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Abstract. Gastric cancer (GC) is one of the most common 
types of cancer worldwide, with limited therapeutic options 
available for patients with advanced‑stage disease. Claudin 
18.2 (CLDN18.2) has emerged as a popular target for the 
diagnosis and treatment of GC. Although antibody‑drug 
conjugates (ADCs) and radionuclide‑drug conjugates 
(RDCs) targeting CLDN18.2 have been assessed, to 
the best of our knowledge, no comparative studies have 
evaluated the efficacy and toxicity profiles of these two 
treatment modalities. The present study aimed to compare 

the antitumor efficacy and toxicity of ADCs and RDCs 
derived from the same anti‑CLDN18.2 monoclonal 
antibody (mAb) targeting CLDN18.2‑positive tumors. 
Modified DFO/DOTA‑SYSA1801mAb, labeled with 89Zr 
and 177Lu, was used in cell‑based assays, positron emis‑
sion tomography and biodistribution studies to evaluate its 
targeting specificity. In an NUGC‑4‑CLDN18.2 xenograft 
tumor model, the antitumor efficacy and toxicity of the 
mAb (SYSA1801mAb), as well as the ADC (SYSA1801) 
and RDC ([177Lu]Lu‑DOTA‑SYSA1801mAb), and their 
combinations in different sequences (ADC→RDC 
and RDC→ADC), were systematically assessed. [89Zr]
Zr‑DFO‑SYSA1801mAb demonstrated notable in  vitro 
stability and effectively imaged tumors with high CLDN18.2 
expression. [177Lu]Lu‑DOTA‑SYSA1801mAb exhibited 
strong tumor‑targeting ability, with significantly higher 
tumor uptake than other tissues. By day 145, the complete 
remission (CR) rate in the ADC group was 60%, with an 
overall survival (OS) rate of 60%. In the ADC→RDC 
group, the CR and OS rates were both 40%. The OS rates 
in the RDC, RDC→ADC, mAb and control groups were 
all 0%. The ADC group exhibited minimal changes in 
hematological parameters and hepatic/renal function, 
whereas the RDC and RDC→ADC groups showed more 
significant changes. These preclinical findings suggested 
that ADC monotherapy may demonstrate superior efficacy 
and safety profiles when compared with RDC monotherapy. 
Furthermore, sequential combination therapy that starts 
with ADC appears to be more favorable than approaches 
that start with RDC. Although ADC→RDC sequential 
therapy did not significantly outperform ADC monotherapy 
in this model, it may serve as an effective subsequent 
treatment strategy.

Comparative analysis of the efficacy and safety of antibody‑drug 
conjugates, radionuclide‑drug conjugates and their combination 
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Introduction

In 2022, gastric cancer (GC) was reported to be the fifth most 
common cancer worldwide, with ~968,000 new cases diagnosed 
globally (1). Although various treatment modalities have been 
developed for GC and other cancer types, including surgery, 
chemotherapy, radiotherapy, immunotherapy and targeted 
therapy, therapeutic outcomes remain suboptimal, particularly 
in the advanced stages (2). Surgery is the primary treatment 
option for early‑stage GC; however, its efficacy diminishes in 
locally advanced or metastatic disease (3). Chemotherapy is 
widely used in advanced settings; however, it is often associated 
with severe systemic toxicities that limit long‑term applica‑
tion (4). Radiotherapy is primarily used for palliative symptom 
control or as an adjuvant treatment; however, it has limited 
effectiveness in improving overall survival (OS) in metastatic 
GC (5,6). Immunotherapy has shown promising efficacy in 
certain subgroups, such as in patients with high microsatel‑
lite instability or Epstein‑Barr virus‑positive GC; however, 
response rates remain low in unselected populations (7,8). 
Traditional Chinese medicine, including herbal formulations 
and acupuncture, has been integrated into supportive cancer 
care to alleviate treatment‑related side effects and to improve 
quality of life, although robust evidence from large‑scale 
randomized controlled trials supporting its direct antitumor 
efficacy is still lacking  (9‑13). Biomarker‑driven targeted 
therapies are effective in patients with specific molecular 
alterations; however, they offer no benefit to most patients with 
GC lacking these targets (14). Consequently, despite the diver‑
sity of available treatments, the annual number of GC‑related 
deaths remains as high as 660,000 globally (15), indicating 
the urgent need to develop more effective and better‑tolerated 
therapeutic strategies for GC.

Claudin 18.2 (CLDN18.2) is highly and specifically 
expressed in GC (16,17), making it a primary target for preci‑
sion therapy  (18). Beyond its role as a surface biomarker, 
CLDN18.2 contributes to gastric oncogenesis through 
multifaceted mechanisms  (19). In normal gastric mucosa, 
CLDN18.2 is exclusively localized to the tight junctions 
of polarized epithelial cells; however, in gastric cancer, 
neoplastic cells frequently lose their polarity, leading to the 
mislocalization of CLDN18.2, characterized by its diffuse 
presence over the entire cell membrane rather than being 
confined to the apical junction complex  (17). Its aberrant 
expression and mislocalization in GC disrupt tight junction 
integrity and epithelial polarity, thereby enhancing tumor cell 
invasion and metastasis (20,21). Furthermore, CLDN18.2 is 
implicated in pro‑tumorigenic signaling, potentially through 
interactions with integrins to activate FAK/SRC, PI3K/AKT 
and MAPK/ERK pathways, which promote cell proliferation, 
survival and migration (22). This protein also influences the 
tumor immune microenvironment (23,24); high CLDN18.2 
expression is associated with altered immune cell infiltra‑
tion (such as increased CD68+ macrophage levels) and may 
contribute to an immunosuppressive context, potentially 
affecting responses to immunotherapy (25,26). These biolog‑
ical roles provide a strong rationale for targeting CLDN18.2, 
as its inhibition may not only deliver cytotoxic agents directly 
to tumor cells but also counteract its functional oncogenic 
drivers.

Based on existing data, the relationship between CLDN18.2 
expression and OS in patients with GC or gastroesophageal 
junction cancer is complex and remains controversial. It 
has been indicated that a CLDN18.2‑negative status may be 
associated with a longer OS (27,28), whereas other studies 
have reported that CLDN18.2 positivity is linked to improved 
OS (26,29). However, several studies have found no notable 
association between CLDN18.2 expression and OS or histo‑
pathological subtypes (30‑32). A 2021 meta‑analysis of six 
studies concluded that there was no significant difference 
in OS between CLDN18.2‑positive and CLDN18.2‑negative 
groups (33). Therefore, CLDN18.2 is generally not recom‑
mended as an independent prognostic biomarker for OS in 
patients with GC (20). Instead, CLDN18.2 has a more consis‑
tent, evidence‑based role as a predictive biomarker, indicating 
the potential benefits of targeted therapy.

