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1. Abstract
1.1. Introduction: Anticancer drug insensitivity/resistance is a bottleneck in the treatment of gastric cancer. To overcome this challenge,
we evaluated the clinical utility of an in-vitro collagen gel droplet embedded culture drug sensitivity test (CD-DST) using patient-derived
gastric cancer tissues for personalized treatment guidance.
1.2. Methods: We collected the surgically removed fresh tumor tissue samples from 72 patients with advanced gastric adenocarcinoma
who underwent surgical resection between March and December
2018. Overall survival (OS) and disease-free survival (DFS) were
analyzed using the Kaplan-Meier method.
1.3. Results: A total of 72 patients with gastric cancer underwent
surgical resection. Of the 72 patients, 65 (90.28%) were successfully evaluated for in-vitro sensitivity to 5-FU and L-OHP using the
CD-DST. All patients were grouped into high- and low-sensitivity
groups based on CD-DST results. Fifteen patients died of gastric
cancer during the two-year follow-up period, and 19 relapsed. Of
the 15 patients who died, 14 were in the low-sensitivity and one from
the high-sensitivity group. Of the 19 who relapsed, 18 were in the
low-sensitivity group and one from the high. We observed a significant difference between the high- and low-sensitivity groups in OS
(log-rank test, P = .005) and DFS (log-rank test, P = .001).

1.4. Conclusions: Both OS and DFS were remarkably higher for
patients in the high-sensitivity group, revealing that the in-vitro CDDST technique could successfully predict postoperative XELOX adjuvant chemotherapy efficacy in advanced gastric adenocarcinoma.
Thus, the present study strongly recommends anticancer drugs’ sensitivity screening using the CD-DST for individualizing chemotherapy to avoid ineffective chemotherapy.

2. Introduction
Gastric Cancer (GC) is a common and highly malignant tumor in
nature. According to GLOBOCAN 2020 issued estimation of cancer incidence and mortality, GC ranked 5th in incidence with 1.09
million estimated new cases and 4th in cancer-related mortality with
0.77 million mortalities worldwide (Sung et al. 2021). However, the
situation in China is much more alarming; there were 0.48 million
estimated newly diagnosed cases of GC and 0.37 million mortalities
in 2020, contributing 43.9% of the total number of newly diagnosed
cases and 48.6% of GC deaths worldwide (Sung et al. 2021). It may
be due to genetics, foods, smoking, alcohol, rapid increase in aging,
population growth, and socioeconomic status.
Cancer treatment is constantly evolving, with new anticancer agents
regularly being approved. The addition of targeted therapies has
shown modest improvements in survival (Soularue et al. 2015; Fuchs
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et al. 2014; Wilke et al. 2014; Bang et al. 2010). Cancer immunotherapy is the latest addition to the list, which effectively uses the body’s
immune system against cancer (Salmaninejad et al. 2019). Moreover, in recent years the combinations of anticancer agents have been
broadly used, which have improved survival and life quality (Van
Cutsem et al. 2015; Shah et al. 2015; Guimbaud et al. 2014; Kang et
al. 2009; Okines et al. 2009; Al-Batran et al. 2008; Dank et al. 2008).
However, radical surgery is still the only curative treatment for GC
despite all these advancements. Unfortunately, the results are still unsatisfactory, owing to the high rate of metastasis and relapse (Jemal
et al. 2011; Sant et al. 2009). Besides, radical surgery is curative only
in early-stage and non-metastatic advanced-stage cancer. Therefore,
systemic chemotherapy is currently the primary treatment option for
metastatic cancer, but its use can be limited due to severe side effects
or drug resistance (Wang et al. 2017). Moreover, it has been seen that
cancer patients are unable to continue chemotherapy due to poor nutritional status. Furthermore, these anticancer agents may not equally
respond; even cancer with the same histologic features may have a
different efficacy of the same chemotherapy drugs in case of individual differences. Consequently, non-responders may suffer from the
cost and adverse reactions without clinical benefit.

therapy to treat advanced gastric cancer globally.

