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Abstract: Patients with gastric cancer exhibit considerable genetic and phenotypic heterogeneity, necessitating the 
establishment of a model for personalized medicine screening. Here, we successfully established three-dimension-
al cell spheroids (3D cell spheroids) from fresh gastric cancer tissues (n = 30) as in vitro models for further thera-
peutic screening. Hematoxylin-eosin and immunohistochemical staining of whole spheroids and parental tumor tis-
sues revealed that the 3D cell spheroids recapitulated the parental tissue structure and maintained the histological 
characteristics of the parental tumor tissue during long-term expansion in vitro. Further, transcriptome sequencing 
verified that the cell spheroids could recapitulate the gene expression profile characteristics of the parental tumor 
tissue. Drug susceptibility testing of the 3D cell spheroids demonstrated that these cell spheroids can be used as a 
reliable model for drug prediction.
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Introduction

Gastric cancer is histologically diverse; its treat-
ment regimens and corresponding efficacy vary 
depending on clinical stage, pathological gra- 
de, and other clinical characteristics [1]. Most 
patients with gastric cancer who undergo surgi-
cal resection are administered chemotherapy; 
however, the recurrence and mortality rates of 
gastric cancer remain high. Owing to the poor 
response of patients with gastric cancer to vari-
ous existing treatment methods, new methods 
are needed to predict the efficacy of individual 
treatment. Patient-derived 3D cell spheroids 
are cultures with morphological structure and 
genetic characteristics similar to those of the 
source organ; it is derived from stem cells via 
self-renewal and self-organization in vitro in 
three-dimensional (3D) cell cultures and can 
display some functions [2]. In the cancer 
research field, patient-derived 3D tumor cell 
spheroids exhibit a high degree of consistency 
with the original tumor tissue [3, 4]. Studies 

have demonstrated the endless potential of 3D 
tumor cell spheroids in clinical settings and 
have summarized the characteristics of indi- 
vidual differences in patients [5, 6]. Patient-
derived tumor cell spheroids retain the histo-
logical complexity and genetic heterogeneity of 
parental tumors, even after several passages, 
providing a wide range of applications for can-
cer research. 3D cell spheroids have tremen-
dous potential for identifying optimal treatment 
strategies for individual patients. Further, com-
pared with the tumor tissues of patients, 3D 
cell spheroids have functions highly similar to 
spatial and corresponding tissues and can imi-
tate pathophysiological processes such as tu- 
mor growth, metastasis, abscission, differenti-
ation, and gene mutation in vivo.

For gastric cancer, specimens of radical surgi-
cal resection as well as gastroscopic biopsy 
have been successfully used to develop organ-
oid cultures [7]. Studies have used gastric can-
cer organoids as a preclinical model to poten-
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tially evaluate the efficacy of cancer thera- 
peutics [8]. In the present study, we aimed to 
generate and provide a detailed analysis of 30 
gastric cancer patient-derived 3D cell spher-
oids. Further, we aimed to provide an in-depth 
phenotypic and molecular characterization of 
the developed 3D cell spheroid lines and their 
parental tumors, including histological architec-
ture, clinical marker expression, and genomic 
landscape. We showed that these 3D cell 
spheroids frequently retain tumor heterogene-
ity. We also showed that these patient-derived 
3D cell spheroids are a reliable model for study-
ing tumor evolution and treatment response in 
precision cancer medicine.

Materials and methods

Sample collection and transfer

All the collected gastric cancer tissue samples 
received informed consent and signed informed 
consent forms from all patients, and the study 
has been approved by the Ethics Committee  
of the Affiliated Hospital of Jining Medical 
University. Fresh tumor samples (n=35) were 
collected from patients with gastric cancer 
undergoing subtotal gastrectomy (tumor tissue 
should avoid the necrotic area, with a volume of 
>1 cm3). The samples were immersed in RPMI 
1640 medium supplemented with 2% penicil-
lin-streptomycin solution (Biological Industries, 
Shanghai, China) and transported to the labora-
tory on ice.