In recent years, studies on targeted therapies against 
CLDN18.2, including monoclonal antibodies (mAbs), 
bispecific antibodies, antibody‑drug conjugates (ADCs) and 
radionuclide‑drug conjugates (RDCs) (34‑36), have advanced 
rapidly. Among these, zolbetuximab, a CLDN18.2 mAb, 
has demonstrated limited efficacy in clinical trials (37‑39). 
However, ADCs and RDCs developed based on CLDN18.2 
mAb, such as CLDN18.2‑307‑ADC (40) and [177Lu]Lu‑TST001, 
have shown marked antitumor effects and controllable safety 
profiles (41).

Both ADCs and RDCs achieve precise treatment through 
specifically targeting tumor cells (42,43). ADCs deliver cyto‑
toxic drugs directly to tumor cells using mAbs to recognize 
tumor cell‑surface antigens with high specificity, thereby 
minimizing toxicity to normal tissues (44). By contrast, RDCs 
utilize tumor‑targeting molecules labeled with radioactive 
isotopes to provide precise radiation therapy, and demon‑
strate strong cytotoxic effects against local refractory lesions 
or metastatic sites (45). However, both classes of drugs face 
inherent challenges; ADCs may experience reduced efficacy 
owing to the development of resistance, whereas RDCs may 
cause radiation‑related side effects (46).

Existing data have indicated that ADCs and RDCs demon‑
strate superior antitumor efficacy compared with CLDN18.2 
mAbs, with controllable safety profiles (47). However, studies 
comparing the antitumor efficacy and safety of ADCs and 
RDCs, as well as those exploring their combination are lacking. 
To the best of our knowledge, the current study is the first to 
systematically compare the antitumor efficacy and safety of 
ADCs, RDCs and their sequential combination regimens. The 
findings of the present study may provide preclinical evidence 
to guide future clinical applications of ADCs and RDCs. 
Specifically, identifying the treatment modality or combina‑
tion sequence that exhibits superior efficacy and safety will be 
invaluable for designing clinical trials and selecting therapeutic 
strategies for patients with CLDN18.2‑positive tumors. This 
comparative strategy may also serve as a paradigm for evalu‑
ating novel targeted conjugates beyond CLDN18.2. Therefore, 
the present study aimed to utilize ADC (SYSA1801) and RDC 
([177Lu]Lu‑DOTA‑SYSA1801mAb) agents derived from the 
same CLDN18.2 mAb (SYSA1801mAb) and to compare their 
efficacy and safety in the treatment of CLDN18.2‑positive 
GC. In addition, the potential of their combined treatment 
strategies was evaluated.
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Materials and methods

Cell culture. The human GC cell line NUGC‑4‑CLDN18.2 
was purchased from Chengdu Besidi Biotechnology Co., 
Ltd. This cell line was generated by the vendor through 
lentiviral transduction to stably express CLDN18.2, and 
its expression was confirmed by them. in addition, the 
cell line was authenticated by short tandem repeat (STR) 
profiling (Genetic Testing Biotechnology Co., Ltd.). The STR 
profile matched the reference profile for NUGC‑4 (DSMZ 
database, https://www.dsmz.de) at all eight core loci and 
amelogenin. The NUGC‑4‑CLDN18.2 cells were cultured 
in Roswell Park Memorial Institute 1640 medium (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% fetal 
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 
1% penicillin‑streptomycin and 0.5% puromycin. Cultures 
were maintained at 37˚C in a 5% CO2 incubator.

Animal models. Female BALB/c‑nu mice (n=48; age, 
6‑8  weeks; weight, 18‑22  g) were purchased from SPF 
Biotechnology Co., Ltd. and housed under specific 
pathogen‑free (SPF) conditions. The housing environment was 
maintained at a temperature of 22±2˚C, 50±10% humidity, 
under a 12/12‑h light/dark cycle. Mice had ad libitum access 
to a standard SPF rodent diet and water. For the subcuta‑
neous xenograft model, 1x107 NUGC‑4‑CLDN18.2 cells in 
100 µl PBS were injected into the right dorsal flank of each 
mouse (48,49). Tumor‑bearing mice were then allocated to 
the following studies: 30 mice for the therapeutic efficacy 
experiment (6 groups; n=5), 15 mice for biodistribution studies 
(n=3 mice per time point across five time points) and 3 mice 
for positron emission tomography‑computed tomography 
(PET/CT) imaging. The experiment was initiated when tumor 
volumes reached ~300 mm3. Humane endpoint criteria were 
strictly followed, and mice were euthanized immediately 
if the tumor volume exceeded 2,000 mm3 or if there was a 
20% decrease in body weight relative to the baseline (day 0). 
All animal experiments were approved by the Animal Ethics 
Committee of Mianyang Central Hospital (ethical approval 
no. S20240210; Mianyang, China).

Source of SYSA1801mAb. SYSA1801mAb is a fully human 
mAb targeting CLDN18.2, which was developed by and 
sourced from CSPC Pharmaceutical Holdings Group Ltd. 
Detailed information regarding antibody production, plasmid 
structure and amino acid sequences remains confidential. 
SYSA1801mAb was used to generate both diagnostic and 
therapeutic radioconjugates. For PET imaging, the antibody 
was conjugated to DFO and labeled with 89Zr to form [89Zr]
Zr‑DFO‑SYSA1801mAb. For biodistribution studies and 
therapeutic purposes, the antibody was conjugated to DOTA 
and labeled with 177Lu to form the therapeutic radioconjugate 
[177Lu]Lu‑DOTA‑SYSA1801mAb (referred to as RDC).

Flow cytometry of cell lines. First, 5x104  cells/well were 
pre‑seeded in a 96‑well U‑bottom cell culture plate, and 
were centrifuged at 200 x g for 5 min at 4˚C. The pellets 
were then resuspended and washed twice with ice cold 
fluorescence‑activated cell sorting (FACS) buffer (95% PBS 
and 5% FBS). Subsequently, the cells were incubated in 50 µl 

anti‑human CLDN18.2 mAb (SYSA1801mAb) for 60 min 
at 4˚C. The concentration of the antibody added to the first 
well was 15 µg/ml, followed by twelve serial two‑fold dilu‑
tions. Then, the cells were incubated in the dark for 30 min 
at 4˚C with a R‑phycoerythrin‑conjugated goat anti‑human 
IgG secondary antibody (1:1,000; cat. no. 12499882; eBiosci‑
ence; Thermo Fisher Scientific, Inc.). After incubation, the 
cells were washed twice with FACS buffer, as aforementioned. 
The cells were resuspended in 200 µl FACS buffer for analysis 
in a FACSCalibur flow cytometer (Beckman Coulter, Inc.). 
Data for 3,000 cells were collected and analyzed using the BD 
FlowJo software (version v2.1.0; BD Biosciences).