According to NCCN guidelines, the XELOX chemotherapy regimen
is commonly used as postoperative clinical chemotherapy, which can
effectively improve the survival of patients with gastric cancer (Ajani et al. 2016). However, similar to other chemotherapy regimens,
the XELOX regimen also has noticeable individualized differences
(Zhao et al. 2020). Therefore, to make Gastric cancer patients benefit
from XELOX chemotherapy, it is necessary to carry out a sensitivity
test to screen the potential beneficiaries of the XELOX regimen and
reduce unnecessary ineffective chemotherapy.

3.3. Preparation of tumor cell-spheroid suspensions

The collagen gel droplet embedded culture drug sensitivity test (CDDST) is a simple three-dimensional (3D) culture method (Kobayashi
et al. 1997). CD-DST analyzes the chemosensitivity of cancer cells
after distinguishing them from fibroblast cells contaminating the
sample at harvesting. It can reproduce a biological tumor microenvironment with cell-cell contact, a vital element of tumor progression
(Yasuda et al. 1998; Junttila and de Sauvage 2013). This replication
of in vivo environments is advantageous because it analyzes anticancer drugs at physiological concentrations using notably small clinical
samples (Kobayashi et al. 1997; Yasuda et al. 1998). Previously, the
clinical application value of the CD-DST has been demonstrated for
various cancers, including pancreatic cancer (Ariake et al. 2019), lung
cancer (Higashiyama et al. 2010; Kawamura et al. 2007), and colorectal cancer (Mekata et al. 2013; Ochiai et al. 2017). However, thus
far, there is a lack of research exploring CD-DST clinical feasibility
and utility in advanced GC patients. Hence, we conducted this study
to evaluate the clinical feasibility and application value of in-vitro
CD-DST for postoperative individualized adjuvant chemotherapy.
We adopted the postoperative fluorouracil in combination with the
L-OHP regimen, which has been extensively practiced as first-line

3. Materials and Methods
3.1. Patient and Tumor Tissue Collection
The study was approved by the ethics committee of First Affiliated Hospital of Jinan University. The written informed consent of
all patients was obtained. The inclusion criteria were histologically
diagnosed gastric adenocarcinoma patients, regardless of gender,
aged between 18-80 years and with no other primary diseases. We
collected fresh tumor tissue samples from 72 gastric cancer patients
who met the inclusion criteria and underwent surgical resection at the
First Affiliated Hospital of Jinan University for CD-DST between
March to December 2018. All patients were followed up regularly
for two years after surgical resection. Each sample was no less than
0.5g. Cancer tissues rich in tumor cells were collected, and necrotic
portions were avoided. After collection, samples were washed, placed
into the preservation solution, and transferred to the laboratory at 2
~ 8℃. The clinico-demographic characteristics of the 72 cases of
gastric cancer are listed in Table 1.
3.2. Operational protocol of CD-DST
The entire experimental process of CD-DST is shown in Figure 1.
The fresh gastric tumor tissue samples separated from any outer fascia, fat, blood clots, necrotic tissue, or other attachments were finely
grounded using a sterile technique. Each fresh gastric tumor specimen was poured into the sterile plate containing a little DMEM/
F12 medium (Gibco, USA), where the tissue was sheared into about
3~5 mm small blocks. Then, the tissue blocks were transferred into
another sterile plate, chopped into the mud with sterile razor blades,
suspended in DMEM/F12 medium, and treated with a cell dispersion enzyme (EZ; DaruiBiotech, China) at 37℃ for 1-3 hours. Following disintegration, DMEM/F12 containing serum was added
to terminate EZ cellular enzyme reaction and centrifuged at 1000
rpm for 5 minutes. The supernatant was cautiously removed and discarded without disturbing the pellet, and the dispersed tumor cells
were collected. The recovered cells were filtered with a 300μm nylon
membrane, resuspended in PCM-1 media (DaruiBiotech, China), and
cultured in a collagen gel (CG)-coated flask (DaruiBiotech, China)
in a CO2 incubator (ThermoFisher, USA) at 37℃ for 12-24 hours.
After pre-culture, the CG culture flask was gently shaken, and the
medium was removed. The cell dispersion enzyme was added to the
CG culture flask to dissolve collagen gel on low-speed oscillation at
37℃ for 15~30 minutes. Next, DMEM/F12 containing serum was
added to terminate the EZ cellular enzyme reaction after the dissolution. Then, the centrifugation was done at 1000 rpm for 5 minutes,
the supernatant was removed and discarded, and the dispersed tumor cells were collected. Next, the collected tumor cells were filtered
with a 125μm nylon membrane, resuspended in DMEM/F12, and
recentrifuged at 1000 rpm for 5 minutes. Again, the supernatant was
sucked and discarded without disturbing the pellet. Next, DMEM/
2

