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Abstract

Background In the past decade, there has been a significant advancement in targeted therapy and immunotherapy,
leading to the discovery of new drugs and changes in the treatment approach for patients with HER2-positive gastric
cancer. Although several drugs are available for treating these patients, there is still no consensus on their selection,
and there has been limited direct or indirect comparison among them.

Objective To address this gap, a network meta-analysis was conducted to assess the efficacy and safety of different
drugs used in the treatment of HER2-positive gastric cancer.

Methods By searching through databases such as PubMed, Embase, Web of Science, and Cochrane Library, we
identified 16 randomized controlled trials that involved a total of 4485 patients and utilized 9 different intervention
measures.

Results Based on the current evidence, compared with chemotherapy alone, the hazard ratio (HR) of overall survival
(0S) and progression-free survival (PFS) in gastric cancer patients treated with nivolumab were [hazard ratio (HR): 2.61
95%confidence interval (Cl) (1.51,4.51)] and [hazard ratio (HR): 2.01 95% confidence interval (Cl) (1.18, 3.42)], respec-
tively. Compared with chemotherapy alone, the hazard ratio (HR) of overall survival (OS) and progression-free survival
(PFS) in gastric cancer patients treated with trastuzumab deruxtecan were [hazard ratio (HR): 1.7 95% confidence
interval (Cl) (1.13, 2.56)] and [hazard ratio (HR): 2.13 95% confidence interval (Cl) (1.42, 3.22)], respectively. It is sug-
gested that nivolumab and trastuzumab deruxtecan can effectively prolong overall survival (OS) and progression-free
survival(PFS) in patients with HER2-positive gastric cancer, while also reducing the risk of adverse events to some
extent. Therefore, these two regimens, nivolumab and trastuzumab deruxtecan, are considered to be effective

and safe options for the treatment of patients with HER2-positive gastric cancer.

Conclusions In previous studies, trastuzumab-based chemotherapy has been a common treatment for HER2-pos-
itive gastric cancer. To a certain extent, our study provides a reliable direction for future treatment options for HER2-
positive gastric cancer.
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Introduction

Gastric cancer, a common malignant tumor of the diges-
tive system, is currently the second leading cause of
cancer-related death worldwide due to its high mortal-
ity rate. Although there has been a decrease in incidence
and mortality in recent years, it still remains the primary
burden of cancer globally [1, 2]. Chemotherapy remains
the cornerstone of treatment for gastric cancer. Conse-
quently, early detection and identification of treatment
regimens that are both effective and have minimal side
effects are of utmost importance. Unfortunately, detect-
ing gastric cancer in its early stages is challenging, result-
ing in most patients being diagnosed with advanced
gastric cancer accompanied by metastasis, thus elimi-
nating the possibility of surgical treatment. As a result,
chemotherapy has become the primary traditional pallia-
tive treatment approach.

In recent years, there has been a shift in the tumor
treatment model towards individualized care, lead-
ing to rapid development in the precision treatment of
tumors. As a result, the effectiveness of immune check-
point inhibitors (ICIs) in combating tumors has become
increasingly evident [3, 4]. Numerous targeted and
immunotherapeutic drugs have been utilized for patients
with HER2-positive gastric cancer [5, 6]. Trastuzumab,
a recombinant humanized anti-HER2 monoclonal anti-
body, has shown significant improvements in overall
survival (OS) for patients with HER2-positive metastatic
gastric cancer or gastroesophageal junction carcinoma
when incorporated into chemotherapy. Additionally, no
safety concerns were identified [7, 8]. Previous meta-
analyses have shown that trastuzumab combined with
chemotherapy has a favorable safety and efficacy profile
compared to chemotherapy alone[9]. Trastuzumab der-
uxtecan, a HER2 antibody—drug conjugate, has dem-
onstrated lower risks of death or disease progression
in patients who have previously received trastuzumab.
However, it is important to note that there have been
limited adverse reactions, primarily associated with
interstitial pneumonia [10]. Lapatinib, due to its low rate
of cardiotoxic events, has emerged as an alternative to
trastuzumab [11]. Furthermore, a combination of per-
tuzumab, trastuzumab, and chemotherapy has shown
improved survival rates for patients with HER2-positive
tumors [12]. Pertuzumab in combination with trastu-
zumab and chemotherapy may be a potential treatment
option [13]. Afatinib, on the other hand, can be used as
a novel targeted therapy for patients who are resistant to
trastuzumab [14]. A multicenter study revealed that the
combination of nivolumab and chemotherapy signifi-
cantly enhanced the progression-free survival (PES) for
patients with gastric cancer or gastroesophageal junc-
tion carcinoma. Additionally, through its complementary
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mechanism of action, the cytotoxic T lymphocyte anti-
gen-4 (CTLA-4) inhibitor ipilimumab can enhance anti-
tumor T cell function and induce de novo antitumor T
cell responses [15]. Pembrolizumab, whether used as
monotherapy or in combination with chemotherapy, has
demonstrated favorable antitumor activity [16]. Finally,
the bispecific antibody MM-111, which binds to both
HER2 and HER3 to obstruct downstream signaling,
shows promise as a treatment for patients with HER2-
positive gastric cancer [17].

It is clear that chemotherapy is still the basis of existing
treatments. Nevertheless, there are many options for the
treatment of HER2-positive gastric cancer. There is a lack
of consensus and systematic comparison, with treatment
primarily relying on clinical experience. Furthermore,
the efficacy of immune checkpoint inhibitor treatment
can be influenced by factors such as albumin levels and
liver function [18, 19]. Hence, our objective is to assess
the superiority of different antitumor regimens through
meta-analysis. Traditional meta-analysis only allows
for direct comparison between two treatment regimens
within a limited scope, which may not accommodate the
need to compare various treatment options. Network
meta-analysis, on the other hand, overcomes the limita-
tions of traditional meta-analysis by enabling both direct
and indirect comparisons. Through this study, we aim
to resolve the aforementioned disputes using network
meta-analysis and provide robust evidence to aid clinical
decision-makers in selecting the most effective treatment
regimen.

Materials and methods

Registration

This network meta-analysis was reported according to
the Systematic Review and Meta-Analysis Protocol and
has been registered in the International Prospective Reg-
ister of Systematic Reviews (PROSPERO), with the regis-
tration number CRD42023420941.

