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INTRODUCTION

Gastric cancer  (GC) is the fifth most common cancer 
type and the third leading cause of  cancer‑related death 

worldwide.[1] The risk factors include Helicobacter pylori (HP) 
infection, age, a high‑salt diet, and a diet low in vegetables 
and fruits.[2] It is an important public health problem 
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worldwide because of  its wide geographical distribution, 
aggressive behavior, high incidence and mortality rates.[3,4] 
However, with the improvement of  living habits and active 
eradication of  HP infection, the incidence of  GC has 
decreased steadily.[5] With the promotion of  endoscopic 
screening, the incidence seems to have increased, but 
GC‑related mortality has greatly decreased.[6] In addition, 
the management of  gastroesophageal junction (GEJ) cancer 
generally follows the guidelines for GC management.[7]

Human epidermal growth factor receptor 2 (HER2) is a 
growth‑promoting protein that is widely recognized for its 
tumorigenic potential.[8] Overexpression of  HER2 plays an 
important role in the development of  GC.[9] Approximately 
20% of  gastroesophageal cancer  (GOC) patients show 
HER2 amplification.[10] HER2‑positive GOC is an important 
molecular subclass because of  its stronger invasiveness and 
poorer prognosis compared to that of  other subclasses.[11] 
HER2 inhibitors are considered important therapeutic 
agents for HER2‑overexpressing GOC. However, 
HER2 inhibition has not achieved the same success in 
GC treatment as it has in breast cancer treatment.[12] 
Trastuzumab (Tra) is still the only approved HER2 inhibitor 
for GOC.[13] Trastuzumabderuxtecan  (TraD) has the 
potential to be the next promising drug.[9]

A previous meta‑analysis showed that second‑line treatment 
with Tra in patients who progressed after first‑line 
Tra‑based treatment could prolong the progression‑free 
survival (PFS) period without bringing more safety issues 
but could not prolong the overall survival  (OS) period 
or improve the objective response rate (ORR). However, 
only cohort studies and a small sample randomized 
controlled trial (RCT) were included in this meta‑analysis.[14] 
Therefore, whether Tra should be continuously used in 
second‑line therapy for GOC patients still needs to be 
further studied. With the development of  new target agents 
for HER2‑positive GOC patients, there are still questions 
that need to be answered. For example, the effect of  Tra 
in second‑  and third‑line treatment of  HER2‑positive 
patients is still unclear, and whether other new targeted 
agents have better potential therapeutic effects also needs 
to be explored. Therefore, this work further analyzes the 
effectiveness and tolerability of  targeted agents combined 
with chemotherapy in HER2‑positive GOC by network 
meta‑analysis.

METHODS

Search strategy
We performed a systematic review and network of  
randomized controlled trials according to PRISMA 

guidelines. The study protocol was approved by the 
Medical Ethics Committee of  the study center and 
PROSPERO (CRD42021254305). We performed searches 
in public databases, namely PubMed, EmBase, Cochrane 
Central Register of  Controlled Trials, Scopus, EBSCO 
host  (including CINAHL), and MD Clinical Key, from 
the date of  their inception to October 22, 2020, with no 
language restrictions. We used the following search terms: 
“HER2,” “human epidermal growth factor receptor 
2,” “advanced,” “late stage,” “metastatic,” “metastases,” 
“unresectable,” “gastric,” “stomach,” “gastroesophag*,” 
“gastrooesophag*,” “malignant,” “neoplasms,” “cancer,” 
“tumor,” “carcinoma,” “adenocarcinoma,” “squamous,” 
“random*,” “randomized,” and “randomized”. The 
electronic database searches were supplemented with 
a manual search for published and unpublished trials. 
Reference lists of  the included studies and previous reviews 
were also screened to avoid omission.

Selection criteria
We included RCTs about HER2‑positive advanced GC or 
GEJ cancer. The intervention arm was a target agent‑related 
regimen, and control was another target agent‑related 
regimen or chemotherapy alone. Studies reported the 
PFS and/or OS outcomes. The exclusion criteria included 
studies that did not include HER2‑positive populations or 
did not report HER2+ populations as subgroup analysis 
results and repeated reports or posthoc studies. Two 
authors performed a search process independently.

