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Background: Antibody-drug conjugates (ADCs) are an emerging therapy for
HER2-positive advanced gastric cancer (AGC), yet their comparative efficacy and
safety remain unclear. This systematic review and meta-analysis aimed to
evaluate the clinical outcomes of different ADCs in this patient population.
Methods: A systematic search of PubMed, Embase, Cochrane, and Scopus
databases was performed to identify relevant studies. The primary endpoint
was the pooled overall response rate (ORR), analyzed using a random-effects
model. Safety, subgroup analyses, and publication bias were also assessed.
Results: Twelve studies comprising 1041 patients were included. The pooled
ORR across all ADCs was 33.4% (95% Cl, 26.3%—-41.3%). Efficacy varied
substantially among agents: trastuzumab deruxtecan (T-DXd) and DP303c
demonstrated the highest ORRs (42.5% and 42.9%, respectively), whereas
others, such as Trastuzumab emtansine (T-DM1), showed lower efficacy
(20.6%). ORR was not significantly affected by prior treatment lines (P =
0.6559) or cohort type (P = 0.7185). The most common adverse events
included nausea (47.7%), with grade >3 anemia (21.1%) and neutropenia (15.1%)
being the most frequent severe toxicities.

Conclusions: The efficacy of ADCs in HER2-positive AGC is highly variable.
T-DXd and DP303c appear to be the most active agents, underscoring the critical
importance of specific drug selection. Managing toxicities such as anemia and
neutropenia is essential for optimizing treatment.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD420250653886, identifier PROSPERO CRD420250653886.
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1 Introduction

Gastric cancer (GC) remains a significant global health burden,
with advanced or metastatic disease carrying a particularly poor
prognosis (1, 2). Within this challenging landscape, the
identification of molecular subtypes has been pivotal for
developing targeted therapies, and one of the most clinically
significant is Human Epidermal Growth Factor Receptor 2
(HER2)-positive disease (3). HER2-positive status, a clinically
significant molecular subtype, is present in approximately 7.3-
20.2% of advanced GC (4-7). This subtype is associated with
aggressive tumor biology and poor prognoses, yields a 5-year
survival rate of only 5-20% (8), particularly in the advanced or
metastatic setting (9). Common sites for metastasis include lymph
nodes, liver, and peritoneum. Patients with advanced disease may
present with poor performance status and ascites (10).
Consequently, targeting the HER2 pathway has become a
cornerstone of therapy for this patient population. For over a
decade, the first-line standard of care has been trastuzumab
combined with platinum-fluoropyrimidine chemotherapy, marked
a pivotal advancement, establishing the first-line standard of care
for these patients for over a decade (11, 12). However, its efficacy is
often limited by primary or acquired resistance, and the challenge of
HER2 expression heterogeneity, including its potential loss post-
therapy (13). These limitations have spurred the development of
novel HER2-targeted strategies to improve patient outcomes.

To overcome the limitations of traditional HER2 blockade,
Antibody-Drug Conjugates (ADCs) have recently emerged as a
transformative therapeutic modality for HER2-positive metastatic
GC, offering a novel mechanism to deliver potent cytotoxicity
directly to cancer cells (11, 14). As a therapeutic modality, ADCs
consist of a HER2-targeting antibody linked to a potent cytotoxic
payload via a specialized linker (15-17). Upon binding to HER2 and
internalization, the payload is released, inducing cancer cell death
(18). Furthermore, many modern ADCs feature a “bystander
effect,” whereby the membrane-permeable payload can diffuse
into adjacent HER2-low or -negative tumor cells, thereby
addressing the challenge of tumor heterogeneity (11, 19). This
mechanism thereby helps mitigate innate or acquired resistance
to HER2-targeted agents. Pivotal trials demonstrated significant
improvements in objective response rates (ORR) and survival with
trastuzumab deruxtecan (T-DXd) in patients progressing on prior
trastuzumab-containing regimens (20, 21). Furthermore, T-DXd’s
observed activity in HER2-low GC broadens the scope of HER2-
targeted therapy (13, 14).

The evolving landscape and the compelling efficacy shown by
various ADCs. However, the rapid development of multiple
effective ADCs has outpaced the generation of comparative
evidence. The absence of direct head-to-head randomized trials
comparing these novel agents hinders evidence-based treatment
selection in the second-line setting and beyond (22). Concurrently,
their real-world utility is constrained by dose-limiting toxicities
(e.g., interstitial lung disease and hematologic events), necessitating
safety optimization strategies (23, 24).
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Therefore, we conducted this systematic review and meta-
analysis to evaluate the clinical efficacy and safety of ADC
monotherapy in patients with advanced or metastatic HER2-
positive GC, with a focus on the ORR and overall safety profile.
This provides a robust statistical approach for synthesizing direct
and indirect evidence from individual trials.