Literature search

Databases including PubMed, Embase, Cochrane Library,
and Web of Science were searched as of March 17, 2023.
Subject words and free words were used, such as (tras-
tuzumab) OR (pertuzumab) OR (pembrolizumab) OR
(Trastuzumab deruxtecan) OR (nivolumab) OR (ipili-
mumab) OR (afatinib) OR (lapatinib) AND (HER2-pos-
itive) AND (Stomach Neoplasms). The specific search
strategies are shown in Supplementary S1.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) patients over
18 years old, diagnosed with gastric cancer or gas-
troesophageal junction carcinoma and histologically
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HER2-positive (centrally assessed immunohistochem-
istry [IHC] 3+ or [IHC] 2+ /in situ hybridization [ISH]-
positive) according to The National Comprehensive
Cancer Network (NCCN) guidelines; (2) targeted or
immunotherapy regimen with or without chemotherapy
was used in the case group, and placebo therapy with or
without combined chemotherapy was used in the control
group, regardless of previous chemotherapy situations.
(3) Primary prognosis indicators: progression-free sur-
vival (PES), overall survival (OS), objective response rate
(ORR), disease control rate (DCR); secondary prognostic
indicators: adverse events (AE) and number of adverse
events with grade > 3; (4) Randomized controlled trials.

Exclusion criteria were (1) meeting abstracts, proto-
cols, letters, systematic reviews, animal experiments;
(2) repeated publications, unsatisfactory results, no data
available; (3) non-randomized controlled studies; (4)
ongoing clinical trials.

Data extraction

Literature screening and data extraction were conducted
by two independent evaluators. They reviewed literature
titles, abstracts, and full texts to identify relevant stud-
ies, excluding any irrelevant ones directly. Afterward, the
full texts of the remaining studies were downloaded and
carefully examined to select eligible ones. In case of any
disagreements, a third investigator intervened to resolve
them. Throughout the process, strict adherence to the
predefined inclusion and exclusion criteria was ensured.
During the data extraction phase, the observation indi-
cators were carefully examined and cross-checked to
maintain consistency in the extracted data. The extracted
data primarily included the name of the first author, pub-
lication year, country of origin, sample size, gender dis-
tribution, age range, intervention and control measures,
follow-up duration, and outcome indicators.

Quality evaluation

Two investigators independently assessed the quality
of the included studies using the bias analysis assess-
ment tool provided in Cochrane Handbook for System-
atic Reviews 5.1.0 [20]. The assessment covered seven
domains: random sequence generation (selection bias),
allocation concealment (selection bias), blinding of per-
formers and participants (performance bias), blind-
ing of outcome assessors (observation bias), integrity of
data results (follow-up bias), selective reporting of study
results (reporting bias), and other sources of bias. If the
original study fully adhered to the above criteria, its qual-
ity would be classified as “low risk’, indicating a low over-
all risk of bias and high study quality. If the original study
only partially met the criteria, its quality would be classi-
fied as “unclear risk’, indicating a moderate possibility of
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bias. If the original study did not meet any of the above
criteria, its quality would be classified as “high risk’, indi-
cating a high risk of bias and low study quality.

Data analysis

To conduct network meta-analysis and generate visu-
alizations such as network diagrams, rankograms, line
charts, and funnel plots, we utilized the GeMTCpackage
(R 4.2.3) software along with Just another Gibbs sampler
(JAGS) software. The effect size was assessed using point
estimation and interval estimation. The Bayes-Markov-
Monte Carlo random-effects model was employed to
pool the data, employing 5 chains for simulation with
5000 prior iterations and 20,000 iterations. As there were
no closed loops in the network, it was not possible to
evaluate the inconsistencies between direct and indirect
comparisons. The prioritization of different intervention
measures was based on Surface Under the CumulativeR-
Ankingcurve (SUCRA) values.

The efficacy of different drugs in terms of PFS and OS
was assessed by calculating the HR value and 95% CI. An
HR value of less than 1 suggests that a particular treat-
ment regimen is more likely to reduce the risk of death
or slow disease progression compared to another regi-
men. On the other hand, an HR value greater than 1 indi-
cates that a treatment regimen is more likely to increase
the risk of death or accelerate disease progression. If the
95% CI includes the value 1, it suggests that there is no
significant difference between the treatments. For binary
variables such as ORR, DCR, and AE, the effect size was
measured using the OR along with its corresponding 95%
CI. An OR value of less than 1 suggests that one drug
treatment may be less effective than another. Conversely,
an OR value greater than 1 suggests that one drug treat-
ment may be more effective. If the 95% CI contains the
value 1, it indicates that there is no significant difference
between the treatments.

Publication bias and heterogeneity

All the included studies were assessed for risk of bias.
Publication bias in ORR, DCR, and AE was assessed
using funnel plots. The asymmetry of the corrected fun-
nel plots indicated a high possibility of publication bias
in the above indicators. When there is heterogeneity, the
effect size is synthesized by random effects.

Result

Literature search

A preliminary search was conducted on PubMed,
Embase, Cochrane Library, and Web of Science data-
bases, yielding a total of 1644 studies. After removing 414
duplicate articles, further screening of titles and abstracts
resulted in the removal of 982 studies. Finally, a full-text
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review was conducted, and 16 studies met the inclusion
criteria. Please refer to Fig. 1 for a detailed illustration of
the screening process.

Basic characteristics of included literature

The included studies were published from 2013 to 2023.
A total of 16 [21-35randomized controlled studies
were included, involving 4487 patients and 9 interven-
tion measures, including chemotherapy (che), lapatinib
combined with chemotherapy (lap_che), nivolumab
(niv), trastuzumab (trz), trastuzumab combined with
chemotherapy (trz_che), trastuzumab deruxtecan
(trz_dex), trastuzumab combined with nivolumab
with ipilimumab (trz_niv_ipi), trastuzumab combined
with pertuzumab with chemotherapy (trz_pez_che),
MM-111 combined with trastuzumab with chemo-
therapy (MM111_trz_che). In the included studies,
the experimental group involved 2401 people, and the

Fig. 1 Literature flow chart

——) Records identified through
s database searching (n=1644) Records temoved  before
-,e_,-: PubMed(n=181) screening;
=3 i
!‘é Ernbase(p~193) > Duplicate records removed
é Cochrane(n=593) (n =414)
= Web of science(n=677)
}

) Records excluded after reading
Records after removal of the title and abstract
duplicates(n=1230) (n =982)

A4 Exclude records(n=232)

Full-text articles evaluated -Did not report the

%" for eligibility (n=248) outcomes of interest (n=56)

§ -The full text is not

% v available(n=1)
Reports assessed Fip -No available data(n=120)
eligibility (n =16) -Research methods  were

inconsistent(n=55)
~—/
v
2 Studies included in
E quantitative synthesis
E (Meta-analysis)
(n=16)

Page 4 of 13

control group 2084 people. The experimental group
ranged in age from 19 to 89 years and the control group
from 22 to 84 years. The specific characteristics of the
included studies are shown in Table 1.

