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Târgu Mureş, Romania

REVIEWED BY

Juan Du,
Nanjing Drum Tower Hospital, China
Zahra Hosseini-khah,
Mazandaran University of Medical Sciences,
Iran
Ziv Radisavljevic,
Harvard Medical School, United States

*CORRESPONDENCE

Cantu Fang

3568076269@qq.com

†These authors share first authorship

RECEIVED 13 July 2023

ACCEPTED 15 September 2023
PUBLISHED 09 October 2023

CITATION

Liang Z, Liu L, Li W, Lai H, Li L, Wu J,
Zhang H and Fang C (2023) Efficacy and
safety of zolbetuximab for first-line
treatment of advanced Claudin 18. 2-
positive gastric or gastro-esophageal
junction adenocarcinoma: a systematic
review and meta-analysis of randomized
controlled trials.
Front. Oncol. 13:1258347.
doi: 10.3389/fonc.2023.1258347

COPYRIGHT

© 2023 Liang, Liu, Li, Lai, Li, Wu, Zhang and
Fang. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 09 October 2023

DOI 10.3389/fonc.2023.1258347
Efficacy and safety of
zolbetuximab for first-line
treatment of advanced Claudin
18. 2-positive gastric or gastro-
esophageal junction
adenocarcinoma: a systematic
review and meta-analysis of
randomized controlled trials

Zhanpeng Liang †, Liwen Liu †, Wenxia Li , Huiqin Lai, Luzhen Li,
Jiaming Wu, Huatang Zhang and Cantu Fang*

Department of Oncology, Zhongshan Hospital of Traditional Chinese Medicine Affiliated to
Guangzhou University of Traditional Chinese Medicine, Zhongshan, China
Objective: Zolbetuximab is a “first-in-class” chimeric lgG1 monoclonal antibody

targeting Claudin18.2 (CLDN 18.2). In recent years, several important trials have

been published showing that zolbetuximab is associated with improved

prognosis in patients with advanced gastric or gastro-esophageal junction (G/

GEJ) adenocarcinoma. This promises great change to the current treatment

landscape. Therefore, we conducted a systematic review and meta-analysis to

evaluate the efficacy and safety of zolbetuximab for first-line treatment of

advanced CLDN 18. 2-positive G/GEJ adenocarcinoma.

Methods: The following databases were searched for relevant studies: PubMed,

EMBASE, and Cochrane library (updated 10 June 2023). All randomized trials

comparing zolbetuximab plus chemotherapy versus first-line chemotherapy

alone for first-line treatment of advanced CLDN 18. 2-positive G/GEJ

adenocarcinoma were eligible for inclusion. Data were analyzed using Review

Manager 5.4.1 (Cochrane collaboration software). Primary outcomes and

measures included overall survival (OS), progression-free survival (PFS),

objective response rate (ORR), and adverse events (AEs).

Results: This systematic review and meta-analysis included three randomized

controlled studies involving 1,402 patients (699 receiving zolbetuximab plus

chemotherapy and 703 receiving chemotherapy alone). Compared with

chemotherapy alone, zolbetuximab plus chemotherapy significantly improved

OS (HR = 0.73; 95% CI: 0.68–0.84) and PFS (HR = 0.64; 95% CI: 0.50–0.82), but

did not result in a higher ORR (RR = 0.92; 95% CI: 0.82–1.03). Further analysis of

CLDN 18.2 expression showed a more significant benefit for OS (HR = 0.69; 95%

CI: 0.55–0.87; p = 0.002) and PFS (HR = 0.61; 95% CI: 0.44–0.84; p = 0.003)

from zolbetuximab in patients with high expression, while there was significant
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benefit in patients with lower expression. In terms of AEs, zolbetuximab plus

chemotherapy was associated with higher risk of grade 3 and higher AEs, but

increased risk of nausea and vomiting were more common.

Conclusion: This systematic review and meta-analysis revealed that the effect of

zolbetuximab plus chemotherapy was superior to that of chemotherapy alone

for first-line treatment of advanced CLDN 18.2-positive G/GEJ adenocarcinoma.

Thus, zolbetuximab plus chemotherapy represents a new first-line treatment for

these patients. Zolbetuximab plus chemotherapy was associated with higher risk

of grade 3 and higher AEs, but was generally manageable.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero,

identifier (CRD42023437126).
KEYWORDS

zolbetuximab, Claudin18.2, gastric or gastro-oesophageal junction adenocarcinoma,
targeted therapy, meta-analysis
1 Introduction

Gastric and gastro-esophageal junction (G/GEJ) adenocarcinoma

is an aggressive form of malignant tumor, and its occurrence has been

increasing year-over-year. This not only threatens human health, but

also exerts immense financial costs on society. Surgery is a common

and effective treatment for resectable G/GEJ adenocarcinoma, but

most patients have early local recurrence or distant metastasis after

surgery. Advanced metastatic G/GEJ adenocarcinoma is a refractory

tumor with poor prognosis, and a median overall survival of 9–14

months (1–5). At present, the first-line standard treatment is guided

by three types of molecular characteristics: HER2-positive, HER2-

negative, and dMMR/MSI-H. Anti-HER2-targeted therapy and

immunotherapy have greatly improved the survival of HER2-

positive and PD-L1 highly expressed gastric cancer patients (4, 5).

However, it is difficult for HER2-negative patients with low PD-L1

expression to benefit from anti-HER2-targeted therapy and

immunotherapy, resulting in its treatment being limited to

chemotherapy, which is not an effective way to control the disease

(6, 7). Changes in claudin at tight junctions are associated with tight

adhesion impairment and epithelial cells’ polarity. These structural

abnormalities can lead to increased cell proliferation, epithelial–

mesenchymal transformation, invasion, and metastasis (8–10).

Despite significant advances in systemic treatment in recent years,

the unmet need remains significant. As tumor therapy gradually

transitions towards the macromolecular era, target selection for

Claudin 18.2 (CLDN 18.2) has become the focus of new drug

research and development. Studies have shown that gastric cancers

with positive CLDN 18.2 expression (defined as more than 40% of

tumor cells with IHC staining intensity ≥2+) account for
junction; CLDN 18.2,

-free survival; ORR,

o; HR, hazard ratio.
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approximately 49%–85% of gastric cancers (11–13), while gastric