2 Method
2.1 Search strategy

Two investigators independently searched the PubMed, Embase,
Cochrane, and Scopus databases. Additional records were identified
by screening other sources, including ClinicalTrials.gov, conference
proceedings of the American Society of Clinical Oncology (ASCO)
and the European Society for Medical Oncology (ESMO), and the
reference lists of books and review articles to ensure comprehensive
identification of all eligible studies. The literature search was
performed without restrictions on publication language, country,
region, or ethnicity, and covered the period from the inception of
each database to our final search date of June 24, 2025. The search
strategy was constructed using a combination of controlled
vocabulary terms (e.g., Medical Subject Headings [MeSH] and
Emtree) and free-text keywords. These terms were conceptually
grouped into four key domains and linked with Boolean operators:
(1) gastric cancer (e.g., “gastric neoplasm”), (2) HER2-positive status
(e.g, “HER2-positive”, “
advanced or metastatic disease (e.g., “advanced cancer”, “metastatic

epidermal growth factor receptor 27), (3)

cancer”), and (4) antibody-drug conjugates (e.g., “antibody-drug

» o«

conjugate”, “Trastuzumab deruxtecan”). A filter for clinical trials
was applied where appropriate. The full, detailed search strategy for
each database is documented in Supplementary Methods 1-4. This
systematic review was conducted in accordance with a pre-specified
protocol, which was registered with the International Prospective
Register of Systematic Reviews (PROSPERO) on February 24, 2025
(Registration No. CRD420250653886). The complete protocol can be
accessed at https://www.crd.york.ac.uk/PROSPERO/
view/CRD420250653886.

2.2 Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) Clinical trials, including
randomized controlled trials (RCTs) and single-arm studies; (2)
Studies enrolling patients with histologically confirmed
HER2-positive locally advanced or metastatic GC; (3) Studies
administering ADC monotherapy. Exclusion criteria were as
follows: (1) Non-human (animal or in vitro) studies; (2) Secondary
publications (letters, reviews, meta-analyses, commentaries, case
reports, conference abstracts, editorials, expert opinions); (3)
Duplicate publications. Two investigators independently established
the criteria. A third reviewer adjudicated discrepancies to achieve

consensus when required.
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2.3 Quality assessment

Two reviewers (Li and Chen) independently assessed the risk of
bias for all included studies. Any disagreements were resolved by
consensus or, if necessary, through arbitration by a third reviewer
(Chai). For non-randomized studies, the Risk of Bias in Non-
randomized Studies - of Interventions (ROBINS-I) tool was
utilized. The overall risk of bias was judged as Low’, ‘Moderate’,
‘Serious’, or ‘Critical’ following evaluation across seven domains:
confounding, selection of participants, classification of interventions,
deviations from intended interventions, missing data, measurement
of outcomes, and selection of the reported result. For randomized
controlled trials (RCTs), the Cochrane Risk of Bias 2 (RoB 2) tool was
employed using RevMan software (v5.4.1, The Cochrane
Collaboration). Guided by standardized signaling questions, each of
the five domains—bias arising from the randomization process,
deviations from intended interventions, missing outcome data,
measurement of the outcome, and selection of the reported result—
was categorized as having a ‘Low risk of bias’, ‘Some concerns’, or
‘High risk of bias’. If the meta-analysis included >10 studies, potential
publication bias for the primary outcome (ORR) was evaluated
through visual inspection of funnel plot asymmetry, supplemented
by the Begg and Harbord statistical tests.

2.4 Data extraction

Two authors (Li and Chen) independently conducted the study
selection and data extraction. This process involved a two-stage
screening of titles and abstracts, followed by a full-text review of
potentially eligible articles. Any discrepancies were resolved by
consensus or third-party adjudication. Data were extracted across
three domains: (1) Study characteristics: bibliographic details,
design, patient baseline data (e.g., age, HER2 status, prior
treatments), and the specific ADC regimen. (2) Efficacy outcomes,
evaluated per RECIST v1.1: the ORR and the number of patients
with a complete response (CR), partial response (PR), stable disease
(SD), or progressive disease (PD). (3) Safety profile: the incidence of
all-grade and grade >3 adverse events (AEs), rates of treatment
discontinuation due to AEs, and treatment-related mortality.

2.5 Statistical analysis

Data from the included randomized controlled trials (RCTs)
were synthesized using Review Manager (RevMan, v5.4.1). All
subsequent meta-analyses were conducted with the meta package
in R (v4.3.2). Effect sizes were pooled as Risk Ratios (RR) with 95%
confidence intervals (CI) for RCTs, and as Proportions with 95%
ClIs for the single-arm studies.

Inter-study heterogeneity was quantified using the DerSimonian-
Laird estimator for tau®, Cochran’s Q test (significance threshold:
P<0.10) and the I* statistic. A random-effects model was applied
when significant heterogeneity (I>>50%) was present; otherwise, a
fixed-effect model was employed. Proportions were transformed
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using logit function to stabilize variances. Clopper-Pearson exact
confidence intervals (CIs) were computed for study-specific
proportions. Pre-specified subgroup analyses were performed to
explore potential sources of heterogeneity. A leave-one-out
sensitivity analysis involving all studies was conducted to assess the
robustness of the pooled estimates. Publication bias was evaluated by
examining funnel plot asymmetry, which was then formally tested
using Begg’s rank correlation test and Harbord’s modified regression
test to ensure methodological rigor.

2.6 Subgroup analysis

Subgroup analyses by: (i) GC patients enrollment proportion
(GC-dedicated cohorts versus cohorts without independent GC
data); (ii) Prior therapeutic lines (low-intensity versus high-
intensity). (iii) Drug of intervention (contrast between different
drugs). According to oncological conventions, based on their shared
biology and treatment paradigms, GC and gastroesophageal
junction (GEJ) cancers are combined as ‘gastric cancer’ for
subgroup classification. Studies exclusively enrolling either GC or
GEJ cancer patients were categorized into the GC-dedicated cohort.
Cohorts were stratified by prior therapy lines into low-intensity
(median <2) and high-intensity subgroups (median >3).

