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Abstract

Aims/Background: The optimal regimens of third-line treatments for advanced gastric cancer have yet to be identified. This study
aimed to evaluate the therapeutic efficacy of different third-line treatment regimens and to identify prognostic factors affecting patient
outcomes following third-line therapy. Additionally, it sought to evaluate treatment-related adverse events and economic costs associated
with different regimens, thereby providing a theoretical basis to guide the selection of third-line treatment regimens. Methods: In this
real-world retrospective study, data were collected from patients diagnosed with advanced gastric cancer who fulfilled predetermined
inclusion criteria. Survival outcomes between different groups were compared using Kaplan–Meier survival curves and the log-rank
test. Cox proportional hazards regression analysis was employed to identify prognostic factors of patients with advanced gastric can-
cer after receiving third-line treatment. Results: A total of 145 patients were included and divided into three groups: 45 patients in
the chemotherapy-alone group, 58 patients in the immunotherapy/targeted therapy group, and 42 patients in the chemotherapy + im-
munotherapy/targeted therapy group. Survival analysis revealed a median survival time (MST) of 7.7 months (95% confidence interval
[CI]: 6.8–8.5) for the overall cohort, while the chemotherapy + immunotherapy/targeted therapy group demonstrated the longest MST
(MST: 10.5 months; 95% CI: 8.9–12.1), followed by the immunotherapy/targeted therapy group (MST: 8.5 months; 95% CI: 7.1–9.9).
Regression analysis showed that a history of gastric surgery was an independent prognostic factor (hazard ratio [HR] = 0.639; 95%
CI: 0.431–0.948; p = 0.026) for gastric cancer patients following third-line treatment. Regarding adverse events, the chemotherapy +
immunotherapy/targeted therapy group exhibited the highest incidence (90.5%), followed by the chemotherapy-alone group (75.6%).
Cost analysis showed that the chemotherapy + immunotherapy/targeted therapy group incurred the highest overall cost, and both total
treatment costs and anti-tumor drug-related costs were positively correlated with patient survival (r2 = 0.2656 and 0.3081, respectively).
Conclusion: Patients receiving third-line chemotherapy combined with immune or targeted therapy achieve the longest MST; however,
this regimen is also associated with a higher incidence of adverse events and overall treatment costs.
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1. Introduction
Gastric cancer is a highly prevalent malignant tumor,

characterized by inherently high aggressiveness. The tumor
is accompanied by common presentations, such as stomach
discomfort, indigestion, acid reflux, and retrosternal burn-
ing, during the initial stage. However, the lack of distinct
clinical manifestations is the prime reason for delayed di-
agnosis of the cancer, causing most patients to miss the
golden window of early-stage detection. By the time sig-
nificant symptoms such as increased pain, gastrointestinal
bleeding, and weight loss start to manifest, the disease has
often progressed to the middle and advanced stages, during
which the malignancy can hardly be cured. The five-year
overall survival of patients with advanced gastric cancer is
reportedly lower than 30%. In the event of metastasis, gas-
tric cancer patients would have a worse prognosis, with a
median overall survival of only one year [1].

Currently, multiple therapeutic approaches are em-
ployed for the treatment of advanced gastric cancer, includ-
ing local palliative surgery, systemic chemotherapy, radio-
therapy, immunotherapy, and targeted therapy. In addi-
tion, the prognosis of patients with gastric cancer has been
shown to improve with the administration of successive
lines of treatment. According to findings from a clinical
trial published in Japan [2], patients with advanced gas-
tric cancer who had undergone first-line therapy exhibited
a median survival time of 234 days. This median survival
was increased by an additional 166 days following second-
line treatment and was further extended by 151 days af-
ter the implementation of third-line therapy [2]. There are
many first-line and second-line treatment options, such as
trastuzumab, 5-fluorouracil, irinotecan, capecitabine, tega-
fur, platinum compounds, and docetaxel. However, thera-
peutic options become markedly limited beyond the third-
line setting following treatment failure, preventing some
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patients with advanced gastric cancer from receiving com-
prehensive care and ultimately adversely affecting their
overall survival outcomes.