Tissue dissociation and 3D cell spheroid 
culture

Fat, fiber, and necrotic tissues were removed 
from the tumor tissue sample, and the tumor 
tissue was cut into small sections 2-4 mm in 
size. Then, these sections were dissociated 
into a primary single-cell suspension using the 
gentle MACS™ Dissociator and Tumor Disso- 
ciation Kit, human (MiltenyiBiotec, Gergisch-
Gladbach, Germany). Next, the cells were cul-
tured with the 3D cell spheroid medium. The 
basal culture media contained advanced 
DMEM/F12 (Gibco, Carlsbad, CA, USA), 1× B27 
(Absin, Shanghai, China), 1× HEPES (Thermo 
Fisher, Waltham, USA), and 1× GlutaMAX 
(Thermo Fisher) and was supplemented with 
various growth factors and small molecules to 
prepare the full culture media. The growth fac-

tors and small molecules included were Wnt- 
3α (SGE BIOTECH, Suzhou, China) conditioned 
media, 500 ng/mL R-spondin-1 (SGE BIOTECH) 
conditioned media, 100 ng/mL noggin (SGE 
BIOTECH), 1 mM/mL acetylcysteine (GLPBIO, 
California, USA), 10 mM/mL nicotinamide (Tar- 
getMol, Massachusetts, USA), 50 ng/mL EGF 
(PeproTech Inc., PeproTech, USA), 500 nM/mL 
A83-01 (TargetMol), 1 nM/mL SB202190 
(MCE, New Jersey, USA), 10 nM/mL prostaglan-
din E2 (MCE), and 1× penicillin-streptomycin 
solution (Biological Industries). The culture 
media was replaced every 2-3 days. 3D spher-
oids were passaged typically once every week.

Hematoxylin-eosin (HE) and immunohisto-
chemical (IHC) staining

Tissues and 3D cell spheroids were paraffin-
sectioned using standard protocols. The col-
lected 3D cell spheroids were fixed with 10% 
neutral formalin (Sigma Aldrich, Shanghai, 
China) for 90 min and centrifuged at 1000 rpm 
for 60 s. The supernatant was discarded, and 
the 3D cell spheroids were mixed with liquid 5% 
agarose gel and then placed on ice to solidify, 
followed by routine dehydration and embed-
ding. Paraffin sections were then prepared for 
subsequent staining. HE staining was automati-
cally performed using a machine following stan-
dard procedures.

For IHC staining, the paraffin sections were 
dewaxed and subjected to antigen repair, fol-
lowed by the blocking of endogenous peroxi-
dase. After blocking with goat serum (ZSGB-
BIO, Beijing, China), the sections were incubat- 
ed with the following primary antibodies: Her-2, 
p53, and E-cadherin (all from MXB, Fuzhou, 
China). The primary antibodies were incubated 
at 4°C overnight. The next day, the slides were 
washed with PBS three times, 5 min each time. 
Then, the sample was incubated with the sec-
ondary antibody (MXB) for 60 min. Two patholo-
gists blinded to the clinical and pathological 
parameters or patient outcome independently 
measured the positivity ratio. The positivity ra- 
tio was calculated as the average percentage 
of positive cells in five random fields under a 
400-fold microscope (Olympus, Japan). Inter- 
observer differences were resolved by consen-
sus review using a double-headed microscope 
after independent reviews.
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Periodic acid-Schiff (PAS) staining

Paraffin sections were stained with the Schiff 
periodate staining kit (Beyotime, Shanghai, 
China). After the sample was oxidized with peri-
odic acid, it was dyed with Schiff reagent and 
placed in an oven at 37°C in the dark for 45 
min. Finally, the sample was stained with 
hematoxylin. 