3 Result

3.1 Literature search and baseline
characteristics

Based on the predefined search strategy, an initial retrieval
yielded 295 records. Following the removal of duplicates, 22 articles
underwent eligibility assessment after being screened by title and
abstract. Finally, after a full-text review of the remaining articles, 12
studies were included for analysis. All 12 studies were eligible for the
efficacy analysis, and 7 of these met the eligibility criteria for the
safety analysis. A summary of the specific selection steps is
presented in Figure 1.

Of the eligible studies, 3 were RCTs and 9 were single-arm studies.
The three RCTs of GATSBY, DESTINY-GastricOl, DESTINY-
Gastric04 (20, 25, 26) and the three single-arm studies of DS8201-A-
U205, DG-06, Zhang et al. (2022) phase Ib dose-expansion trial of
ARX788 (21, 27, 28) were specifically designed for HER2-positive
advanced gastric cancer (AGC) or GEJ cancers, and the remaining
studies included at least one cohort of patients with AGC or GEJ
cancers. For all of these trials, enrolled patients were required to receive
at least 1 line of standard treatment in an advanced setting. Regarding
the number of previously treated lines in advanced or metastatic
settings, 92.4% of patients in DS8201-A-U205 received 1 line of
antineoplastic therapy (21), which was at least 1 line in the GATSBY,
DESTINY-Gastric01, and DESTINY-Gastric04 trials (20, 25, 26), and
55% of patients in Meric-Bernstam et al. (2023) phase I trial of PF-
06804103 experienced no less than 6 lines (29). There were significant
differences in pretreatment between trials. In addition, in the case of
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Identification of studies via databases and registers
Records identified from*: Records removed before
— Cochrane (n = 14) screening:
§' Embase (n = 22) Duplicate records removed
?'i Pubmed (n=76) (n=24)
§ Scopus (n=165) — Records removed via title
& Additional records identified and abstract (n = 230)
S through other sources (n=18) Records removed for other
reasons (n = 19)
\4
Records screened Records excluded**
(n=22) —»| (n=2)
\ 4
Reports sought for retrieval Reports not retrieved
% (n=20) —— | (n=0)
o
@ i
@
=]
1
Q
Reports assessed for eligibility Reports excluded:
(n=20) I » | Nooutcome of interest (n = 1)
No protocol and statistical analysis
plan(n=1)
Without available data (n = 1)
Excluded from analyses: unmet
criterion (n=1)
5 Studies included in review
3 (n=12)
= Reports of included studies
= (n=16)
FIGURE 1

PRISMA diagram: All records were identified through a literature search and citation search. The exclusion process is depicted until the final inclusion

of studies.

DESTINY-GastricO1, DESTINY-Gastric04 trial, DS8201-A-J101,
DS8201-A-U205, Pegram et al. (2021) phase I trial of MEDI4276
(NCT02576548), all included patients received the previous
trastuzumab-containing HER2-targeted therapy (20, 21, 26, 30, 31).

Our study evaluated patients with locally advanced or metastatic
GC who received ADC monotherapy. The intervention protocol
involved ADC drugs including T-DXd, Trastuzumab emtansine (T-
DM1), DP303c, RC48, MEDI4276, SYD985, A166, ARX788, PF-
06804103. Table 1 reports the main trial characteristics.

3.2 Quality assessment

According to the ROBINS-I tool (Supplementary Table S1), among
the included single group studies, DS8201-A-U205 and Banerji et al.
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(2019) were assessed as severe, and Pegram et al. (2021) trial was
assessed as low risk of bias. The remaining six single group studies were
all considered to have moderate risk. According to the RoB 2.0 tool
(Supplementary Table S2), among the included RCTs, the Meric-
Bernstam et al. (2023) trial was assessed as having a high risk of bias,
and the remaining three were labeled as Some concerns.

The funnel plot analysis of the ORR showed a suspicious
publication bias, which may be related to the tendency of small
studies to report higher efficacy values (Supplementary Figure S2).
Further Harbord regression analysis confirmed the existence of
small-study effects, requiring caution in interpreting the results and
combining sensitivity analysis to observe the stability of the results
(Supplementary Figure S3). The results of the Begg test suggested a
risk of systemic bias, but did not meet the statistically significant
criteria (Kendall’s tau = -0.4242, p = 0.0629).
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TABLE 1 Design and characteristics of included studies in the meta-analysis.