Assessment of risk of bias

All 16 studies included in the analysis provided detailed
descriptions of their methods for random sequence
generation. The majority of them employed either the
random data table method or the computer-generated
random number table method, indicating a low risk
of bias in this aspect. However, there were potential
biases related to imperfect allocation concealment and
the lack of blinding of patients and trial personnel. The
assessment of the risk of bias in the included studies is
displayed in Figs. 2 and 3.
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Fig. 2 Risk bias of graph

Network diagram

The network relationship diagram for 9 intervention
measures including che, lap_che, niv, trz, trz_che, trz_
dex, trz_niv_ipi, trz_pez_che, and MM111_trz_che is
shown in Supplementary S2. A dot signifies a specific
intervention, with the dot size reflecting the number
of patients utilizing that intervention. A straight line
denotes the presence of direct comparative evidence
between two interventions, with the thickness of the line
corresponding to the number of studies involved in com-
paring the two interventions.

Network analysis results

Overall survival (OS)

OS was reported in 14 studies, involving 4,355 patients
and 8 treatment regimens, including che, lap_che, niv,
trz, trz_che, trz_dex, trz_niv_ipi, and trz_pez_che. The
network meta-analysis generated a total of 28 direct or
indirect comparisons, and patients receiving niv, trz_dex,
and trz_pez_che had longer OS than those receiving che
(as shown in Supplementary S3). The results of the rank-
ing of SUCRA showed that patients receiving niv had
the longest OS and patients receiving che had the short-
est OS (as shown in Table 2). The cumulative probability
showed that patients receiving niv had the longest OS (as
shown in Fig. 4).

Progression-free survival (PFS)

A total of 13 studies reported PFS, involving 4358
patients with 8 treatment regimens, including che, lap_
che, niv, trz, trz_che, trz_dex, trz_niv_ipi, and trz_pez_
che. A total of 28 direct or indirect comparisons were
generated through network meta-analysis, and patients
receiving lap_che, niv, trz_che, trz_dez, and trz_pez_che
had longer PFS than those receiving che (as shown in
Supplementary S3). The results of ranking according to
SUCRA showed that patients receiving trz_dex had the
longest PES and patients receiving trz_niv_ipi had the

shortest PFS (as shown in Table 2). According to the
cumulative probability, patients receiving trz_dex had the
longest PES (as shown in Fig. 5).

Objective response rate (ORR)

ORR was discussed in 10 studies, involving 2655 patients
and 7 treatment regimens, including che, lap_che, niv,
trz, trz_che, trz_dex, and trz_pez_che. A total of 21 direct
or indirect comparisons were generated through network
meta-analysis, and patients receiving trz, trz_che, and
trz_pez_che had higher ORR than those receiving lap_
che (as shown in Supplementary S3). The results of rank-
ing according to SUCRA showed that patients receiving
niv had the highest ORR and patients receiving che had
the lowest ORR (as shown in Table 2). According to the
cumulative probability, patients receiving niv had the
highest ORR (as shown in Fig. 6).

Disease control rate (DCR)

A total of 6 studies reported DCR, involving 1805
patients and 5 treatment regimens, including che, niv,
trz_che, trz_dex, and trz_pez_che. A total of 10 direct or
indirect comparisons were generated through network
meta-analysis, and the DCR of trz_che was lower than
that of che (as shown in Supplementary S3). The results
of ranking according to SUCRA showed that trz_dex had
the highest DCR and che had the lowest DCR (as shown
in Table 2). According to the cumulative probability, trz_
dex had the highest DCR (as shown in Fig. 7).

Adverse event (AE)

A total of 11 studies reported recurrence, involving
4140 patients and 7 treatment regimens, including
che, lap_che, trz, trz_che, trz_dex, trz_pez_che, and
MM111 _trz_che. A total of 21 direct or indirect com-
parisons were generated through network meta-anal-
ysis, and lap_che, MM111_trz_che, and trz_dex had a
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Fig. 3 Risk bias of summary

lower incidence of adverse events than che (as shown in
Supplementary S3). The results of ranking according to
SUCRA showed that trz_dex had the lowest incidence
of adverse events, and che had the highest incidence
of adverse events (as shown in Table 2). According to
the cumulative probability, trz_dex had the lowest inci-
dence of adverse events (as shown in Fig. 8).
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Adverse event grade> =3

A total of 8 studies were included, involving 3085 patients
and 6 treatment regimens, including che, lap_che, trz,
trz_che, trz_niv_ipi, and trz_pez_che. A total of 15 direct
or indirect comparisons were generated through net-
work meta-analysis, and patients receiving lap_che and
trz_pez_che had a higher probability of AE grade>3
than those receiving che (as shown in Supplementary S3).
The results of ranking according to SUCRA showed that
patients receiving lap_che had the lowest probability of
AE grade >3, and patients receiving che had the highest
probability of AE grade > 3 (as shown in Table 2). Accord-
ing to the cumulative probability, patients receiving che
had the highest probability of AE grade >3 (as shown in
Fig. 9)

Publication bias and heterogeneity

The publication bias of ORR, DCR, and AE was
assessed using a funnel plot, and the corrected funnel
plot was asymmetric, suggesting a high possibility of
publication bias for the above indicators (as shown in
Supplementary S4).

Discussion

Many molecular markers have been discovered with the
advancement of precision therapy for gastric cancer. In
the TCGA database, gastric cancer has been classified
into four subtypes based on different molecular targets:
EBV type, MSI type, GS type, and CIN type [36]. Among
these subtypes, HER2 is the most common biomarker
that holds definitive clinical significance. As a member
of the EGFR family, HER2 plays a crucial role in regulat-
ing cell proliferation and differentiation. Overexpression
or amplification of the HER2 receptor leads to its dense
distribution on the cell surface, activating multiple intra-
cellular signaling pathways. It promotes cell prolifera-
tion, angiogenesis, survival, and metastasis by activating
PI3K/Akt, Ras/MEK/ERK, and JAK/STAT pathways
[37]. Activation of the PI3K/AKT/mTOR pathway in
patients with HER2-positive breast cancer is associated
with acquired resistance to multiple drugs [38]. Over-
expression of HER2/neu can activate Ras/Raf/MEK/
ERK pathway, resulting in decreased expression of wild
p53 protein [39]. This may be the molecular mechanism
that leads to poor prognosis and non-response to treat-
ment in HER2/neu overexpressed breast cancer patients.
The positive rate of HER2 in gastric cancer ranges from
12 to 20% [40]. Despite this, the 5-year survival rate for
HER2-positive gastric cancer remains significantly low,
ranging from 5 to 20% [41], indicating its highly malig-
nant nature. Therefore, conducting research on gastric
cancer with HER2 amplification and overexpression is of
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Table 2 Overall ranking of SUCRA

