mg/kg, q3w

8mg/kg, iv, followed  + capecitabine

by 6mg/kg, q3w + 1250mg/m’, po,

capecitabine 1000mg/  bid, q3w

m?, po, bid, q3w

Pertuzumab 840mg, Trastuzumab PFS, SAE,
iv, followed by 420mg, 8mg/kg, iv, >Grade 3
q3w + trastuzumab followed by adverse
8mg/kg, iv followed  6mg/kg, q3w reactions
by émg/kg, q3w + + anastrozole

anastrozole Img, qd 1mg, qd or

or letrozole 2.5mg +
docetaxel, iv, 3w or
paclitaxel, qw

letrozole 2.5mg +
docetaxel, iv, q3w
or paclitaxel, qw

shown in Figures 2 and 3.

3.4 Outcome Indicator Meta-analysis
3.4.1 PFS

Seven studies reported PFS, and there was no
statistical heterogeneity among the studies (P=0.33,
I’=12%). The experimental group included a total of
1,152 patients, while the control group included 1,167
patients. The fixed-effects model meta-analysis results
showed that HER-2-positive breast cancer patients
receiving dual-targeted therapy had a significantly
lower risk of tumor progression than those receiving
trastuzumab alone, with statistical significance
[HR=0.68, 95% CI (0.58, 0.79), P<0.00001], as shown
in Figure 4.

34208

Three studies reported OS, with no statistically
significant heterogeneity among the studies (P=0.13,
I’=49%). The experimental group had a total of 479
cases, while the control group had 474 cases. The meta-
analysis results of the fixed-effects model showed
that the OS of HER-2 positive breast cancer patients
receiving dual-targeted therapy was significantly
longer than that of patients receiving only trastuzumab
treatment, with statistically significant difference
[HR=0.73, 95% CI (0.59, 0.88), P<0.0009], as shown in
Figure 5.

3.4.3 SEA

Eight studies reported the incidence of SEA, and there
was statistical heterogeneity among the studies (P=0.02,
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I’=67%). The experimental group included 3521
patients, and the control group included 3532 patients.
The random-effects model meta-analysis showed that
there was no significant difference in the incidence of
SEA events between the two groups [RR=1.18, 95%
CI (0.98, 1.39), P=0.07]. This result suggests that dual-
target therapy does not increase the risk of SEA events in
patients, as shown in Figure 6.

3.4.4 Grade >3 Adverse Events

Neutropenia and diarrhea are common adverse events
of trastuzumab and pertuzumab. Seven studies reported
the incidence of neutropenia and diarrhea, with a total of
3289 patients in the trial group and 3328 patients in the
control group. For neutropenia, there was no significant
heterogeneity among the 7 studies (P=0.15, I'=44%),
and the fixed-effects model meta-analysis showed no
significant difference in the incidence of neutropenia
between HER-2 positive breast cancer patients receiving
dual-target therapy and those receiving trastuzumab
alone [RR=1.03, 95% CI (0.92, 1.13), P=0.73], as shown
in Figure 7A. For diarrhea, there was no significant
heterogeneity among the 7 studies (P=0.34, I'=10%),
and the fixed-effects model meta-analysis showed that
the incidence of diarrhea was higher in HER-2 positive
breast cancer patients receiving dual-target therapy
compared to those receiving trastuzumab alone, with a
significant difference [RR=2.44, 95% CI (1.95, 2.99),
P<0.00001], as shown in Figure 7B.

4 DISCUSSION
Breast cancer ranks second among female malignant
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Figure 2. Risk of bias graph for included studies.
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Figure 3. Summary of Bias Risk in Included Studies.
HR Mean Difference
d ¢ Weight
Study Subgroup e SelE: cigh IV. Fixed, 95%CI IV. Fixed, 95%CI
Binghe Xu2020 -0.4165 0.2476 10.47% 0.60[0.45, 0.81] ——
ARPINO2017 -0.4309 0.1548 11.13% 0.65[0.48, 0.88] ——
GIANNI2016 -0.3712 0.3612 9.23% 0.69[0.34. 1.40] ——
Sandra M Swain2020 -0.4781 0.0997 34.84% 0.69[0.58, 0.82] ®
Hongxia Lin2022 -0.3923 0.2784 3.71% 0.66[0.47, 0.92] —e—i
URRUTICOECHEA2017 -0.1984 0.1186 19.49% 0.82[0.65. 1.03] —_—
Mothaffar Rimawi2018 -0.2829 0.2147 11.13% 0.65[0.48, 0.89] —e—
Subtotal(95% CT) 100% 0.68[0.58. 0.79] <>
Heterogeneity: Chi’= 3.43, df=3 (P=0.33): I'= 12% 0.'2 0_'4 0.16 Qfg 1.0 172 1?4 1,l6
Test for overall effect: Z=5.59 (P<<0. 00001)
P+T T