Proportion of HER2

Median follow-up time,

Clinical trial Study type Phase Sample size Previous therapy lines Intervention
yyp P + GC or GEJA, n (%) Py months
68.0 median of 3.0 lines 5.5 months
DS8201-A-J101 (30)* Single- 1 274 44 (16% T-DXd
J101 (30) mngie-arm (16%) (IQR: 62.5-72.0) (IQR: 2.0-5.0) (IQR 2.8-13.1)
51.5 12.0month
Zhang et al. (2024) (32)° Single-arm Ia 94 9 (9.6%) >1 lines: 94(100%) DP303c months
(range: 28-73) (range 1.7-35.2)
60.7 10.2 months
-A- 21 a i - 0y > 1 . 0, -
DS8201-A-U205 (21) Single-arm I 79 79 (100%) (IQR: 52.0-68.3) 1 lines: 79(100%) T-DXd (IQR 5.6-12.9)
5 1 line: 24(42.1%)
Xu et al. (2021) (33)° Single-arm 1 57 47 (82.5%) 2 lines: 18(31.6%) RC48 NA
(range: 28-75) .
>3 lines: 15(26.3%)
66 di f4li 8 th
Pegram et al. (2021) (31)*  Single-arm I 47 15 (31.9%) median of % fines MEDI4276 months -
(range: 44-76) (range: 2-8) (range 0.7-30.6)
61 median of 4.0 lines 5.0 months
Banerji et al. (2019) (34)® ingle- I 14 17 (11.6Y YD
anerji et al. (2019) (34) Single-arm b 6 7 (11.6%) (range:52-68) (IQR: 3.7) SYD985 (IQR 2.9—7.6)"
7 1 lines: 1 1
Zhang et al. (2022) (28)* Single-arm b 30 30 (100%) > ines: 18(60%) ARX788 0 months
(range: 26-72) >2 lines: 12(40%) (95%CI: 6.5-15.9)
Meric-Bernstam . 58.0 median of 5.0 lines
R Single-arm 1A 47 22 (46.8%) PF-06804103 NA
et al. (2023) (29) (range: 32-74) (range: 1.0-18.0)
di f2 i 8.0 th
DG-06 (27)* Single-arm 1 95 95 (100%) 65.8% of patients <65 | | oan O 21nes T-DXd months
(range 2-6) (IQR 6.0-13.2)
62.0 17.5 months
ATSBY (25)* i TI/111 41 415 (1 1 line: 415(1009 T-DM1
GATSBY (25) Randomized / 5 5 (100%) (range: 19-79) ine: 415(100%) (IQR 12.1-23.0)
i f2 i
DESTINY-Gastric01 (20)*  Randomized I 188 188 (100%) 65 median of 2 lines T-DXd NA
(range: 34-82) (range: 2-9)
i N . . 16.8 months
DESTINY-Gastric04 (26) Randomized 11 494 494 (100%) 63.2(NA) > 1 line: 494(100%) T-DXd

(95%CI: 14.0-20.0)

GC, gastric cancer; GEJA, gastroesophageal junction adenocarcinoma; T-DXd, trastuzumab deruxtecan; T-DM1, trastuzumab emtansine; RC48, disitamab vedotin; SYD985, trastuzumab duocarmazine; NA, data not available; CI, confidence interval; IQR, interquartile

range;

“The study separately reported the baseline characteristics of the patient population with GC or GEJA.
The data are for the overall study cohort.
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3.3 Efficacy

Of all the included studies, 12 reported data on the effectiveness
of ADC interventions, with ORR selected as the primary clinical
activity outcome for analysis. Descriptive statistics were used to
present ORR results for 3 RCTs meeting the effectiveness criteria; a
single-group Meta-analysis was performed regarding the remaining
9 single-arm studies.

A descriptive analysis of ORR data from three RCT studies
(GATSBY, DESTINY-GastricOl, DESTINY-Gastric04) is reported
in Table 2. The overall ORR of the intervention group (37.1%, 207/
558) performed better than that of the control group (24.6%, 97/
395). Notable variation in efficacy was observed across trials, with
the DESTINY-Gastric0l intervention group (51.3%, 61/119)
demonstrating the largest improvement in ORR compared with
the control group (14.3%, 8/56). A potential correlation between
GC ratio and ORR improvement was noted. The most significant
ORR advantage was observed in DESTINY-GastricOl with the
highest GC ratio, while the efficacy difference in GATSBY with a
lower GC ratio and DESTINY-Gastric04 was relatively convergent
(Supplementary Figures SIA-C). These findings suggest that the
intervention program may have a more prominent clinical benefit
for people with specific pathological characteristics (such as high
GC ratio).

Nine single-arm trials were pooled using a random-effects
model (DerSimonian-Laird method) in which studies with zero
events were adjusted for continuity by + 1, as shown in Figure 2).
The pooled ORR was 32.32% [95% CI: 0.2529; 0.4026]. However,
individual study ORRs exhibited a wide range, from 0.0% (Pegram

10.3389/fonc.2025.1684873

etal. (2021); 95% CIL: 0.00-0.22) to 43.2% (DS8201-A-J101 trial; 95%
CI: 0.28; 0.59). Since significant heterogeneity was confirmed (I =
61.82%, p < 0.01), more reliable random effects models have been
adopted. Given that results for certain ADCs are derived from single
studies with limited sample sizes, these specific estimates should be
interpreted with caution. The observed heterogeneity necessitates
further exploration of potential sources, such as variations in ADC
types and patient baseline characteristics (addressed in subsequent
subgroup analyses).

3.4 Subgroup analysis

To investigate potential sources of the observed heterogeneity,
we performed subgroup analyses based on several key study-
level characteristics.

3.4.1 GC patients enrollment proportion

In the nine GC-dedicated cohort studies, the pooled effect size
of the ORR was 34.0% (95% CI: 25.1%-44.2%), with substantial
heterogeneity observed (I* = 84.1%, Tau® = 0.303, P < 0.0001). In the
three studies with cohorts without independent GC data, the pooled
ORR was 31.1% (95% CI: 20.1%-44.7%) and was also
heterogeneous (I* = 75.1%, Tau® = 0.199, P = 0.0180). The results
of the test for subgroup differences showed that there was no
statistically significant difference in the response rate between the
two groups (Chi* = 0.13, P = 0.7185; Supplementary Figure S5A),
suggesting that the inclusion of non-GC cohorts was not a primary
driver of the overall heterogeneity.

TABLE 2 Summary of ORR in 3 included randomized controlled trials (N = 1,389).