Rank che lap_che niv trz trz_che trz_dex trz_niv_ipi trz_pez_che MM111_
trz_che

(0N 0.23 044 0.97 0.08 0.60 0.82 0.31 0.54 NA

PFS 0.27 044 0.89 0.14 0.68 093 0.05 061 NA

ORR 0.07 0.69 1.00 0.14 043 0.81 NA 0.36 NA

DCR 0.08 NA 0.55 NA 0.56 097 NA 035 NA

AE 0.82 0.50 NA 0.79 0.38 0.02 NA 0.79 0.20

AE grade>=3 0.59 0 NA 0.88 048 NA 0.83 0.22 NA

che chemotherapy, lap_che lapatinib+chemotherapy, niv nivolumab, trz trastuzumab, trz_che trastuzumab+chemotherapy, trz_dex trastuzumab deruxtecan, trz_niv_

ipi trastuzumab-+nivolumab+ipilimumab, trz_pez_che pertuzumab+trastuzumab+chemotherapy, MM111_trz_che MM-111+trastuzumab +chemotherapy

1.00

0.75

Cumulative probability

0.25

0.00

che
treatment _

lap_che wem trz wes trz_dex

rank

w= v = tz_che trz_niv_ipi

trz_pez_che

Fig. 4 OS cumulative probability plot. che: chemotherapy; lap_che: lapatinib+chemotherapy; niv: nivolumab; trz: trastuzumab; trz_che:
trastuzumab+chemotherapy; trz_dex: trastuzumab deruxtecan; trz_niv_ipi: trastuzumab+nivolumab-+ipilimumab; trz_pez_che: pertuzumab-+trastu
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utmost importance. In recent years, various drugs such
as chemotherapy, targeted therapy, immunotherapy, and
anti-angiogenic therapy have been progressively utilized
in the medical treatment of HER2-positive gastric cancer.
However, there is still a need for a comprehensive evalua-
tion of these treatment approaches.

Currently, there are various treatment options avail-
able for HER2-positive gastric cancer, each with distinct
mechanisms of action. One of these options is antibody
conjugate drugs (ADCs), which combine HER2-specific
antibodies with potent cytotoxic drugs via a specific
linker. This enables the targeted delivery of cytotoxic
drugs to tumor cells, effectively killing them through
chemotherapy [42]. Tumor immunotherapy, on the
other hand, relies on the activation of T cells to eliminate
tumor cells. The interaction between the PD-1 ligand
on the surface of tumor cells and the PD-1 receptor on

T cells plays a crucial role in this process. By sending
inhibitory signals to immune cells, this interaction leads
to T cell inactivation and immune tolerance [43]. Immu-
nosuppressive agents function by blocking the interac-
tion between tumor cells and immune cells, enhancing
the immune response against tumors. However, the lack
of unified standards and systematic comparison poses a
challenge in this field, hindering further advancements
in our knowledge. To the best of our knowledge, this is
the first network meta-analysis comparing 9 treatment
regimens for HER2-positive gastric cancer, including
che, lap_che, niv, trz, trz_che, trz_dex, trz_niv_ipi, trz_
pez_che, and MM111_trz_che. This study has identified
that the use of chemotherapy alone and targeted therapy
with trastuzumab alone does not significantly extend
survival and even leads to higher rates of adverse reac-
tions. On the other hand, the combination of targeted
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therapy and chemotherapy, as well as targeted therapy
and immunization, has shown slightly improved efficacy
and safety compared to single therapies. Importantly, the
use of trastuzumab deruxtecan and nivolumab has dem-
onstrated a significant prolongation of overall survival
(OS) and progression-free survival (PFS) in patients with
HER2-positive gastric cancer. Notably, nivolumab has
shown an almost 100% ORR (objective response rate)

with a lower incidence of adverse events. These findings
are supported by the results of the ATTRACTION-2
clinical trial [44], which evaluated the use of nivolumab
and placebo in patients with advanced gastric cancer.
The 3-year follow-up data showed that the median OS
in the nivolumab group was 26.7 months, with a 3-year
survival rate of 35.5%. Additionally, a Phase I study
investigating the efficacy of neoadjuvant nivolumab
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monotherapy for gastric cancer [45] reported a low rate
of treatment-related adverse events (0—6%) and the abil-
ity of nivolumab to induce major pathological responses
in some patients with resectable gastric cancer. These
findings are consistent with the results of our study.
Currently, trastuzumab deruxtecan has received
approval in the United States for second-line or
late-line treatment. Trastuzumab deruxtecan is an

antibody-drug conjugate that consists of an HER2
antibody, a cytotoxic topoisomerase I inhibitor, and a
lysable tetrapeptide ligand. In a Phase II study compar-
ing the efficacy of trastuzumab deruxtecan with chem-
otherapy, over half of the patients in the trastuzumab
deruxtecan group experienced objective responses [46].
The OS rate was found to be 12.5 months, and the com-
mon adverse reactions mainly included neutropenia,
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anemia, and leukopenia. Trastuzumab deruxtecan
has several unique advantages compared to trastu-
zumab, most notably a high drug antibody ratio of
8:1 and a bystander antitumor effect. Previous studies
have shown significant antitumor activity in heavily
pretreated patients with HER2-positive breast cancer
and gastric cancer. A Phase Ib study revealed that out
of 44 patients treated with varying doses of trastu-
zumab deruxtecan, 43.2%25 (19/44) showed an objec-
tive response rate, and 79.5% 25 (35/44) had disease
control [47]. Based on these results and 16 randomized
controlled studies, it was found that the adverse reac-
tions to trastuzumab deruxtecan mainly included nau-
sea, decreased neutrophil count, and anemia. Due to its
lower incidence of adverse reactions, trastuzumab der-
uxtecan is expected to have promising prospects in the
future. Additionally, the use of MM-111 bispecific anti-
body therapy is considered a potential alternative treat-
ment for HER2-positive gastric cancer [48]. However,
in this study, the combination of MM-111 with trastu-
zumab and chemotherapy was associated with a higher
risk of adverse reactions compared to trastuzumab der-
uxtecan monotherapy. Furthermore, the lack of data
on survival and response rates prevents a meaningful
comparison between the two treatments. In conclusion,
immunotherapy, targeted therapy, and chemotherapy
all provide benefits to patients with HER2-positive gas-
tric cancer to a certain extent. Monotherapy or com-
bination therapy using drugs that can prolong OS and
PFS, improve response rates, and reduce the incidence

of adverse reactions have the potential to offer patients
a better prognosis. We remain optimistic that the use
of drugs will lead to better treatment outcomes and
fewer side effects for patients with gastric cancer in the
next 5 years. This advancement is expected to benefit a
larger population of patients. Moving forward, it is cru-
cial to conduct additional well-designed randomized
controlled trials to validate the effectiveness and safety
of different drugs in treating HER2-positive gastric
cancer.

