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Abstract: Gastric cancer is a common malignant tumor with high incidence and mortality. The overexpression of 
Human epidermal growth factor receptor 2 (HER2) is associated with increased metastatic potential and poor 
clinical outcome in gastric cancer. Despite the proven clinical response rates of approved HER2-targeted thera-
pies, including Trastuzumab combined with chemotherapy, their limited long-term clinical benefits and inevitable 
disease progression still pose significant challenges to the clinical treatment of gastric cancer. Hence, exploring 
novel strategies to enhance therapeutic outcomes for HER2-positive patients is extremely crucial and urgent. Here, 
we reported that DX126-262, a novel HER2-targeted antibody-drug conjugate, generated by conjugating a potent 
Tubulysin B analogue (Tub-114) to humanized anti-HER2 monoclonal antibody, exhibited a significant synergistic 
inhibitory effect with both Cisplatin and 5-FU in HER2-positive gastric cancer NCI-N87 cells. Moreover, the triple-
drug combination strategy of DX126-262 combined with Cisplatin and 5-FU showed much better in vitro and in vivo 
therapeutic efficacy than monotherapy or double-drug combination (Cisplatin plus 5-FU) or first-line standard-of-
care (SOC, Herceptin plus Cisplatin and 5-FU), and comparable or even superior in vivo efficacy than third-line SOC 
(DS-8201a) in NCI-N87 cells and xenograft models. Meanwhile, the triple-drug combination therapy did not exhibit 
superimposed toxicity. Taken together, our findings provide compelling evidence that DX126-262 in combination 
with Cisplatin and 5-FU exerts synergistic antitumor activity and is a promising strategy to improve the clinical ef-
ficacy of HER2-positive advanced or metastatic gastric cancer.
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Introduction

Gastric cancer is one of the most prevalent 
malignancies, ranking fifth in global cancer 
diagnosis and fourth leading cause of cancer-
related death worldwide [1, 2]. Notably, China 
bears the heaviest burden, with the incidence 
of gastric cancer ranking first globally, account-
ing for an astounding 44% of all new cases [2, 
3]. The current clinical therapeutic for gastric 
cancer in China is primarily dominated by che-
motherapy and molecular targeted therapies. 
However, the arsenal of targeted drugs for  
gastric cancer is constrained, primarily com-
prising anti-HER2 agents as first-line therapy 

and anti-angiogenic therapies as second/third-
line treatment, and there remains a pressing 
need for the development of alternative,  
efficacious targeted treatment strategies to 
address the ongoing challenge posed by this 
malignancy.

HER2 plays an important role in cell prolifera-
tion, differentiation, apoptosis, migration and 
tumorigenesis [4]. The overexpression or ampli-
fication of HER2 has been consistently associ-
ated with increased metastatic potential and 
poor clinical outcome and has been verified in 
many malignant tumors, including breast can-
cer, lung cancer, gastric cancer [4-6]. Globally, 
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the latest reported incidence of HER2 overex-
pression in gastric cancer ranging from 7.3% to 
20.2% [4, 7], while the positive rate of HER2 
among Chinese gastric cancer patients is  
13%-18% [8-10]. In 2010, ToGA Trial firstly con-
firmed that integration of anti-HER2 targeted 
therapy with chemotherapy markedly enhanced 
response rates and prolonged the survival of 
patient, making it highly recommended as the 
first-line standard-of-care (SOC) for individuals 
with HER2-positive advanced gastric cancer, 
and opening the era of anti-HER2 targeted ther-
apy for gastric cancer [11, 12]. Unfortunately, 
after the ToGA study, progress in the develop-
ment of treatments for gastric cancer stalled 
for nearly a decade [13]. The emergence of 
Disitamab vedotin (RC48) and Trastuzumab 
deruxtecan (DS-8201a), two novel HER2 tar-
geting antibody-drug conjugates (ADC), brought 
a new breakthrough in the therapeutic land-
scape for HER2-positive gastric cancer [4, 14]. 
However, due to the complexity inherent in the 
disease, patients diagnosed with HER2-posi- 
tive advanced gastric cancer inevitably face 
disease progression over time. Even with the 
first-line regimen of Trastuzumab in combina-
tion with chemotherapy, the long-term benefits 
are still limited, as evidenced by a median over-
all survival (OS) of 13.8 months and an objec-
tive response rate (ORR) of merely 47%, only 
12% increase of ORR for the group receiving 
Trastuzumab in combination with chemothera-
py compared to chemotherapy alone [11]. 
Although RC48 and DS-8201a have demon-
strated significant clinical efficacy over chemo-
therapy regimens, their advantage in terms of 
prolonging long-term benefits is not pro-
nounced. For example, RC48-C008 trial indi-
cated that RC48 achieved an ORR of 24.8% in 
the later-line treatment (≥3rd line) of HER2-
overexpressed advanced gastric cancer, yet 
the median progression-free survival (PFS) and 
median OS were only 4.1 months and 7.9 
months, respectively [15]. Additionally, while 
the DESTINY-Gastric01 study reported even 
more promising clinical data for DS-8201a in 
the later-line treatment of HER2-positive gas-
tric cancer, with an ORR of 42%, the median 
PFS was still only 5.6 months, and the median 
OS was 12.5 months, failing to provide long-
term benefits for patients [16]. Therefore, it  
is particularly important to identify potential 
strategies to overcome anti-HER2 resistance 
and develop novel anti-HER2 approaches so as 
to improve the overall therapeutic outcomes 
and benefits for patients with HER2-positive 
gastric cancer.