Transcriptome sequencing and analysis

Parent tissue and 3D cell spheroids were sub-
jected to total RNA extraction using the Trizol 
reagent (Invitrogen, 15596-026) according to 
the manufacturer’s instructions. The isolated 
RNA was treated with DNase I (Promega, 
M6101) to remove residual genomic DNA.  
RNA purity, concentration, and integrity were 
assessed using the Nano Photometer spectro-
photometer (IMPLEN), Qubit RNA Assay Kit in 
Qubit 2.0 Fluorometer (Life Technologies), and 
Nano 6,000 Assay Kit of the Bioanalyzer 2,100 
system (Agilent Technologies), respectively. 
Then, 1 μg of RNA per sample was used to pre-
pare libraries, which were generated using the 
NEB Next Ultra RNA Library Prep Kit for Illumina 
(NEB) following the manufacturer’s recommen-
dations; the average insert size for the paired-
end libraries was 300 bp (± 50 bp). To ensure 
the quality of the libraries, the effective con-
centration of the libraries (>2 nM) was accu-
rately quantified via real-time quantitative  
PCR. Paired-end sequencing (PE150) was per-
formed using Illumina Novaseq 6000 at Berry 
Genomics Co., Ltd. (Beijing, China) following the 
vendor’s recommended protocol. After base 
composition and quality tests, the adaptor 
sequence and sequences with a high content 
of unknown bases (unknown bases of >10%)  
or low-quality reads were removed. The clean 
reads were used for bioinformatic analysis 
using DESeq2 version 1.16.1.

Statistical analyses

The significance of the results was tested via 
Student’s t-test using commercially available 
software (GraphPad Prism). A p-value of <0.05 
was considered statistically significant.

Drug sensitivity test of the 3D cell spheroids

To analyze the drug reaction with 3D cell sph- 
eroids, 3D cell spheroids were collected and 

passed through a 100-µm cell filter (Corning, 
Corning, USA) to remove large 3D cell spher-
oids. The cell spheroids were treated with 
10-1000 µM/ml 5-FU or 10-1000 nM/mL 
trastuzumab. After incubation for 3 days at 
37°C under 5% carbon dioxide, 20 µL of the 
Cell Counting Kit-8 reagent (GLPBIO) was add- 
ed to each well, followed by incubation for 1.5 
h. Next, the absorbance was measured at 450 
nm using a microplate reader (BioTek, USA). 
Data analyses and IC50 values were performed 
and determined using the GraphPad Prism 
software.

Measurement of serum tumor markers levels 

We collected the data of serum tumor markers 
levels including CEA, CA72-4, CA199, CA15-3, 
and CA125 from GC patients (GC33, GC25, 
GC35) who tested serum tumor markers in the 
clinical laboratory of Affiliated Hospital of Jining 
Medical University.

Results of abdominal CT examination in pa-
tients with gastric cancer

CT images of gastric cancer patients (GC33, 
GC25, GC35) who underwent abdominal CT 
examination were collected.

Results

Establishment of 3D cell spheroids using hu-
man gastric cancer tissue

The tumor tissues of 35 patients with gastric 
cancer were collected. Finally, 30 tumor tissues 
were successfully cultured into 3D cell spher-
oids, with a success rate of 80% (consistent 
with the 70%-90% success rate reported in the 
literature [9]). The clinicopathologic features of 
all 35 patients with gastric cancer are shown in 
Table 1. We continuously observed the mor-
phology of the 3D cell spheroids from 2-3 days 
of culture (Figure 1A). Gastric cancer 3D cell 
spheroids exhibited spheroid to asymmetric 
morphology. With time, the cell spheroids shift-
ed from a relatively loose to a relatively aggre-
gated pattern, and their size also increased 
(Figure 1A). On the seventh day of culture, the 
diameter of a single 3D spheroid reached 
approximately 100 µm (Figure 1B and 1C). The 
3D cell spheroids were passaged every 1-2 
weeks. These successfully developed spher-
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Table 1. Clinicopathological features of the 35 patients with gastric cancer