cancers with high CLDN 18.2 expression account for approximately

24%–36% of gastric cancers (14, 15). On account of its specificity and

high expression in patients with gastric cancer, CLDN 18.2 has

become an emerging target for developing new gastric cancer

drugs, providing a new direction for targeted gastric cancer

therapy. Zolbetuximab is a “first-in-class” chimeric lgG1

monoclonal antibody targeting CLDN 18.2 (16, 17), which is

currently being developed for first-line treatment with HER2-

negative CLDN 18.2 strongly positive locally advanced unresectable

or metastatic G/GEJ adenocarcinoma. Recently, several important

trials have been published, showing that first-line treatment with

zolbetuximab plus chemotherapy can improve prognosis in patients

with advanced G/GEJ adenocarcinoma (18–20). Therefore, we

conducted a systematic review and meta-analysis to evaluate the

efficacy and safety of zolbetuximab plus chemotherapy for first-line

treatment of advanced CLDN 18. 2-positive G/GEJ adenocarcinoma.
2 Methods

This study was registered in the PROSPERO database

(CRD42023437126) and was conducted according to the

preferred reporting project for systematic review and meta-

analysis (PRISMA) statement (21). The purpose of this study was

to compare the efficacy and safety of zolbetuximab plus

chemotherapy and chemotherapy alone for first-line treatment of

advanced CLDN 18. 2-positive G/GEJ adenocarcinoma.
2.1 Eligibility criteria

The studies were screened independently by two authors. The

inclusion criteria for selecting studies in this meta-analysis were as
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follows: (1) patients with advanced CLDN 18.2-positive G/GEJ

adenocarcinoma diagnosed cytologically or pathologically; (2)

patients older than 18 years; (3) prospective phase II or III,

randomized clinical trials evaluating the efficacy and safety of

zolbetuximab; and (4) studies reporting at least one of the

following outcomes: overall survival (OS), progression-free

survival (PFS), objective response rate (ORR), and adverse events

(AEs). CLDN 18.2 positivity was defined as moderate (2+) or strong

CLDN18.2 staining (3+) in ≥40% of tumor cells. CLDN 18.2 high

expression was defined as moderate (2+) or strong CLDN18.2

staining (3+) in ≥70% of tumor cells.

Exclusion criteria were as follows: (1) patients with early G/GEJ

adenocarcinoma; (2) non-randomized controlled studies, basic

studies, retrospective studies, case reports, duplicate publications,

and studies for which no relevant data could be extracted; and (3)

randomized controlled trials (RCTs) that were based on

overlapping patients.
2.2 Search strategy

RCTs evaluating the efficacy and safety of zolbetuximab for

first-line treatment of advanced CLDN 18. 2-positive G/GEJ

adenocarcinoma were identified by a computerized search of

PubMed, Embase, and Cochrane Library, using the following

search terms: gastric cancer, gastro-esophageal adenocarcinoma,

zolbetuximab, claudin 18.2, and IMAB362. The relevant

bibliography of candidate articles was manually searched to

identify additional studies. The proceedings of the American

Society of Clinical Oncology (ASCO) and the European Society of

Medical Oncology (ESMO)/European Cancer Congress (ECC)

annual meetings were searched for abstract reports of relevant

studies. If there was any overlapping data, the most complete and

updated report was selected for inclusion in this meta-analysis.

Additionally, the references from all eligible studies were manually

reviewed to identify any other relevant studies.
2.3 Study selection and data extraction

Two experienced investigators independently screened the

records for eligibility. Differences were resolved by consulting a

third investigator. Titles and abstracts were browsed to complete an

initial selection, followed by a full review of potentially eligible

articles and the selection of eligible articles based on pre-

established criteria.

Extracted data included baseline characteristics, sample size and

interventions used, number of assessable patients, PFS, OS, ORR,

grade 3, and higher AEs. Two investigators independently extracted

relevant data and resolved any differences by consulting a third

investigator. When multiple articles contained overlapping patient

series, we prioritized the extraction of outcome data from the

primary articles with the largest sample size for early outcomes

and the articles with the longest follow-up duration for the

late outcomes.
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2.4 Outcome

The results of this review include OS, PFS, ORR, and AEs. OS is

defined as the time from randomization to death. PFS is defined as

the time from randomization to death or disease progression,

whichever occurs first. ORR reflects the proportion of patients

with complete response and partial response. AEs, graded

according to National Cancer Institute Common Terminology

Criteria for Adverse Events version 4.03, included all grades of

AEs and grade 3 or higher AEs.
2.5 Risk of bias

Two investigators independently assessed the quality of the

included trials using the Cochrane Collaboration tools with respect

to randomized sequence generation, assignment concealment,

blinding, incomplete outcome data, and selective outcome

reporting (22). Any differences in quality assessment were

resolved by consulting a third investigator.
2.6 Statistical analysis

Data were analyzed using Review Manager 5.4.1 (Cochrane

Collaboration Software). These measures were either extracted

directly from the articles or calculated. ORR and AEs were

reported as risk ratio (RR) with corresponding 95% confidence

intervals (95% CI). PFS and OS were reported as hazard ratio (HR)

and had 95% CI. p < 0.05 was considered statistically significant. For

effectiveness or side effects, HR or RR > 1 favored chemotherapy

alone (control), while HR or RR < 1 favored zolbetuximab plus

chemotherapy (experimental). Heterogeneity was tested with an I²

statistic. Unless heterogeneity was high, in which case a random-

effects model was used, a fixed-effects model is used for data

synthesis (23, 24). Funnel plots and an Egger test were adopted to

investigate the potential for publication bias (25). Subgroup analysis

was conducted for age, sex, region, previous gastric cancer surgery,

Lauren classification, tumor location, and number of

metastatic sites.
3 Results

3.1 Study identification and
quality assessment

A total of 255 articles were retrieved from PubMed, EMBASE, and

the Cochrane Library. One additional article was retrieved fromASCO.

Duplicates were excluded in 61 cases, and 180 cases were excluded by

reading the title and abstract. Fifteen articles were read in full. Three

RCTs (18–20), involving 1,402 patients, were included. A PRISMA

flow chart describing study identification and selection is shown in

Figure 1. Since all studies included were randomized, selection and loss

bias were minimized. In one trial (18), blinding was not applied, which

could have resulted in some bias.
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3.2 Study and patient characteristics

FAST (18) was an open-label, randomized controlled, phase II

clinical trial that enrolled 252 eligible patients between July 2012

and June 2014. SPOTLIGHT (19) is a multicenter, randomized,

double-blind, phase III trial that enrolled 565 eligible patients

between June 2018 and April 2022. GLOW (20) is also a

multicenter, randomized, double-blind, phase III trial that

enrolled 507 eligible patients between November 2018 and

February 2022.

All three trials evaluated the prognostic effect of zolbetuximab

plus chemotherapy as a first-line treatment for HER2-negative,

CLDN 18.2-positive, locally advanced, unresectable or metastatic

G/GEJ adenocarcinoma. However, the chemotherapy regimens

differed among the three trials. The EOX regimen (epirubicin,

oxaliplatin, and capecitabine) was used in FAST (18). In

SPOTLIGHT (19), patients received chemotherapy with the

mFOLFOX6 regimen (modified folinic acid [or levofolinate],

fluorouracil, and oxaliplatin regimen). Patients were treated with

chemotherapy with the CAPOX regimen (oxaliplatin and

capecitabine) in GLOW (20).