In this study, baseline and clinical information was
collected from patients with advanced gastric cancer who
received third-line treatment at Zhongshan Hospital, Fu-
dan University, Shanghai, China. In addition, the third-
line treatment regimens were evaluated as a whole based
on factors such as efficacy, tolerability, and cost. This in-
vestigation aimed to enhance our understanding third-line
treatment regimens for advanced gastric cancer in a of real-
world setting, with the goal of improving therapeutic effi-
cacy.

2. Methods
2.1 Study Population

The data of patients with advanced gastric cancer
who satisfied the inclusion criteria were retrospectively col-
lected from the gastric cancer database of Zhongshan Hos-
pital, Fudan University, covering the period from 1 January
2016 to 1 January 2022. Baseline information, medical
records, and clinical information such as pathological re-
sults (e.g., Lauren type), history of surgery, and tumor bur-
den (e.g., metastasis) were obtained through the hospital’s
medical record system. Post-treatment survival and quality
of life were subsequently monitored via telephone follow-
up.

2.2 Enrollment Criteria
The enrollment criteria are as follows: (1) patients

with advanced, incurable gastric cancer with metastatic dis-
ease confirmed by clinical assessment, medical imaging,
histopathological biopsy, and additional diagnostic meth-
ods; (2) patients with radiologically confirmed disease pro-
gression after two standard lines of palliative therapy; (3)
patients who showed adequate overall health status and vi-
tal organ function, as assessed by the investigator, and were
able to tolerate systemic treatment, leading to the adminis-
tration of third-line therapy at our hospital; (4) patients with
complete clinical and follow-up data; and (5) patients who
had given their informed consent for the usage of their ret-
rospective clinical information and biological samples.

2.3 Exclusion Criteria
The exclusion criteria are as follows: (1) individu-

als under the age of 18 years; (2) cases for which clini-
cal data were incomplete or survival information was un-
available; (3) patients who discontinued treatment due to
personal reasons during therapy; (4) patients with severe or
uncontrolled comorbidities that may affect survival assess-
ment (expected survival<3 months) or increased treatment
risk; (5) patients with other malignancies; and (6) those who
had recently participated in other clinical trials.

2.4 Study Design
The research methodology is illustrated as a flowchart

in Fig. 1 and is outlined as follows: (1) patients were en-
rolled based on predefined inclusion and exclusion criteria;
(2) the participants were classified according to their re-
spective treatment regimens; (3) the demographic and clin-
ical information of the patients was collected; and (4) the
data were statistically analyzed.

2.5 Quality of Life Assessment
The quality of life of patients in this study was as-

sessed using the Functional Assessment of Cancer Therapy-
General (FACT-G) scale. This scale consists of four sub-
scales, comprising a total of 27 items. The four sub-
scales include: Physical Well-Being (score range: 0–28),
Social/Family Well-Being (score range: 0–28), Emotional
Well-Being (score range: 0–24), and Functional Well-
Being (score range: 0–28). All items in the FACT-G are
rated using a 5-point Likert scale (0 = Not at all; 1 = A lit-
tle bit; 2 = Somewhat; 3 = Quite a bit; 4 = Very much).
The scores for each subscale are obtained by summing the
scores of the individual itemswithin that subscale. The total
score is 108, with a higher score indicating a better quality
of life. The test–retest reliability for all four domains of the
scale is>0.85, and the Cronbach’s α coefficient for each is
>0.8 [3]. For the three treatment groups, patient data were
collected at baseline during screening (T1), mid-treatment
(T2), and two months after the end of treatment (T3) for
follow-up.