ADCs represent a highly selective and efficient 
delivery system for anticancer agents, precisely 
targeting tumor tissue. ADCs exhibit more pro-
nounced anti-tumor advantages over monoclo-
nal antibody drugs due to the combination of 
tumor-targeting properties of antibody drugs 
and the potent killing effects of small molecule 
chemotherapeutic drugs, while maintaining a 
broad therapeutic window, and offering signifi-
cant advantages in cancer treatment [17, 18]. 
We have developed DX126-262, a HER2-
targeted ADC that conjugates a novel Tubulysin 
B analogue to a recombinant humanized anti-
HER2 monoclonal antibody. Innovations of 
DX126-262 have been made in the selection of 
small molecular payloads and linkers. As the 
next-generation tubulin inhibitor, Tubulysin B 
has been proven to exhibit stronger anti-tumor 
activity and more potent killing characteristics 
against drug-resistant tumor cells than conven-
tional highly active molecules, such as DM1 
and MMAE [19, 20]. We embarked on with a 
potent Tubulysin B analogue Tub-114, conduct-
ed meticulous screening and structural modifi-
cation to further enhance its biological activity. 
Incorporation of a lysine residue and branched 
sustained-releasing moieties into the linker 
markedly decreases the rate of payload relea- 
se and degradation. This modification enables 
a more controlled and sustained delivery of  
the therapeutic payload, thereby enhancing  
the overall efficacy and safety profile of the 
ADC. The preclinical evaluation of DX126-262, 
encompassing efficacy studies, pharmacoki-
netics analysis, toxicology assessments, and 
safety evaluations, demonstrates exceptional 
drug-ability, efficacy and toxicology profile sig-
nificantly outperforming its counterpart Kad- 
cyla (T-DM1) (data not shown). The pharmaco-
logical effect of DX126-262 is similar to that  
of DS-8201a [21]. After being exposed to the 
HER2 antigen on the surface of the tumor, 
DX126-262 binds to and accumulates on the 
surface, and then is internalized into the tumor 
cells. The antibody and linker are degraded by 
proteinases, releasing Tub-114-cys which binds 
to tubulin and inhibits the polymerization pro-
cess necessary for cell survival and prolifera-
tion, thereby killing tumor cells.

Combination therapy stands as one of the 
potent strategies aiming at enhancing clinical 
efficacy. Preclinical and clinical evidence have 
so far demonstrated varying success in combi-
nation therapy of ADCs and chemotherapeutic 
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agents [22]. For example, the combinations of 
ravtansine-based ADCs with carboplatin or 
doxorubicin have shown initial efficacy in plati-
num-sensitive and resistant ovarian cancer 
[23, 24]. Consistently, notable response rates 
have been observed in early phase trials of 
testing the combinations of deruxtecan-based 
ADCs with Capecitabine or Cisplatin in gastric 
cancer [25, 26]. This accumulating knowledge 
has yielded invaluable insights, serving as a 
cornerstone for guiding the subsequent devel-
opment of novel therapeutic modalities. In con-
sideration of the notable clinical benefits and 
favorable tolerability profile demonstrated by 
Herceptin in combination with Cisplatin and 
5-Fluorouracil (5-FU) as a first-line treatment 
for HER2-positive gastric cancer, the aim of 
present study is to evaluate the antitumor 
effect of the combination of DX126-262 with 
Cisplatin and 5-FU, so as to provide support for 
the clinical use of HER2 targeted therapeutic 
strategies for gastric cancer. Indeed, we dem-
onstrate here that triple-drug combination ther-
apy of DX126-262 plus Cisplatin and 5-FU 
exhibits superior in vitro and in vivo therapeu- 
tic efficacy compared to monotherapy (DX126-
262, Cisplatin, 5-FU or Herceptin), dual-drug 
combinations (Cisplatin plus 5-FU) and first- 
line SOC (Herceptin plus Cisplatin and 5-FU). 
Notably, this triple-drug combination also dem-
onstrated comparable or even superior in vivo 
efficacy against human gastric cancer NCI-N87 
cells in comparison to DS-8201a. Importantly, 
the triple-drug combination therapy does not 
elicit superimposed toxicity, as assessed by 
monitoring mouse body weights. Collectively, 
these findings provide compelling evidence 
that DX126-262 in combination with Cisplatin 
and 5-FU is a promising therapeutic strategy  
to enhance clinical efficacy and outcome for 
patients with HER2-positive gastric cancer.

Materials and methods

Antitumor agents

Trastuzumab (Herceptin) was obtained from 
Roche Pharmaceuticals (Basel, Switzerland). 
Cisplatin was purchased from QILU Phar- 
maceutical (Shandong, China). 5-Fluorouracil 
(5-FU) was purchased from Shanghai Aladdin 
Biochemical Technology Co., Ltd. (Shanghai, 
China). DS-8201a was purchased from Daiichi 
Sankyo (Tokyo, Japan).

Synthesis of DX126-262

DX126-262 was independently developed and 
prepared by Hangzhou DAC Biotechnology Co., 
Ltd. A Tubulysin B analogue (Tub-114) was con-
jugated to the recombinant humanized anti-
HER2 monoclonal antibody (DX-CHO9, IgG1) to 
produce DX126-262. In Tub-114, the original 
1-methylpiperidine group of the natural Tubuly- 
sin B was substituted with N,N-dimethylpro- 
pan-2-amine to reduce hepatic toxicity, and a 
branched hydrophilic ethylene glycol side chain 
was also incorporated. The antibody was har-
vested from CHO cell line culture and purified in 
three chromatographic steps (protein A, anion 
exchange and cation exchange). The ADC con- 
jugation procedure was performed at pH 6.5-
6.8 PBS buffer, wherein DX-CHO9 was subject-
ed to reduction with 3.5 equivalents of TCEP  
for a duration of 1 hour, followed by a 2-hour 
reaction with Tub-114. The yielded DX126-262 
was then isolated and purified using either 
chromatography or ultrafiltration/diafiltration 
(UF/DF). The major metabolite of DX126-262 
found in animal plasma was Tub-114-cys, an 
adduct of Tub-114 and a cysteine residue.