FAST (18) evaluated two different doses of zolbetuximab. One

was administered at a loading dose of 800 mg/m2 in Cycle 1

followed by 600 mg/m2 in subsequent cycles, which was the same

as that used in SPOTLIGHT (19) and GLOW (20). The other was

administered at 1,000 mg/m2 per cycle. All three trials included

patients with strong CLDN 18.2 positivity, with similar, but non-

identical, definitions. The FAST (18) study enrolled advanced G/

GEJ adenocarcinoma patients with moderate-to-strong CLDN18.2

expression in ≥40% tumor cells. SPOTLIGHT (19) and GLOW (20)

enrolled advanced G/GEJ adenocarcinoma patients with moderate-

to-strong CLDN 18.2 expression in ≥75% tumor cells. The baseline
Frontiers in Oncology 04
characteristics of the patients included in the study are detailed

in Table 1.

3.3.1 Overall survival
Results for OS came from three studies (18–20) involving a total

of 1,402 patients. The results showed that zolbetuximab plus

chemotherapy further increased OS and reduced the risk of death

by 27% (HR = 0.73; 95% CI: 0.68–0.84; p < 0.00001) (Figure 2).

Additionally, low heterogeneity was found among the trials (c2 =
3.35; df = 3 [p = 0.34]; I2 = 11%). No significant benefit was found in

the high-dose study, but the results still favored zolbetuximab plus

chemotherapy after excluding the high-dose study (HR = 0.72; 95%

CI: 0.62–0.83; p < 0.00001) (eFigure 1). Further analysis of CLDN

18.2 expression revealed that zolbetuximab plus chemotherapy was

associated with significant OS benefit in patients with high

expression, reducing the risk of death by 31% (HR = 0.69; 95%

CI: 0.55–0.87; p = 0.002), but no significant benefit was found in

patients with lower expression (eFigure 2).

3.3.2 Progression-free survival
Results for PFS were extracted from three studies (18–20), which

included a total of 1,400 patients. Zolbetuximab plus chemotherapy

was associated with higher PFS (HR = 0.68; 95% CI: 0.60–0.78; p <

0.00001), and it reduced the risk of disease progression by 32%.

Moderate heterogeneity was found among the trials (c2 = 5.24; df = 3

[p = 0.16]; I2 = 43%) (Figure 3). Significant benefit was found in the

high-dose study, and the results still favored zolbetuximab plus

chemotherapy after excluding the high-dose study (HR = 0.64; 95%

CI: 0.50–0.82; p = 0.0005) (eFigure 3). Further analysis of CLDN 18.2

expression showed that zolbetuximab plus chemotherapy was

associated with a significant PFS benefit in patients with high

expression, reducing the risk of death by 39% (HR = 0.61; 95% CI:
FIGURE 1

PRISMA flow diagram. RCT, randomized controlled trial.
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TABLE 1 Characteristics of included studies and patients.

FAST SPOTLIGHT GLOW

Zolbetuximab
(800/600
mg/m²)

Zolbetuximab
(1,000 mg/m²)

Control Zolbetuximab Control Zolbetuximab Control

Key
eligibility
criteria

Moderate-to-strong CLDN18.2 expression in ≥40% tumor
cells

Moderate-to-strong CLDN18.2 expression
in ≥75% tumor cells

Moderate-to-strong CLDN18.2 expression
in ≥75% tumor cells

Schedule Zolbetuximab (loading
dose, 800 mg/m2 then

600 mg/m2 Q3W) + EOX

Zolbetuximab
(1,000 mg/m2

Q3W) + EOX

EOX Zolbetuximab (loading
dose, 800 mg/m2 then
600 mg/m2 Q3W) +

mFOLFOX6

Placebo +
mFOLFOX6

Zolbetuximab (loading
dose, 800 mg/m2 then
600 mg/m2 Q3W) +

CAPOX

Placebo +
CAPOX

Patients
randomized

77 85 84 283 282 254 253

Sex
Male
Female

47 (61%)
30 (39%)

57 (67%)
28 (33%)

56 (67%)
28 (33%)

176 (62%)
107 (38%)

175 (62%)
107 (38%)

159 (63%)
95 (37%)

156 (62%)
97 (38%)

Median age
(range)

59 (22−77) 60 (28−77) 57 (24−73) 62 (NA) 60 (NA) 61 (22–82) 59 (21–83)

Region
Asia
Non-Asia

NA NA NA 88 (31%)
195 (69%)

89 (32%)
193 (68%)

157 (62%)
97 (38%)

158 (63%)
95 (37%)

Tumor site
Stomach
GEJ

62 (81%)
15 (19%)

77 (91%)
8 (9%)

68 (81%)
16 (19%)

219 (77%)
64 (23%)

210 (74%)
72 (26%)

219 (86%)
35 (14%)

209 (83%)
44 (17%)

ECOG
0
1
2
Missing

23 (30%)
54 (70%)
0
0

27 (32%)
58 (68%)
0
0

25 (30%)
59 (70%)
0
0

125 (44%)
153 (54%)
1 (<1%)
4 (1%)

115 (41%)
163 (58%)
0
4 (1%)

108 (43%)
145 (57%)
0
1 (<1%)

108 (43%)
142 (57%)
0
1 (<1%)

Lauren
classification
Diffuse
Intestinal
Mixed/
Unknown/
Other
Missing

35 (45%)
26 (34%)
16 (21%)

0

39 (46%)
23 (27%)
23 (17%)

0

38 (45%)
27 (32%)
19 (23%)

0

82 (29%)
70 (25%)
130 (46%)

1 (<1%)

117 (41%)
66 (23%)
95 (35%)

4 (1%)

87 (34%)
36 (14%)
130 (51%)

1 (<1%)

100 (40%)
41 (16%)
112 (44%)

0

Organs with
metastases
0–2
3

NA NA NA

219 (77%)
64 (23%)

219 (78%)
63 (22%)

189 (74%)
65 (26%)

188 (74%)
65 (26%)

Previous
gastrectomy
Yes
No

21 (27%)
56 (73%)

24 (28%)
81 (72%)

23 (27%)
61 (73%)

84 (30%)
199 (70%)

82 (29%)
200 (71%)

179 (70%)
75 (30%)

178 (70%)
75 (30%)
F
rontiers in Onc
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EOX, epirubicin, oxaliplatin, and capecitabine; mFOLFOX6, folinic acid (or levofolinate optionally in Japan), fluorouracil, and oxaliplatin; CAPOX, capecitabine and oxaliplatin; NA, not
available; ECOG, performance status score; GEJ, gastro-esophageal junction.
FIGURE 2

Assessment of overall survival. The diamond indicates best estimate of the true (pooled) outcome (with width indicating 95% CI); HR, hazard ratio;
experimental stands for zolbetuximab plus chemotherapy; control stands for chemotherapy alone. Since there is low heterogeneity, a fixed-effects
model is used.
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0.44–0.84; p = 0.003), but no significant benefit was found in patients

with lower expression (eFigure 4).