Synthesis of SYSA1801mAb‑DFO. SYSA1801mAb stock solu‑
tion was added to an ultrafiltration tube [molecular weight 
cut‑off (MWCO), 30 kDa; MilliporeSigma] and centrifuged 
at 14,000 x g for 10 min at 4˚C to remove the solvent from 
the stock solution. A suitable volume of buffer A solution 
(Na2CO3‑NaHCO3, pH  9.5, 0.15  M) was added, and the 
mixture was immediately centrifuged (14,000 x g for 10 min 
at 4˚C). This procedure was repeated three times. The puri‑
fied antibody was then transferred to a 1.5‑ml centrifuge tube, 
10 times the molar mass ratio of p‑NCS‑Bz‑DFO [20 nmol/µl, 
dissolved in dimethyl sulfoxide (DMSO)] was added, gently 
blown on and mixed well. The mixture was then incubated at 
a constant temperature of 37˚C on a shaker for 1 h at 70 rpm. 
Subsequently, the antibody was transferred to an ultrafiltration 
tube. Following the addition of buffer C solution (NaOAc‑Ac, 
pH 5.5, 0.5 M), it was centrifuged at 14,000 x g for 10 min 
at 4˚C, a process that was repeated three times to remove the 
solvent.

Synthesis of SYSA1801mAb‑DOTA. SYSA1801mAb was 
added to an ultrafiltration tube (MWCO, 30 kDa; Chelex 
100 sodium form), and the solvent in the stock solution was 
removed by centrifugation at 14,000 x g for 10 min at 4˚C. 
A suitable volume of buffer A solution (Na2CO3‑NaHCO3, 
pH 9.5, 0.15 M) was added, and the mixture was immediately 
centrifuged (14,000 x g for 10 min at 4˚C). This procedure was 
repeated three times. The purified antibody was then trans‑
ferred to a 1.5‑ml centrifuge tube and 10 times the molar mass 
ratio of p‑NCS‑Bz‑DOTA (20 nmol/µl, dissolved in DMSO) 
was added. The mixture was incubated at a constant tempera‑
ture of 37˚C on a shaker for 1 h at 70 rpm. Subsequently, the 
antibody was transferred to an ultrafiltration tube. Following 
the addition of buffer C solution (NaOAc‑Ac, pH 5.5, 0.5 M), 
it was centrifuged at 14,000 x g for 10 min at 4˚C, a procedure 
that was repeated three times to remove the solvent.

Synthesis of [89Zr]Zr‑DFO‑SYSA1801mAb. High‑purity 
yttrium foil (purity >99.99%, specification: 11x16x0.65 mm; 
Suzhou Changyou Gas Co., Ltd.) was procured as the target 
material and then irradiated with a cyclotron to induce nuclear 
reactions. After irradiation, the target material was subjected 
to acid dissolution and purification to obtain 89Zr with accept‑
able radioactivity and chemical purity in the form of [89Zr]
Zr‑oxalate. [89Zr]Zr‑oxalate was added to the centrifuge tube, 
and the pH was adjusted to ~7.0 with solution B (0.5 M Na2CO3) 
and left at room temperature for 3 min. SYSA1801mAb‑DFO 
was then added to the solution at a 1:2 labeling ratio, and 
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2‑[4‑(2‑hydroxyethyl) piperazin‑1‑yl] ethanesulfonic acid 
solution was added to the centrifuge tube according to solu‑
tion B and total volume of 89Zr. The mixture was reacted in 
a metal bath at 37˚C for 90 min, shaking the solution by hand 
every 10 min. At the end of the reaction, the labeling rate of 
the samples was determined using thin‑layer chromatography 
(TLC) (50).

Synthesis of [177Lu]Lu‑DOTA‑SYSA1801mAb. To synthesize 
[177Lu]Lu‑DOTA‑SYSA1801mAb, SYSA1801mAb‑DOTA 
and 177LuCl3 (sourced from the Institute of Nuclear Physics 
and Chemistry, China Academy of Engineering Physics, 
Mianyang, China) were combined at a 1:2 ratio and incubated 
the mixture for 1 h at 42˚C in a metal bath. After the reaction, 
the labeling rate of the samples was determined using TLC. 
Microfiber cellophane (cat.  no. SG10001; iTLC‑SG‑Glass 
microfiber chromatography paper impregnated with silica gel; 
Agilent Technologies, Inc.) was cut into long strips of paper 
(10 cm long and 1.5 cm wide), and a marked line was drawn 
1.5 cm from the bottom as a scale for spiking. Subsequently, 
2 µl of the radioactive sample was pipetted to the marked line 
of the microfiber glassine strip, which was placed into a sodium 
citrate unfolding system after spotting (sodium citrate‑citric 
acid, 0.5 M, pH 5.5). The reaction mixture was analyzed by 
high‑performance liquid chromatography (HPLC) using an 
Agilent 1260 Infinity II system (Agilent Technologies, Inc.) 
to determine the radiochemical purity. The separation was 
performed on an Agilent XDB‑C18 reversed‑phase analytical 
column (4.6x250  mm, 5  µm; Agilent Technologies, Inc.) 
maintained at 25˚C. A sample volume of 30 µl was injected. 
The mobile phase consisted of water with 0.1% trifluoroacetic 
acid (TFA) and acetonitrile with 0.1% TFA. The purification 
method was as follows: The column was initially conditioned 
and washed with 0.1% TFA in water, then eluted with a linear 
gradient of 13 to 33% acetonitrile (with 0.1% TFA) in water 
over 20 min at a flow rate of 1 ml/min. Radio‑HPLC detec‑
tion was performed using a γ‑radiation detector for 177Lu, 
and ultraviolet‑HPLC detection was carried out at 254 nm 
absorption.

In vitro stability. To determine in vitro stability, 10 µl [177Lu]
Lu‑DOTA‑SYSA1801mAb was added separately to 15  µl 
saline, and to 15 µl 1640 medium containing 10% FBS. The 
mixture was left at room temperature, and the labeling rate 
was determined by TLC at 4, 24, 48, 96 and 168 h for the two 
groups.