Case 3D cell 
spheroids success T stage Sex Age Histopathological 

type
Degree of  

differentiation
Lymph node 
metastasis

MSS/
MSI

1 GC1 - T3 F 65 adenocarcinoma Moderate - MSS
2 GC2 + T3 M 70 adenocarcinoma - MSS
3 GC3 - T4 M 69 adenocarcinoma Low + MSS
4 GC4 + T4 M 80 adenocarcinoma Moderate-Low + MSS
5 GC5 + T4 M 60 Medullary carcinoma +
6 GC6 + T3 M 65 adenocarcinoma Low + MSS
7 GC7 + T3 M 65 adenocarcinoma Moderate - MSS
8 GC8 + T3 M 52 adenocarcinoma Low + MSS
9 GC9 + T4 M 71 adenocarcinoma Low +
10 GC10 - T2 M 76 adenocarcinoma Well-Moderate - MSS
11 GC11 + T4 M 68 adenocarcinoma Moderate-Low + MSS
12 GC12 + T4 M 69 adenocarcinoma Moderate-Low - MSS
13 GC13 + T3 M 69 adenocarcinoma Low + MSS
14 GC14 + T3 M 49 adenocarcinoma Low + MSS
15 GC15 + T4 M 67 adenocarcinoma Low + MSS
16 GC16 - T3 M 56 adenocarcinoma Low +
17 GC17 + T3 F 74 adenocarcinoma Moderate-Low + MSS
18 GC18 + T4 M 52 adenocarcinoma + MSS
19 GC19 + T4 M 67 adenocarcinoma Moderate-Low - MSS
20 GC20 + T4 M 66 adenocarcinoma + MSS
21 GC21 + T4 M 57 adenocarcinoma Moderate +
22 GC22 + T3 F 33 adenocarcinoma Low + MSS
23 GC23 + T4 M 55 adenocarcinoma Well-Moderate + MSS
24 GC24 + T4 M 49 adenocarcinoma Moderate + MSI
25 GC25 + T3 M 51 adenocarcinoma Low + MSS
26 GC26 + T2 M 70 adenocarcinoma Well-Moderate -
27 GC27 + T4 F 64 adenocarcinoma Low + MSS
28 GC28 + T3 M 53 adenocarcinoma Low - MSS
29 GC29 + T3 M 64 adenocarcinoma Low + MSS
30 GC30 + T4 M 76 adenocarcinoma Moderate + MSS
31 GC31 + T3 M 66 adenocarcinoma Low +
32 GC32 - T3 F 65 adenocarcinoma Low + MSS
33 GC33 + T4 M 76 adenocarcinoma Well-Moderate - MSS
34 GC34 + T4 F 56 adenocarcinoma Moderate-Low - MSI
35 GC35 + T4 M 58 adenocarcinoma Moderate-Low - MSS

oids were used for further experiments or were 
frozen and resuscitated.

Gastric cancer 3D cell spheroids maintain his-
tological features of the parental tumor tissue

To compare the histological characteristics of 
3D cell spheroids and parental tumor tissues, 
we collected 7-14-day-cultured 3D cell spher-
oids and their parental tumor tissues for HE 
staining. We observed that the histological fea-

tures of parental tumors were highly recapitu-
lated in the established 3D cell spheroids 
(Figure 2). For example, the 3D cell spheroids 
from poorly differentiated gastric cancer tis-
sues (GC2) had similar morphology and exhib-
ited low adhesion characteristics (Figure 2). 
The 3D cell spheroids derived from gastric  
cancer patients with mucinous adenocarcino-
ma (GC2) also produced a large amount of 
mucus (Figure 2).
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Figure 1. Microphotographs of the cultivated spheroids. A. Growth of the three-dimensional (3D) cell spheroids. B. Representative images of 3D cell spheroids cul-
tured for 7 days. C. Diameters of the 3D spheroids.
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Figure 2. Histological characteristics of the three-dimensional (3D) cell spheroids derived from their parental tis-
sue samples. Representative Hematoxylin-eosin (HE) staining images of the 3D cells spheroids and their parental 
tissues.