Cell culture

The human gastric carcinoma cell line NCI-N87 
was purchased from the National Collection of 
Authenticated Cell Cultures and SNU-16 was 
purchased from American Type Culture Co- 
llection (ATCC). Both cell lines were maintained 
in RPMI-1640 supplemented with 10% fetal 
bovine serum and 1% penicillin/streptomycin in 
a humidified 5% CO2 incubator at 37°C.

Flow cytometry

For the detection of HER2 expression in NCI-
N87 and SNU-16 cell lines, 1×105 cells were 
incubated on ice for 1 hour with anti-human 
HER2 mAb from in-house or Human IgG1 Kap- 
pa Isotype Control from Sino Biological, Inc. 
(Beijing, China). Subsequently, cells were 
stained with Goat anti-Human IgG Fc Second- 
ary Antibody-PE from Thermo Fisher Scientific 
(Massachusetts, USA) for 30 min. After wash-
ing, the labeled cells were analyzed by CytoFlex 
S flow cytometer (Beckman Coulter, Brea, USA). 
Relative mean fluorescence intensity (rMFI) 
was calculated by the following equation: rMFI 
= MFI of anti-HER2 Ab-PE/MFI of isotype 
control-PE.
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Cell viability assay

NCI-N87 and SNU-16 cells were seeded in a 
96-well plate at 6×103 cells/well. After over-
night incubation, a serially diluted solution of 
ADC, anti-HER2 monoclonal antibody, Tub-114-
cys or chemotherapeutic drugs were added 
according to the single drug or combination 
design. Cell viability was evaluated after 5 days 
using Cell Counting Kit-8 (CCK-8, Life-iLab, 
AC11L054) according to the manufacturer’s 
instructions. The absorbance at 450 nm was 
measured by SpectraMax 190 microplate read-
er with reference wavelength of 630 nm.

Analysis of synergistic effects

Drug combination studies were set up using a 
4×4 matrix design around IC50 of each drug in 
NCI-N87 cell line. SynergyFinder plus (https://
synergyfinder.org/) and DrugComb (https://
drugcomb.org/) online tools were used to ana-
lyze the synergistic effects of combinations of 
DX126-262 and Cisplatin or 5-FU. The dose-
response data was imported into the software 
according to the instructions. The software 
then performed a comprehensive analysis of 
the potential synergistic interactions between 
the two drugs, taking into account their individ-
ual mechanisms of action and potential side 
effects. SynergyFinder plus was used to collect 
the dose-response matrix (inhibition) for the 
two drugs of interest from in vitro experiments. 
The inhibition ratio is positively correlated to 
the degree of red. DrugComb software was 
used to conduct quantitative analysis of the 
synergistic effects of two drugs in combination. 
Combination sensitivity score (CSS) was used 
to determine the sensitivity of a drug pair, and 
S score was applied to detect true synergistic 
drug combination at an accuracy level compa-
rable to that using the full matrix design. 
Moreover, ZIP, Bliss, Loewe and HSA models 
were further used to quantify their synergistic 
interactions as previously described [27], a 
score significantly greater than 1 indicates syn-
ergy, less than 1 indicates antagonism, and 
close to 1 suggests additivity. The data ob- 
tained from these analyses were then visual-
ized using isobolograms, providing a compre-
hensive and informative representation of the 
interactions between drug combinations.

Combination index (CI) score was calculated 
using Compusyn software to further quantify 

and analyze the synergistic effect as previously 
described [28]. The CI score quantitatively 
defines synergism (CI<1), additive effect (CI=1) 
and antagonism (CI>1) in drug combinations.

In vivo tumor growth inhibition studies

Specific pathogen-free (SPF) female BALB/c 
nude mice aged 5-7 weeks were purchased 
from Vital River Laboratory Animal Technology 
Co., Ltd. (Beijing, China). NCI-N87 Xenograft 
model was established by subcutaneous in- 
jecting 5×106 cells in the flanks of the mice. 
After 8-10 days, the tumor-bearing mice were 
randomized into treatment and control groups 
based on the tumor volume, and dosing initiat-
ed (day 1). NCI-N87 xenografts were treated 
with saline (solvent control), DX126-262 (1.5, 
3.0, 6.4 mg/kg, Intravenous injection (iv), 
Q3W×2), Herceptin (1.5, 3.0, 6.4 mg/kg, iv, 
Q3W×2), DS-8201a (1.5, 3.0, 6.4 mg/kg, iv, 
Q3W×2), Cisplatin (1 mg/kg, iv, Q3W×2) plus 
5-FU (15 mg/kg, iv, QW×5), or the combination 
of DX126-262 or Herceptin and Cisplatin plus 
5-FU according to their grouping. Tumor vol-
umes and body weights were measured twice a 
week, and the volume was calculated as fol-
lows: “V = (a×b2)/2, where a refers to tumor 
length and b refers to tumor width”. When 
tumor volume reached to about 1,500 mm3, 
mice were euthanized by cervical dislocation 
and tumors were weighted and collected. Tu- 
mor growth inhibition (TGI, %) was calculated 
according to the following equation: TGI = (1 - 
TmRTV/CmRTV) ×100%; TmRTV and CmRTV 
are the mean relative tumor volumes of the 
treatment and control groups, respectively, on 
a given day. RTV (Relative Tumor Volume) = Vt/
V0, V0 is the individual’s tumor volume on the 
day of randomization (day 1), Vt is its tumor  
volume after the treatment on a given day (day 
t). All mice were maintained in SPF facilities at 
the laboratory animal public service platform  
of MSLT BIOTECH (Hangzhou) Co., Ltd. All ani-
mal procedures were approved by the Insti- 
tutional Animal Care and Use Committee of 
MSLT BIOTECH (Hangzhou) Co., Ltd. in accor-
dance with the ethical regulations regarding 
animal research.