Binding assays. [177Lu]Lu‑DOTA‑SYSA1801mAb was 
prepared as aforementioned and the radiochemical purity 
of [177Lu]Lu‑DOTA‑SYSA1801mAb was >99%. For 
the subsequent experiment, NUGC‑4‑CLDN18.2  cells 
(1x105 cells/well) were placed into a 100‑µl centrifuge tube. 
The total binding of [177Lu]Lu‑DOTA‑SYSA1801mAb was 
determined by adding it to cell suspensions at concentrations 
of 0.025‑10.000 nM. Non‑specific binding was determined 
by adding 50X half maximal effective concentration (EC50) 
cold SYSA1801mAb to NUGC‑4‑CLDN18.2 cell mixtures at 
one concentration. The cells were incubated with 5 µCi [177Lu]
Lu‑DOTA‑SYSA1801mAb for 1 h at room temperature and 
washed three times with FACS buffer (95% PBS and 5% FBS). 

Bound and unbound radioactive fractions were collected and 
measured using a gamma counter (GC‑1500; ANHUI USTC 
Zonkia Scientific Instruments Co., Ltd.). Saturation binding 
capacity (Bmax) and EC50 values were calculated using PRISM 
v9.0 (Dotmatics).

PET/CT imaging. Tumor‑bearing mice were sedated with 
isoflurane (2.0‑2.5% in 2 l/min air) for intravenous injection 
of 4 MBq (104 µg) [89Zr]Zr‑DFO‑SYSA1801mAb for PET/CT 
imaging. During the uptake periods (4, 24, 48, 96, 144 and 192 h 
post‑injection), the mice were housed individually in a temper‑
ature‑controlled room with free access to food and water, 
minimizing stress‑related metabolic changes. Before PET/CT, 
the mice were re‑anesthetized, placed on a heated imaging bed 
(37±0.5˚C), and monitored to maintain stable body tempera‑
ture and respiration (respiratory rate: 60‑80 breaths/min). 
Imaging was performed using Super Nova micro‑PET/CT 
[PINGSENG Healthcare (Kunshan) Inc]. Spherical volumes 
of interest were delineated to encompass the tumor, major 
organs (the liver, spleen, kidney and heart), and background 
region (the thigh skeletal muscles). Decay‑corrected injected 
activity, measured via pre‑ and post‑injection weighing, and 
mouse body weight, recorded before the imaging, were used 
to calculate the percentage of injected dose per gram of tissue 
(%ID/g). This methodology was used to evaluate the target 
specificity of [89Zr]Zr‑DFO‑SYSA1801mAb.

Biodistribution. Each tumor‑bearing mouse was injected 
with 0.8 MBq (10 µg) [177Lu]Lu‑DOTA‑SYSA1801mAb via 
the tail vein. As aforementioned, the mice were euthanized at 
selected time points (4, 24, 48, 96 and 144 h post‑injection), 
with three mice per time point. Subsequently, major tissues 
and organs, including the heart, liver, spleen, lungs, kidneys, 
skeletal muscle (thigh muscle), femur (bone), whole blood, 
stomach, pancreas and intestines, were collected. All of the 
samples were blotted dry with a filter paper and weighed using 
an electronic balance.

The radioactivity of each sample was measured using an 
automated gamma counter (GC‑1500; ANHUI USTC Zonkia 
Scientific Instruments Co., Ltd.) with a counting time of 
10 sec. Background radioactivity was subtracted to correct the 
raw counts. The total injected radioactivity was determined by 
measuring the radioactivity of the injection syringe before and 
after administration (to account for residual radioactivity in the 
syringe). Tissue uptake was expressed as the %ID/g, calculated 
using the following formula: %ID/g=(corrected tissue radioac‑
tivity count/total injected radioactivity count) x (1/tissue wet 
weight) x100. Mouse biodistribution data (%ID/g) at multiple 
time points were converted to human organ %ID using the 
%kg/g scaling approach. For each organ, the scaled human 
%ID(t) was fitted with a bi‑exponential model; the area under 
the fitted curve was integrated to infinity to derive the cumu‑
lated activity, which was then normalized by the administered 
activity (A0) to yield the time‑integrated activity coefficient: 
τ=(1/A0) ∫0^∞ A_org(t) dt, reported in MBq·h/MBq.

ADC drug details. SYSA1801 (also known as EO3021; 
sourced from CSPC Pharmaceutical Holdings Group Ltd.) is 
an ADC drug that targets CLDN18.2. It consists of an mAb 
(SYSA1801mAb) that targets CLDN18.2 and monomethyl 
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auristatin E (MMAE), conjugated via a cleavable linker with a 
drug‑to‑antibody ratio (DAR) of 2. Detailed synthesis informa‑
tion is confidential. SYSA1801 is currently undergoing phase 
I clinical trials for the treatment of advanced solid tumors, 
demonstrating promising antitumor efficacy and manageable 
safety (NCT05009966).

Therapeutic dosing rationale and schedule
Dose selection. In BALB/c nude tumor‑bearing mouse models, 
prior studies established 11.1 MBq as an appropriate dose 
for 177Lu‑labeled full‑length mAb for therapeutic use (51,52). 
At this dose, the RDC demonstrated favorable tolerability, 
manageable toxicity and effective tumor growth suppression. 
Therefore, 11.1 MBq was selected as the single administration 
dose of RDC in the present study.

Antibody mass equivalence. To isolate payload effects, an 
identical mAb (SYSA1801mAb; 50 nmol/kg) was adminis‑
tered to RDC, ADC and mAb groups. This enabled a direct 
comparison of 177Lu with cytotoxic drug efficacy under 
equivalent target engagement. For RDC preparation, a 1:2 
antibody‑to‑177Lu mass ratio was utilized, where 11.1 MBq 
RDC contained 150 µg antibody. To maintain antibody dose 
equivalence, both the ADC and mAb groups contained 150 µg 
per administration. The dosing for each group was as follows: 
[177Lu]Lu‑DOTA‑SYSA1801mAb (11.1 MBq, 50  nmol/kg 
SYSA1801mAb), SYSA1801 (50 nmol/kg) and SYSA1801mAb 
(50 nmol/kg).

Grouping and intervention of tumor‑bearing mice. 
Tumor‑bearing mice were randomized into six groups 
(n=5/group), with interventions administered on days 0 and 14 
as follows: The RDC group, 11.1 MBq (50 nmol/kg) [177Lu]
Lu‑DOTA‑SYSA1801mAb on days 0 and 14; the ADC group, 
50 nmol/kg SYSA1801 on days 0 and 14; the ADC→RDC 
group, 50  nmol/kg SYSA1801 on day 0 and 11.1 MBq 
(50 nmol/kg) [177Lu]Lu‑DOTA‑SYSA1801mAb on day 14; 
the RDC→ADC group, 11.1 MBq (50  nmol/kg) [177Lu]
Lu‑DOTA‑SYSA1801mAb on day 0 and 50 nmol/kg SYSA1801 
on day 14; the mAb group, 50 nmol/kg SYSA1801mAb on 
days 0 and 14; the normal saline (NS) group, NS on days 0 and 
14. Tumor‑bearing mice were administered injections though 
the tail vein, with a dose volume of 200 µl/mouse. A schematic 
diagram of grouping and intervention for the tumor‑bearing 
mice is shown in Fig. 1A.