However, this study still has several limitations. First,
the quality of included studies is medium with unbal-
anced proportion, and some studies lacked sufficient
allocation concealment and blinding methods, which
are potential sources of bias. Second, HER2-positive
gastric cancer of different stages affected the compara-
bility. Third, some studies did not report data on sur-
vival and response rate, resulting in the incomplete
results of some treatment regimens. Fourth, the fol-
low-up time was 1 to 46 months with varied results. In
addition, although our study confirmed that nivolumab
and trastuzumab deruxtecan have low adverse reac-
tions and efficacy in terms of ethical considerations for
treatment options, the potential socioeconomic costs
of nivolumab and Trastuzumab are much higher than
those of traditional treatments, which may also hinder
patients’ choice of treatment options. In the future,
better randomized controlled clinical trials can be
designed to include more patients with HER2-positive
gastric cancer, with extended follow-up to confirm or
expand these results.
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Conclusion

In summary, the administration of nivolumab and tras-
tuzumab deruxtecan has proven to be both efficacious
and well-tolerated in the management of patients diag-
nosed with HER2-positive gastric cancer.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513643-025-02777-4.

Supplementary Material 1. Specific search strategies.

Supplementary Material 2. The network relationship diagram for 9 inter-
vention measures.

Supplementary Material 3. The network meta-analysis.

Supplementary Material 4. The publication bias of ORR, DCR, and AE.

Acknowledgements
Not applicable

Authors’ contributions

Conceptualization: Xiao Ma and Chunluan Yuan. Methodology: Jie Zhang. For-
mal analysis and investigation: Jie Zhang. Writing—original draft preparation:
Xiao Ma. Writing—review and editing. Xiao Ma. Funding acquisition: Xiao Ma.
Resources: Jie Zhang. Supervision: Jie Zhang and Chunluan Yuan. All authors
commented on previous versions of the manuscript. All authors read and
approved the final manuscript.

Funding
The study did not receive any specific funding from funding agencies in the
public, commercial, or non-profit sectors.

Data availability
All relevant data are within the manuscript and its additional files.

Declarations
Ethics approval and consent to participate.
Not applicable.

Author details

'Department of Oncology, The First People’s Hospital of Lianyungang, Lian-
yungang, Jiangsu 222000, China. ?Department of Oncology, The Second Affili-
ated Hospital of Nanjing Medical University, Nanjing, Jiangsu 210008, China.

Received: 10 November 2024 Accepted: 25 January 2025
Published online: 10 February 2025

References

1. LinY, Zheng Y, Wang HL, Wu J. Global patterns and trends in gastric
cancer incidence rates (1988-2012) and Predictions to 2030. Gastroen-
terology. 2021;161:116-127 e118. https://doi.org/10.1053/j.gastro.2021.
03.023.

2. Hamashima C. Systematic Review G Guideline Development Group for
Gastric Cancer Screening, G. Update version of the Japanese Guide-
lines for Gastric Cancer Screening. Jpn J Clin Oncol. 2018;48:673-683.
https://doi.org/10.1093/jjco/hyy077.

3. Ricci AD, Rizzo A, Brandi G. DNA damage response alterations in gastric
cancer: knocking down a new wall. Future Oncol. 2021;17:865-8.
https://doi.org/10.2217/fon-2020-0989.

4. Dall'Olio FG, Rizzo A, Mollica V, Massucci M, Maggio |, Massari F.
Immortal time bias in the association between toxicity and response
for immune checkpoint inhibitors: a meta-analysis. Immunotherapy.
2021;13:257-70. https://doi.org/10.2217/imt-2020-0179.

20.

21.

Page 12 of 13

Tsimberidou AM, Fountzilas E, Nikanjam M, Kurzrock R. Review of preci-
sion cancer medicine: Evolution of the treatment paradigm. Cancer Treat
Rev. 2020;86:102019. https://doi.org/10.1016/j.ctrv.2020.102019.

Sun J, Li X, Chen P, Gao Y. From Anti-HER-2 to Anti-HER-2-CAR-T Cells: An
Evolutionary Immunotherapy Approach for Gastric Cancer. J Inflamm Res.
2022;15:4061-85. https://doi.org/10.2147/JIR.S368138.

Keam SJ. Trastuzumab deruxtecan: first approval. Drugs. 2020;80:501-8.
https://doi.org/10.1007/540265-020-01281-4.

Cortés J, Kim SB, Chung WP, Im SA, Park YH, Hegg R, Kim MH, Tseng LM,
Petry V, Chung CF, et al. Trastuzumab deruxtecan versus trastuzumab
emtansine for breast cancer. N Engl J Med. 2022;386:1143-54. https://doi.
org/10.1056/NEJMoa2115022.

Xue C, Xu YH. Trastuzumab combined chemotherapy for the treat-

ment of HER2-positive advanced gastric cancer: A systematic review

and meta-analysis of randomized controlled trial. Medicine (Baltimore).
2022;101:€29992. https://doi.org/10.1097/md.0000000000029992.
Abuhelwa Z, Alloghbi A, Algahtani A, Nagasaka M. Trastuzumab Derux-
tecan-Induced Interstitial Lung Disease/Pneumonitis in ERBB2-Positive
Advanced Solid Malignancies: A Systematic Review. Drugs. 2022,82:979-
87. https://doi.org/10.1007/540265-022-01736-w.

. SunL,Wang H, XuD,YuS, Zhang L, Li X. Lapatinib induces mitochondrial

dysfunction to enhance oxidative stress and ferroptosis in doxorubicin-
induced cardiomyocytes via inhibition of PI3K/AKT signaling pathway.
Bioengineered. 2022;13:48-60. https://doi.org/10.1080/21655979.2021.
2004980.