Statistical analysis

The data are presented as Mean ± SD (SD: 
Standard Deviation). Statistical analyses and 
graphical representations were conducted 
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employing the SPSS 18.0 and GraphPad Prism 
6.0 software. For the purpose of comparisons, 
a one-way ANOVA or two-way ANOVA were per-
formed, followed by either Tukey’s or Dunnett’s 
post hoc tests, depending on the suitability of 
the data. A value of P<0.05 was considered 
statistically significantly different.

Results

DX126-262 significantly inhibited the growth 
of HER2-positive gastric cancer NCI-N87 cells

As shown in Figure 1, DX126-262 is a Tubulysin 
B analogue (Tub-114) conjugate containing 
branched hydrophilic polyethylene glycol linker. 
This linker is attached to the HER2 antibody 
using thiol-maleimide chemistry, resulting in a 
drug-to-antibody ratio (DAR) of 3.5-3.8 (Figure 
1A, 1B).

HER2 expression levels on the surface of NCI-
N87 and SNU-16 cells were quantified utilizing 
flow cytometric analysis (Figure 2A). The rela-
tive MFI (rMFI) of NCI-N87 was 91.1, which is 
similar to the previous findings reported by 
Yusuke Ogitani et al. [21], indicating that HER2 
is clearly expressed on the cell surface. The 
rMFI of SNU-16 was 1.2, suggesting lack of 
HER2 expression in the SNU-16 cell. To deter-
mine the inhibitory effects of DX126-262 on 
the proliferation of gastric cancer cells that 
overexpress HER2, we conducted an in vitro 
assessment of DX126-262’s antiproliferative 
activity against the NCI-N87 cell line. Addi- 

its potency was substantially weaker, as evi-
denced by IC50 of 2.1347±1.0360 nM (Figure 
2C). Furthermore, the positive control DS- 
8201a also displayed excellent inhibition of 
NCI-N87 cell growth, with IC50 of 0.2442± 
0.0332 nM, slightly inferior to DX126-262 
(Figure 2C). These results indicated that a  
substantial enhancement in the cell growth-
inhibitory activity of anti-HER2 mAb when con-
jugated to payload Tub-114-cys. Moreover, we 
also elucidated the target specificity of DX126-
262. As shown in Figure 2D, DX126-262 did 
not show cell growth-inhibitory activity in HER2-
negative SNU-16 cells, similar to the results 
observed with Herceptin. In contrast, DS-8201a 
demonstrated a certain degree of antitumor 
activity at high concentrations. Taken together, 
these data demonstrates that DX126-262 
exhibits a target-specific and potent growth 
inhibition against the HER2-positive gastric 
cancer cell line, highlighting its potential as a 
HER2-targeted therapeutic agent.

The combination of DX126-262 and chemo-
therapy showed a significant synergistic inhibi-
tory effect on NCI-N87 cell proliferation in vitro

Trastuzumab (Herceptin) combined with Cis- 
platin and 5-FU is currently the first-line SOC  
for patients with HER2-positive advanced met-
astatic gastric cancer. In light of the remark-
able superiority of DX126-262 over Herceptin 
in terms of in vitro growth inhibition, it was 
expected that the combination strategy of 
DX126-262 with Cisplatin and 5-FU could 

Figure 1. Structure and characterization of DX126-262. A. The chemical 
structure of DX126-262. B. The conjugated drug distribution by HIC-HPLC 
analysis.

tionally, Herceptin (Trastuzu- 
mab, a well-established anti-
HER2 monoclonal antibody) 
and DS-8201a (a HER2-tar- 
geted ADC) were employed as 
positive controls. As shown in 
Figure 2B, 2C, DX126-262 
exhibited a remarkable dose-
dependent inhibitory activity 
of cell growth, with IC50 of 
0.1855±0.0123 nM, and its 
antitumor activity was signifi-
cantly enhanced when com-
pared to its monoclonal anti-
body (DX-CHO9) and paylo- 
ad (Tub-114-cys) (Figure 2B). 
Although Herceptin also de- 
monstrated growth-inhibitory 
activity against NCI-N87 cells, 
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potentially elicit a more pronounced and syner-
gistic inhibitory effect, thereby enhancing ther-
apeutic efficacy. The results of cellular viability 
assessment confirmed that the dose-depen-
dent cell growth-inhibitory activity of Cisplatin 
and 5-FU on NCI-N87 cell proliferation, with 
IC50 of 1.94±0.28 μM, 1.35±0.19 μM, respec-
tively (Figure 2E-G). Subsequently, NCI-N87 

cells were treated with DX126-262 or Cisplatin, 
either monotherapy or in combination using a 
dose-matrix approach to evaluate the prolifera-
tion inhibition of different drug combinations. 
The combination group exhibited different 
degrees of enhanced proliferative inhibitory 
activities as compared to the monotherapy 
treatments (Figure 3A). A dose-response matrix 