Clinical trial Intervention Cohort

Control Cohort

Relative Risk GC Prevalence

n/ORR(%) n/ORR(%) (95% Cl) in the Cohort

GATSBY 204/42(20.6%) 102/20(19.6%) 1.05(0.65-1.70) 68.1%
DESTINY-Gastric01 119/61(51.3%) 56/8(14.3%) 3.59(1.82-7.08) 87.2%
DESTINY-Gastric04 235/104(44.3%) 237/69(29.1%) 1.52(1.18-1.96) 61.1%

Study Events Total Proportion 95% Cl  Weight Proportion (95% CI)

DS8201-A-J101 19 44 0.432 [0.283;0.590]  12.7% —_

Zhang et al. (2024) 39 91 0.429 [0.325;0.537]  15.8% —_—

DS8201-A-U205 33 79 0.418 [0.308; 0.534] 15.2% ~—I—

Xu et al. (2021) 12 57 0.211 [0.114;0.339]  12.1% —_—

Pegram et al. (2021) 0 15 0.000 [0.000; 0.218] 2.5% :

Banerji et al. (2019) 1 16 0.062 [0.002; 0.302] 2.5% —

Zhang et al. (2022) 1 29 0.379 [0.207;0.577]  10.4% _—

DG-06 21 73 0.288 [0.188; 0.406] 14.2% —l——

Meric-Bernstam et al. (2023) 23 79 0.291 [0.194; 0.404]  14.6% —_—

Total (95% CI) 483 [0.253; 0.403]  100.0% —

Heterogeneity: Tau? = 0.151; Chi? = 20.95, df = 8 (P = 0.0073); I = 61.82% ! ! ! !

0 0.2 0.4 0.6 0.8

Overall Response Rate

FIGURE 2
Forest plot: Single-group rate meta-analysis of objective response rate (ORR) in patients with advanced or metastatic HER2-positive gastric cancer
treated with ADC.
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3.4.2 Prior therapeutic lines

All studies provided statistical data on the number of previous
antineoplastic treatment lines for the included patients. Among
studies with high exposure intensity, the combined ORR effect size
was 30.8% (95% CI: 19.5%-44.9%), with considerable intra-group
heterogeneity (I> = 69.8%, Tau® = 0.271, P = 0.0102). Conversely, in
studies with low exposure intensity, the combined ORR was 34.5%
(95% CI: 25.3%-45.1%), with high intra-group heterogeneity (I* =
87.1%, Tau®> = 0.297, P < 0.0001). The results of the test for
subgroup differences showed that there was no statistically
notable difference in the response rate between the subgroups
(Chi® = 0.20, P = 0.6559; Supplementary Figure S5B), which may
be related to intra-group heterogeneity or a sample size imbalance
between the two groups. The lack of a significant difference, coupled
with high heterogeneity within each subgroup, suggests that while
prior treatment is a key clinical variable, its influence on ORR may
be complex and confounded by other factors.

3.4.3 Drug of intervention

As shown in the Supplementary Figure S5C, this analysis
revealed marked differences in efficacy among the various drugs.
The ORR pooled effect size was 42.5% (95% CI: 35.8% -49.4%) in
the 5 studies where the therapeutic agent was T-DXd, with
moderate intra-subgroup heterogeneity (I* = 56.9%, Tau® = 0.055,
P = 0.0546). In addition, the efficacy varied substantially for other
agents: the ORR was 42.9% (95% CI: 32.5% -53.7%) for the
intervention with DP303c¢, 21.1% (95% CI: 11.4% -33.9%) for the
trial of the RC48 drug intervention, 0.0% (95% CI: 0.0% -21.8%) for
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the trial of the MEDI4276 drug intervention, 6.2% (95% CI: 0.2%
-30.2%) for the trial of the SYD985 drug intervention, 37.9% (95%
CI: 20.7% -57.7%) for the trial of the ARX788 drug intervention,
and 20.6% (95% CI: 15.3% -26.8%) for T-DM1 in GATSBY trial,
and the ORR in the trial of PF-06804103 drug intervention was
29.1% (95% CI: 19.4% -40.4%). These divergent outcomes strongly
indicate that the choice of intervention regimen is a principal source
of the heterogeneity observed in the overall analysis.

3.5 Safety

Seven studies reported more comprehensive safety outcome
measures. A summary of the main safety findings from the included
studies is presented in Table 3. In the analysis of 841 patients, the
incidence of drug-related AEs of any grade was 96.9% (95% CI:
93.8% -98.5%; Supplementary Figure S6A). Except for the
DESTINY-GastricOl trial, which did not report data on the
frequency of all AEs grade > 3, 55.1% (95% CI: 44.3% -65.5%) of
the remaining 716 patients were observed to have an adverse event
of grade > 3 (Supplementary Figures S6B). Six studies reported the
most common drug-related AEs. The most common AE of any
grade was nausea (47.7%, 95% CI: 30.9% -65.0%), followed by
anemia (33.3%, 95% CI: 21.6% -47.5%) and decreased appetite
(30.7%, 95% CI: 16.7% -49.6%; Supplementary Figures S7A-C).
Among AEs higher than grade 3, the most common was anemia
(21.1%, 95% CI: 13.5% -31.4%), followed by neutropenia (15.1%,
95% CI: 6.6% -31.0%; Supplementary Figures S7D-F).

TABLE 3 Summary of main safety findings from included studies on anti-HER2 ADCs in advanced or metastatic GC.