Swain SM, Miles D, Kim SB, Im YH, Im SA, Semiglazov V, Ciruelos E,
Schneeweiss A, Loi S, Monturus E, et al. Pertuzumab, trastuzumab, and
docetaxel for HER2-positive metastatic breast cancer (CLEOPATRA): end-
of-study results from a double-blind, randomised, placebo-controlled,
phase 3 study. Lancet Oncol. 2020;21:519-30. https://doi.org/10.1016/
$1470-2045(19)30863-0.

Yan YH, Lei XY, Hu WP. Comparative effectiveness and tolerability of
targeted agents combined with chemotherapy in patients with HER2-
positive gastroesophageal cancer: a network meta-analysis. Saudi J
Gastroenterol. 2022;28:175-85. https://doi.org/10.4103/sjg.sjg_367_21.
Roskoski R Jr. The ErbB/HER family of protein-tyrosine kinases and cancer.
Pharmacol Res. 2014;79:34-74. https://doi.org/10.1016/j.phrs.2013.11.002.

. Janjigian YY, Shitara K, Moehler M, Garrido M, Salman P, Shen L, Wyrwicz

L, Yamaguchi K, Skoczylas T, Campos Bragagnoli A, et al. First-line
nivolumab plus chemotherapy versus chemotherapy alone for advanced
gastric, gastro-oesophageal junction, and oesophageal adenocarci-
noma (CheckMate 649): a randomised, open-label, phase 3 trial. Lancet.
2021;398:27-40. https://doi.org/10.1016/50140-6736(21)00797-2.

Sun JM, Shen L, Shah MA, Enzinger P, Adenis A, Doi T, Kojima T, Metges JP,
Li Z, Kim SB, et al. Pembrolizumab plus chemotherapy versus chemo-
therapy alone for first-line treatment of advanced oesophageal cancer
(KEYNOTE-590): a randomised, placebo-controlled, phase 3 study. Lancet.
2021;398:759-71. https://doi.org/10.1016/50140-6736(21)01234-4.

Yu S, LiuQ Han X, Qin S, Zhao W, Li A, Wu K. Development and clinical
application of anti-HER2 monoclonal and bispecific antibodies for cancer
treatment. Exp Hematol Oncol. 2017;6:31. https://doi.org/10.1186/
540164-017-0091-4.

Rizzo A, Mollica V, Tateo V, Tassinari E, Marchetti A, Rosellini M, De Luca R,
Santoni M, Massari F. Hypertransaminasemia in cancer patients receiving
immunotherapy and immune-based combinations: the MOUSEION-05
study. Cancer Immunol Immunother. 2023;72:1381-94. https://doi.org/
10.1007/500262-023-03366-x.

Guven DG, Sahin TK, Erul E, Rizzo A, Ricci AD, Aksoy S, Yalcin S. The
association between albumin levels and survival in patients treated with
immune checkpoint inhibitors: a systematic review and meta-analysis.
Front Mol Biosci. 2022;9:1039121. https://doi.org/10.3389/fmolb.2022.
1039121,

Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JB, Thomas J.
Updated guidance for trusted systematic reviews: a new edition of the
Cochrane Handbook for Systematic Reviews of Interventions. Cochrane
Database Syst Rev. 2019;10:Ed000142. https://doi.org/10.1002/14651858.
Ed000142.

Makiyama A, Sukawa Y, Kashiwada T, Kawada J, Hosokawa A, Horie Y, Tsuiji A,
Moriwaki T, Tanioka H, Shinozaki K, Uchino K, Yasui H, Tsukuda H, Nishikawa
K, Ishida H, Yamanaka T, Yamazaki K, Hironaka S, Esaki T, Boku N, Hyodo |,
Muro K. Randomized, phase Il study of trastuzumab beyond progression in


https://doi.org/10.1186/s13643-025-02777-4
https://doi.org/10.1186/s13643-025-02777-4
https://doi.org/10.1053/j.gastro.2021.03.023
https://doi.org/10.1053/j.gastro.2021.03.023
https://doi.org/10.1093/jjco/hyy077
https://doi.org/10.2217/fon-2020-0989
https://doi.org/10.2217/imt-2020-0179
https://doi.org/10.1016/j.ctrv.2020.102019
https://doi.org/10.2147/JIR.S368138
https://doi.org/10.1007/s40265-020-01281-4
https://doi.org/10.1056/NEJMoa2115022
https://doi.org/10.1056/NEJMoa2115022
https://doi.org/10.1097/md.0000000000029992
https://doi.org/10.1007/s40265-022-01736-w
https://doi.org/10.1080/21655979.2021.2004980
https://doi.org/10.1080/21655979.2021.2004980
https://doi.org/10.1016/s1470-2045(19)30863-0
https://doi.org/10.1016/s1470-2045(19)30863-0
https://doi.org/10.4103/sjg.sjg_367_21
https://doi.org/10.1016/j.phrs.2013.11.002
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.1016/s0140-6736(21)01234-4
https://doi.org/10.1186/s40164-017-0091-4
https://doi.org/10.1186/s40164-017-0091-4
https://doi.org/10.1007/s00262-023-03366-x
https://doi.org/10.1007/s00262-023-03366-x
https://doi.org/10.3389/fmolb.2022.1039121
https://doi.org/10.3389/fmolb.2022.1039121
https://doi.org/10.1002/14651858.Ed000142
https://doi.org/10.1002/14651858.Ed000142

Zhang et al. Systematic Reviews

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34,

(2025) 14:40

patients with HER2-positive advanced gastric or gastroesophageal junction
cancer: WJOG7112G (T-ACT Study). 2020;38:1919-1927.

Stein A, Paschold L, Tintelnot J, Goekkurt E, Henkes SS, Simnica D, Schulthe-
iss C, Willscher E, Bauer M, Wickenhauser C, et al. Efficacy of ipilimumab vs
FOLFOX in combination with nivolumab and trastuzumab in patients with
previously untreated ERBB2-positive esophagogastric adenocarcinoma: the
AIO INTEGA randomized clinical trial. JAMA Oncol. 2022;8:1150-8. https://
doi.org/10.1001/jamaoncol.2022.2228.

Smyth EC, Rowley S, Cafferty FH, Allum W, Grabsch Hl, Stenning S, Wother-
spoon A, Alderson D, Crosby T, Mansoor W, et al. Safety and efficacy of the
addition of lapatinib to perioperative chemotherapy for resectable HER2-
positive gastroesophageal adenocarcinoma: a randomized phase 2 clinical
trial. JAMA Oncol. 2019;5:1181-7. https.//doi.org/10.1001/jamaoncol.2019.
1179.