Data extraction and outcomes
The extraction data included first author, publication 
year, research location, treatment stage, sample size, age 
of  patients, trial abbreviation, register number, HER2 
detection, intervention, control regimen, and follow‑up 
period. The primary outcomes were PFS and OS based 
on Cox regression models. The second outcomes were 
ORR and serious adverse events (SAEs of  grade ≥3) based 
on frequency event results. We assessed studies’ risk of  
design bias in accordance with the Cochrane Handbook 
for Systematic Reviews of  Interventions.[15] Then, we 
further assessed the certainty of  evidence contributing 
to network estimates of  the outcomes with the Grading 
of  Recommendations, Assessment, Development and 
Evaluation (GRADE) framework.[16]

Statistical analysis
We used hazard ratios  (HRs) and 95% confidence 
intervals (95% CIs) for PFS and OS results that were based 
on the Cox regression model and odds ratios (ORs) with 
95% CIs for ORR and SAE outcomes. Effect sizes were 
synthesized using a frequentist framework random‑effect 
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network meta‑analysis.[17] We used loop‑specific methods 
and design‑by‑treatment models to evaluate local and 
global inconsistency. Statistical heterogeneity in the 
entire network was estimated by commonτ2.[18] To rank 
the treatment for each outcome, we used the surface 
under the cumulative ranking curve  (SUCRA), and the 
interventions and results were hierarchically clustered by 
k‑means methods.[19] Comparison‑adjusted funnel plots 
were used to assess the potential small‑study effects. We 
performed subgroup analysis to assess nongray published 
English articles, first‑line treatment, second/third‑line 
treatment, and HER2‑positive intensities based on 
immunohistochemistry (IHC)/in situ hybridization (ISH) 
detection. Stata software (version 14.0), the netmeta package 
of  the R program (version 4.0.1), and RevMan (version 5.3) 
were used in all analyses.

RESULTS

Literature search
The study selection process is shown in Figure 1. A total 
of  1773 items were retrieved from the database search, and 
1339 remained after removing duplications. After screening 
the titles and abstracts, 190 items remained. After full‑text 
screening, the following articles were excluded: studies on 
HER2‑negative patients (59 items), repeated or posthoc 
studies (38 items), reviews (30 items), protocols (20 items), 
studies without HER2‑positive subgroup analysis  (13 
items), studies without randomization design  (9 items), 
studies not reporting survival primary results  (6 items), 
comments (1 item), and studies not related to advanced GC 
or GEJ cancer patients (1 item). Finally, 13 articles were 
included in the meta‑analysis[20‑32] [Figure 1].

Among the included studies, the publication time was 
from 2010 to 2020. Some of  the studies were multicenter 
studies; there were also studies focusing on the populations 
of  Japan, Korea, China, and the US  [Table  1]. There 
were four gray articles, namely one Chinese‑language 
study[23] and three conference reports.[26,28,29] The targeted 
agents included pertuzumab (Per), Tra, TraD (DS‑8201a), 
trastuzumabemtansine  (TraE, T‑DM1), lapatinib  (Lap), 
and MM‑111 (MM111). There was also a study comparing 
the high‑dose trastuzumab  (HTra) regimen and the 
standard‑of‑care Tra regimen. Seven studies involved 
first‑line treatments,[22,23,25‑27,29,32] and the rest involved 
second‑  or third‑line treatments. In terms of  research 
quality, three studies applied blinding methods to prevent 
deviations caused by subjective factors,[22,27,29] and one gray 
study did not use a suitable random sequence generation 
method.[23] In addition, although 92.3% of  the studies 
carried out complete protocol design and registration, 

selective reporting bias still existed. However, in terms of  
the primary survival outcome, the design quality of  the 
included studies was acceptable [Figure 2].

The intervention methods in the network meta‑analysis of  
PFS included chemotherapy alone (Chemo), HTraChemo, 
Lap, LapChemo, MM111TraChemo, PerTraChemo, 
TraChemo, TraD, and TraE  [Figure  3a]. In pairwise 
comparisons, compared to Chemo, LapChemo  (HR: 
1.08; 95%CI: 1.01, 1.16), PerTraChemo  (HR: 1.29; 
95%CI: 1.17,1.42), TraChemo  (HR: 1.13; 95%CI: 
1.05, 1.20), and TraD  (HR: 1.39; 95%CI: 1.16, 1.66) 
had significant advantages in terms of  prolonging the 
PFS period. In addition, TraChemo was better than 
MM111TraChemo (HR: 1.37; 95%CI: 1.07, 1.76) but worse 
than PerTraChemo (HR: 0.87; 95%CI: 0.81, 0.94) [Table 2]. 
When the interventions were ranked based on the surface 
under the cumulative ranking curve  (SUCRA) method, 
TraD (96.4%) and PerTraChemo (90.2%) ranked higher 
than the others.