Figure 2. HER2 expression and in vitro cell growth inhibitory activity in NCI-N87 and SNU-16 cell lines. (A) Flow cy-
tometric analysis of HER2 expression at the cell surface of NCI-N87 and SNU-16 cells. Relative mean fluorescence 
intensity (rMFI) values for HER2 are shown above. (B) In vitro cell growth inhibitory activity in HER2-positive NCI-N87 
cell line. The cells were treated with DX126-262, DX-CHO9, and Tub-114-cys for 5 days. Each point represents the 
Mean and SD (n=3). (C) In vitro cell growth inhibitory activity in the NCI-N87 cell line. The cells were treated with 
DX126-262, DS-8201a, and Herceptin for 5 days. The IC50 values were calculated by logistic regression using the 
GraphPad Prism software and shown in the table on the right. (D) In vitro cell growth inhibitory activity in HER2-
negative SNU-16 cell line. The cells were treated with DX126-262, DS-8201a, and Herceptin for 5 days. (E, F) Cell 
viability determined using a Cell Counting Kit-8 (CCK-8) in NCI-N87 cells after exposure to Cisplatin (E) or 5-FU (F) at 
different doses for 5 days. (G) The IC50 value of the cell growth inhibitory activity of Cisplatin or 5-FU in NCI-N87 cells 
are shown as Mean ± SD. Each experiment was repeated at least 3 times.
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Figure 3. The combination of DX126-262 and Cisplatin or 5-FU showed a significant synergistic effect in Her2-positive gastric cancer cells in vitro. (A, D) In vitro cell 
growth inhibitory activities for combination treatment of DX126-262 and Cisplatin (A) or 5-FU (D) against NCI-N87 cells were evaluated after 5 days using CCK-8. ns: 
no significance, *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, combination versus single drug. (B, E) Dose-response matrix (inhibition) for DX126-262 and 
Cisplatin (B) or 5-FU (E) was analyzed by SynergyFinder plus. The inhibition ratio is positively correlated to the degree of redness. (C, F) The synergy landscape over 
the dose-response matrix of DX126-262 and Cisplatin (C) or 5-FU (F) in NCI-N87 cells were analyzed by DrugComb online tool.



Synergistic antitumor effect of ADC DX126-262 combined with Cisplatin and 5-FU

5760 Am J Cancer Res 2024;14(12):5752-5768

of proliferation inhibition for 4 concentrations 
of DX126-262 and 4 concentrations of Cispla- 
tin in a 2-fold dilution scheme was summarized 
in Figure 3B. ZIP, Bliss, Loewe Additivity and 
Highest Single Agent (HAS) models were used 
to quantify their synergistic interactions by 
using DrugComb online tool, respectively. The 
resulting synergy heatmaps vividly illustrate 
that DX126-262 and Cisplatin exhibit pro-
nounced synergistic efficacy (depicted as red 
areas within the model graphs) in inhibiting  
cell proliferation across a broad spectrum of 
drug combination ratios (Figure 3C; Table 1). 
Moreover, the results of the synergy analysis 
showed that the Combination Synergy Score 
(CSS) and S score of DX126-262 and Cisplatin 
were 60.40 and 28.95, respectively, confirming 
the existence of synergy between DX126-262 
and Cisplatin (Table 1). Similar findings were 
also observed in the analysis of synergistic 
effect between DX126-262 and 5-FU (Figure 
3D-F; Table 1). The drug combination index (CI) 
score, as calculated by Compusyn software, 
provided further corroboration of the signifi- 
cant synergistic interaction between DX126-
262 and both Cisplatin and 5-FU (Table 2). 
Collectively, these findings suggested that a 
significant synergistic effect between DX126-
262 and Cisplatin or 5-FU, providing a crucial 
basis for the potential application of a triple 
combination therapy.

The combination of DX126-262 with Cisplatin 
and 5-FU exhibited promising therapeutic ef-
ficacy both in vitro and in vivo

An in vitro proliferation inhibition study was first 
initiated to evaluate the potential of DX126-
262 when combined with Cisplatin and 5-FU. 
As shown in Figure 4A, triple-drug combination 
therapy (DX126-262+Cisplatin+5-FU) exhibited 
superior efficacy in proliferation inhibition in 
NCI-N87 cells when compared to monotherapy 
of any individual drug (DX126-262, Cisplatin or 
5-FU) or the dual chemotherapeutic combina-
tion (Cisplatin+5-FU). Subsequently, we evalu-
ated the efficacy of this triple combination in  
an NCI-N87 mouse xenograft model. The anti-
tumor effect was evident when compared to  
vehicle control, as monotherapy of DX126-262 
(6.4 mg/kg, day 1, 22) demonstrated signifi-
cance at day 8 (P<0.05), and the combinations 
of Cisplatin (1 mg/kg, day 1, 22) and 5-FU  
(15 mg/kg, day 1, 8, 15, 22, 29) reached statis-
tical significance at day 18 (P<0.01) (Figure 
4B). Notably, the combined administration of 
DX126-262 plus Cisplatin and 5-FU elicited a 
superior antitumor effect, outperforming the 
combination of Cisplatin and 5-FU as early as 
day 12 (P<0.0001) (Figure 4B). The TGI rates 
for vehicle, DX126-262, Cisplatin+5-FU, and 
combination of DX126-262+Cisplatin+5-FU at 

Table 1. The synergy scores of DX126-262 combined with Cisplatin or 5-FU were calculated by Drug-
Comb
Drug A Drug B Cell line CSS S score ZIP BLISS LOEWE HSA
DX126-262 Cisplatin NCI-N87 60.40 28.95 3.55 3.66 6.26 14.15
DX126-262 5-FU NCI-N87 65.63 22.11 -0.98 -0.77 11.65 15.67