Monitoring and subsequent testing. Tumor size and body 
weight of the mice were monitored starting from day 0 (first 
injection day). Tumor size was measured using a digital caliper, 
with the volume calculated as (length x width²)/2 (length, 
longest diameter of the tumor; width, shortest diameter 
perpendicular to the length), and body weight was measured 
using an electronic balance. Both parameters were assessed 
on Tuesday and Friday after the first injection. The tumor 
growth inhibition rate (TGI%) was calculated as follows: 
TGI%=[1‑(ΔT/ΔC)] x100, where ΔT is the change in mean 
tumor volume of the treatment group from baseline, and ΔC 
is the change in mean tumor volume of the control group from 
baseline.

The study endpoints were set as follows: i) Tumor volume 
reaching 2,000 mm³ (triggering euthanasia); or ii)  a 20% 
decrease in body weight relative to the baseline weight on 
day 0. Mice that did not meet these criteria were considered 

survivors for the purpose of the study. At these endpoints, 
the mice were anesthetized via inhalation of 5% isoflurane, 
and 500‑800 µl blood was collected from the orbital venous 
plexus. Mice that reached predefined humane endpoints 
underwent blood collection from the orbital venous plexus and 
subsequent immediate euthanasia.

Animals were first anesthetized via inhalation of 5% 
isoflurane in an induction chamber. Upon loss of conscious‑
ness, the mice were transferred to a euthanasia chamber and 
exposed to 100% CO2 at a flow rate displacing 40% of the 
chamber volume/min until respiratory arrest occurred. Death 
was subsequently confirmed by cervical dislocation. A portion 
of the blood sample was immediately used for routine hema‑
tological tests using an automated hematology analyzer (Mira 
BF; Shanghai RuiYu Biotech Co., Ltd.), and the remaining 
blood samples were centrifuged at 3,000 x g for 10 min at 4˚C to 
separate the serum, which was used for subsequent hepatorenal 
function tests using an automated biochemistry analyzer 
(BS‑360S; Shenzhen Mindray Bio‑Medical Electronics Co., 
Ltd.). Subsequently, major organs (the heart, liver, spleen, lung 
and kidney) were harvested, fixed in 4% paraformaldehyde for 
24 h at room temperature, embedded in paraffin, and sectioned 
into 5‑µm slices. The slices were stained with hematoxylin for 
8 min and eosin for 3 min at room temperature, and observed 
under a light microscope (CX‑31; Olympus Corporation) to 
evaluate histopathological changes (such as inflammatory cell 
infiltration, tissue necrosis and cellular degeneration), and to 
assess drug‑induced hematological and organ toxicity.

Statistical analysis. Statistical analyses were performed using 
IBM SPSS Statistics for Windows (version 22.0; IBM Corp). 
For comparisons involving >2 groups, one‑way analysis of 
variance was conducted, followed by Tukey's post hoc test 
for multiple comparisons where appropriate. P<0.05 was 
considered to indicate a statistically significant difference. 
Survival analysis was performed using Kaplan‑Meier curves 
and differences between groups were assessed using the 
log‑rank (Mantel‑Cox) test. For the pre‑specified pairwise 
comparisons among the four key treatment groups (RDC, 
ADC, ADC→RDC, RDC→ADC), a Bonferroni correction 
for multiple testing was applied. A total of six comparisons 
were conducted, resulting in a corrected significance threshold 
of α=0.0083. Statistical significance for these pairwise 
comparisons was declared only when P<0.0083. 

Results

Cell transfection and animal models. Flow cytometry 
confirmed a stable high expression of CLDN18.2 in the 
NUGC‑4‑CLDN18.2 cells (Fig.  1B). Finally, a subcuta‑
neous positive GC xenograft model was established using 
NUGC‑4‑CLDN18.2 cells for subsequent animal experiments. 
When the NUGC‑4‑CLDN18.2 xenografts had grown to a 
volume of 732.75±197.96 mm3, the therapeutic experiment was 
initiated.

Binding and stability. The integrity and radiochemical purity 
of [177Lu]Lu‑DOTA‑SYSA1801mAb were determined to 
be >99% by HPLC using an Agilent 1260 Infinity II HPLC 
system (Fig.  1C). Subsequent incubation in NS and 1640 
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medium (containing 10% FBS) for up to 7 days showed no 
degradation of [177Lu]Lu‑DOTA‑SYSA1801mAb, as confirmed 
by radiolabeled TLC (Fig. 1E). Radioligand‑binding assays 
were conducted using NUGC‑4‑CLDN18.2 cells. The Bmax 
of [177Lu]Lu‑DOTA‑SYSA1801mAb to NUGC‑4‑CLDN18.2 
cells (1x05 cells) was 1,149±48.16 nmol, and the equilibrium 
dissociation constant was 24.36±3.5 nmol/l (Fig. 1D).

PET/CT imaging of [89Zr]Zr‑DFO‑SYSA1801mAb. 
PET/CT imaging revealed that 4  h post‑injection, [89Zr]
Zr‑DFO‑SYSA1801mAb accumulated in the tumor, with a 
clear tumor outline visible at 24 h post‑injection (Fig. 2A). Over 
time, radioactive uptake in the tumor gradually increased. The 
maximum uptake of [89Zr]Zr‑DFO‑SYSA1801mAb at the tumor 
site was observed at 48 h, with an uptake of ~4.94±1.06%ID/g 

Figure 1. (A) Flow chart of the experimental design. Created with BioRender.com. (B) Flow cytometry was used to detect CLDN18.2 expression in 
NUGC‑4‑CLDN18.2 cells. Blue line: Anti‑SYSA1801mAb (PE); red line: isotype control (PE). (C) Radiochemical purity of [177Lu]Lu‑DOTA‑SYSA1801mAb 
determined by HPLC was >99%. Upper panel: Radio‑HPLC (177Lu γ‑radiation detection); lower panel: Ultraviolet‑HPLC (254 nm absorption detection). 
(D) Specific binding of [177Lu]Lu‑DOTA‑SYSA1801mAb in NUGC‑4‑CLDN18.2 cells. Left panel: Saturation binding curve plotted on a logarithmic concen‑
tration scale for calculation of the equilibrium dissociation constant (Kd). Right panel: Saturation binding curve plotted on a linear concentration scale for 
determination of the maximum binding capacity (Bmax). (E) Stability of [177Lu]Lu‑DOTA‑SYSA1801mAb detected by thin‑layer chromatography in normal 
saline and 1640 (10% FBS). ADC, antibody‑drug conjugate; CLDN18.2, claudin 18.2; EC50, half maximal effective concentration; FBS, fetal bovine serum; 
HPLC, high‑performance liquid chromatography; mAb, monoclonal antibody; RDC, radionuclide‑drug conjugate.
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(n=3) (Fig. 2B). Region of interest was further defined and 
radioactive uptake in the tumor, heart (blood), liver, spleen, 
muscle and kidneys was assessed. Radioactive uptake in 
non‑target organs, such as the heart (blood), liver and kidneys, 
gradually decreased over time.