Chemo, HTraChemo, Lap, LapChemo, MM111TraChemo, 
PerTraChemo, TraChemo, TraD, and TraE were 
included in the analysis of  OS  [Figure  3b]. In pairwise 
comparisons, PerTraChemo  (HR: 1.19; 95%CI: 1.07, 
1.33), TraChemo  (HR: 1.10; 95%CI: 1.02, 1.20), and 
TraD  (HR: 1.26; 95%CI: 1.05, 1.50) led to better OS 
than Chemo. TraChemo led to significantly better OS 
than MM111TraChemo  (HR: 1.39; 95%CI: 1.00, 1.92) 
but worse OS than PerTraChemo  (HR: 0.92; 95%CI: 
0.86, 1.00)  [Table  2]. The ranking results showed that 
TraD  (91.0%) and PerTraChemo  (86.5%) had high 
rankings.

Chemo, HTraChemo, Lap, LapChemo, PerTraChemo, 
TraChemo, TraD, and TraE were included in the assessment 
of  the ORR results as the secondary outcome [Figure 3c]. 
In pairwise comparisons, LapChemo (OR: 0.45; 95%CI: 
0.29, 0.70), PerTraChemo  (OR: 0.41; 95%CI: 0.22, 
0.74), TraChemo  (OR: 0.62; 95%CI: 0.40, 0.96), and 
TraD  (OR: 0.16; 95%CI: 0.06, 0.40) had significantly 
higher ORRs than Chemo [Table 2]. TraD (97.7%) and 
PerTraChemo (75.2%) had relative advantages over the 
other regimens.

Chemo, HTraChemo, Lap, LapChemo, MM111TraChemo, 
PerTraChemo, TraChemo, TraD, and TraE were included 
in the assessment of  SAEs  [Figure  3d]. In pairwise 
comparisons, no significant difference was found and 
the quality of  evidence for most results was low due to 
inaccuracy [Table 2]. In the ranking results, TraE (86.6%) 
and Chemo  (80.4%) had relative advantages over the 
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other regimens. No obvious statistical heterogeneity, 
inconsistency, or funnel plot asymmetry was found in the 
aforementioned network meta‑analysis.

K‑means cluster analysis was performed on the SUCRA 
results of  the four above-mentioned analyses. The results 
showed that TraD and PerTraChemo exhibited high 
effectiveness but low tolerance. HTraChemo, TraChemo, 
and LapChemo had moderate effectiveness and safety. 
However, Lap, TraE, and Chemo had low effectiveness but 
high tolerability. MM111 TraChemo had low effectiveness 
and safety [Figure 4a].

The analysis focused on peer‑reviewed published articles 
and excluded gray articles, such as non‑English articles 
and conference abstracts. A  total of  eight intervention 
methods were included in the analysis, and the results 
showed that TraD and PerTraChemo still had relatively high 
effectiveness but low tolerability, even in a large dataset. 

Lap, Chemo, and TraE had relatively low effectiveness but 
high tolerability. LapChemo, HTraChemo, and TraChemo 
had moderate effectiveness and tolerability  [Figure  4b]. 
Subgroup analyses were also performed according to 
the treatment line. In the first‑line treatment results, only 
PerTraChemo had high effectiveness but low tolerability. 
TraChemo, HTraChemo, and LapChemo had moderate 
effectiveness and safety. The Chemo treatment had low 
effectiveness and relatively high tolerability [Figure 4c]. In 
second‑ and third‑line treatments, TraD and LapChemo 
had relatively high effectiveness and moderate tolerability, 
while Lap and TraChemo had relatively moderate 
effectiveness and tolerability. Chemo and TraE had 
moderate effectiveness and high tolerability [Figure 4d].

Finally, the samples from the OS analysis were 
classified by HER2 IHC status and analyzed. In the 
IHC2+/ISH+  population, the interventions included 
Chemo, LapChemo, PerTraChemo, TraChemo, TraD, and 

Figure 1: Flow chart illustrating the selection process in the study.
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TraE. PerTraChemo  (92.0%), TraChemo  (68.5%), and 
LapChemo  (63.8%) had relative advantages in terms of  
prolonging the OS period. In the IHC3 + population, the same 
interventions were included. The ranking results showed that 
TraD (80.9%), PerTraChemo (78.4%), and TraChemo (65.0%) 
had relative advantages over the other regimens.