Figure 4. Forest plot of meta-analysis comparing PFS between the two groups.
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Study Subgroup hHR SemHR Weight v. Fb:f 05%CT xf;lzfz;z;
Binghe Xu2020 -0.4365 0.1583 10.47% 0.68[0.45.1.03] —e—|
ARPINO2017 0.1397 0.2607 11.13% 1.15[0.69. 1.92] °
URRUTICOECHEA2017 -0.3858 0.1469 9.23% 0.68[0.51.0.92] —_—
Subtotal(95% CI) 100% 0.73[0.59. 0.88] -
Heterogeneity: Chi’ = 3.95. df =2 (P = 0.13): I = 49%

Test for overall effect: Z=3.36 (P =0. 0008)

I T T T T T T 1
04 06 08 10 12 14 16 18 20

P+T T

Figure 5. Forest plot of meta-analysis comparing OS between the two groups.

Experimental group(P+T) Control Group(T) . RR RR
{ = Weight

Study Subgroup Events Total Events Total cigh M-H. Random, 95%CI MH., Random, 95%CI
Binghe Xu2020 90 122 83 120 3.43% 0.91[0.75. 1.36] —o—
ARPINO2017 42 127 24 124 3.56% 1.71[1.10. 2.64] —_——i
GIANNI2016 22 107 21 107 3.03% 1.05[0.61. 1.79] —_—
Yangqiu Huang2022 11 38 10 38 1.08% 1.32[1.04. 1.95] —_—
MINCKWITZ2017 692 2364 585 2405 67.62% 1.20[1.10. 1.32] 8-
Sandra M Swain2020 149 408 116 396 11.40% 1.25[1.02,1.52] —o—
URRUTICOECHEA2017 134 228 136 218 6.32% 0.94[0.81. 1.09] -
Mothaffar Rinawi2018 64 127 48 124 3.56% 1.01[0.77, 1.35] ——
Subtotal(95% CI) 3521 3532 100% 1.18[0.98, 1.39]
Total events 1204 1023 T T T T 1
Heterogeneity: Chi’= 12.05, df = 4 (P =0.02): = 67% 05 10 15 20 25 30

P+T T

Figure 6. Forest plot of the meta-analysis comparing the incidence of SEA between the two groups.

Study Subgroup }?\feerlxtnsl I gw“}zf(lcj;-lr) Eve:(ljlfsmol Gmup(’ll:;tal Weight M-H. Fi)lgfi 95%CI M-H.F i)ljelz. 95%CI
Binghe Xu2020 71 122 70 120 3.66% 0.90[0.74, 1.21] —
ARPINO2017 4 127 8 124 3.79% 0.49[0.15, 1.58] —_—
GIANNI2016 59 107 71 107 3.24% 0.83[0.67, 1.03] »—07-
MINCKWITZ2017 385 2364 377 2405 72.07% 1.04[0.91, 1.18] —o—
Sandra M Swain2020 199 407 182 397 12.15% 1.07[0.92, 1.23] He—
Hongxia Lin2022 4 35 2 51 1.30% 0.66[0.43, 1.29] ——t—
Mothaffar Rimawi2018 4 127 8 124 3.79% 0.49[0.15. 1.58] ———
Subtotal(95% CI) 3289 3328 100% 1.03[0.92. 1.13] ?
Total events 726 718 r T T T 1

Heterogeneity: Chi’ = 5.32. df = 3 (P =0.15): I = 44% 00 05 10 15 20
Test for overall effect: Z =0.35 (P =0. 73) P+T T
Figure 7A. Forest plot of meta-analysis comparing the incidence of neutropenia between the two groups.
§ Experimental group(P+T) Control Group(T) . RR RR
Study Subgroup Events Total Events Total Weight M-H. Fixed, 95%CI M-H. Fixed, 95%CI
Binghe Xu2020 5 122 2 120 3.66% 2.14[0.89. 6.74] e
ARPINO2017 9 127 3 124 3.79% 2.93[0.81. 10.57] -
GIANNI2016 7 107 4 107 3.24% 1.75[0.53. 5.80] - ——
MINCKWITZ2017 232 2364 90 2405 72.07% 2.62[2.07.3.32] —e—
Sandra M Swam2020 32 407 20 397 12.15% 1.56[0.91. 2.68] —o—
Hongxia Lin2022 1 35 2 51 1.30% 1.89[0.85. 4.16] ——
Mothaffar Rimawi2018 70 127 45 124 3.79% 2.12[1.16..4.69] —_—
Subtotal(95% CI) 3289 3328 100% 2.44[1.95.2.99] <
Total events 356 166 f L O L AL TN
’ , 5 01234567 8910112
Heterogeneity: Chi"=3.33.df =3 (P =0.34): I = 10% P+T T
Test for overall effect: Z =0.825 (P << 0. 00001)
Figure 7B. Forest plot for meta-analysis comparing diarrhea between the two groups.
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tumors””. With the continuous in-depth research on the