2.6 Statistical Methods
Statistical analyses were conducted using SPSS (ver-

sion 26.0; IBM Corp., Armonk, NY, USA), and Microsoft
Excel (version 16.78.3; Microsoft Corporation, Redmond,
WA, USA) was used to create graphs. Categorical variables
are presented as frequencies (percentages). Group compar-
isons were performed using the chi-square test or Fisher’s
exact test, depending on expected cell frequencies. Con-
tinuous variables were first subjected to normality assess-
ment. Given that the sample size (n = 145) falls within
the large-sample category, the Kolmogorov–Smirnov test
was employed to assess whether the data followed a nor-
mal distribution. One-way analysis of variance (ANOVA)
was performed to compare normally distributed continuous
variables, which are expressed as mean ± standard devia-
tion. Continuous variables that do not conform to a normal
distribution are expressed as median (Q1–Q3) and were an-
alyzed using the Kruskal–Wallis test. In cases where miss-
ing data were identified, no imputation was performed to
preserve the integrity and authenticity of the results.

Survival curve analyses for the three treatment groups
were conducted using the Kaplan–Meier method. Survival
outcomes were compared using the log-rank test for both
overall and pairwise group comparisons. Median survival
time refers to the time from the initiation of third-line treat-
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Fig. 1. Flowchart depicting research methodology.

ment to death or the last follow-up. The 1-year, 2-year, and
3-year survival rates were calculated from the date of initial
gastric cancer diagnosis. Univariate Cox regression analy-
sis was performed to evaluate prognostic factors, and vari-
ables with p< 0.20 were subsequently included in the mul-
tivariate Cox regression model. Prior to regression anal-
ysis, multicollinearity among independent variables was
assessed using the variance inflation factor (VIF). A VIF
value >5 was considered indicative of significant multi-
collinearity, and such variables were evaluated for potential
removal or combination to ensure model stability. A value

of p < 0.05 indicated a statistically significant difference
between datasets.

Due to the complex types of adverse events that occur
during clinical treatment, this study did not employ a stan-
dardized assessment scale. Instead, the findings were pre-
sented using frequency tables that detail both the occurrence
frequency and composition ratios. The incidence of adverse
events across different groups was illustrated through bar
charts to offer a clear and intuitive visualization of the data.
This study adopted the Common Terminology Criteria for
Adverse Events (version 5.0) [4], developed by theU.S. Na-
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Fig. 2. Detailed flowchart depicting participant inclusion and exclusion.

tional Cancer Institute, to uniformly evaluate and grade all
treatment-related adverse events.

Additionally, treatment cost informationwas collected
for simple cost-survival analysis, with the results illustrated
using scatter plots.

3. Results
3.1 Study Enrollment and Follow-Up

Relevant information of a total of 220 patients receiv-
ing third-line treatment from 1 January 2016 to 1 January
2022, was retrospectively collected from the gastric can-
cer database of Zhongshan Hospital in Shanghai, China.
Among them, 145 patients were included in the final anal-
ysis set. The flowchart depicting procedures for participant
selection is illustrated in Fig. 2.

3.2 Classification of Treatment Modalities and Initial
Demographic Characteristics

Based on the treatment modalities, the enrolled pa-
tients were categorized into three distinct groups. Group
1 comprised patients receiving chemotherapy alone, with a
total of 45 patients, accounting for 31.0% of the total num-
ber; Group 2 included 58 patients undergoing immunother-
apy/targeted therapy, accounting for 40.0% of the total sam-
ple; and Group 3 consisted of 42 patients treated with a
combination of chemotherapy and immunotherapy/targeted
therapy, constituting 29.0% of the participants. The base-
line information and demographic characteristics of the 145
enrolled patients are shown in Table 1, with an overall mean
age of 58.45 years, a mean body weight of 59.78 kg, a
mean height of 166.6 cm, and a mean body surface area
of 1.67 m2. According to the results of the Chi-squared test
and ANOVA, the baseline and clinical characteristics of all

three treatment groups presented in Table 1 are comparable,
showing no statistically significantly difference. The char-
acteristics of the treatment regimens of the different treat-
ment groups are shown in Fig. 3. Additionally, the details
of the first- and second-line treatments for the study cohort
are presented in Supplementary Table 1. The first- and
second-line treatment regimens of the patients for the three
groups were not statistically different.