2022, V9(8): 1-3

F12 medium was added to the centrifuge tube to resuspend the cells,
and the cell count was performed.
3.4. Collagen gel solution preparation and culturing of isolated
cancer cells

measured as the ratio of the number of tumor cells in the treatment
group (T) to that in the control group (C). A T/C ratio less than or
equal to 50% was considered highly sensitive, and a T/C ratio greater
than 50% was deemed low.

In order to prepare the collagen gel solution, the collagen solution,
10×F-12 medium, and collagen reconstitution buffer were mixed at
a ratio of 8:1:1 in the ice bath. Once the collagen gel solution was
prepared, the suspended primary cancer cells were loaded into the
collagen solution at a ratio of 1:10. The final density of the cells in
the collagen solution was 2×105/ mL, and the bubbles were avoided
in the loading process. Three 30-µl droplets of the cell-collagen mixture were added to each well of a 6-well plate and allowed to gel in a
CO2 incubator at 37℃ for 1 hour. Next, 3 ml of DF (10) media containing 10% fetal bovine serum (GIBCO BRL, Grand Island, NY,
USA) was overlaid and incubated in a CO2 incubator at 37℃ for 24
hours. Images of collagen gel droplets were taken using Cell imaging
microplate detector Cytation 5 (Biotek Instrument Inc., USA).

3.9. Patient treatment and follow-up

3.5. Anticancer drugs exposure

After excluding the patients who failed the CD-DST test, the patients who were highly sensitive to either drug were included in the
high-sensitivity group, and the patients who were not sensitive to
both drugs were included in the low-sensitivity group. The difference
between the two groups was compared using the chi-square test and
t-test. Survival curves were calculated according to the Kaplan–Meier
method. Log-rank test was used for univariate analysis to compare
the differences in DFS and OS between the two groups. P<0.05
was considered statistically significant. Software IMB SPSS Statistics
for Windows, version 22.0 (IBM Corp., Armonk, N.Y., USA) and
GraphPad Prism version 7.0 (GraphPad Software, Inc.) were used
for statistical analysis.

After completing the culture, 1% neutral red solution (DaruiBiotech,
China) was added to the 0- time plate. Staining, fixation, and natural
drying were done per the staining protocols. The anticancer drugs
were added at the following final concentrations and incubated for 24
h: 1.0 μg/ml 5-fluorouracil (5-FU) and 1μg/ml Oxaliplatin (L-OHP).
3.6. Serum-free cell culture
Following drug contact, the culture medium from each well was removed, and each well was rinsed twice with DMEM/F12 medium
to wash away the anticancer drugs. This cleaning process was carried
out in the treatment and control groups synchronously. Then, a serum-free medium (PCM-2; DaruiBiotech, China) was added to each
well and incubated in a 5% CO2 incubator at 37℃ for another 5~7
days. During culture, the serum-free medium was changed every 2~3
days.
3.7. Staining and fixation
After serum-free cell culture, 1% neutral red was added to each well.
Tumor cell colonies in the collagen gel droplets were stained for 2
hours, fixed with 10% neutral formalin, rinsed with water, and naturally dried.
3.8. Image analysis and evaluation
The total volume of tumor cells was measured using image analysis using differences in the growth morphology of tumor cells and
fibroblasts. The quantification procedure was conducted using the
cell analysis system DR6690 (DaruiBiotech, China), measuring the
absorbance value at 540 nm (OD540). The cell proliferation rate of
the control group was calculated according to the following formula:
the growth rate (OD540 mean) = the total volume on day 7/total
volume at 0- time. The cell proliferation rate of ≥ 0.8 was considered the standard. The sensitivity was represented as the T/C ratio,