disease and the continuous optimization of treatment
in recent years, the treatment of breast cancer has
gradually developed in the direction of combining
various methods such as local treatment and targeted
therapy™". Currently, surgery is still one of the most
effective methods for treating breast cancer, which can
effectively prolong the survival of patients. Patients who
undergo surgical treatment usually receive additional
chemotherapy after surgery, the purpose of which is to
further consolidate and enhance the therapeutic effect™.
Related studies™ have shown that epidermal growth
factor receptor can promote tumor cell proliferation,
adhesion, maturation, etc. HER-2 is a common receptor,
which can trigger downstream intracellular proliferation
pathways and achieve the effect of inhibiting cancer
cells by promoting their apoptosis, growth arrest, etc”".
The overexpression of HER-2 plays a significant role in
the pathogenesis of breast cancer. The HER family of
receptors consists of four transmembrane tyrosine kinase
receptors on the surface of normal cells, including HER-
1, HER-3, and HER-4, in addition to HER-2". Unlike
other HER receptors, HER-2 does not require specific
ligand activation and can undergo ligand-independent
dimerization at any time, while the other receptors
exist in an inactive state on the plasma membrane and
can only be activated when bound to a ligand”®. HER
receptors can activate multiple cell pathways through
dimerization, which in turn trigger gene transcription and
activate cell proliferation and differentiation pathways to
promote cell growth and differentiation””.

In HER-2-positive breast cancer, HER-2 not only
homodimerizes with other HER-2 receptors but
also heterodimerizes with other HER-2 receptors™.
Trastuzumab can only bind to subdomain IV of HER-
2 extracellular domain and inhibit ligand-independent
signal transduction. However, there is still a possibility
of heterodimerization between HER-2 and HER-3,
so trastuzumab cannot completely inhibit all tumor
growth stimulation signals®”. Pertuzumab can bind to
subdomain II of HER-2 and inhibit heterodimerization
between HER-2 and HER-3 through ligand-induced
mechanism®™. In theory, the two have complementary
effects, and the combination of the two targeted drugs
can provide more effective signal transduction blockade
than the use of a single drug. Monoclonal antibodies have
become the standard method for cancer drug therapy.
Currently, in addition to developing new monoclonal
antibodies, international researchers are also actively
exploring combinations of monoclonal antibodies.
Monoclonal antibodies usually only target a single
signaling pathway, and tumors can overcome blockade
by translocation, so the blockade effect of monoclonal
antibodies is limited”". By combining monoclonal
antibodies, it is possible to simultaneously block two or
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more signaling pathways, thereby producing cumulative
or synergistic effects on tumor growth. However, not
all combined antibodies have the expected synergistic
effect. Currently, most clinical studies of monoclonal
antibody combination therapy are still in the early stages.
It is expected that in the near future, more monoclonal
antibody combination therapies will be included in the
standard treatment of corresponding tumors.

A meta-analysis study"”” including seven different
treatment schemes for HER2-positive breast cancer
concluded that the combination of pertuzumab,
trastuzumab, and chemotherapy is the most effective
method for treating patients. Our study supports this
previous conclusion. In terms of PFS, patients receiving
dual-targeted therapy for HER2-positive breast cancer
had significantly lower tumor progression risks than
those receiving only trastuzumab treatment. In terms
of OS, patients receiving dual-targeted therapy had
significantly longer survival periods than those receiving
only trastuzumab treatment. In terms of the risk of
SAE, there was no statistically significant difference in
the incidence of SAE between patients receiving dual-
targeted therapy and those receiving only trastuzumab
treatment, indicating that dual-targeted therapy does
not increase the risk of SAE. In terms of grade 3 or
higher adverse reactions, there was no statistically
significant difference in the incidence of neutropenia
between patients receiving dual-targeted therapy and
those receiving only trastuzumab treatment, but the
incidence of diarrhea was higher in patients receiving
dual-targeted therapy. The combined effect heterogeneity
of the analysis results was low, and the results remained
unchanged after changing the model, indicating that
this study's results are robust and reliable. A study"™!
predicted that the research focus for HER2-positive
breast cancer patients in the future will mainly involve
reducing toxicity and application costs rather than
improving targeted therapy's effectiveness. Scholars like
Hurvitz"** have also confirmed the significant correlation
between pertuzumab and various adverse reactions.
Therefore, the adverse reactions of patients receiving
dual-targeted therapy for HER2-positive breast cancer
require clinical attention.

This study still has many shortcomings, such as: (1)
this study did not adopt uniform inclusion and exclusion
criteria and efficacy judgment standards for each study;
(2) although this study conducted extensive searches,
potential publication bias risks cannot be completely
ruled out; (3) this study was limited by the lack of
original data, which prevented the analysis of regional
differences, among other factors.

5 CONCLUSION
In summary, the clinical efficacy of the combination
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of pertuzumab and trastuzumab in treating HER2-
positive breast cancer patients is significant, and the
use of this combination can further improve patients'
PFS and OS levels. However, it also increases the risk
of adverse reactions to a certain extent. Therefore, in
clinical practice, monitoring and prevention of related
adverse reactions in patients should be strengthened.
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