3.3.3 Objective response rate
ORR results were extracted from three studies (18–20)

involving a total of 1,231 patients. Zolbetuximab plus

chemotherapy did not result in a higher ORR (RR = 0.92; 95%

CI: 0.82–1.03; p = 0.016) (Figure 4). Moderate heterogeneity was

found among the trials (c2 = 3.15; df = 2 [p = 0.21]; I2 = 37%).

3.3.4 Adverse events
Data on AEs were extracted from three studies (18–20) involving

1,394 patients. In terms of AEs of all grades, there was no statistical

difference between zolbetuximab plus chemotherapy and

chemotherapy alone due to the higher incidence of AEs (Table 2).

In all of grade AEs by preferred terms, zolbetuximab plus

chemotherapy was associated with a higher incidence of nausea,

vomiting, neutropenia, decreased appetite, and peripheral edema. On

the other hand, zolbetuximab plus chemotherapy resulted in a higher

risk of grade 3 and higher AEs, including nausea, vomiting,

neutropenia, decreased appetite, and weight loss. Further analysis

showed that zolbetuximab plus chemotherapy significantly increased

nausea and vomiting in patients who did not undergo gastrectomy

compared with chemotherapy alone. In patients who had undergone

gastrectomy, zolbetuximab plus chemotherapy increased vomiting,

but not nausea (eFigures 5, 6). However, owing to the small amount

of data included, the data on AEs were not yet mature.
3.4 Subgroup analysis of patients with
CLDN 18.2 high expression

Overall, we found differences in subgroup analysis of age,

region, number of metastatic sites, primary sites, and Lauren
Frontiers in Oncology 06
classification. However, no differences were observed in subgroup

analyses of sex or previous gastrectomy. In the ≤65 years old, Asian,

0–2 metastatic sites, stomach, diffuse, and intestinal subgroups,

zolbetuximab significantly improved OS and PFS. However, in the >

65 years old, non-Asian, ≥3 metastatic sites, GEJ, and mixed or

other subgroups, zolbetuximab did not lead to higher OS or PFS

(Table 3 and eFigures 7, 8).
3.5 Sensitivity analyses and publication bias

Sensitivity analysis via study-by-study removal showed that no

study affected the overall effect of the efficacy and safety endpoints,

meaning that all of the results were stable. Qualitative assessment

was performed by assessing various measures for each individual

study using the Cochrane Risk of Bias Tool. Overall, these trials

were considered to have low risk of bias. The main source of bias

was the lack of blinding in one study (18). Funnel plot asymmetry is

not obvious to any efficacy endpoints (eFigures 9–11). Egger

regression test results showed that OS (p = 0.579), PFS (p =

0.233), and ORR (p = 0.243) had a low potential for publication bias.
4 Discussion

In unresectable G/GEJ adenocarcinoma, first-line treatment

consists of chemotherapy plus either immunotherapy for HER2-

negative CPS-PDL1-positive (≥5) tumors (5) or trastuzumab for

HER2-positive disease (4). However, the prognosis for HER2-

negative and CPS-PDL1 positive (<5) advanced gastric cancer

patients treated mainly by chemotherapy is still not optimistic.

This indicates an urgent need for new and more efficient therapies

for advanced gastric cancer indications in the clinic. CLDN 18.2 is a
FIGURE 3

Assessment of progression-free survival. The diamond indicates best estimate of the true (pooled) outcome (with width indicating 95% CI); HR,
hazard ratio; experimental stands for zolbetuximab plus chemotherapy; control stands for chemotherapy alone. Since there is moderate
heterogeneity, a fixed-effects model is used.
FIGURE 4

Assessment of objective response rate. The diamond indicates best estimate of the true (pooled) outcome (with width indicating 95% CI); RR, risk
ratio; experimental stands for zolbetuximab plus chemotherapy; control stands for chemotherapy alone. Since there is moderate heterogeneity, a
fixed-effects model is used.
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membrane protein involved in maintaining intercellular adhesion

and connection. It has two subtypes: Claudin 18.1 and CLDN 18.2.

The former is mainly expressed in normal lung cells, while the latter

is only expressed in the differentiated epithelial cells of gastric

mucosa (26). Jovov et al. (27) recently described how CLDN18.2 is

activated during the metaplastic transition from the stratified

squamous cell epithelium of the esophagus to the specialized

columnar epithelium. This occurs in the context of gastro-

esophageal reflux and predisposes subjects to distal esophageal

adenocarcinoma, suggesting that ectopic activation of CLDN 18.2

may be an early event of esophageal adenocarcinoma. Moreover,

various Claudins in human cancers have a wide range of expression

patterns. CLDN3, 4, and 7 are highly expressed in most normal
Frontiers in Oncology 07
epithelial cells and their corresponding tumors (28). In contrast to

CLDN 18.2, these claudins are widely expressed in healthy tissues.

Therefore, therapy targeting of these claudins inevitably leads to

significant toxicity. In contrast, other studies have shown that

CLDN 18.2 is absent in the stem cell region of gastric cancer, but

its exclusive expression in differentiated gastric cells, combined with

transient gastrointestinal toxicity, is a common and manageable

adverse event (13), making this molecule an effective drug target for

G/GEJ adenocarcinoma. Zolbetuximab is highly selective against

CLDN 18.2, both in vivo and in vitro. It binds to cancer-specific

targets expressed primarily in tumor cells, and mediates tumor cell

death through antibody-dependent cell-mediated cytotoxicity

(ADCC) and complement-dependent cytotoxicity (CDC) (29).
TABLE 2 Results of adverse events.

Toxicity All grade AEs
(risk ratio)

No. of trials Grade 3+ AEs
(risk ratio)

No. of trials

Any adverse event 1.00 [0.98 1.01] 4 1.08 [1.02, 1.15] 3

Gastrointestinal disorders

Nausea 1.23 [1.09, 1.39] 4 2.59 [1.70, 3.94] 3

Vomiting 1.66 [1.32, 2.10] 4 3.02 [2.00, 4.56] 3

Diarrhea 0.79 [0.55, 1.14] 4 1.01 [0.61, 1.65] 3

Hematologic disorders

Anemia 1.07 [0.91, 1.26] 4 1.01 [0.72, 1.41] 3

Neutropenia 1.22 [1.04, 1.43] 4 1.39 [1.09, 1.76] 3

Thrombocytopenia 0.91 [0.62, 1.33] 4 0.80 [0.37, 1.73] 3

Metabolism and nutrition disorder

Weight loss 1.20 [0.87, 1.65] 4 2.62 [1.04, 6.62] 3

Increased ALT 0.73 [0.49, 1.09] 4 0.41 [0.16, 1.03] 3

Increased AST 0.91 [0.73, 1.13] 4 0.81 [0.38, 1.70] 3

Increased GGT 1.47 [0.73, 2.98] 2 Not estimable 2

Nervous system disorders

Paresthesia 1.04 [0.76, 1.43] 3 Not estimable

Headache 0.81 [0.59, 1.12] 3 0.74 [0.14, 3.81] 2

General disorders

Fatigue 1.00 [0.76, 1.30] 4 1.13 [0.67, 1.89] 3

Asthenia 1.08 [0.88, 1.34] 4 1.07 [0.67, 1.71] 3

Other disorders

Decreased appetite 1.23 [1.01, 1.48] 4 2.17 [1.20, 3.93] 3

Upper abdominal pain 0.68 [0.27, 1.72] 3 1.93 [0.08, 45.83] 2

Abdominal pain 0.83 [0.68, 1.02] 4 1.18 [0.55, 2.52] 3

Alopecia 1.34 [0.91, 1.99] 2 Not estimable

Pyrexia 0.92 [0.59, 1.43] 4 1.66 [0.22, 12.53] 2

Peripheral edema 2.14 [1.52, 3.01] 4 4.98 [0.24, 103.31] 2

Palmar–plantar syndrome 0.93 [0.54, 1.62] 3 Not estimable
ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase.
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Recent clinical trials have shown that zolbetuximab is associated