Biodistribution of [177Lu]Lu‑DOTA‑SYSA1801mAb. 
Bio d i s t r ibu t ion  r e su l t s  i nd ica t e d  t ha t  [17 7Lu]
Lu‑DOTA‑SYSA1801mAb effectively targeted tumors in 
the NUGC‑4‑CLDN18.2 model. Over time, tumor uptake 
increased, reaching a peak at 48 h (16.44±3.13%ID/g) (Fig. 2C). 

Figure 2. (A) Positron emission tomography‑computed tomography images showing tumor‑specific accumulation of [89Zr]Zr‑DFO‑SYSA1801mAb in 
tumor‑bearing mice over time, in contrast to that in other non‑target tissues. (B) Quantitative region of interest analysis of the tumor, heart, liver, spleen, 
kidney, and muscle in tumor‑bearing mice at 4, 24, 48, 96, 144 and 192 h after injection of [89Zr]Zr‑DFO‑SYSA1801mAb. (C) Biodistribution results 
at 4, 24, 48, 96 and 144 h after injection of [177Lu]Lu‑DOTA‑SYSA1801mAb. (D) Tumor‑to‑blood, (E) tumor‑to‑liver and (F) tumor‑to‑kidney ratios 
at 4, 24, 48, 96 and 144 h after injection of [177Lu]Lu‑DOTA‑SYSA1801mAb. Data are presented as the mean ± SD. Statistical differences across the different 
time points for each ratio were determined by one‑way analysis of variance followed by Tukey's post hoc test for multiple comparisons. *P<0.05, **P<0.01, 
***P<0.001. %DI/g, percentage of injected dose per gram of tissue; mAb, monoclonal antibody.
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Liver uptake peaked at 24 h (12.06±2.63%ID/g) and kidney 
uptake peaked at 4 h (4.96±1.66%ID/g). As time progressed, 
uptake in the liver and kidneys gradually decreased. Following 
blood circulation, [177Lu]Lu‑DOTA‑SYSA1801mAb was 
rapidly cleared from the bloodstream. The concentra‑
tion of radioactivity in the blood decreased by over 80% 
during the period from 4 and 48 h post‑injection. Between 
4 and 96 h post‑injection, the tumor‑to‑blood ratio gradu‑
ally increased, reaching a maximum ratio of 31.62±17.13 
(Fig. 2D). Tumor‑to‑liver and tumor‑to‑kidney ratios exhibited 
fluctuating trends, with the highest values observed at 48 h 
(Fig. 2E and F). Dosimetry results are presented in Table I.

Effect of treatment. In the NUGC‑4‑CLDN18.2 model, the 
NS and mAb groups reached humane endpoints by day 14 
post‑treatment. The average tumor volume in the mAb 
group was 1,906.58±71.11  mm3 (TGI%=4.57%), while in 
the NS group, it was 1,997.88±71.11 mm3, with no signifi‑
cant difference between the two groups (Figs. 3A and S1). 
A total of 14  days after the first administration, in the 
RDC monotherapy group, the average tumor volume was 
686.86±153.12 mm3 (TGI%=105.32%), in the ADC group, it 

was 222.49±236.45 mm3 (TGI%=139.80%), in the RDC→ADC 
group, it was 713.65±271.28  mm3 (TGI%=100.60%), and 
in the ADC→RDC group, it was 278.79±381.72  mm³ 
(TGI%=137.93%). Significant differences in tumor volume 
were observed between some treatment groups, and the 
detailed pairwise comparisons are presented in Table  SI. 
On day 46 post‑treatment, the average tumor volume in the 
RDC group was 871.63±503.97  mm3, in the ADC group, 
it was 303.05±439.34  mm3, in the RDC→ADC group, it 
was 941.74±803.32 mm3, and in the ADC→RDC group, it 
was 248.31±474.01 mm3. Significant differences in tumor 
volume were observed between the following pairs: RDC and 
ADC, RDC and ADC→RDC, ADC and RDC→ADC, and 
RDC→ADC and ADC→RDC. On day 14 post‑treatment, the 
mice in the NS and mAb groups showed a gradual increase 
in body weight, whereas the mice in the other treatment 
groups experienced an initial weight decrease followed by 
a slow increase (Fig. 3B). Significant differences in weight 
were observed between some of the groups. Specifically, the 
ADC→RDC group showed a statistically significant differ‑
ence compared with the ADC group, and the RDC group also 
differed significantly from the ADC group. 

On day 46 post‑treatment, the body weight of the mice 
in the RDC, ADC, ADC→RDC and RDC→ADC groups 
showed fluctuating increments, with no significant difference 
in body weight among the treatment groups (Table SII). On 
day 145 post‑treatment, complete remission (CR) rate in the 
ADC group was 60%, with the OS rate also at 60%. In the 
ADC→RDC group, the CR rate was 40% and the OS rate 
was 40%, whereas the OS rate in the other groups was 0%. 
Statistically significant differences in OS rates were observed 
between the ADC and RDC groups, as well as between the 
ADC and RDC→ADC groups (Fig. 3C and D). 

Toxicity of treatment. To comprehensively evaluate the 
potential adverse effects of these treatments, hematological, 
biochemical and histopathological analyses were conducted. 
Hematological analysis revealed elevated white blood cell 
counts in all treatment groups relative to the NS control 
group (Fig. 4A), with detailed results of pairwise comparisons 
between the groups provided in Table SIII. This elevation 
might suggest an inflammatory response or stress induced 
by treatment, which warrants further exploration of the 
impact on the immune system. Red blood cell counts showed 
minimal differences across groups, with a significant differ‑
ence observed only between the ADC and mAb groups, 
and between the mAb and ADC→RDC sequential therapy 
groups. No significant differences were found in platelet 
counts among the groups. Levels of hepatocellular injury 
markers, alanine and aspartate aminotransferases exhibited 
only minor fluctuations across the treatment groups, with no 
significant differences observed (Fig. 4C). However, a signifi‑
cant decrease in albumin levels was noted in all the treatment 
groups, except the mAb group, compared with those in the NS 
group (P<0.05), suggesting a potential impairment of hepatic 
synthetic function, which is a known side effect of certain 
chemotherapeutic and targeted agents (51). More pronounced 
toxicological profiles were observed in the kidneys. Compared 
with those in the NS group, blood urea nitrogen (BUN), creati‑
nine (Cr) and uric acid levels were elevated to varying degrees 

Table I. Estimates of time‑integrated activity coefficients for 
human organs from mouse biodistribution data.