Table 2. The Combination index (CI) scores of DX126-262 combined with Cisplatin or 5-FU were cal-
culated by Compusyn software

CI: NCI-N87
DX126-262 (nM)

0.25 0.5 1 2
Cisplatin (μM) 0.625 0.6458 0.4018 0.4122 0.2944

1.25 0.7133 0.5294 0.5691 0.4380
2.5 1.0473 0.8829 0.8575 0.6744
5 1.4324 1.5020 1.5180 1.4180

CI: NCI-N87
DX126-262 (nM)

0.25 0.5 1 2
5-FU (μM) 0.625 0.2659 0.3044 0.3047 0.1234

1.25 0.2705 0.3917 0.3595 0.1806
2.5 0.3817 0.5486 0.4152 0.3092
5 0.4985 0.8910 0.7485 0.6041
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day 33 were 0%, 35.1%, 91.5%, and 97.9%, 
respectively (Figure 4B, 4D-G). Furthermore, a 
remarkable complete response (CR) in one of 

the eight mice was observed within the triple-
drug combination therapy group (CR=1/8, 
Figure 4D-F). All treatment groups were well-

Figure 4. DX126-262 combined with Cisplatin and 5-FU showed better efficacy than single drug (DX126-262) or 
Cisplatin plus 5-FU in vitro and in vivo. (A) In vitro cell growth inhibitory activities of combination treatment of 
DX126-262 plus Cisplatin and 5-FU against NCI-N87 cells were evaluated after 5 days using CCK-8. **P<0.01, 
***P<0.001, ****P<0.0001. (B) Antitumor efficacy of DX126-262 combined with chemotherapy (Cisplatin and 
5-FU) in NCI-N87 xenograft model. The tumor-bearing mice were intravenously administered with DX126-262 (6.4 
mg/kg, day 1, 22), Cisplatin (1 mg/kg, day 1, 22) plus 5-FU (15 mg/kg, day 1, 8, 15, 22, 29) or the combination of 
DX126-262 plus Cisplatin and 5-FU. The arrow indicates the date of each intravenous administration. Each point 
represents the Mean tumor volume and SD (n=8). ****P<0.0001. (C) Body weight-time curve of BALB/c nude mice 
bearing NCI-N87 xenograft. Each point represents the Mean body weight and SD. (D) Summary of the growth of NCI-
N87 xenografts under the treatment of control, DX126-262, Cisplatin plus 5-FU or DX126-262 plus Cisplatin and 
5-FU. (E) Individual tumor growth curve of the indicated treatments in (B), CR represents complete remission of the 
tumor. (F) Sizes of exfoliated NCI-N87 xenograft tissues. (G) Tumor weights of NCI-N87 xenografts were represented 
as Mean ± SD. ***P<0.001, ****P<0.0001.
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tolerated, with no mortality or severe body 
weight loss observed in any of the mice, indi-
cating the feasibility and safety of this thera-
peutic approach (Figure 4C). These results 
clearly demonstrated the benefit of DX126-262 
in combination with Cisplatin and 5-FU, without 
significant superimposed toxicity.

DX126-262+Cisplatin+5-FU triple therapy 
showed better in vivo efficacy when compared 
with first-line or third-line clinical treatment 
options

To assess whether the therapeutic efficacy of 
DX126-262 in combination with Cisplatin and 
5-FU is better than the current clinical treat-
ment options, we conducted a comparative 
analysis of its in vivo efficacy against the stan-
dard first-line regimen of Herceptin combined 
with Cisplatin and 5-FU, as well as the third-line 
treatment of DS-8201a. The results revealed 
that varying doses of DX126-262 (1.5, 3, 6.4 
mg/kg, iv, day 1, 22), when combined with a 
fixed dose of Cisplatin (1 mg/kg, iv, day 1, 22) 
and 5-FU (15 mg/kg, iv, day 1, 8, 15, 22, 29), 
exhibited a markedly superior in vivo efficacy 
compared to the Herceptin+Cisplatin+5-FU 
triplet regimen at equivalent dosing. More im- 
portantly, with the increase of the dosage of 
DX126-262, the overall therapeutic advantage 
became increasingly pronounced. Specifically, 
at day 36 post-treatment, the TGI rate for 1.5 
mg/kg DX126-262 triple-drug combination 
group was 68.8%, while only 52.8% TGI was 
observed in Herceptin triple-drug combina- 
tion group (Figure 5A). Furthermore, in the 3 
mg/kg and 6.4 mg/kg dose cohorts, the TGI 
rates for the DX126-262 triple-drug group  
surpassed those of the Herceptin triple-drug 
group (81.7% vs 43.3%, and 97.9% vs 59.0%) 
(Figure 5B, 5C). In comparison with DS-8201a, 
DX126-262 group demonstrated a significantly 
superior in vivo anti-tumor effect even at a low 
dosage of 1.5 mg/kg. On day 36, the TGI rate 
for DX126-262 triple-drug combination group 
was 68.8%, whereas the DS-8201a group 
exhibited a TGI of 54.3% (Figure 5D). Further 
increase in the dose of DX126-262 showed 
enhanced in vivo efficacy, similar to DS-8201a 
(Figure 5E, 5F). Comparable results were ob- 
served in terms of both the size of exfoliated 
tissues and the tumor weights in NCI-N87 xeno-
graft model (Figure 5G-L). All together, the 
above results indicated that DX126-262+ 

Cisplatin+5-FU triple therapy demonstrated a 
clearly superior in vivo efficacy compared to  
the first-line Herceptin+Cisplatin+5-FU triple 
therapy. Furthermore, this therapeutic approa- 
ch also exhibited either superior or comparable 
in vivo anti-tumor efficacy against DS-8201a 
therapy.