with significant improvement in the prognosis of patients with

advanced G/GEJ cancer. This verifies the druggability of the CLDN

18.2 target (18–20). Therefore, we performed a meta-analysis to

evaluate the efficacy and safety of zolbetuximab in advanced CLDN

18. 2-positive G/GEJ adenocarcinoma. The pooled results

showed that zolbetuximab plus chemotherapy for first-line

treatment significantly improved PFS and OS in patients with

advanced unresectable G/GEJ adenocarcinoma compared to

chemotherapy alone.

A phase I study in Japan evaluating zolbetuximab monotherapy

in previously treated Japanese patients with CLDN 18.2-positive

locally advanced G/GEJ adenocarcinoma showed that 11 of 17

patients achieved stable disease (30). MONO, a phase II study,

showed that zolbetuximab monotherapy in recurrent/refractory

CLDN 18.2-positive gastric cancer had an ORR of 9% and a

clinical benefit rate of 23% (31). The finding that the single drug

zolbetuximab has certain anti-tumor activities is not novel.

Preclinical studies found that chemotherapy agents upregulated

CLDN 18.2 expression and enhance zolbetuximab-induced ADCC

(17, 29). These results suggest that zolbetuximab combined with
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chemotherapy may have superior efficacy. Additionally, the

ILUSTRO trial showed that zolbetuximab plus mFOLFOX6 for

first-line treatment showed positive results (32). These data support

further development of zolbetuximab as a first-line treatment. FAST

is the first RCT to evaluate the efficacy of zolbetuximab, compared

to zolbetuximab plus EOX and EOX alone. OS and PFS showed

significant improvement in the combined treatment group,

indicating that zolbetuximab may be an effective supplement to

chemotherapy (18). Stratified analysis of CLDN 18.2 expression

intensity showed that patients with high CLDN 18.2 expression

benefited more from zolbetuximab, but patients with lower CLDN

18.2 expression did not benefit. Therefore, two phase III trials,

SPOTLIGHT and GLOW, only included patients with advanced G/

GEJ cancer with high CLDN 18.2 expression (19, 20). Our meta-

analysis also stratified CLDN 18.2 expression intensity, and the

results were consistent with those of the FAST trial. However, since

only one study reported survival data in patients with lower CLDN

18.2 expression, further clinical trials are needed to explore CLDN

18.2 expression’s effect on zolbetuximab efficacy. On the other hand,

FAST evaluated two different doses of zolbetuximab. Interestingly,

high doses of zolbetuximab did not improve survival in CLDN 18.2-
TABLE 3 Results of subgroup analysis.

Subgroup Overall survival
(HR)

No. of trials p-value Progression-free
survival (HR)

No. of trials p-value

Age

≤65 0.70 [0.58, 0.85] 2 0.0003 0.68 [0.54, 0.86] 2 0.001

>65 0.84 [0.64, 1.10] 2 0.20 0.79 [0.60, 1.05] 2 0.11

Sex

Male 0.77 [0.63, 0.93] 2 0.008 0.73 [0.60, 0.89] 2 0.002

Female 0.73 [0.56, 0.95] 2 0.02 0.71 [0.54, 0.92] 2 0.01

Region

Asia 0.66 [0.53, 0.83] 2 0.0004 0.58 [0.45, 0.73] 2 <0.00001

Non-Asia 0.84 [0.67, 1.03] 2 0.10 0.88 [0.71, 1.09] 2 0.23

Number of metastatic sites

0–2 0.74 [0.61, 0.89] 2 0.001 0.71 [0.59, 0.86] 2 0.0003

≥3 0.78 [0.58, 1.05] 2 0.10 0.76 [0.56, 1.02] 2 0.07

Primary site

Stomach 0.67 [0.57, 0.78] 3 <0.00001 0.61 [0.50, 0.75] 3 <0.00001

GEJ 0.90 [0.57, 1.44] 3 0.67 0.99 [0.57, 1.72] 3 0.97

Lauren classification

Diffuse 0.61 [0.40, 0.94] 3 0.02 0.57 [0.36, 0.89] 3 0.01

Intestinal 0.64 [0.47, 0.87] 3 0.005 0.60 [0.44, 0.83] 3 0.002

Mixed or other 0.74 [0.41, 1.33] 3 0.31 0.79 [0.55, 1.15] 3 0.22

Previous gastrectomy

No 0.50 [0.35, 0.73] 3 0.0003 0.56 [0.38, 0.83] 3 0.004

Yes 0.82 [0.69, 0.98] 3 0.003 0.74 [0.61, 0.89] 3 0.001
HR, Hazard ratio; GEJ, Gastro-esophageal junction.
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positive patients with advanced gastric cancer (18). Our meta-

analysis showed that the pooled results were still favorable for

zolbetuximab after excluding studies with high doses of

zolbetuximab, possibly because high doses of zolbetuximab led to

higher discontinuation rates and reduced treatment duration, thus

curbing its efficacy. The included studies used different

chemotherapy regimens, but they were all approved for first-line

treatment of gastric cancer, and their benefits in first-line gastric

cancer treatment were similar. In addition, baseline characteristics

were balanced in both groups of patients enrolled in the trial.

Notably, zolbetuximab plus chemotherapy reduced the risk of death

similarly in the SPOTLIGHT (19) and GLOW (20) trials, and low

heterogeneity was observed in the outcomes of PFS and OS in our

study. Therefore, different chemotherapy regimens have little effect

on the efficacy of zolbetuximab. On the other hand, chemotherapy

duration does affect zolbetuximab efficacy. Since chemotherapy can

boost zolbetuximab’s effectiveness, the longer the chemotherapy

treatment duration, the more effective zolbetuximab may be. The

median exposure times for chemotherapy in the three trials

included in our study were similar (18–20), and thus, the

difference in this effect was small.