Gastric cancer patient-derived 3D cell spher-
oids are phenotypically similar to their paren-
tal tumor tissue

As human gastric cancer lesions exhibit his- 
tological heterogeneity, we further assessed 

whether the 3D cell spheroids originated from 
gastric cancer cells and whether they can reca-
pitulate the parental tumor tissues. We select-
ed whole spheroids, and parental tissue sam-
ples for HE staining and observed similar cell 
morphology between them (Figure 3A). As 
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Figure 3. Gastric cancer three-dimensional (3D) cell spheroids recapitulate the characteristics of the parental tissues. A. HE staining of the 3D cell spheroids and 
patient tumor tissue. B. Representative Her-2 staining of the 3D cell spheroids and patient tumor tissue. C. Representative images and quantification of p53 im-
munostaining of the 3D cell spheroids and patient tumor tissue. D. Representative images and quantification of PAS staining of the 3D cell spheroids and patient 
tumor tissue. E. Representative images of HE staining, E-cadherin immunostaining, and PAS staining of the 3D cell spheroids. Bar = 20 µm.

Figure 4. Transcriptome analysis of gastric cancer tissues and the three-dimensional (3D) cell spheroids: heatmap analysis demonstrated that 3D cell spheroids 
derived from tumor tissues faithfully replicate the main gene expression signatures of cancer cells in vivo.
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expected, cultured 3D cell spheroids could 
maintain the phenotype of parental tumors. 
IHC staining of Her-2 of whole spheroid and 
parental samples revealed the consistency of 
negative expression of Her-2 in tumor tissues 
and 3D cell spheroids (Figure 3B). Similarly, 
both the parental and spheroids sample’s 
expression of p53 was wild-type (Figure 3C). 
PAS staining of the 3D cell spheroids and their 
parental tissues revealed the presence of 
mucin in both samples, suggesting that the 3D 
cell spheroids fully display the characteristics 
of the parental tumor (Figure 3D, 3E). We selec- 
ted the typical Epithelial marker E-cadherin and 
performed IHC staining on the 3D cell spher-
oids. We observed the consistency of positive 
expression of E-cadherin in tumor tissues and 
3D cell spheroids (Figure 3E), further confirm-
ing similarities between the parental samples 
and 3D cell spheroids. Overall, by comparing 
the histological and IHC staining results of the 
3D cell spheroids and their parental tissues, we 
successfully demonstrated that the 3D cell 
spheroids are derived from gastric cancer tis-
sue and recapitulate the characteristics of the 
primary cancer tissue.

Gastric cancer 3D cell spheroids resemble the 
gene expression of the parental tumor tissue

To determine whether our 3D cell spheroids 
retained the gene expression profile of the 
parental tumor tissues, RNA sequencing of 
three pairs of 3D cell spheroids and the corre-
sponding fresh-frozen gastric cancer tissues 

was performed. The result showed that the 3D 
cell spheroids derived from tumor tissues faith-
fully recapitulated the main gene expression 
signatures of cancer tissues in vivo (Figure 4). 
Tumor-derived 3D cell spheroids, as expected, 
expressed in vivo tumor-specific genes, includ-
ing many that have been widely linked to gastric 
cancer progression and metastasis, such as 
PDGFRA, AKT3, SCD5, RICTOR and FGFR1. 
Besides, the downregulated genes in the 3D 
cell spheroids (such as CD4, CD8, PDCD1, 
HL-DMA, and CX3CR1) were mainly associated 
with immune and inflammatory responses. This 
is consistent with the lack of immune respons-
es within 3D cell spheroids (Figure 4).