Fig. 3. Percentages of patients classified based on treatment
regimens received.

3.3 Overall Survival Analysis of Third-Line Treatment
Regimens

Survival analysis was performed on patients included
in the final analysis set (n = 145). Clinical information
and follow-up data on survival status of the 145 patients
were collected. After the final follow-up deadline of Au-
gust 2025, 139 deaths and 6 cases of loss to follow-up were
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Table 1. Baseline information and demographic characteristics of the patients.
Total (n = 145) Chemotherapy

group (n = 45)
Immunotherapy/targeted
therapy group (n = 58)

Chemotherapy +
immunotherapy/targeted
therapy group (n = 42)

F/χ2 p-value

Age (years), mean ± SD 58.45 ± 12.8 57.13 ± 13.71 58.07 ± 12.76 60.38 ± 11.9 0.739 0.480
Gender, n (%) 5.495 0.064

male 105 (72.4) 29 (64.4) 40 (69) 36 (85.7)
female 40 (27.6) 16 (35.6) 18 (31) 6 (14.3)

Weight (kg), mean ± SD 59.78 ± 10.38 60.27 ± 9.47 57.53 ± 11.03 62.37 ± 9.93 2.790 0.065
Height (cm), mean ± SD 166.6 ± 7.81 166.13 ± 7.9 165.52 ± 7.78 168.6 ± 7.56 2.037 0.134
Body surface area (m2), mean ± SD 1.67 ± 0.16 1.67 ± 0.14 1.64 ± 0.18 1.71 ± 0.15 2.298 0.104
Comorbidity, n (%) 0.340 0.844

No 102 (70.3) 31 (68.9) 40 (69) 31 (73.8)
Yes 43 (29.7) 14 (31.1) 18 (31) 11 (26.2)

Metastasis, n (%) 0.572 0.751
No 7 (4.8) 3 (6.7) 2 (3.4) 2 (4.8)
Yes 138 (95.2) 42 (93.3) 56 (96.6) 40 (95.2)

History of gastric surgery, n (%) 0.663 0.718
No 83 (57.2) 28 (62.2) 32 (55.2) 23 (54.8)
Yes 62 (42.8) 17 (37.8) 26 (44.8) 19 (45.2)

Lauren classification, n (%) 2.343 0.673
Intestinal type 56 (38.6) 18 (40) 20 (34.5) 18 (42.9)
Diffuse type 48 (33.1) 17 (37.8) 18 (31) 13 (31)
Mixed type 41 (28.3) 10 (22.2) 20 (34.5) 11 (26.2)

SD, standard deviation.

noted. The Kaplan–Meier survival analysis was conducted
for the final dataset. The median survival time (MST) for
all patients was 7.7 months (95% confidence interval [CI]:
6.8–8.5). As shown in Table 2, the overall 1-year, 2-year,
and 3-year survival rates were 57.6%, 35.3%, and 15.1%,
respectively.

At the final follow-up, 97.8% of patients (44 cases) in
the chemotherapy-alone group had died, with anMSTof 4.1
months (95% CI: 3.3–5.0). In the immunotherapy/targeted
therapy group, 94.8% of patients (55 cases) had died, with
anMST of 8.5months (95%CI: 7.1–9.9). In the chemother-
apy + immunotherapy/targeted therapy group, 95.2% of pa-
tients (40 cases) had died, with an MST of 10.5 months
(95% CI: 8.9–12.1). According to the log-rank test, the im-
munotherapy/targeted therapy group and the chemotherapy
+ immunotherapy/targeted therapy group showed a survival
benefit compared to the chemotherapy alone group (both
p < 0.001). However, the immunotherapy/targeted ther-
apy group and the chemotherapy + immunotherapy/targeted
therapy group exhibited comparable survival durations (p =
0.056) (Table 3, Fig. 4).