In the analysis of 523 cases of G/GEJ cancer tissue samples,

COATI et al. (33) found that the difference in CLDN 18.2

expression was related to tumor location, Lauren classification,

and Epstein–Barr virus infection. In addition, studies (14, 34)

have shown that the CLDN 18.2 expression is also correlated with

age, tumor stage, peritoneal metastasis, and liver metastasis. In

contrast, other studies (11, 33) have shown that CLDN 18.2

expression is not associated with race, age, sex, or tumor stage.

To further explore baseline characteristics’ effects on zolbetuximab

efficacy, we performed a subgroup analysis. In the ≤65 years old,

Asian, 0–2 metastatic sites, stomach, diffuse, and intestinal

subgroups, zolbetuximab plus chemotherapy significantly

improved OS and PFS. However, in the > 65 years old, non-

Asian, ≥3 metastatic sites, GEJ, and mixed or other subgroups,

zolbetuximab did not lead to higher OS or PFS. Our meta-analysis

indicated that zolbetuximab’s efficacy appeared to be correlated

with age, region, number of metastatic sites, primary sites, and

Lauren classification. It is worth noting that the results of subgroup

analysis should be interpreted with caution because the subgroup

analysis data are still immature.

For AEs, owing to the numerous side effects of chemotherapy,

the incidence of adverse events of all grades for chemotherapy alone

and zolbetuximab plus chemotherapy were high, and there was no

statistical difference between the two groups. Thus, it was difficult to

evaluate zolbetuximab’s safety. Therefore, we conducted a summary

analysis of grade 3 and higher AEs. Zolbetuximab plus

chemotherapy were found to be associated with higher risk of

grade 3 and higher AEs, but mainly with an increased risk of nausea

and vomiting, which can be alleviated with preventative drugs and

with treatment. Patients in the combination treatment group were

associated with longer drug treatment duration, leading to longer

exposure to chemotherapy, which may have contributed to the

increased risk of nausea and vomiting. Overall, the adverse effects of

zolbetuximab were manageable. Further analysis showed that

zolbetuximab plus chemotherapy significantly increased nausea
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and vomiting in patients who had not undergone gastrectomy

compared with chemotherapy alone. In patients with previous

gastrectomy, zolbetuximab plus chemotherapy increased the

incidence of vomiting, but not nausea. Looking at incidence

alone, in the three included trials, patients treated with

zolbetuximab who had not undergone gastrectomy had a higher

incidence of nausea and vomiting than patients who had previously

undergone gastrectomy (18–20). Target-specific organ toxicity

based on a drug-related pharmacodynamic mechanism, a higher

antigen load in the stomach with the primary tumor still present, or

the absence of an intact stomach as an effector organ for vomiting

may be explanations for this (31). In FAST (18), no treatment-

related fatal AEs occurred, and in SPOTLIGHT, five and four

treatment-related fatal AEs were reported in the zolbetuximab

plus chemotherapy and chemotherapy alone groups, respectively

(19). In addition, treatment-related fatal AEs in the GLOW trial

were reported in six and seven cases in the zolbetuximab plus

chemotherapy and chemotherapy alone groups, respectively (20).

Treatment-related fatal AEs were not statistically different between

the two groups.

As a target that has attracted much attention from the global

industry in recent years, CLDN 18.2 has been shown to be

expressed in various cancer types, including gastric, pancreatic,

and esophageal cancer (13). Although zolbetuximab is the first

monoclonal antibody to target CLDN 18.2, a major limitation of

its efficacy is that it can only be used in patients with high

Claudin18.2 expression and is very limited in patients with low

CLDN 18.2 expression. Osemitamab (TST001) is a monoclonal

antibody with a higher affinity for CLDN 18.2 (35). ASCO

recently published a prospective phase II clinical study of

Osemitamab to explore the safety and efficacy of TST001 in

combination with capecitabine and oxaliplatin (CAPOX) as a

first-line treatment for advanced G/GEJ cancer. A total of 42

patients had measurable lesions, of which 28 (66.7%) achieved a

partial response (36). Of note, G/GEJ cancer patients with low

CLDN18.2 expression (≥10% of tumor cells with CLDN18.2

membrane staining intensity ≥1+) still benefitted from

Osemitamab. However, this was a phase II clinical study with a

small sample size, and more large RCT s are needed for further

verification. In SPOTLIGHT, patients showed significant

improvements in OS and PFS regardless of the PD-L1

expression level (19). The combination of anti-CLDN 18.2 drugs

and anti-PD-1 drugs may also become a new therapeutic

direction. An ongoing phase II study (ILUSTRO) is evaluating

zolbetuximab in combination with nivolumab for first-line

treatment of gastric cancer. It is expected that the results will

provide a meaningful reference for clinical practice.

Our meta-analysis has some limitations. First, we only included

a small number of trials. Second, in one trial, blindness was not

used, which may have introduced some bias. Third, there were

insufficient data to assess zolbetuximab’s efficacy in patients with

lower CLDN18.2 expression. Thus, the benefit of zolbetuximab was

still limited to patients with high CLDN18.2 expression. Fourth, we

did not have access to individual data for logistic regression to

adjust the variables such as age, tumor site, previous

gastrectomy, etc.
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5 Conclusion

Our meta-analysis showed that zolbetuximab plus

chemotherapy for first-line treatment significantly improved PFS

and OS in patients with advanced CLDN 18.2-positive G/GEJ

adenocarcinoma compared to using chemotherapy alone. Patients

with high CLDN 18.2 expression were more likely to benefit from

additional zolbetuximab. Zolbetuximab was associated with higher

risk of grade 3 and higher AEs, but mainly with an increased risk of

nausea and vomiting, which can be alleviated with drug prevention

and treatment. Additional studies are needed to evaluate the effect

of CLDN 18.2 expression and baseline characteristics on

zolbetuximab’s efficacy.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Author contributions

ZL: Conceptualization, Data curation, Formal Analysis,

Investigation, Methodology, Project administration, Software,

Writing – original draft. LWL: Conceptualization, Data curation,

Formal Analysis, Funding acquisition, Investigation, Methodology,

Software, Writing – original draft. WL: Formal Analysis,

Methodology, Software, Writing – review & editing. HL: Data

curation, Formal Analysis, Methodology, Software, Writing –

review & editing. LZL: Resources, Supervision, Validation,

Visualization, Writing – review & editing. JW: Resources,

Supervision, Validation, Visualization, Writing – review &
Frontiers in Oncology 10
editing. HZ: Resources, Supervision, Validation, Visualization,

Writing – review & editing. CF: Conceptualization, Funding

acquisition, Project administration, Resources, Software,

Supervision, Validation, Visualization, Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher's note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

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

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

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1258347/

full#supplementary-material
References
1. Van Cutsem E, Moiseyenko VM, Tjulandin S, Majlis A, Constenla M, Boni C,
et al. Phase III study of docetaxel and cisplatin plus fluorouracil compared with
cisplatin and fluorouracil as first-line therapy for advanced gastric cancer: a report of
the V325 Study Group. J Clin Oncol (2006) 24:4991–7. doi: 10.1200/JCO.2006.06.8429