All patients enrolled were treated with the XELOX regimen (L-OHP
130mg/m2, ivgtt, d1 and capecitabine 850~1000mg/m2, bid, PO,
d1-14), repeated every 3 weeks for 8 cycles. Patients’ basic personal details, pathological examination reports, clinical treatment plans,
clinical imaging examination data, and other related information
were collected during treatment. According to patients’ contact information, regular telephone call follow-up was conducted to acquire
after treatment survival state or the time of death by speaking to
the patient or their family, and follow-up information was recorded
truthfully. Follow-ups were arranged once every six months for two
years or until the patient died or lost contact.

4. Statistical Analyses

5. Results
5.1. Feasibility analysis of drug sensitivity detection in-vitro
From March to December 2018, 72 patients were recruited from the
First Affiliated Hospital of Jinan University. At the time of inclusion,
it was found that the samples of 3 patients could not be tested for
chemosensitivity due to the insufficient number of tumor cells, 2
samples were discarded due to contamination during the experiment,
and the cell proliferation rate of 2 samples was less than 0.8. As a
result, 65 samples were successfully evaluated, and the overall success
rate was 90.28%. Figure 2 shows the results of the anti-tumor sensitivity test in gastric cancer case number 19. There were 11 cases with
high sensitivity to 5-FU, the mean T/C% value was 35.53 ± 3.09, 54
cases with low sensitivity, and the mean was 74.18 ± 2.25; a significant statistical difference between the two groups was observed (P
< .001). Meanwhile, 23 cases were highly sensitive to L-OHP, with a
mean T/C% of 35.12±2.44, and 42 low sensitive cases, with a mean
T/C% of 69.52±1.99, and also showed significant statistical differences (P < .001). See Figure 3.
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Figure 1: CD-DST experimental process diagram.

Figure 2: Case 19's result of anticancer agents’ sensitivity test in patient-derived gastric cancer tissues. (A) A morphological picture of tumor cells in collagen
gel droplets. (A1) Tumor cells in collagen gel droplets in 6 cell culture plates. (A2) A complete picture of the growth of tumor cells in collagen gel droplets
(4x). (A3) A partial visual field (20x) for the growth of tumor cells in collagen gel droplets. (B) A picture of tumor cells in collagen gel droplets stained using
neutral red. (B1 ~ B4) the pictures of tumor cells in the 0-time group, control group, 5-FU dosing group, and L-OHP dosing group after neutral red staining, respectively. (C) Scanning collagen gel droplet pictures and measuring results using the image analysis system DR6690. (C1~C4) Collagen gel droplets
scanning pictures (4x) of the 0-time group, Control group, 5-FU drug group, and L-OHP drug group at the end of tumor cell culture, respectively. (C5) The
CD-DST result for case 19.
4
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Figure 3: Summary of CD-DST results of 65 gastric cancer samples.

5.2. Patients’ characteristics
A total of 65 gastric cancer patients were compliant with the follow-up strategy, with an average age of 59.02 ± 8.9 years old, ranging from 39 to 77 years old. Of 65 patients, 39 (60%) were female,
and 26 (40%) were male. According to the CD-DST results, all the
patients were divided into two groups (high- and low-sensitivity) for
comparative analysis. The summary of CD-DST results of all 65 gastric cancer samples is demonstrated in Figure 4. The OS and DFS of
patients with gastric cancer were analyzed using the Kaplan-Meier
method. The overall survival time ended with death, and disease-free
survival ended with relapse, metastasis, or death. The demographic
and tumor characteristics of enrolled 65 gastric cancer patients are
presented in Table 2. There was no significant difference in demographic and tumor characteristics between high- and low-sensitivity
groups.
5.3. Drug sensitivity testing and survival
Fifteen patients died of gastric cancer (1 from the high-sensitivity