	 Kinetics value,
Source organ 	 MBq‑h/MBq

Adrenal glands	 0
Brain	 0
Esophagus	 0
Eyes	 0
Gallbladder contents	 0
Left colon	 0
Small intestine	 0.777
Stomach contents	 0.268 
Right colon	 0
Rectum	 0
Heart contents	 1.07x10¹
Heart wall	 0.566
Kidneys	 0.246
Liver	 1.02x10¹
Lungs	 1.32
Pancreas	 0.059
Prostate	 0
Salivary glands	 0
Red bone marrow	 0
Cortical bone	 1.70x10¹
Trabecular bone	 0
Spleen	 0.31
Testes	 0
Thymus	 0
Thyroid	 0
Urinary bladder contents	 0
Total body	 0
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in the treatment groups, with relatively greater changes in the 
combination treatment and RDC groups (Fig. 4C; Table SIII). 
This consistent pattern suggests a potential impairment of the 
glomerular filtration rate and renal function.

Histopathological examination provided evidence for the 
biochemical findings (Fig. 4D). Although the architecture of 
the heart, lungs and liver remained intact across all the groups, 
notable changes were observed in the kidneys and spleen. 
Specifically, the mice treated with RDC and combination 
therapy exhibited partial damage and deformation of glomeruli 
and renal tubules, consistent with renal function deterioration, 
as indicated by elevated BUN and Cr levels. Disruption of the 

splenic follicular structure was also observed in these groups. 
These changes were markedly milder in the ADC and mAb 
monotherapy groups compared with those in the RDC and 
combination therapy groups. Cardiac, pulmonary and hepatic 
tissues remained largely intact across all the groups, with no 
signs of notable drug‑induced injury.

Overall, the toxicity profile indicated that RDC and 
the combination therapy were associated with controllable 
but notable nephrotoxicity and potential effects on hepatic 
synthetic function. The absence of marked histopathological 
damage in the heart and lungs suggests favorable cardiotox‑
icity and pulmonary toxicity safety profiles.

Figure 3. (A) Tumor growth curve of NUGC‑4‑claudin 18.2 model in each treatment group. (B) Body weight change curve for each treatment group. Statistical 
differences across the groups were determined by one‑way analysis of variance followed by Tukey's post hoc test for multiple comparisons. *P<0.05, **P<0.01, 
***P<0.001. (C) Kaplan‑Meier survival curves comparing the survival probability of different treatment groups over time (n=5 mice/group). The log‑rank 
(Mantel‑Cox) test was used to determine statistical significance between groups. ***P<0.001. (D) Pairwise comparisons of survival among key treatment 
groups. The P‑values result from post‑hoc log‑rank tests comparing the indicated groups, with a Bonferroni correction applied for six pre‑specified compari‑
sons (significance threshold: P<0.0083). *P<0.0083; ns, not significant. ADC, antibody‑drug conjugate; mAb, monoclonal antibody; NS, normal saline; RDC, 
radionuclide‑drug conjugate.
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Figure 4. (A) WBC, RBC and PLT counts of each treatment group at the end of treatment (n=5 mice/group). (B) BUN, CREA and UA levels in each treatment 
group at the end of treatment. (C) ALB, AST and ALT levels in each treatment group at the end of treatment. (D) Representative hematoxylin and eosin staining 
of tissues collected from euthanized mice from each treatment group. Statistical differences across the groups were determined by one‑way analysis of vari‑
ance followed by Tukey's post hoc test for multiple comparisons. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. ADC, antibody‑drug conjugate; ALB, albumin; 
ALT alanine amino transferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CREA, creatinine; mAb, monoclonal antibody; NS, normal 
saline; PLT, platelet; RBC, red blood cell; RDC, radionuclide‑drug conjugate; UA, uric acid; WBC, white blood cell.
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Discussion

To the best of our knowledge, the present study is the first 
preclinical experiment comparing the efficacy and safety of 
ADCs, RDCs and their sequential combinations targeting the 
same receptor. The current study systematically evaluated the 
therapeutic efficacy of CLDN18.2‑targeted ADC, RDC and 
various sequential combination therapies in a preclinical GC 
mouse model. The results showed that the ADC group was 
significantly associated with improved key efficacy endpoints, 
such as OS and CR rates, compared with those in both the 
RDC and RDC→ADC groups, alongside a more favorable 
safety profile. Although the survival benefit of the ADC→RDC 
combination treatment did not significantly differ from that of 
ADC monotherapy, the combination therapy group exhibited 
higher blood toxicity, and liver and kidney damage. These 
findings suggest that ADC monotherapy may have superior 
efficacy and safety in the current preclinical model. From a 
mechanistic perspective, the therapeutic advantage of ADCs 
primarily arises from their ability to precisely deliver cyto‑
toxic drugs via antibody‑targeted delivery (53). Additionally, 
the cleavable linker of ADCs can generate a ‘bystander effect’, 
which helps eliminate nearby antigen‑negative cells (54). In 
the present study, a 60% CR rate was maintained for 5 months 
following ADC monotherapy, which is closely associated with 
high stability of the CLDN18.2 antigen during the treatment 
period. However, existing clinical studies have indicated 
that prolonged use of ADCs may lead to acquired resistance 
through mechanisms such as abnormal antigen internalization 
or lysosomal escape (55,56). The absence of such acquired 
resistance in the current study may be linked to the relatively 
low dosing frequency (only two administrations) and short 
observation period in the current study. Future studies should 
assess the long‑term effects of treatment on drug resistance.

In the combination therapy strategy, the tumor CR rate in 
the ADC→RDC group was higher than that in the RDC→ADC 
group, with a 40% difference. Although the sample size 
(n=5/group) in the current study was limited, resulting in a low 
statistical power, and this difference did not reach statistical 
significance after correction for multiple comparisons, the magni‑
tude of the observed trend and effect size still suggests that the 
sequence of administration may be a potential factor influencing 
antitumor efficacy. This finding provides a valuable preliminary 
hypothesis for future large‑scale studies. Furthermore, based on 
previous literature, it may be hypothesized that administering 
ADC first could create a favorable condition for subsequent 
RDC therapy through several potential mechanisms: i) Rapidly 
reducing tumor burden by downregulating hypoxia‑inducible 
factor 1α expression, which alleviates the tumor hypoxic microen‑
vironment (57), thereby enhancing the sensitivity of the tumor to 
radiotherapy (58); ii) ADC‑induced G2/M phase cell cycle arrest, 
which makes tumor cells more sensitive during radiotherapy (59); 
and iii) conversely, if RDC therapy is used first, it may induce 
radiation‑induced fibrosis, which increases the hydraulic pressure 
of the tumor stroma, hindering the intratumoral penetration of 
ADC drugs (60). These potential mechanisms may explain the 
efficacy trend observed in the current study.