The combination of DX126-262 with Cisplatin 
and 5-FU did not result in significant overlap-
ping toxicities in NCI-N87 xenograft model

Finally, we further investigated whether the 
combination of DX126-262 with Cisplatin and 
5-FU would result in overlapping toxicities. As 
shown in Figure 6A-C, varying doses of DX126-
262 (1.5, 3, 6.4 mg/kg, iv, day 1, 22) were 
administered in combination with a fixed dose 
of Cisplatin (1 mg/kg, iv, day 1, 22) and 5-FU 
(15 mg/kg, iv, day 1, 8, 15, 22, 29), and no sig-
nificant mortality or severe body weight loss 
were observed in any of the DX126-262 triple-
drug group mice when compared to the control 
group (Vehicle). Consistent findings were also 
observed in the percentage of body weight 
change of the mice (Figure 6D-F), indicating 
good tolerability of mice to this triple combina-
tion therapy. In contrast, varying degrees of 
weight loss were observed in the groups treat-
ed with the combination of Herceptin with 
Cisplatin and 5-FU, as well as in the groups 
treated with DS-8201a monotherapy (Figure 
6A-F). Moreover, no significant adverse reac-
tions or symptoms were observed in all groups 
of mice throughout the entire treatment. These 
findings suggested that within the current dos-
age combination range, the triple combination 
of DX126-262+Cisplatin+5-FU does not exhibit 
significant overlapping toxicity and demon-
strates better safety compared to standard 
first-line and third-line treatments.

Discussion

The combination therapy strategy has emerged 
as an important approach in cancer therapy, 
holding the potential to significantly enhance 
clinical efficacy and advance ADC drugs from 
later-line treatments to first-line/second-line 
therapies [22]. For example, despite the re- 
markable efficacy demonstrated by DS-8201a 
monotherapy in the clinical treatment of 
advanced gastric cancer, researchers are still 
continuously exploring the combination thera-
pies involving DS-8201a, hoping to further 
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Figure 5. DX126-262+Cisplatin+5-FU triple therapy showed relatively better in vivo efficacy when compared with 
Herceptin+Cisplatin+5-FU triple therapy or DS-8201a. (A-C) Antitumor efficacy of DX126-262 combined with Cis-
platin and 5-FU were compared with the first-line standard of care of Herceptin triple therapy at the same dose in 
NCI-N87 xenograft model. The tumor-bearing mice were intravenously administered with three different doses of 
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improve the clinical outcomes. Recently, a ph- 
ase Ib/II clinical trial has demonstrated that the 
combination of DS-8201a with Capecitabine or 
Cisplatin exhibited initial efficacy in the treat-
ment of HER2 positive gastric cancer [25, 26].

In our study, we have confirmed that DX126-
262 exhibits significant synergistic effects 
when combined with both Cisplatin and 5-FU in 
various synergy analysis models. These results 
provide an important foundation for the design 
of the DX126-262 triple-drug combination.

Both in vitro cell proliferation inhibition assays 
and the in vivo NCI-N87 xenograft model have 

demonstrated that the triple therapy of DX126-
262 in combination with Cisplatin and 5-FU is 
significantly more effective than monotherapy 
or the dual chemotherapeutic combination of 
Cisplatin and 5-FU. Its efficacy was also sig- 
nificantly superior to that of first-line SOC 
(Herceptin in combination with chemotherapy 
at the same dosage) in NCI-N87 xenograft 
model. This indicates that DX126-262 exhibits 
better synergistic effects when combined with 
Cisplatin and 5-FU compared to Herceptin.

The reasons for this difference can be attribut-
ed to the following two aspects: Firstly, the anti-
body component of DX126-262 has similar 

DX126-262 or Herceptin (1.5 mg/kg dose in A, 3 mg/kg dose in B, 6.4 mg/kg dose in C, day 1, 22), at the same time 
combined with the same dose of Cisplatin (1 mg/kg, day 1, 22) plus 5-FU (15 mg/kg, day 1, 8, 15, 22, 29). The arrow 
indicates the date of each intravenous administration. Each point represents the Mean tumor volume and SD (n=8). 
*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, DX126-262+Cisplatin+5-FU versus Herceptin+Cisplatin+5-FU. 
(D-F) Antitumor efficacy of DX126-262 combined with Cisplatin and 5-FU was compared with the same dose group 
of DS-8201a in NCI-N87 xenograft model. *P<0.05, DX126-262+Cisplatin+5-FU versus DS-8201a. (G-I) Sizes of 
exfoliated NCI-N87 xenograft tissues. (J-L) Tumor weights of NCI-N87 xenografts were represented as Mean ± SD. 
ns: no significance, **P<0.01, ***P<0.001, ****P<0.0001.