3.4 Univariate and Multivariate Cox Regression Analyses
of Prognostic Factors of Advanced Gastric Cancer

This study conducted an in-depth investigation into
the prognostic factors affecting outcomes in patients with
advanced gastric cancer.

Fig. 4. Kaplan–Meier survival analysis of the three groups.
The starting point for determining the overall survival was when
the patients began to receive the third-line treatment. CTx.,
chemotherapy; CTx. + IT./TT., chemotherapy + immunother-
apy/targeted therapy; IT./TT., immunotherapy/targeted therapy;
OS, overall survival.

The univariate analysis revealed that gender, age,
body weight, body surface area, and history of gastric can-
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Table 2. Survival analysis of each group.
Total (n = 145) Chemotherapy

group (n = 45)
Immunotherapy/targeted
therapy group (n = 58)

Chemotherapy +
immunotherapy/targeted
therapy group (n = 42)

Number of deaths, n (%) 139 (95.9) 44 (97.8) 55 (94.8) 40 (95.2)
MST (months), median (Q1–Q3) 7.7 (6.8–8.5) 4.1 (3.3–5.0) 8.5 (7.1–9.9) 10.5 (8.9–12.1)

1 year 57.6 (49.3–65.8) 56.8 (42.2–71.4) 54.5 (41.4–67.7) 62.5 (47.5–77.5)
2 years 35.3 (27.3–43.2) 34.1 (20.1–48.1) 34.5 (21.9–47.1) 37.5 (22.5–52.5)
3 years 15.1 (9.2–21.1) 11.4 (2.0–20.7) 16.4 (6.6–26.1) 17.5 (5.7–29.3)

MST, median survival time.

Table 3. Comparison of survival outcomes among the three groups.
Median survival
time (months)

95% CI Overall
log-rank test

Comparison with
chemotherapy
group (p-value)

Comparison with im-
munotherapy/targeted
therapy group (p-value)

Chemotherapy group (n = 44) 4.1 3.3–5.0
Immunotherapy/targeted therapy group (n
= 55)

8.5 7.1–9.9 <0.001

Chemotherapy + immunotherapy/targeted
therapy group (n = 40)

10.5 8.9–12.1 <0.001 0.056

Overall 7.7 6.8–8.5 <0.001
CI, confidence interval.

cer surgery were significantly associated with the prognosis
following third-line treatment. Prior to performing multi-
variate Cox regression analysis, a multicollinearity test was
conducted on the included covariates using the VIF. The
specific results are presented in Supplementary Table 2.
As shown in the table, all variables had VIF values less than
2, indicating no severe multicollinearity issues, thus allow-
ing the analysis to proceed with the subsequent regression
analysis. The results of subsequent multivariate analysis
showed that a history of prior gastric cancer surgery (haz-
ard ratio [HR] = 0.639; 95% CI: 0.431–0.948; p = 0.026)
was an independent favorable prognosis factor after third-
line treatment for advanced gastric cancer. Detailed results
of both univariate and multivariate Cox regression analyses
are presented in Table 4.

3.5 Safety Analysis of Adverse Drug Events
The incidence of adverse drug events between the

treatment groups was 90.5% in the chemotherapy +
immunotherapy/targeted therapy group, 75.6% in the
chemotherapy alone group, and 60.3% in the immunother-
apy/targeted therapy group (Table 5). There was a signif-
icant difference in adverse drug events among the three
groups (p = 0.003), and the number of adverse reactions
in the chemotherapy + immunotherapy/targeted therapy
groupwas significantly greater than that in the immunother-
apy/targeted therapy group (p = 0.001).