DISCUSSION

This study analyzed the efficacy and tolerability of  
chemotherapy and targeted agent treatment for GC or GEJ 
cancer patients with HER2 overexpression or amplification 
by network meta‑analysis. The TraD and PerTraChemo 

Figure 2: Risk of bias graph for each included study.
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regimens are considered to have high effectiveness but 
low tolerability. In the subgroup analysis, PerTraChemo 
had high effectiveness and low tolerability, and TraChemo 
and LapChemo were considered alternative regimens with 
moderate effectiveness and tolerability for first‑line therapy. 
In second‑ and third‑line therapy, TraD and LapChemo 
had high effectiveness and moderate tolerability. Finally, 
when patients were stratified according to the intensity of  
HER2 expression, PerTraChemo had a relative advantage 
in the IHC2+/ISH+ population and TraD, PerTraChemo, 
and TraChemo had a relative advantage in terms of  OS in 
the IHC3+ population.

HER2 is a transmembrane protein and has tyrosine kinase 
activity after activation of  intracellular region proteins. 
Thus, it can activate multiple signaling pathways to inhibit 
cancer cell apoptosis, promote cancer cell growth and 
metastasis, and promote neovascularization.[33] For GC cells, 
HER2 overexpression is involved in cancer proliferation 
and invasion through the Ras/MAPK and PI3K/Akt/
PKB pathways.[34] Therefore, HER2 overexpression is 
considered a prognostic biomarker for GC patients and 
often predicts a poor prognosis.[35,36] At present, Tra is the 
only approved agent for the treatment of  HER2‑positive 
GC patients. Tra is a HER2 monoclonal antibody that 
acts on the extracellular region of  HER2 to inhibit the 
activation of  HER2 and downstream pathways and to 
inhibit tumor growth and invasion. However, among the 
regimens included in this analysis, TraChemo only had 
moderate effectiveness and safety as the first‑line treatment. 

Increasing the Tra dose  (HTraChemo) did not improve 
its effectiveness. The TraD and PerTraChemo regimens 
based on Tra showed were markedly more effective, but 
they resulted in more serious side effects.

With regard to Tra, the phase 3 ToGA study demonstrated 
the advantages of  TraChemo over Chemo as the first‑line 
treatment with regard to the OS (median: 13.8 months vs. 
11.1 months) (HR: 0.74; 95%CI: 0.60–0.90; P = 0.0046).[32] 
However, increasing the Tra dose when it was used as 
a first‑line treatment did not improve the effectiveness; 
indeed, higher‑dose Tra resulted in a shorter OS duration 
than the standard‑of‑care  (median: 10.6  months vs. 
12.5  months).[26] After treatment failure with Tra plus 
fluoropyrimidine and platinum, Tra plus paclitaxel as a 
second‑line treatment did not significantly prolong the 
OS time  (median: 10  months vs. 10  months) or PFS 
time  (median: 3.7 months vs. 3.2 months) compared to 
paclitaxel.[21] TraD is a conjugate of  Tra and the cytotoxic 
topoisomerase I inhibitor deruxtecan that can inhibit 
HER2 protein activation and bring cytotoxic drugs directly 
to HER2‑overexpressing cancer cells.[37,38] TraD has been 
approved for the treatment of  HER2‑positive breast 
cancer.[39,40] In the DESTINY‑Gastric01 study, TraD yielded 
a superior ORR than Chemo (51% vs. 14%). TraD also 
resulted in a higher OS rate (80% vs. 66% at 6 months and 
52% vs. 29% at 12 months) and a higher PFS rate (43% 
vs. 21% at 6 months and 30% vs. 0% at 12 months) than 
Chemo. However, the side effects of  interstitial lung disease 
and pneumonitis need attention.[20] In this study, it was also 
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Figure 3: Network comparisons for the strategies included in the analyses. (a): Progression‑free survival; (b): overall survival; (c): objective 
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confirmed that it has high effectiveness as a second‑ and 
third‑line treatment and in the IHC3+  population. 
However, TraE, a conjugate of  Tra and the tubulin inhibitor 
emtansine, has also been explored. In HER2‑positive 
breast cancer cells, TraE can release emtansine‑containing 

catabolites in the cell to affect cell mitosis and promote 
apoptosis.[41] However, the effectiveness of  TraE is not 
ideal, which may be related to the insensitivity of  GC 
cells to microtubule‑inhibiting agents. It showed that the 
use of  TraE as a second‑line treatment did not prolong 