Figure 6. The combination of DX126-262 with Cisplatin and 5-FU did not result in significant overlapping toxicities 
in NCI-N87 xenograft models. (A-C) Body weight-time curves of BALB/c nude mice under treatment with Control, 
different doses of DX126-262 or Herceptin (1.5, 3, 6.4 mg/kg) combined with a fixed dose of Cisplatin (1 mg/kg) 
and 5-FU (15 mg/kg), or DS-8201a (1.5, 3, 6.4 mg/kg) in NCI-N87 xenograft models. Each point represents the 
mean body weight and SD (n=8). *P<0.05; * indicates significant differences between the group corresponding to 
the color and the Vehicle group. (D-F) The percentages of body weight changes of BALB/c nude mice under different 
treatments (1.5 mg/kg dose in D, 3 mg/kg dose in E, 6.4 mg/kg dose in F) were calculated and shown as Mean ± 
SD. *P<0.05, **P<0.01; * indicates significant differences between the group corresponding to the color and the 
Vehicle group.
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molecular mechanism as Herceptin, which is 
closely related to the inhibition of HER2-PI3K-
AKT signal transduction, downregulation of 
nucleotide excision repair cross-complementa-
tion 1 (ERCC1), and interference with cell cycle 
distribution in HER2-positive gastric cancer 
cells [29]. Secondly, the payload conjugated  
to DX126-262 is a tubulin inhibitor Tub-114. 
After DX126-262 is internalized into the tumor 
cells, the antibody and linker are degraded by 
proteinases, releasing its metabolite Tub-114-
cys, which can effectively inhibit cell cycle pro-
gression and promote tumor cell apoptosis. 
Furthermore, numerous studies have con-
firmed that tubulin inhibitors exhibited signifi-
cant synergistic effects with Cisplatin and 5-FU 
[30-32]. Additionally, a phase II clinical trial 
results have found that the combination of 
Docetaxel (a Tubulin inhibitor) with Trastuzum- 
ab, Cisplatin and 5-FU has also been proved to 
be effective and safe in patients with metastat-
ic HER2-positive gastric or gastro-esophageal 
junction adenocarcinoma [33]. Moreover, the 
results of NCI-N87 xenograft model have  
shown that DX126-262 exhibited superior in 
vivo antitumor activity compared to DX-CHO9 
and Tub-114-cys, alone and in combination 
(Supplementary Figure 1). This result validates 
that the format of ADC can further enhance the 
cytotoxicity of payload towards tumor cells via 
tumor-specific delivery, thereby improving the 
therapeutic efficacy [34]. Taken together, these 
previous literature data and the above results 
together could help us better understand the 
rationality and superiority of the combination 
therapy strategy of DX126-262 in combination 
with Cisplatin and 5-FU.

Notably, the overlapping toxicities resulting 
from the combination of ADCs and chemother-
apy is also a challenge deserving attention. For 
instance, in the DESTINY-Gastric03 trial, the 
combination of DS-8201a with 5-FU or Ca- 
pecitabine could result in significant toxicities 
in patients with metastatic HER2-positive gas-
tric cancer, including dose-limiting stomatitis, 
and a substantial increase in the incidence of 
grade ≥3 adverse events [25]. Additionally, 
T-DM1, another HER2-targeted ADC, exhibited 
dose-limiting toxicities (DLTs) and grade ≥3 
adverse events in approximately 80% of pa- 
tients when combined with Docetaxel (with or 
without Pertuzumab) for HER2-positive meta-
static breast cancer [35]. These studies indi-

cate a possibility of notable increase in toxicity 
when ADCs are combined with conventional 
chemotherapeutic agents, which could be due 
to the overlap of toxicities caused by the off-
target and off-tumor effects of the ADC pay-
loads [36]. In this study, no significant weight 
loss or other severe adverse events were 
observed in mice when different doses of 
DX126-262 (1.5, 3, 6.4 mg/kg) were combined 
with a fixed dose of Cisplatin (1 mg/kg) and 
5-FU (15 mg/kg), suggesting that this triple 
combination strategy did not produce signifi-
cant overlapping toxicities at least in NCI-N87 
xenograft models. Due to interspecies differ-
ences, whether obvious additive toxicity will 
occur in the clinical application of combination 
therapy in patients will also be one of the criti-
cal safety considerations that researchers 
need to focus on in the future.

By now, DX126-262 is in the phase II clinical 
trial (CTR20211871), and the monotherapy  
has shown remarkable efficacy in the treat-
ment of patients with HER2-positive advanc- 
ed gastric cancer. Combination of DX126-262 
with Cisplatin and 5-FU is expected to further 
enhance clinical efficacy and long-term bene-
fits for patients in the future. Moving forward, 
we will further explore the potential efficacy 
and possibilities of combining immunotherapy 
with DX126-262 and chemotherapy, aiming to 
discover more effective combination strategies 
to treat HER2-positive gastric cancer.

In conclusion, the present study provides the 
first preclinical evidence that DX126-262 in 
combination with Cisplatin and 5-FU is a poten-
tial strategy to improve the clinical efficacy of 
HER2-positive gastric cancer, without increas- 
ed drug toxicity. It also suggests that the HER2-
targeted combination still plays an irreplace-
able role as an anti-gastric cancer therapy.
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Supplementary Figure 1. DX126-262 demonstrated superior in vivo antitumor activity when compared to the single 
drug or combination of antibody and payload. A. In vivo antitumor efficacy of DX126-262 (ADC), DX-CHO9 (mAb), 
Tub-114-cys (payload), and DX-CHO9 combined with Tub-114-cys were evaluated in NCI-N87 xenograft model. The 
tumor-bearing mice were intravenously administered with DX126-262 (8 mg/kg), DX-CHO9 (8 mg/kg), Tub-114-cys 
(equal molar concentration with DX126-262) or the combination of DX-CHO9 and Tub-114-cys. The arrow indicates 
the date of a single intravenous administration. Each point represents the Mean tumor volume and SD (n=10). 
****P<0.0001. B. Tumor weights of NCI-N87 xenografts were represented as Mean ± SD. ns: no significance, 
*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.