There were 107 patients experiencing at least one ad-
verse drug event (ADE) during the study, accounting for
73.8% of the total number, and no patients who withdrew
from third-line treatment due to serious ADEs were iden-

tified. As shown in Table 5 and Fig. 5, cytopenia was the
most common ADE, followed by gastrointestinal reactions
such as nausea and vomiting.

3.6 Cost and Survival Analysis
Since this study retrospectively collected cost infor-

mation from unevenly distributed patient treatment pro-
cesses between 2016 and 2022, the same monetary amount
represents different values due to variations in the year
and annual interest rates. To facilitate comparisons of to-
tal costs across different years, this study required uniform
conversion of all cost information. To eliminate the im-
pact of inflation on cost analysis, this study applied the con-
sumer price index (CPI) published by the National Bureau
of Statistics to deflate all cost data. All nominal costs were
adjusted to the constant price level of 2016 (the base period
of this study) to reflect the true trend of cost changes. Using
this as a benchmark ensures consistency and continuity in
data analysis throughout the time series. The deflation for-
mula is: Real Cost = Nominal Cost / (Annual Fixed-Base
CPI / 100). Using 2016 as the base period (2016 CPI = 100),
the fixed-base indices for each year and their corresponding
deflation coefficients are shown in Supplementary Table
3.

As illustrated in Table 6, statistical analysis of the
103 patients included in the full analysis set showed that
the median overall total cost was 22,319.2 Chinese yuan
(range: 1936.2–173,671.2 Chinese yuan [1 Chinese yuan =
0.12 EUR]), the median total cost of anti-tumor drug treat-
ment was 9491.1 Chinese yuan (391.2–85,707.3 Chinese
yuan), and the median total cost of other treatments was
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Fig. 5. Different adverse events by group.

11,307.0 Chinese yuan (range: 314.8–138,936.9 Chinese
yuan). The Kruskal–Wallis method was employed to com-
pare the costs, and the final results showed that the p-values
were 0.005,<0.001, and 0.048, respectively, indicating that
the treatment costs were statistically different between the
three groups.

Regarding the cost and survival analysis, scatter plots
were drawn to depict the relationship between the total cost
of third-line therapy for advanced gastric cancer and MST.
Furthermore, the total costs associated with the use of sys-
temic anti-tumor drugs were calculated, and scatter plots
were drawn to depict the relationship between the total drug
costs of third-line therapy and survival time (Figs. 6,7).
Based on the distribution characteristics observed in the
scatter plots, both the total cost of third-line therapy and
the total drug cost were positively correlated with survival
time, with correlation coefficients (r2) of 0.2656 (p< 0.05)
and 0.3081 (p < 0.05), respectively.

3.7 Quality of Life Assessment
Finally, quality of life assessments were conducted in

119 patients at the three timepoints. After pairwise com-
parisons, no significant differences in the FACT-G scores
were identified among the three groups at any timepoint
(Table 7).

4. Discussion
According to the findings of several randomized clin-

ical trials, third-line therapies improve the survival rate of
patients with advanced gastric cancer. In Western coun-
tries, the overall acceptance rate for third-line treatment re-
mains relatively low. However, in Japan, the vast major-
ity of patients with advanced gastric cancer receive second-
line therapy, and over half proceed to third-line treatment.
This approach has significantly improved the survival rate
for these patients, and the national treatment guidelines ex-
plicitly recommend specific third-line treatment strategies.
Despite the high incidence of gastric cancer in China, at
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Table 4. Cox regression analysis of prognostic factors of advanced gastric cancer.