2. Al-Batran SE, Hartmann JT, Probst S, Schmalenberg H, Hollerbach S, Hofheinz R,
et al. Phase III trial in metastatic gastroesophageal adenocarcinoma with fluorouracil,
leucovorin plus either oxaliplatin or cisplatin: a study of the Arbeitsgemeinschaft
Internistische Onkologie. J Clin Oncol (2008) 26:1435–42. doi: 10.1200/
JCO.2007.13.9378

3. Kang YK, Kang WK, Shin DB, Chen J, Xiong J, Wang J, et al. Capecitabine/
cisplatin versus 5-fluorouracil/cisplatin as first-line therapy in patients with advanced
gastric cancer: a randomised phase III noninferiority trial. Ann Oncol (2009) 20:666–73.
doi: 10.1093/annonc/mdn717

4. Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L, Sawaki A, et al.
Trastuzumab in combination with 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.
doi: 10.1016/S0140-6736(10)61121-X

5. Janjigian YY, Shitara K, Moehler M, Garrido M, Salman P, Shen L, et al. First-line
nivolumab plus chemotherapy versus chemotherapy alone for advanced gastric, gastro-
oesophageal junction, and oesophageal adenocarcinoma (CheckMate 649): a
randomised, open-label, phase 3 trial. Lancet (2021) 398:27–40. doi: 10.1016/S0140-
6736(21)00797-2
6. Zhao JJ, Yap DWT, Chan YH, Tan BKJ, Teo CB, Syn NL, et al. Low programmed
death-ligand 1-expressing subgroup outcomes of first-line immune checkpoint
inhibitors in gastric or esophageal adenocarcinoma. J Clin Oncol (2022) 40:392–402.
doi: 10.1200/JCO.21.01862

7. Xie T, Zhang Z, Zhang X, Qi C, Shen L, Peng Z. Appropriate PD-L1 cutoff value
for gastric cancer immunotherapy: A systematic review and meta-analysis. Front Oncol
(2021) 11:646355. doi: 10.3389/fonc.2021.646355

8. Turksen K. Claudins and cancer stem cells. Stem Cell Rev Rep (2011) 7:797–8.
doi: 10.1007/s12015-011-9267-1

9. Shin K, Fogg VC, Margolis B. Tight junctions and cell polarity. Annu Rev Cell Dev
Biol (2006) 22:207–35. doi: 10.1146/annurev.cellbio.22.010305.104219

10. Hollande F, Blanc EM, Bali JP, Whitehead RH, Pelegrin A, Baldwin GS, et al.
HGF regulates tight junctions in new nontumorigenic gastric epithelial cell line. Am J
Physiol Gastrointest Liver Physiol (2001) 280:G910–21. doi : 10.1152/
ajpgi.2001.280.5.G910

11. Rohde C, Yamaguchi R, Mukhina S, Sahin U, Itoh K, Türeci Ö. Comparison of
Claudin 18.2 expression in primary tumors and lymph node metastases in Japanese
patients with gastric adenocarcinoma. Jpn J Clin Oncol (2019) 49:870–6. doi: 10.1093/
jjco/hyz068

12. Qi C, Gong J, Li J, Liu D, Qin Y, Ge S, et al. Claudin18.2-specific CAR T cells in
gastrointestinal cancers: phase 1 trial interim results. Nat Med (2022) 28:1189–98.
doi: 10.1038/s41591-022-01800-8
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1258347/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1258347/full#supplementary-material
https://doi.org/10.1200/JCO.2006.06.8429
https://doi.org/10.1200/JCO.2007.13.9378
https://doi.org/10.1200/JCO.2007.13.9378
https://doi.org/10.1093/annonc/mdn717
https://doi.org/10.1016/S0140-6736(10)61121-X
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.1200/JCO.21.01862
https://doi.org/10.3389/fonc.2021.646355
https://doi.org/10.1007/s12015-011-9267-1
https://doi.org/10.1146/annurev.cellbio.22.010305.104219
https://doi.org/10.1152/ajpgi.2001.280.5.G910
https://doi.org/10.1152/ajpgi.2001.280.5.G910
https://doi.org/10.1093/jjco/hyz068
https://doi.org/10.1093/jjco/hyz068
https://doi.org/10.1038/s41591-022-01800-8
https://doi.org/10.3389/fonc.2023.1258347
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liang et al. 10.3389/fonc.2023.1258347
13. Sahin U, Koslowski M, Dhaene K, Usener D, Brandenburg G, Seitz G, et al.
Claudin-18 splice variant 2 is a pan-cancer target suitable for therapeutic antibody
development. Clin Cancer Res (2008) 14:7624–34. doi: 10.1158/1078-0432.CCR-08-
1547

14. Pellino A, Brignola S, Riello E, Niero M, Murgioni S, Guido M, et al. Association
of CLDN18 protein expression with clinicopathological features and prognosis in
advanced gastric and gastroesophageal junction adenocarcinomas. J Pers Med (2021)
11:1095. doi: 10.3390/jpm11111095

15. Wang Z, Yang Y, Cui Y, Wang C, Lai Z, Li Y, et al. Tumor-associated
macrophages regulate gastric cancer cell invasion and metastasis through TGFb2/
NF-kB/Kindlin-2 axis. Chin J Cancer Res (2022) 32:72–88. doi: 10.21147/j.issn.1000-
9604.2022.01.07

16. Sahin U, Schuler M, Richly H, Bauer S, Krilova A, Dechow T, et al. A phase I
dose-escalation study of IMAB362 (Zolbetuximab) in patients with advanced gastric
and gastro-oesophageal junction cancer. Eur J Cancer. (2018) 100:17–26. doi: 10.1016/
j.ejca.2018.05.007

17. Türeci Ö, Mitnacht-Kraus R, Wöll S, Yamada T, Sahin U. Characterization of
zolbetuximab in pancreatic cancer models. Oncoimmunology (2019) 8:e1523096.
doi: 10.1080/2162402X.2018.1523096.-

18. Sahin U, Türeci Ö, Manikhas G, Lordick F, Rusyn A, Vynnychenko I, et al.
FAST: a randomised phase II study of zolbetuximab (IMAB362) plus EOX versus EOX
alone for first-line treatment of advanced CLDN18.2-positive gastric and gastro-
oesophageal adenocarcinoma. Ann Oncol (2021) 32:609–19. doi: 10.1016/
j.annonc.2021.02.005

19. Shitara K, Lordick F, Bang YJ, Enzinger P, Ilson D, Shah MA, et al. Zolbetuximab
plus mFOLFOX6 in patients with CLDN18.2-positive, HER2-negative, untreated,
locally advanced unresectable or metastatic gastric or gastro-oesophageal junction
adenocarcinoma (SPOTLIGHT): a multicentre, randomised, double-blind, phase 3
trial. Lancet (2023) 401:1655–68. doi: 10.1016/S0140-6736(23)00620-7