Table 2: Results for the treatment strategies according to their relative effect and the data reliability/quality
Outcomes Comparisons No. of 

studies
Direct Comparisons Indirect Comparisons Network Comparisons

HR/OR (95%CIs) Quality HR/OR (95%CIs) Quality HR/OR (95%CIs) Quality

PFS Chemo vs.
LapChemo 3 1.08 (1.01, 1.16) H 1.08 (1.01, 1.16) H
PerTraChemo 1 1.27 (0.94, 1.73) M† 1.29 (1.17, 1.43) H 1.29 (1.17,1.42) M#

TraChemo 2 1.13 (1.05, 1.21) H 1.11 (0.81, 1.52) M† 1.13 (1.05,1.20) M#

TraD 1 1.39 (1.16, 1.66) H 1.39 (1.16,1.66) H
TraE 1 0.95 (0.86, 1.05) M† 0.95 (0.86,1.05) M†

HTraChemo vs.
TraChemo 1 1.02 (0.89, 1.16) M† 1.02 (0.89,1.16) M†

Lap vs.
LapChemo 1 1.33 (0.99, 1.79) M† 1.33 (0.99,1.79) M†

MM111TraChemo
TraChemo 1 1.37 (1.07, 1.76) H 1.37 (1.07,1.76) H

PerTraChemo vs.
TraChemo 1 0.87 (0.81, 0.94) H 0.89 (0.65, 1.21) M† 0.87 (0.81,0.94) M#

OS Chemo vs.
LapChemo 4 1.06 (0.99, 1.14) M* 1.06 (0.99,1.14) M*
PerTraChemo 1 1.29 (0.85, 1.96) M† 1.19 (1.06, 1.33) H 1.19 (1.07,1.33) M#

TraChemo 2 1.10 (1.01, 1.20) H 1.19 (0.78, 1.83) M† 1.10 (1.02,1.20) M#

TraD 1 1.26 (1.05, 1.50) H 1.26 (1.05,1.50) H
TraE 1 0.94 (0.83, 1.06) M† 0.94 (0.83,1.06) M†

HTraChemo vs.
TraChemo 1 1.10 (0.94, 1.29) M† 1.10 (0.94,1.29) M†

Lap vs.
LapChemo 1 1.03 (0.63, 1.68) M† 1.03 (0.63,1.68) M†

MM111TraChemo vs.
TraChemo 1 1.39 (1.00, 1.92) H 1.39 (1.00,1.92) H

PerTraChemo vs.
TraChemo 1 0.93 (0.86, 1.00) H 0.85 (0.56, 1.31) M† 0.92 (0.86,1.00) M#

ORR Chemo vs.
LapChemo 3 0.45 (0.29, 0.70) H 0.45 (0.29,0.70) H
PerTraChemo 1 0.26 (0.08, 0.87) H 0.47 (0.23, 0.94) H 0.41 (0.22,0.74) H
TraChemo 2 0.66 (0.41, 1.06) M† 0.36 (0.10, 1.35) M† 0.62 (0.40,0.96) M#

TraD 1 0.16 (0.06, 0.40) H 0.16 (0.06,0.40) H
TraE 1 0.94 (0.45, 1.95) M† 0.94 (0.45,1.95) M†

HTraChemo vs.
TraChemo 1 0.92 (0.48, 1.78) M† 0.92 (0.48,1.78) M†

Lap vs.
LapChemo 1 0.17 (0.01, 3.89) L‡ 0.17 (0.01,3.89) L‡

PerTraChemo vs.
TraChemo 1 1.41 (0.85, 2.34) M† 2.56 (0.70, 9.41) L‡ 1.52 (0.95,2.44) M†