Intervention Patients = Any grade Grade Most common Most common
(N) AE (%) >3 AE (%) @ any-grade AEs (>25%) grade >3 AEs (>10%)
Nausea (68%) Anemia (30%)
DS8201-A-J101 T-DXd 44 100 (44/44) 64 (28/44) Decreased Appetite (61%) Neutropenia (20%)
Anemia (41%) Decreased Platelets (18%)
Nausea (67%) Anemia (14%)
DS8201-A-U205 T-DXd 79 100 (79/79) 56 (44/79) Vomiting (44%) Nausea (8%)
Fatigue (42%) Neutropenia (8%)
DG-06 T-DXd 95 98 (93/95) 74 (70/95) NA NA

Nausea (63%) Neutropenia (51%)

DESTINY-GastricO1l T-DXd 125 100 (125/125) NA Neutropenia (63%) Anemia (38%)
Decreased Appetite (60%) Decreased WBC (21%)
Fatigue (48%) Neutropenia (29%)

DESTINY-Gastric04 T-DXd 244 93 (227/244) 50 (122/244) Neutropenia (48%) Anemia (14%)
Nausea (44%) Thrombocytopenia (9%)
Anemia (36%) Anemia (26%)

GATSBY T-DM1 224 97 (218/224) 60 (134/224) | Fatigue (30%) Thrombocytopenia (11%)

Thrombocytopenia (28%) Hemorrhage (10%)
Dry Eye (63%)

Zhang et al. (2022) ARX788 30 93 (28/30) 13 (4/30) Decreased Platelets (37%) Rare (<5%)
Increased AST (33%)

96.9
Meta-Analysis Pooled - 841 (CI 93.8.98.5] - - -

T-DXd, trastuzumab deruxtecan; T-DM1, trastuzumab emtansine; NA, data not available; CI, confidence interval.
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3.6 Publication bias and sensitivity analysis

The funnel plot of ORR was asymmetrical. Harbord regression
showed a curve deviation (Supplementary Figures S2, S3). Begg’s
test was marginally significant (Kendall’s tau = -0.4242, p = 0.0629).
The three results consistently indicated a mild risk of publication
bias, which might be related to the unpublished small-sample
studies with negative results. To further evaluate the impact of
individual study results on the overall results, a sensitivity analysis
was conducted (Supplementary Figure S4). The analysis results
showed that the combined effect size of ORR changed slightly after
excluding each trial, which confirmed the robustness and reliability
of this meta-analysis.

4 Discussion

This systematic review and meta-analysis evaluated patients
with HER2-positive GC treated with ADC drugs. The evaluation
involved 12 clinical trials, including RCT trials and single-arm
trials. The main results of the pooled analysis were as follows: (1)
The RCT study reported 37.1% of the overall ORR of the
intervention group (24.6% better than the control group), and the
combined ORR response rate of the single-arm study was 32.32%
[95% CI: 0.2529; 0.4026], showing a significant efficacy advantage.
(2) Analysis based on patient characteristics showed that ADC
treatment seemed to benefit patients with HER2-positive tumors.
Although there was no considerable statistical difference in ORR
levels between the GC-dedicated cohort and the non-GC-dedicated
cohort (GC-dedicated cohort: 34.0%, 95% CI: 25.1% -44.2%; non-
GC-dedicated cohort: 31.1%, 95% CI: 20.1% -44.7%; P = 0.7185),
the three RCT studies still showed that a higher GC proportion was
partially correlated with ORR improvement. Its treatment effect was
not vitally affected by the number of previous treatment lines. At the
same time, there was evident heterogeneity in efficacy between
different anti-HER2 ADC drugs. (3) Regarding safety, acceptable
AEs were observed in the study, primarily related to the
gastrointestinal and hematologic systems. The most frequent AEs
of any grade were nausea (47.7%) and anemia (33.3%). Among
grade >3 AEs, the most common were anemia (21.1%) and
neutropenia (15.1%).

HER? is a critical biomarker and therapeutic target in GC, with
overexpression observed in approximately 15-20% of cases. The
identification of this target has revolutionized the treatment
paradigm for HER2-positive GC, establishing the first successful
targeted therapy and laying the foundation for the development of
subsequent drugs (35, 36).

The Phase ITI randomized ToGA trial was the first to demonstrate
that anti-HER?2 therapy (trastuzumab plus chemotherapy) significantly
prolongs survival in patients with HER2-positive AGC (12). The results
showed a significant improvement in median overall survival (OS) for
the combination therapy group, extending it to 13.8 months from 11.1
months in the chemotherapy-alone group. This trial directly led to the
approval of trastuzumab as the world’s first anti-HER2 targeted agent
for GC, reshaping the first-line treatment landscape (37).
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The GATSBY study was a pivotal Phase II/III clinical trial
representing an early exploration of the efficacy of ADCs in HER2-
positive GC (38). It was designed to evaluate T-DM1, an ADC with
established efficacy in HER2-positive breast cancer, for later-line
treatment of HER2-positive GC. However, the trial’s primary
finding was disappointing: compared with standard
chemotherapy (taxane), T-DMI1 failed to demonstrate a
significant improvement in either OS (7.9 vs. 8.6 months) or
progression-free survival (PFS; 2.7 vs. 2.9 months) (25). The
negative results of the GATSBY trial delineated the limitations of
T-DM1 in this indication, highlighting issues such as the high
degree of tumor heterogeneity and the potential for dynamic
changes in HER2 expression status following first-line therapy
(39). The setbacks from GATSBY spurred the research and
development of a new generation of ADCs, leading to the
creation of T-DXd, which incorporates both a “bystander effect”
and a “high-potency payload” (40-42).