Drug susceptibility testing of gastric cancer 
patient-derived 3D cell spheroids

GC patients with microsatellite stability (MSS) 
were found to be more sensitive to 5-FU. Three 
cases of 3D cell spheroids with MSS status 
(GC25, GC33, and GC35) were tested for the 
5-FU drug sensitivity. The results revealed that 
the above 3D cell spheroids were sensitive to 
5-FU (IC50 = 5.74 ± 0.25, 11.16 ± 1.13, and 
3.38 ± 0.13 µM, respectively) (Figure 5A). GC 
patients with positive Her-2 expression were 
found to be more sensitive to trastuzumab. Two 
cases of 3D cell spheroids with negative Her-2 
expression (GC7 and GC30) were tested for the 
trastuzumab drug sensitivity. After 6 days of 
administration, it was found that the 3D cell 
spheroids were insensitive to trastuzumab 
(Figure 5B), confirming the efficacy of the 3D 

Figure 5. 3D cell spheroids used for predicting therapeutic responses. A. Dose-response curves after 3 days of treat-
ment with 5-FU. B. Dose-response curves after 3 days of treatment with trastuzumab.



Three-dimensional cell spheroid of gastric cancer

972 Am J Cancer Res 2023;13(3):964-975

Table 2. Levels of serum tumor markers in postoperative patients with gastric cancer
Case Follow-up period (months) CEA (U/mL) CA72-4 (ng/mL) CA199 (U/mL) CA153 (U/mL) CA125 (U/mL)
GC33 18 0.88 1.98 11.85 5.5 12.9
GC25 11 1.35 0.17 3.01 6.6 5.1
GC35 14 1.23 3.22 6.21 - -
Reference value: CEA (0-5 U/mL), CA72-4 (0-6 ng/mL), CA199 (0-37 U/mL), CA153 (0-25 U/mL), CA125 (0-35 U/mL).

Figure 6. Representative images of the abdomen CT in patients with gastric cancer. A-C. Preoperative abdominal CT 
images of gastric cancer patients. D-F. Postoperative abdominal CT images of GC patients (Follow-up time was 18, 
11, and 14 months, respectively).

cell spheroid model in anti-cancer drug sensi-
tivity testing.

As mentioned above, the 3D cell spheroids with 
MSS status (GC25, GC33, and GC35) were 
tested to be sensitive to 5-FU. To further verify 
the reliability of the culture model, clinical 
observation of these three patients was per-
formed. The three patients who were clinically 
treated with 5-FU clinically were postoperative-
ly followed up on for 11, 18, 14 months, respec-
tively. The patient’s blood CEA, CA72-4, CA199, 
CA15-3, and CA125 levels are presented in 
Table 2 which showed no progression in the 
three patients. Abdominal CT revealed the 
absence of abnormal lymph nodes around the 
stomach of these patients, with no metastases 
or implants in other abdominal organs (Figure 
6). Physical examination revealed the absence 
of ascites. The above results indicated that 
clinical efficacy is consistent with drug sensitiv-
ity test in vitro.

Discussion

Compared with the traditional two-dimensional 
culture and tumor-bearing animal experiments, 
the success rate of 3D cell spheroid culture is 
significantly higher, facilitating gene modifica-
tion and drug screening. 3D cell spheroids 
retain the tissue characteristics of a part of the 
tumor microenvironment [5], thereby providing 
a more realistic environment for tumor drug 
development. In May 2018, the world’s first 
cancer organoid biological bank was published 
in Cell [10]. More importantly, tumor heteroge-
neity was preserved during in vitro culture [11, 
12].