Hecht JR, Bang YJ, Qin SK, Chung HC, Xu JM, Park JO, Jeziorski K, Shparyk Y,
Hoff PM, Sobrero A, et al. Lapatinib in combination with capecitabine plus
oxaliplatin in human epidermal growth factor receptor 2-positive advanced
or metastatic gastric, esophageal, or gastroesophageal adenocarcinoma:
TRIO-013/LOGIC-a randomized phase lll trial. J Clin Oncol. 2016;34:443-51.
https://doi.org/10.1200/JCO.2015.62.6598.

Tabernero J, Hoff PM, Shen L, Ohtsu A, Shah MA, Cheng K, Song C, Wu H,
Eng-Wong J, Kim K; et al. Pertuzumab plus trastuzumab and chemotherapy
for HER2-positive metastatic gastric or gastro-oesophageal junction cancer
(JACOB): final analysis of a double-blind, randomised, placebo-controlled
phase 3 study. Lancet Oncol. 2018;19:1372-84. https://doi.org/10.1016/
S1470-2045(18)30481-9.

Tabernero J, Hoff PM, Shen L, Ohtsu A, Shah MA, Siddiqui A, Heeson S,
Kiermaier A, Macharia H, Restuccia E, et al. Pertuzumab, trastuzumab, and
chemotherapy in HER2-positive gastric/gastroesophageal junction cancer:
end-of-study analysis of the JACOB phase Il randomized clinical trial. Gastric
Cancer. 2023;26:123-31. https://doi.org/10.1007/510120-022-01335-4.
Shitara K, Bang YJ, lwasa S, Sugimoto N, Ryu MH, Sakai D, Chung HC,
Kawakami H, Yabusaki H, Lee J, et al. Trastuzumab deruxtecan in previously
treated HER2-positive gastric cancer. N Engl J Med. 2020,382:2419-30.
https://doi.org/10.1056/NEJM0a2004413.

Shah MA, Kang YK, Thuss-Patience PC, Ohtsu A, Ajani JA, Van Cutsem E,
Hoersch S, Harle-Yge ML, de Haas SL. Biomarker analysis of the GATSBY
study of trastuzumab emtansine versus a taxane in previously treated HER2-
positive advanced gastric/gastroesophageal junction cancer. Gastric Cancer.
2019,22:803-16. https://doi.org/10.1007/510120-018-00923-7.
Thuss-Patience PC, Shah MA, Ohtsu A, Van Cutsem E, Ajani JA, Castro H,
Mansoor W, Chung HC, Bodoky G, Shitara K, et al. Trastuzumab emtansine
versus taxane use for previously treated HER2-positive locally advanced

or metastatic gastric or gastro-oesophageal junction adenocarcinoma
(GATSBY): an international randomised, open-label, adaptive, phase 2/3
study. Lancet Oncol. 2017;18:640-53. https.//doi.org/10.1016/51470-
2045(17)30111-0.

Hofheinz RD, Merx K, Haag GM, Springfeld C, Ettrich T, Borchert K,
Kretzschmar A, Teschendorf C, Siegler G, Ebert MP, et al. FLOT Versus FLOT/
trastuzumab/pertuzumab perioperative therapy of human epidermal
growth factor receptor 2-positive resectable esophagogastric adenocarci-
noma: a randomized phase Il trial of the AIO EGA study group. J Clin Oncol.
2022,40:3750-61. https://doi.org/10.1200/jc0.22.00380.

Satoh T, Xu RH, Chung HC, Sun GP, Doi T, Xu JM, Tsuji A, Omuro Y, Li J, Wang
JW, et al. Lapatinib plus paclitaxel versus paclitaxel alone in the second-line
treatment of HER2-amplified advanced gastric cancer in Asian populations:
TyTAN-a randomized, phase Il study. J Clin Oncol. 2014;32:2039-49. https.//
doi.org/10.1200/jc0.2013.53.6136.

Satoh T, Kang YK, Chao Y, Ryu MH, Kato K, Cheol Chung H, Chen JS, Muro

K, Ki Kang W, Yeh KH, et al. Exploratory subgroup analysis of patients with
prior trastuzumab use in the ATTRACTION-2 trial: a randomized phase Il
clinical trial investigating the efficacy and safety of nivolumab in patients
with advanced gastric/gastroesophageal junction cancer. Gastric Cancer.
2020;23:143-53. https://doi.org/10.1007/510120-019-00970-8.

LiuT, QinY,LiJ, XuR, XuJ,Yang S, Qin S, Bai Y, Wu C, Mao Y, et al. Pertuzumab
in combination with trastuzumab and chemotherapy for Chinese patients
with HER2-positive metastatic gastric or gastroesophageal junction cancer:
a subpopulation analysis of the JACOB trial. Cancer communications (Lon-
don, England). 2019;39:38. https://doi.org/10.1186/s40880-019-0384-6.
Bang YJ,Van Cutsem E, Feyereislova A, Chung HC, Shen L, Sawaki A, Lordick
F, Ohtsu A, OmuroYY, Satoh T, et al. Trastuzumab in combination with

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 13 of 13

chemotherapy versus chemotherapy alone for treatment of HER2-positive
advanced gastric or gastro-oesophageal junction cancer (ToGA): a phase 3,
open-label, randomised controlled trial. Lancet. 2010,376:687-97. https://
doi.org/10.1016/50140-6736(10)61121-x.

Shen L, Xu JM, Feng FY, Jiao SC, Wang LW, Li J, Guan ZZ, Qin SK, Wang

JJ,Yu SY, et al. Trastuzumab in combination with chemotherapy versus
chemotherapy alone for first-line treatment of HER2-positive advanced
gastric or gastroesophageal junction cancer: a Phase lll, multi-center, ran-
domized controlled trial, Chinese subreport. Zhonghua Zhong Liu Za Zhi.
2013;35:295-300. https://doi.org/10.3760/cma.j.issn.0253-3766.2013.04.012.
Zhang W.TCGA divides gastric cancer into four molecular subtypes: implica-
tions for individualized therapeutics. Chin J Cancer. 2014;33:469-70. https.//
doi.org/10.5732/cjc.014.10117.

Hosford SR, Miller TW. Clinical potential of novel therapeutic targets in
breast cancer: CDK4/6, Src, JAK/STAT, PARP, HDAC, and PI3K/AKT/mTOR
pathways. Pharmgenomics Pers Med. 2014;7:203-15. https://doi.org/10.
2147/pgpm.S52762.