Subsequently, the DESTINY-GastricO1 trial marked another
significant breakthrough (20). This study evaluated patients with
HER2-positive GC who had progressed on two or more prior
regimens, including trastuzumab. It compared the efficacy of T-
DXd against the physician’s choice of chemotherapy (irinotecan or
paclitaxel). The results were compelling, demonstrating
significantly superior outcomes in the T-DXd arm for both ORR
(51% vs. 14%) and median OS (12.5 vs. 8.4 months) compared to
the control arm. The remarkable performance of T-DXd in the
DESTINY-GastricOl study, in stark contrast to the results of the
GATSBY trial (38), showcased the profound potential of the next-
generation ADC platform to overcome resistance to existing HER2-
targeted therapies, heralding a new era in the treatment of HER2-
positive GC.

However, the clinical benefits of various ADCs in HER2-positive
GC appear to be stratified. This phenomenon may reflect a delicate
balance between efficacy and toxicity, driven by the distinct molecular
architecture of each ADC (42). T-DM1 exhibited a limited ORR of
only 24%, a result attributed to its design, specifically a non-cleavable
linker and a relatively modest drug-to-antibody ratio (DAR) of
approximately 3.5 (25). The non-cleavable linker requires
lysosomal degradation of the entire antibody to release its payload
(a lysine-linker-DM1 complex), which then has limited membrane
permeability. This design significantly curtails the “bystander
effect”—the ability to kill adjacent HER2-negative tumor cells—a
critical factor in the context of heterogeneous HER2 expression in
gastric cancer. In contrast, T-DXd’s high DAR of approximately 8,
coupled with a tumor-selective cleavable linker and a highly potent,
membrane-permeable DXd payload, achieves precise targeted
delivery and a powerful bystander effect. This combination has led
to a remarkable 51% ORR in the third-line treatment of HER2-
positive GC (20). New-generation ADCs such as ARX788 improve
homogeneity through the use of site-specific conjugation technology,
which yields a more uniform product with predictable
pharmacokinetics, achieving a confirmed ORR of 37.9% (28).
MEDI4276, an ADC designed with a dual payload, aimed to
further enhance tumor cell internalization and cytolysis, but its
high payload toxicity limited the drug dosage, and the final efficacy
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did not meet expectations (31). On the other hand, these design
choices also dictate differences in the safety of ADC therapies. The
toxicity profile is strongly correlated with both the payload’s
mechanism of action and the linker’s characteristics. T-DXd’s
topoisomerase inhibitor, DXd, induces a risk of interstitial lung
disease (ILD), while microtubule inhibitor-based payloads ADCs
like RC48 and SYD985 are more likely to cause neurotoxicity and
myelosuppression (33, 34, 43). Linker stability is also a critical
determinant. Cleavable linkers (like T-DXd’s GGFG peptide)
selectively release the payload in the tumor microenvironment but
risk some premature cleavage in plasma, potentially increasing off-
target toxicity. Non-cleavable linkers (as in T-DM1) rely on
lysosomal degradation within the target cell for payload release,
which may enhance safety by reducing systemic exposure to the
free payload but concurrently diminishes the bystander effect in the
context of tumor heterogeneity (44).

This meta-analysis confirms the clinical benefit of ADC
monotherapy in patients with HER2-positive locally advanced or
metastatic GC. Among the evaluated agents, Trastuzumab
deruxtecan (T-DXd) has demonstrated excellent and robust efficacy
across multiple clinical studies we included (including a pivotal phase
I study, DS8201-A-J101, and multiple phase II/III trials, DESTINY-
Gastric01, DS8201-A-U205, DESTINY-Gastric04), showing a
significant trend of ORR improvement with moderate intra-
subgroup heterogeneity. The results of the pivotal phase III clinical
trial DESTINY-Gastric04 are particularly outstanding. In this study,
the median duration of treatment was 5.4 months, and the median
follow-up time was 16.8 months. The median duration of response
(DoR) of patients receiving T-DXd reached 7.4 months, and the
median PFS was 6.7 months. Based on this strong evidence, T-DXd
currently shows the most promise in clinical practice and can be
considered a primary or preferred recommendation for this patient
population. In addition, Zhang et al. (2022) single-arm study
evaluated the intervention effect of the ADC drug ARX788,
resulting in an ORR of 37.9% and a PFS of 4.1 months over a 10-
month follow-up period. Zhang et al. (2024), a single-arm study
evaluating the intervention effect of DP303c, yielded an ORR of
42.9% and a PFS of 4.4 months at a median follow-up of 12 months.
Meric-Bernstam et al. (2023) reported an ORR of 29.1% and a PFS of
5.5 months for PF-06804103 intervention; its confidence interval did
not overlap with T-DXd (upper limit 40.4% vs. lower limit 35.8%),
suggesting efficacy-level differences. These three ADCs can be
considered as promising second-line or later-line treatment options,
although their definitive clinical positioning requires further
validation through larger, phase III randomized controlled trials. In
contrast, T-DM1 and RC48 showed limited ORR (20.6% and 21.1%)
in the included trials and reported PFS of 2.7 and 3.5 months,
respectively. Therefore, while they may still have utility in specific
scenarios, their ranking in a potential hierarchy of ADC
recommendations would likely be lower than T-DXd and other
emerging ADCs. The sample sizes of MEDI4276 and SYD985
subgroups were too small and the response rate was extremely low,
and their effect sizes were only exploratory. It is noteworthy that the
inclusion of cohorts not specific to gastric cancer may have
contributed to the substantial heterogeneity across these studies.
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Furthermore, the absence of reconfirmed HER2 molecular marker
expression following prior treatments could confound the statistical
analysis of patient outcomes under ADC intervention.