In this study, we described the development of 
3D cell spheroids using tumor tissues derived 
from patients with gastric cancer and collated 
the clinicopathological information of the se- 
lected patients, which summarized the charac-
teristics of the parental tumors. In a 3D cell 



Three-dimensional cell spheroid of gastric cancer

973 Am J Cancer Res 2023;13(3):964-975

spheroid medium supplemented with growth 
factors, we successfully established a 3D cell 
spheroid biobank of 30 patients with gastric 
cancer with different differentiation degrees 
and pathological types (success rate = 85%). In 
our study, we not only successfully established 
gastric cancer 3D cell spheroids but also real-
ized the cryopreservation and resuscitation of 
3D cell spheroids. The cell spheroids retained 
the characteristic histological features of the 
parental tumor tissue, as assessed by light 
microscopy and HE staining. HE staining of 
whole spheroids revealed that the cells exhi- 
bited the typical morphology of gastric cancer 
cells, with large and hyperchromatic nuclei, and 
abundant cytoplasm in some cells.

Our study suggest that 3D cell spheroids 
derived from patients with gastric cancer can 
represent the parental tumor tissue. Gastric 
cancer 3D cell spheroids retained significant 
tumor heterogeneity, and their phenotypes and 
genes are consistent with the parent tissues 
during culture. The transcriptional sequencing 
analysis revealed the downregulated genes in 
the 3D cell spheroids (such as CD4, CD8, 
PDCD1, HL-DMA, and CX3CR1) were mainly 
associated with immune and inflammatory 
responses. This is consistent with the lack of 
an immune microenvironment in organoid cul-
ture which has been previously reported by 
researchers [13, 14]. Recently, many studies 
on 3D culture have been performed with sig- 
nificant progress [15-17]. Compared with cell 
lines, 3D cell spheroids facilitate the genera-
tion of both tumor and normal 3D cell spheroid 
lines from one patient, making it possible to 
investigate the side effects of drugs on normal 
spheroids and help design targeted agents wi- 
th higher selectivity. As an advanced cancer 
screening model, 3D cell spheroids are more 
reliable for predicting drug efficacy and toxicity. 
Yoshimasa et al. successfully screened 22 
compounds from a group of 339 drugs that sig-
nificantly inhibited cholangiocarcinoma organ-
oids; two of these drugs were non-toxic or had 
low toxicity toward normal bile duct epithelial 
cell-derived organoids [18]. Several laborato-
ries have established gastric cancer 3D cell cul-
tures from different histological and clinical 
stages as preclinical models for therapeutic 
drug screening [19]. Therefore, 3D cell sphe- 
roid cultures for drug sensitivity screening can 
be used as a reliable tool to guide patient 
medication.

In the case of gastric cancer, patients are usu-
ally diagnosed in the early stages of disease 
progression [20, 21]. Patients with non-ad- 
vanced gastric cancer often undergo multiple 
excisions and treatments to avoid the impact of 
gastrectomy and its hazards on the quality of 
life [22]. The drug sensitivity data closest to the 
actual situation can be obtained by testing che-
motherapeutic drugs on patient-derived 3D cell 
spheroids [8]. Through the drug sensitivity test 
for gastric cancer patients with MSS, follow-up 
observation of the patients, and determination 
of the effect of chemotherapy on patients, our 
study confirmed that the patient-derived 3D 
cell spheroids could be used as a reliable 
model to guide drug usage among patients. In 
the next study, we will continue conducting 
drug sensitivity tests on more samples to  
provide a more reliable basis for selecting che-
motherapeutic drugs for patients with gastric 
cancer.

A notable feature of primary gastric cancer that 
is different from most solid tumors is the ability 
to obtain tumor samples from the same patient 
at multiple distinct disease states. In many 
cases, patients with recurrent or metastatic 
gastric cancer undergo surgical resection, and 
each resection provides an opportunity to gen-
erate corresponding 3D cell spheroids; this is 
feasible owing to the relatively high efficiency of 
the establishment of 3D cell spheroids. In 
future studies, these 3D cell spheroids from 
patients with recurrent or metastatic gastric 
cancer can be excellent model systems to 
investigate tumor evolution and drug response 
in primary solid tumors.
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