Previous studies have shown that ADC and RDC 
monotherapies demonstrate relatively good efficacy in 
CLDN18.2‑targeted therapy  (61,62). For example, [177Lu]

Lu‑TST001 has exhibited marked efficacy and low short‑term 
toxicity in preclinical GC models (41), although no long‑term 
toxicity has been observed. In the current study, a 5‑month 
long‑term observation revealed that although RDC treat‑
ment effectively inhibited tumor growth, it was associated 
with relatively high hematological and visceral toxicity. This 
suggests that CLDN18.2‑RDC therapy requires further opti‑
mization to reduce side effects. Moreover, in a previous study, 
CLDN18.2‑307‑ADC induced sustained tumor regression in 
cell‑derived xenograft and patient‑derived xenograft models 
with manageable toxicity (40). These findings are consistent 
with the results of this study, where a 60% CR rate was observed 
in the ADC treatment group, and the tumors remained stable 
after regression without recurrence. However, the prolonged 
use of ADC may result in resistance issues, including target 
antigen downregulation, antigen loss or mutations, leading to 
a gradual reduction in therapeutic efficacy (63). Therefore, the 
potential efficacy of the ADC→RDC combination therapy 
in resistant patients is of particular importance. By initially 
using ADC to reduce tumor burden and improve the micro‑
environment, subsequent RDC treatment may eliminate 
residual tumor cells more effectively, thereby lowering recur‑
rence risk (64). This treatment strategy is especially suitable 
for ADC‑resistant patients for whom RDC may serve as an 
effective adjunct therapy.

The National Medical Products Administration has 
approved CLDN18.2 mAb (zolbetuximab) in combination 
with fluoropyrimidine and platinum‑based chemotherapy 
as a first‑line treatment for locally advanced unresectable 
or metastatic CLDN18.2‑positive, human epidermal growth 
factor receptor 2 (HER2)‑negative gastric or gastroesophageal 
junction adenocarcinoma. However, in the present study, the 
mAb‑CLDN18.2 monotherapy group did not show any signifi‑
cant antitumor efficacy. This outcome may be attributed to the 
relatively low doses administered. The conventional clinical 
dose is 800 mg/m2 (65,66), whereas the dose used in the current 
study was only 50 nmol/kg. At such a low dose, the antibody 
may not achieve sufficient target engagement or elicit a robust 
immune response to produce antitumor effects as monotherapy. 
Future studies should consider using higher doses in order to 
observe more pronounced therapeutic outcomes.

The present study has several design limitations that warrant 
further discussion. First, owing to experimental constraints, 
the pharmacokinetic characteristics and maximum tolerated 
doses of different treatment regimens were not systemati‑
cally compared, which may affect the generalizability of the 
conclusions regarding efficacy and safety. To control for core 
variables, a uniform dose of 150 µg (50 nmol/kg) mAb was 
used as a baseline. This decision was based on the following 
considerations: First, the fixed DAR (DAR=2) of ADCs is struc‑
turally consistent with the radionuclide‑to‑antibody labeling 
ratio (value=2) of RDCs. Second, prior studies have shown 
that 1.1 MBq 177Lu‑labeled full antibodies (150 µg) effectively 
suppress tumor growth with good tolerability (51,52). Although 
there are differences in the mechanisms of action between 
ADCs and RDCs (67,68), an equal antibody dosage ensures 
comparability in target occupancy, thereby providing a basis 
for a fair evaluation of the antitumor activity of different carrier 
systems. Although the absence of pharmacokinetic parameters 
limits the depth of mechanistic interpretation, the cross‑modal 
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drug comparison paradigm and sequential strategy established 
in the present study remain valuable and may provide insights 
for future studies.

Second, the present study used only a single conventional 
tumor model and did not account for the potential effect of 
different GC subtypes or resistance models on treatment 
outcomes. Tumor heterogeneity suggests that a single model 
may not fully capture the diversity in clinical treatments. 
Therefore, future studies should incorporate multi‑model vali‑
dation, particularly the use of resistance models, to enhance 
the generalizability of the findings. Nevertheless, although the 
results obtained from a single model may not be broadly appli‑
cable, the favorable outcomes observed with both ADC and 
ADC→RDC sequential combination therapies in the current 
study offer valuable insights and guidance for subsequent vali‑
dation in resistance models and the development of treatment 
strategies for advanced clinical patients.

Third, all efficacy and toxicity observations were derived 
from the NUGC‑4‑CLDN18.2 xenograft model, which differs 
fundamentally from human GC in several key aspects: 
i) Tumor microenvironment: The murine model lacks the 
complex human tumor microenvironment that regulates drug 
response and toxicity profiles in patients. ii) Pharmacokinetic 
and pharmacodynamic disparities: Interspecies differ‑
ences in drug metabolism, distribution and elimination may 
notably alter treatment outcomes. iii) CLDN18.2 expression 
heterogeneity: Human GC demonstrates variable CLDN18.2 
expression patterns (such as focal vs. diffuse and high vs. low) 
and potentially treatment‑modifying co‑mutations (including 
in HER2 and TP53), whereas the NUGC‑4‑CLDN18.2 model 
represents only a single CLDN18.2‑overexpressing cell line, 
thereby limiting the generalizability of the findings across 
different patient subgroups.

Fourth, the study included multiple groups, but the sample 
size was limited (n=5/group), which resulted in a low statis‑
tical power. After correction for multiple comparisons, some 
intergroup differences in the survival analysis did not reach 
statistical significance, and thus, these specific findings were 
only presented as trends. Future studies will require a larger 
sample size to validate these findings.

Finally, the current study did not explore the potential 
acquired resistance mechanisms to ADC therapy, which is 
directly relevant to the development of subsequent treatment 
strategies for patients with resistance in clinical settings. These 
limitations underscore the need for cautious interpretation of the 
results and emphasize the requirement for future clinical studies 
to establish the comparative efficacy and safety of ADC and 
RDC strategies in patients with CLDN18.2‑positive GC.

In conclusion, the present preclinical findings suggest 
that ADC monotherapy may demonstrate superior efficacy 
and safety profiles when compared with RDC monotherapy. 
Sequential combination therapy starting with ADC appears to 
be more favorable than that which starts with RDC. Although 
ADC→RDC sequential therapy did not significantly outper‑
form ADC monotherapy in this model, it may serve as an 
effective subsequent treatment strategy.
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