At present, the treatment of HER2-positive GC faces some
important unresolved problems, including treatment resistance
caused by tumor heterogeneity (37), insufficient response rate to
targeted therapy (25, 45), lack of back-line treatment strategies, and
unclear benefits of immune checkpoint inhibitors for this patient
population (46). These problems are related to the unique biological
characteristics of HER2-positive GC. The development of new ADC
drugs is expected to break through the following bottlenecks: killing
adjacent HER2-negative cells with the bystander effect to overcome
spatial heterogeneity (47); improving HER2 low expression
resistance (37); reversing secondary resistance and improving the
efficacy of later-line therapy. For new ADCs that have initially
proved the robustness of efficacy in previous trials, it is necessary to
further verify the efficacy advantages and safety of drugs in specific
treatment lines, compared with standard chemotherapy.

Regrettably, current research on ADCs for the treatment of
HER2-positive GC is confronted by several persistent challenges.
We lack biomarkers that can accurately predict the efficacy of ADCs,
and the existing HER2 classification by IHC/FISH is insufficient for
this purpose. At the same time, the off-target toxicity of ADC may
restrict the improvement of efficacy, resulting in a narrow therapeutic
window (48). Some combination regimens of ADC with
chemotherapy or immunotherapy show excellent therapeutic
potential, but their synergy effect still needs further evidence-
based support.

In terms of safety, the included trials reported a high pooled
incidence of any-grade AEs, which were predominantly
gastrointestinal in nature. Regarding hematological safety, anemia
remained the most common hematologic toxicity-related clinical
burden in ADC therapy, with an incidence of 33.3%, highlighting
the need to strengthen management strategies for anemia-related
events. The pooled incidence of grade >3 AEs reached 55.1%. The
high incidence of anemia (21.1%) may reflect significant treatment-
related toxicity, impacting patient tolerability. Fortunately, the
occurrence rates of neutropenia (15.1%) and leukopenia (8.1%)
were lower than those reported for conventional chemotherapy (12,
49), suggesting that some AEs are manageable and that a degree of
safety optimization in terms of myelosuppression can be achieved.
It is important to note that the presence of zero-event studies in the
statistical data may introduce bias into the pooled results.

This study has several limitations that warrant consideration.
Firstly, the analysis utilized the ORR as the primary endpoint. The
potential for publication bias concerning ORR outcomes was indicated
by funnel plot asymmetry, which was further corroborated by both
Begg’s test and Harbord’s regression analysis. This suggests a possible
overestimation of the pooled treatment effect due to an underreporting
of small-sample studies with negative results. Secondly, a major
limitation of this meta-analysis is the predominance of single-arm,
non-randomized studies (nine of the included trials). The inherent
absence of a concurrent control group in such designs makes it
challenging to distinguish the therapeutic effects of the ADCs from
the natural disease progression or the impact of confounding variables.

frontiersin.org


https://doi.org/10.3389/fonc.2025.1684873
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

This design is highly susceptible to selection bias, and the lack of
blinding may introduce performance and detection biases. These issues
are compounded by the small sample sizes characteristic of these early-
phase trials, which not only limit the statistical power of individual
studies but also increase the risk that our pooled estimates are
disproportionately influenced by single-study results. While we
employed a random-effects model to account for anticipated
heterogeneity, and our sensitivity analysis confirmed the robustness
of the pooled ORR, these statistical methods cannot fully compensate
for the inherent biases of the primary study designs. Encouragingly, the
sensitivity analysis demonstrated that the ORR effect size was robust
against the exclusion of any single study. Regarding the management of
heterogeneity, substantial unexplained variability remained even after
subgroup analyses based on the proportion of enrolled GC patients, the
number of prior treatment lines, and the specific investigational drug.
Furthermore, with the exception of the T-DXd subgroup, the
remaining drug subgroups consisted of only a single study, which
severely constrains the statistical power for meaningful indirect cross-
drug comparisons.

Based on the limitations identified in this meta-analysis, future
research on ADCs in HER2-positive advanced GC should prioritize
adequately powered RCTs. These trials are essential, first to definitively
establish the efficacy of novel ADCs against the standard of care, and
subsequently, to conduct head-to-head comparisons to determine
optimal agent selection and sequencing. Crucially, such studies must
employ robust primary endpoints like progression-free and overall
survival, moving beyond a reliance on response rates. Furthermore, to
elucidate the substantial clinical heterogeneity observed, comprehensive
translational and biomarker analyses should be integral to these trials.
Investigating predictive markers, including levels of HER2 expression
and co-occurring molecular alterations, is imperative for patient
stratification and the development of personalized therapeutic
strategies. Adopting innovative designs, such as international
platform trials, could accelerate these efforts by enabling the
simultaneous evaluation of multiple agents and biomarkers.

5 Conclusions

In general, our systematic review and meta-analysis support that
ADC may be a promising treatment option for HER2-positive locally
advanced or metastatic GC. The combined ORR effect value of all
included trials reached 33.4%, which is better than the performance of
traditional chemotherapy in the treatment of HER2-positive GC.
Different types of ADC drugs show obvious stratification in
therapeutic effects, but their therapeutic effects may be less
restricted by the number of previous treatment lines. However,
studies have also observed digestive system and hematological
system-related toxicity caused by ADC drugs, suggesting that
monitoring and management of AEs in clinical application are
crucial. At present, more studies are underway to further clarify the
antitumor activity of new ADC drugs and explore their efficacy in
combination with other therapies. These studies will provide higher-
level evidence-based medical evidence for optimizing treatment
strategies for patients with HER2-positive GC.
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