Relevant factor Category
Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

Gender Female vs. male 1.616 (1.09–2.385) 0.016 1.352 (0.757–2.414) 0.308
Age (years) 0.982 (0.969–0.995) 0.007 0.988 (0.973–1.004) 0.135
Weight (kg) 0.985 (0.968–1.002) 0.092 0.962 (0.898–1.030) 0.265
Height (cm) 0.985 (0.962–1.009) 0.210
Body surface area (m2) 0.408 (0.137–1.215) 0.107 6.265 (0.062–631.815) 0.436
Comorbidity Yes vs. No 1.07 (0.727–1.573) 0.732
Metastasis Yes vs. No 0.909 (0.422–1.960) 0.808
History of gastric cancer surgery Yes vs. No 0.661 (0.458–0.955) 0.027 0.639 (0.431–0.948) 0.026

Lauren classification
Intestinal type Reference -
Diffuse type 1.05 (0.669–1.647) 0.833
Mixed type 1.295 (0.848–1.979) 0.231

CI, confidence interval; HR, hazard ratio. Bold statistics indicate statistically significant results.

Table 5. Incidence of adverse events in different groups.
Chemotherapy

group
Immunotherapy/targeted

therapy group
Chemotherapy +

immunotherapy/targeted
therapy group

Total, n (%) χ2 p-value

Total number 45 58 42 145 (100.0)
Cytopenia 12 11 13 36 (24.8)
Gastrointestinal reactions 8 11 9 28 (19.3)
Abnormal liver function 2 3 4 9 (6.2)
Abnormal cardiac function 1 1 1 3 (2.1)
Abnormal nerve function 3 1 3 7 (4.8)
Abnormal renal function 2 2 0 4 (2.8)
Skin and mucosal reactions 2 4 4 10 (6.9)
Others 4 2 4 10 (6.9)
Total, n (%) 34 (75.6) 35 (60.3) 38 (90.5) 107 (73.8) 11.541 0.0031/0.1032/

0.0663/0.0014
1p-value for comparing all three groups; 2p-value for comparing chemotherapy vs. immunotherapy/targeted therapy; 3p-value for comparing
chemotherapy vs. chemotherapy + immunotherapy/targeted therapy; 4p-value for comparing immunotherapy/targeted therapy vs. chemother-
apy + immunotherapy/targeted therapy.

present, comprehensive and systematic assessments regard-
ing the efficacy of third-line therapeutic interventions for
advanced gastric cancer remain limited. This study was
designed and conducted to explore the various critical as-
pects of third-line treatment regimens—including efficacy,
safety, and cost—in Chinese patients with advanced gastric
cancer.

This study retrospectively analyzed the third-line
treatment regimens received by patients with advanced
gastric cancer. A sample of 145 patients with advanced
gastric cancer was included in this study, including 45
in the chemotherapy-alone group, 58 in the immunother-
apy/targeted therapy group, and 42 in the chemotherapy +
immunotherapy/targeted therapy group. No significant dif-
ferences were observed among the three groups before re-
ceiving third-line treatment. Variables such as prior treat-
ment regimens, height, weight, medical history, surgical
status, and Lauren classification were comparable across
the groups. The results of this study showed that both the

chemotherapy + immunotherapy/targeted therapy and im-
munotherapy/targeted therapy regimens significantly im-
proved the prognosis and prolonged overall survival com-
pared with chemotherapy-alone regimen. The aforemen-
tioned article has pointed out that in the overall study pop-
ulation, irinotecan or docetaxel monotherapy had no sig-
nificant overall survival benefits in patients who had re-
ceived second-line treatment (HR: 0.812, 95% CI: 0.450–
1.464) [5], consistent with the conclusions of this study.
Immunotherapy has also been regarded as one of the most
important treatment strategies for cancer patients in the fu-
ture and has achieved great clinical success [6]. Despite
the survival benefit of immunotherapy/targeted therapy reg-
imen, resistance to these treatments should not be over-
looked, as it may result in treatment failure. The under-
lying resistance mechanisms are highly heterogeneous and
include loss of neoantigens, defects in antigen presentation
and interferon signaling, upregulation of immune inhibitory
molecules, and exclusion of T cells. Further efforts are war-
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Fig. 6. Cost–survival scatter plot for total cost (Chinese Yuan) and median survival time (months). 1 Chinese yuan = 0.12 EUR.