Zhong, H,; Zhou, Z;Wang, H; Wang, R; Shen, K, Huang, R; Wang, Z. The bio-
logical roles and clinical applications of the PI3K/AKT pathway in targeted
therapy resistance in HER2-positive breast cancer: a comprehensive review.
Int J Mol Sci. 2024;25. https://doi.org/10.3390/ijms252413376.

Zheng L, Ren JQ, Zhang L, Chen Q, Zhu HG. Overexpression of HER2/neu
downregulates wild p53 protein expression via PI3K and Ras/Raf/MEK/

ERK pathways in human breast cancer cells. Zhonghua Bing Li Xue Za Zhi.
2004;33:358-62.

Waks AG, Winer EP. Breast cancer treatment: a review Jama. 2019;321:288—
300. https://doi.org/10.1001/jama.2018.19323.

Kahraman S, Yalcin S. Recent advances in systemic treatments for HER-2
positive advanced gastric cancer. Onco Targets Ther. 2021;14:4149-62.
https.//doi.org/10.2147/0TT.S315252.

Xu'S, Cui F,Huang D, Zhang D, Zhu A, Sun X, Cao Y, Ding S, Wang Y, Gao

E, et al. PD-L1 monoclonal antibody-conjugated nanoparticles enhance
drug delivery level and chemotherapy efficacy in gastric cancer cells. Int J
Nanomedicine. 2019;14:17-32. https://doi.org/10.2147/ijn.S175340.

Kang D, Kim IH. Molecular Mechanisms and Potential Rationale of Immuno-
therapy in Peritoneal Metastasis of Advanced Gastric Cancer. Biomedicines.
2022;10. https://doi.org/10.3390/biomedicines10061376.

Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, Chung HC, Chen JS,
Muro K, Kang WK, et al. Nivolumab in patients with advanced gastric or
gastro-oesophageal junction cancer refractory to, or intolerant of, at least
two previous chemotherapy regimens (ONO-4538-12, ATTRACTION-2):

a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet.
2017;390:2461-71. https://doi.org/10.1016/50140-6736(17)31827-5.
André T, Tougeron D, Piessen G, de la Fouchardiere C, Louvet C, Adenis

A, Jary M, Tournigand C, Aparicio T, Desrame J, Liévre A, Garcia-Larnicol

ML, Pudlarz T, Cohen R, Memmi S, Vernerey D, Henriques J, Lefevre JH,
Svrcek MSvrcek M. Neoadjuvant nivolumab plus ipilimumab and adjuvant
nivolumab in localized deficient mismatch repair/microsatellite instabil-
ity—high gastric or esophagogastric junction adenocarcinoma: the GERCOR
NEONIPIGA phase Il study. 2023;41:255-265.

Siena S, Di Bartolomeo M, Raghav K, Masuishi T, Loupakis F, Kawakami H,
Yamaguchi K, Nishina T, Fakih M, Elez E, et al. Trastuzumab deruxtecan
(DS-8201) in patients with HER2-expressing metastatic colorectal cancer
(DESTINY-CRCO1): a multicentre, open-label, phase 2 trial. Lancet Oncol.
2021;22:779-89. https://doi.org/10.1016/51470-2045(21)00086-3.

Modi S, Park H, Murthy RK, Iwata H, Tamura K, Tsurutani J, Moreno-Aspitia A,
DoiT, Sagara Y, Redfern C, Krop IE, Lee C, Fujisaki Y, Sugihara M, Zhang L, Sha-
hidi J, Takahashi S. Antitumor activity and safety of trastuzumab deruxtecan
in patients with HER2-low-expressing advanced breast cancer: results from
a phase Ib study. 2020,38:1887.

Lote H, Valeri N, Chau I. HER2 inhibition in gastro-oesophageal cancer: A
review drawing on lessons learned from breast cancer. World J Gastrointest
Oncol. 2018;10:159-71. https.//doi.org/10.4251/wjgov10.i7.159.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1001/jamaoncol.2022.2228
https://doi.org/10.1001/jamaoncol.2022.2228
https://doi.org/10.1001/jamaoncol.2019.1179
https://doi.org/10.1001/jamaoncol.2019.1179
https://doi.org/10.1200/JCO.2015.62.6598
https://doi.org/10.1016/S1470-2045(18)30481-9
https://doi.org/10.1016/S1470-2045(18)30481-9
https://doi.org/10.1007/s10120-022-01335-4
https://doi.org/10.1056/NEJMoa2004413
https://doi.org/10.1007/s10120-018-00923-7
https://doi.org/10.1016/s1470-2045(17)30111-0
https://doi.org/10.1016/s1470-2045(17)30111-0
https://doi.org/10.1200/jco.22.00380
https://doi.org/10.1200/jco.2013.53.6136
https://doi.org/10.1200/jco.2013.53.6136
https://doi.org/10.1007/s10120-019-00970-8
https://doi.org/10.1186/s40880-019-0384-6
https://doi.org/10.1016/s0140-6736(10)61121-x
https://doi.org/10.1016/s0140-6736(10)61121-x
https://doi.org/10.3760/cma.j.issn.0253-3766.2013.04.012
https://doi.org/10.5732/cjc.014.10117
https://doi.org/10.5732/cjc.014.10117
https://doi.org/10.2147/pgpm.S52762
https://doi.org/10.2147/pgpm.S52762
https://doi.org/10.3390/ijms252413376
https://doi.org/10.1001/jama.2018.19323
https://doi.org/10.2147/OTT.S315252
https://doi.org/10.2147/ijn.S175340
https://doi.org/10.3390/biomedicines10061376
https://doi.org/10.1016/s0140-6736(17)31827-5
https://doi.org/10.1016/s1470-2045(21)00086-3
https://doi.org/10.4251/wjgo.v10.i7.159

	Efficacy and safety of different drugs in patients with HER2-positive gastric cancer: network meta-analysis
	Abstract 
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 
	Systematic review registration 

	Introduction
	Materials and methods
	Registration
	Literature search
	Inclusion and exclusion criteria
	Data extraction
	Quality evaluation
	Data analysis
	Publication bias and heterogeneity

	Result
	Literature search
	Basic characteristics of included literature
	Assessment of risk of bias
	Network diagram
	Network analysis results
	Overall survival (OS)
	Progression-free survival (PFS)
	Objective response rate (ORR)
	Disease control rate (DCR)
	Adverse event (AE)
	Adverse event grade> = 3 

	Publication bias and heterogeneity

	Discussion
	Conclusion
	Acknowledgements
	References