group and 14 from the low-sensitivity group) during a 2-year follow-up. Kaplan-Meier method was used to analyze and compare the
2-year overall survival between the high- and low-sensitivity groups.
The mean value of 2-years overall survival time was 23.47±2.64
months in the highly sensitive group and 20.70±5.22 months in the
low-sensitivity group. We observed a significant difference in the OS
time between the high-sensitivity and low-sensitivity groups (logrank test, P = .005). See Figure 4.
The number of patients with gastric cancer who relapsed was 19
(1 from the high-sensitivity group and 18 from the low-sensitivity
group). Kaplan-Meier method was used to analyze and compare
the 2-year disease-free survival between the high- and low-sensitive
groups. The mean value of 2-year disease-free survival time in the
highly sensitive group was 23.31 ± 3.44 months, while 19.16 ± 6.63
months in the low-sensitivity group. Kaplan-Meier survival curve
demonstrated a significant difference in the DFS between the highand low-sensitivity groups (log-rank test, P = .001). See Figure 5.

Table 1: Clinico-demographic characteristics of advanced gastric cancer patients.
Characteristics
Total
Age, years
Age < 60 years
Age ≥ 60 years
Gender
Male
Female
Differentiation
Poor
Moderate
Well
Pathology staging
II
III
IV
Lymph node metastasis
N0
N1, 2

All patients, n
72

Percentage

38
34

52.78%
47.22%

44
28

61.11%
38.89%

36
30
6

50.00%
41.67%
8.33%

36
32
4

50.00%
44.44%
5.56%

28
44

38.89%
61.11%
5
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Figure 4: Comparison of overall survival curves among gastric cancer patients with high and low sensitivity. Two curves are depicted, each representing the
overall survival of patients treated with in-vitro selected highly sensitive (n = 25) and low sensitive (n = 40) chemotherapeutic agents.

Figure 5: Comparison of disease-free survival curves among gastric cancer patients with high and low sensitivity. Two curves are depicted, each representing
the disease-free survival of patients treated with in-vitro selected highly sensitive (n = 25) and low sensitive (n = 40) chemotherapeutic agents.

6
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Table 2: Clinico-demographic characteristics of patients with CD-DST sensitive or resistant results.
Characteristics
Total
Age, years
Age < 60 years
Age ≥ 60 years
Gender
Male
Female
Differentiation
Poor
Moderate
Other
Pathology staging
II
III
IV
Lymph node metastasis
N0
N1,2

Sensitive, %
25 (38.5)

Resistant, %
40 (61.5)

P-value

10 (15.4)
15 (23)

23 (35.4)
17 (26.2)

0.17

17 (26.2)
8 (12.3)

22 (33.8)
18 (27.7)

0.298

13 (20)
11 (17)
1 (1.5)

21 (32.3)
15 (23)
4 (6.2)

0.736

14 (21.5)
11 (17)
0 (0)

17 (26.1)
19 (29.2)
4 (6.2)

0.241

10 (15.5)
15 (23)

13 (20)
27 (41.5)

0.538

6. Discussion
In the present clinical trial, the overall anticancer agents’ sensitivity
evaluation success rate was 90.28%, slightly higher than the previous
similar reports (Kobayashi et al. 1997; Kobayashi 2003), which may
be because, in this study, the primary tumor cells were isolated and
cultured in collagen-coated flasks. The tumor cells adhered to the
surface of collagen, which could enhance the activity of tumor cells.
In addition, the collagen gel could also maintain the survival and
proliferation of tumor cells in-vitro. However, contamination is the
most common problem in primary cell culture. We lost two samples
due to contamination. Therefore, special attention should be paid to
the procedure of collecting samples and experimentation. Besides,
the difficulty of separating cells from specimens is also related to the
origin of organs. Gastric cancer has more interstitial cells, which are
dense and challenging to digest. Therefore, it is often difficult to obtain enough primary cells with good activity for CD-DST detection.
Like every other tumor, the risk of local recurrence and distant metastasis is still higher in patients with gastric cancer after the radical
operation. The mortality rate of advanced gastric cancer is high, and
the 5-year survival rate is less than 20%. More and more attention has
been paid to the significance of postoperative chemotherapy but not
to the individualization of chemotherapy. XELOX chemotherapy
regimen is a promising treatment option for patients with advanced
gastric cancer. This regimen destroys existing tumors and stops the
spread of cancer to nearby cells. However, it may not be equally efficient for every patient. Consequently, non-responders may suffer
from the cost and adverse reactions without clinical benefit. Hence,
we investigated the predictive effect of CD-DST in XELOX adjuvant chemotherapy after advanced gastric adenocarcinoma surgery.
In this exploratory study, all enrolled patients with gastric cancer
were given an adjuvant XELOX regimen after surgical resection and
followed up regularly for two years. The overall survival time ended
with death, and progression-free survival ended with relapse, metastasis, or death. Fifteen patients died of gastric cancer during the
two-year follow-up period, and 19 relapsed. 13 dead and 18 relapsed
patients were from the low-sensitivity group. There was no remarka-