SAE Chemo vs.
LapChemo 3 0.48 (0.18, 1.28) L*† 0.48 (0.18,1.28) L*†

PerTraChemo 1 0.23 (0.04, 1.40) M† 0.32 (0.04, 2.27) M† 0.26 (0.07,1.01) M†

TraChemo 2 0.47 (0.14, 1.63) M† 0.33 (0.03, 3.60) L‡ 0.44 (0.14,1.31) M†

TraD 1 0.19 (0.03, 1.01) M† 0.19 (0.03,1.01) M†

TraE 1 1.59 (0.33, 7.58) L‡ 1.59 (0.33,7.58) L‡

HTraChemo vs.
TraChemo 1 1.06 (0.22, 5.08) L‡ 1.06 (0.22,5.08) L‡

Lap vs.
LapChemo 1 0.89 (0.12, 6.38) L‡ 0.89 (0.12,6.38) L‡

MM111TraChemo vs.
TraChemo 1 1.34 (0.24, 7.51) L‡ 1.34 (0.24,7.51) L‡

PerTraChemo vs.
TraChemo 1 1.48 (0.32, 6.77) L‡ 2.08 (0.23, 18.99) L‡ 1.65 (0.47,5.78) L‡

CIs: confidence intervals; HR: hazard ratio; OR: odds rate; ORR: Objective response rate; OS: Overall survival; PFS: Progression‑free survival; 
SAE: serious adverse event. PFS and OS outcomes reported HR (95%CIs); ORR and SAE outcomes reported OR (95%CIs); Quality level: H: high; 
M: moderate; L: low. Bold means statistic difference (P<0.05). *Study limitation; †Imprecision; ‡Severe Imprecision; #Incoherence.
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OS (median: 7.9 months vs. 8.6 months) or PFS (median: 
2.7 months vs. 2.9 months) compared to Chemo.[24]

Per is a second‑generation human monoclonal HER2 
antibody that combines with the extracellular region of  
HER2 to block downstream signal transduction.[42] In the 
JACOB study, with regard to first‑line treatment, there 
was no significant difference in OS between PerTraChemo 
and TraChemo  (median: 17.5 months vs. 14.2 months). 
Coxregression also showed no significant difference (HR: 
0.84; 95%CI: 0.71–1.00, P = 0.057). However, a trend toward 
therapeutic activity was possible.[22] In the PETRARCA 
study, with regard to first‑line treatment, PerTraChemo 
on the basis of  FLOT (docetaxel 50 mg/m²; oxaliplatin 
85 mg/m²; leucovorin 200 mg/m²; 5‑FU 2600 mg/m², q2w) 
significantly improved the primary outcome, which was the 
pCR rate (35% vs. 12%). The median OS had not yet been 
reached. At 24 months, the OS rate of  the PerTraChemo 
group was 84% and that of  the Chemo group was 
77%.[26] In this research, similar to TraD, PerTraChemo 
had obvious advantages in treatment effectiveness as a 
first‑line treatment and in the ICH2+/ISH+ population, 

which indicated its potential as a treatment regimen for 
patients with HER2‑positive GC and GEJ cancer. Lap 
is a dual tyrosine kinase receptor inhibitor of  epidermal 
growth factor receptor  (EFGR) and HER2, that blocks 
downstream signaling pathways not only by inhibiting the 
HER2 and EGFR intracellular tyrosine kinases but also 
by binding to their extracellular segments.[43] Although 
Lap showed therapeutic advantages in the treatment of  
HER2 + breast cancer, for HER2 + GC and GEJ cancer, 
LapChemo only had moderate effectiveness and tolerance 
as the first‑line treatment and relatively high effectiveness 
as the second‑line treatment. However, overall, Lap was 
not considered an advantageous agent based on this work.

In addition, a previous meta‑analysis indicated that changes 
in HER2 status from primary GC to metastatic GC are 
not rare. Therefore, whether it is necessary to track HER2 
status changes during the therapeutic period to modify the 
treatment strategy immediately, still needs to be clarified.[44] 
Due to the characteristic heterogeneity of  gastric tumor 
cells, targeted agent and cytotoxic drug combinations are 
being used to improve survival outcomes according to 
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the characteristics of  tumor cell biomarkers in individual 
patients, and this strategy needs to be further explored in 
the future.[45,46]

Advantages and limitations
This study included the following advantages: Almost all 
included studies registered the research protocol. Subgroup 
analyses based on treatment line and HER2 status also 
provided further precise interpretation of  the results. As 
for the limitations of  this study, patients with advanced 
HER2‑positive GC and GEJ cancer received both targeted 
agents and chemotherapy drugs, but the chemotherapy 
regimens were different among studies and even within 
studies. Therefore, it was difficult to analyze the potential 
impact of  various cytotoxic drugs on the outcomes. 
In addition, the overall accuracy of  the SAE pairwise 
comparisons was low, which reduced the credibility of  
the evidence and had a nonrobust effect on the choice of  
drugs in practical applications for safety considerations.
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