20. Shitara K, Ajani JA, Bang Y-J, Enzinger PC, Ilson DH, Lordick F, et al.
Zolbetuximab + CAPOX in 1L claudin-18.2+ (CLDN18.2+)/HER2– locally advanced
(LA) or metastatic gastric or gastroesophageal junction (mG/GEJ) adenocarcinoma:
Primary phase 3 results from GLOW. J Clin Oncol (2023) 41:405736–. doi: 10.1200/
JCO.2023.41.36_suppl.405736

21. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate healthcare interventions: explanation and elaboration. Bmj (2009) 339:
b2700. doi: 10.1136/bmj.b2700

22. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. Bmj (2011)
343:d5928. doi: 10.1136/bmj.d5928

23. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. Bmj (2003) 327:557–60. doi: 10.1136/bmj.327.7414.557
Frontiers in Oncology 11
24. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med (2002) 21:1539–58. doi: 10.1002/sim.1186

25. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. Bmj (1997) 315:629–34. doi: 10.1136/bmj.315.7109.629

26. Türeci O, Koslowski M, Helftenbein G, Castle J, Rohde C, Dhaene K, et al.
Claudin-18 gene structure, regulation, and expression is evolutionary conserved in
mammals. Gene (2011) 481:83–92. doi: 10.1016/j.gene.2011.04.007

27. Jovov B, Van Itallie CM, Shaheen NJ, Carson JL, Gambling TM, Anderson JM,
et al. Claudin-18: a dominant tight junction protein in Barrett’s esophagus and likely
contributor to its acid resistance. Am J Physiol Gastrointest Liver Physiol (2007) 293:
G1106–13. doi: 10.1152/ajpgi.00158.2007

28. Hewitt KJ, Agarwal R, Morin PJ. The claudin gene family: expression in normal
and neoplastic tissues. BMC Cancer. (2006) 6:186. doi: 10.1186/1471-2407-6-186

29. Mitnacht-Kraus R, Kreuzberg M, Utsch M, Sahin U, Türeci Ö. Preclinical
characterization of IMAB362 for the treatment of gastric carcinoma. Ann Oncol
(2017) 28:v126. doi: 10.1093/annonc/mdx367.012

30. Shitara K, Kawazoe A, Hirakawa A, Nakanishi Y, Furuki S, Fukuda M, et al.
Phase 1 trial of zolbetuximab in Japanese patients with CLDN18.2+ gastric or
gastroesophageal junction adenocarcinoma. Cancer Sci (2023) 114:1606–15.
doi: 10.1111/cas.15684

31. Türeci O, Sahin U, Schulze-Bergkamen H, Zvirbule Z, Lordick F, Koeberle D,
et al. A multicentre, phase IIa study of zolbetuximab as a single agent in patients with
recurrent or refractory advanced adenocarcinoma of the stomach or lower oesophagus:
the MONO study. Ann Oncol (2019) 30:1487–95. doi: 10.1093/annonc/mdz199

32. Klempner SJ, Lee KW, Shitara K, Metges JP, Lonardi S, Ilson DH, et al.
ILUSTRO: phase 2 multicohort trial of zolbetuximab in patients with advanced or
metastatic claudin 18.2-positive gastric or gastroesophageal junction adenocarcinoma.
Clin Cancer Res (2023). doi: 10.1158/1078-0432.CCR-23-0204

33. Coati I, Lotz G, Fanelli GN, Brignola S, Lanza C, Cappellesso R, et al. Claudin-18
expression in oesophagogastric adenocarcinomas: a tissue microarray study of 523
molecularly profiled cases. Br J Cancer. (2019) 121:257–63. doi: 10.1038/s41416-019-0508-4

34. Kim SR, Shin K, Park JM, Lee HH, Song KY, Lee SH, et al. Clinical significance of
CLDN18.2 expression in metastatic diffuse-type gastric cancer. J Gastric Cancer (2020)
20:408–20. doi: 10.5230/jgc.2020.20.e33

35. Teng F, Gu Y, Chai H, Guo H, Li H, Wu X, et al. Abstract 5183: The preclinical
characterization of TST001, a novel humanized anti-claudin18.2 mAb with enhanced
binding affinity and anti-tumor activity. Cancer Res (2020) 80:5183–. doi: 10.1158/
1538-7445.AM2020-5183

36. TRANSCENTA, Osemitamab plus Capecitabine and Oxaliplatin (CAPOX) as the
First-LineTreatment of Advanced G/GEJ Cancer -Updated Efficacy Data per Claudin
18.2 Expression Level from Study TranStar102/TST001-1002-Cohort C . Available at:
https://www.transcenta.com/Scientific_Publications.html (Accessed 20 June 2023).
frontiersin.org

https://doi.org/10.1158/1078-0432.CCR-08-1547
https://doi.org/10.1158/1078-0432.CCR-08-1547
https://doi.org/10.3390/jpm11111095
https://doi.org/10.21147/j.issn.1000-9604.2022.01.07
https://doi.org/10.21147/j.issn.1000-9604.2022.01.07
https://doi.org/10.1016/j.ejca.2018.05.007
https://doi.org/10.1016/j.ejca.2018.05.007
https://doi.org/10.1080/2162402X.2018.1523096.-
https://doi.org/10.1016/j.annonc.2021.02.005
https://doi.org/10.1016/j.annonc.2021.02.005
https://doi.org/10.1016/S0140-6736(23)00620-7
https://doi.org/10.1200/JCO.2023.41.36_suppl.405736
https://doi.org/10.1200/JCO.2023.41.36_suppl.405736
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1016/j.gene.2011.04.007
https://doi.org/10.1152/ajpgi.00158.2007
https://doi.org/10.1186/1471-2407-6-186
https://doi.org/10.1093/annonc/mdx367.012
https://doi.org/10.1111/cas.15684
https://doi.org/10.1093/annonc/mdz199
https://doi.org/10.1158/1078-0432.CCR-23-0204
https://doi.org/10.1038/s41416-019-0508-4
https://doi.org/10.5230/jgc.2020.20.e33
https://doi.org/10.1158/1538-7445.AM2020-5183
https://doi.org/10.1158/1538-7445.AM2020-5183
https://www.transcenta.com/Scientific_Publications.html
https://doi.org/10.3389/fonc.2023.1258347
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Efficacy and safety of zolbetuximab for first-line treatment of advanced Claudin 18. 2-positive gastric or gastro-esophageal junction adenocarcinoma: a systematic review and meta-analysis of randomized controlled trials
	1 Introduction
	2 Methods
	2.1 Eligibility criteria
	2.2 Search strategy
	2.3 Study selection and data extraction
	2.4 Outcome
	2.5 Risk of bias
	2.6 Statistical analysis

	3 Results
	3.1 Study identification and quality assessment
	3.2 Study and patient characteristics
	3.3.1 Overall survival
	3.3.2 Progression-free survival
	3.3.3 Objective response rate
	3.3.4 Adverse events

	3.4 Subgroup analysis of patients with CLDN 18.2 high expression
	3.5 Sensitivity analyses and publication bias

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References