ble difference in demographic and tumor characteristics between the
two groups. As one of the major findings, the Kaplan-Meier survival
curves demonstrated that patients in the sensitive group had better
OS (P=0.005) and DFS (P = .001). These findings verify that in-vitro
CD-DST is a valuable and reliable technique for predicting the clinical efficacy of the post-operation adjuvant chemotherapy XELOX
regimen.
In 2007, the New England Journal published a clinical trial named
ACTS-GC (Sakuramoto et al. 2007), which compared the effects of
oral S-1 adjuvant chemotherapy and surgery alone in Japan on 1059
patients with stage II or III gastric cancer undergoing D2 radical resection. The 3-years overall survival rate was 80.1% in the S-1 group
and 70.1% in the surgery group. Compared with surgical treatment
alone, the risk ratio of death in the S-1 group was 0.68 (P < .01), and
the recurrence-free risk ratio was 0.62 (P < .01), which confirmed that
S-1 adjuvant chemotherapy could prolong the survival of patients
with gastric cancer after surgery. The 5-years follow-up data also confirmed the above results. A subsequent study of GACCRO-GC 04
showed that (Tanigawa et al. 2016) CD-DST technology has guiding significance for screening gastric cancer patients sensitive to S-1
drug. In that study, 311 patients from 32 clinical centers across Japan
were recruited between 2005 to 2013. The median follow-up time
was 3.2 years. According to the statistical analysis of the follow-up
information, it was found that there was a significant statistical difference in the recurrence-free survival rate between patients with high
sensitivity to S-1 and patients with low sensitivity to CD-DST after
three years. The overall survival rate of the highly sensitive group
was close to that of the S-1 treatment group. In contrast, the overall survival rate of the low sensitive group was comparable to that
of the operation alone group. The findings of these two studies are
consistent with the present study, which advocate CD-DST-guided
chemotherapy in cancer patients to avoid ineffective chemotherapy.
Altogether, these findings suggest using CD-DST technology to
screen the sensitive population and avoid ineffective chemotherapy.
However, CD-DST has some disadvantages. It requires fresh, surgically resected tumor tissue samples with sufficient tumor cells, so it
needs higher technical requirements for sampling and cell culture. In
addition, the CD-DST procedure itself is time-consuming. Fortunately, however, this will not affect the formulation of patient medication plans because the detection process of CD-DST takes 9 days,
and patients can get the results before starting adjuvant chemotherapy. Moreover, CD-DST can also be used to develop and promote
new drugs and the preclinical study of drugs.

7. Conclusions
The present study observed that both OS and DFS were remarkably
higher for patients in the high sensitivity group, revealing that the
in-vitro CD-DST technique could successfully predict postoperative
XELOX adjuvant chemotherapy efficacy in advanced gastric adenocarcinoma. Hence, the present study strongly suggests the anticancer agents’ sensitivity screening using CD-DST for individualizing
7
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chemotherapy to avoid ineffective chemotherapy. However, we have
some reservations regarding the practical feasibility of CD-DST in
clinical practice. Therefore, more studies are warranted to develop
practically more feasible techniques.
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