Fig. 7. Cost–survival scatter plot for total cost of anti-tumor drugs (Chinese Yuan) and median survival time (months). 1 Chinese
yuan = 0.12 EUR.
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Table 6. Analysis of the cost distribution for third-line treatment across various treatment regimen groups.
Total Chemotherapy group Immunotherapy/targeted

therapy group
Chemotherapy +

immunotherapy/targeted
therapy group

H p-value

Number of patients (miss-
ing cases)

103 (42) 35 (10) 38 (20) 30 (12)

Median total cost (Chinese
yuan)

22,319.2 19,557.8 19,110.7 29,635.8
7.930 0.005

(Min, Max) (1936.2, 173,671.2) (1936.2, 87,337.5) (2225.9, 173,671.2) (11,098.1, 125,869.3)
Median total cost of anti-
tumor drug treatment (Chi-
nese yuan)

9491.1 7047.2 8052.9 15,165.4
12.811 <0.001

(Min, Max) (391.2, 85,707.3) (391.2, 43,027.2) (1911.0, 68,189.9) (3395.4, 85,707.3)
Median total cost of others
(Chinese yuan)

11,307.0 11,501.9 8270.0 14,312.6
3.896 0.048

(Min, Max) (314.8, 138,936.9) (1134.8, 44,310.2) (314.8, 138,936.9) (3551.7, 83,426.6)
p-values were calculated by the Kruskal–Wallis method. 1 Chinese yuan = 0.12 EUR.

Table 7. Comparative quality of life assessments of advanced gastric cancer patients receiving third-line treatment
regimens—general scores among the three groups.

Number of patients T1 T2 T3

Total 119 (145) 87.09 ± 4.89 73.14 ± 4.73 86.02 ± 4.49
Chemotherapy 37 (45) 87.05 ± 5.45 73.49 ± 5.35 86.68 ± 4.47
Immunotherapy/targeted therapy 52 (58) 86.63 ± 4.32 73.37 ± 4.64 85.79 ± 5.11
Chemotherapy + immunotherapy/targeted therapy 30 (42) 87.93 ± 5.13 72.33 ± 4.07 85.60 ± 3.22
F 0.670 0.592 0.591
p-value 0.514 0.555 0.555

p-values are for comparing all three groups. T1, during screening; T2, mid-treatment; T3, two months after the end of treatment.

ranted to determine strategies to overcome resistance to im-
munotherapy/targeted therapy.

Furthermore, there are many reports on the influenc-
ing factors of treatment prognosis in patients with advanced
gastric cancer. For example, Zhou et al. [7] conducted
a prognostic model analysis involving 112 patients with
advanced gastric cancer treated with first-line therapy be-
tween July 2013 and September 2019. Their univariate
analysis identified several factors significantly associated
with survival prognosis, including the Eastern Cooperative
Oncology Group (ECOG) performance status, presence of
peritoneal metastasis, hemoglobin levels, serum lactate de-
hydrogenase (LDH), carcinoembryonic antigen (CEA), and
carbohydrate antigen 19-9 (CA19-9). Cox regression anal-
ysis showed that peritoneal metastasis, hemoglobin <90
g/L, serum LDH ≥225 U/L, and CEA and CA19-9 levels
exceeding three times the normal range were independent
prognostic factors [7]. Moreover, in a clinical trial, Cata-
lano et al. [8] identified five categories of indicators that
adversely influence the prognosis of patients undergoing
second-line treatment for advanced gastric cancer, includ-
ing the ECOG performance status score, CEA expression
levels, hemoglobin levels, duration of disease progression,
and the number of metastatic lesions. The univariate anal-

ysis findings of the current study indicate that the patient’s
gender, age, weight, body surface area, and history of gas-
tric cancer surgery were significantly associated with the
prognosis of third-line treatment. The results of multivari-
ate analysis also showed that only the history of gastric can-
cer surgery was an independent influencing factor for the
prognosis of patients with advanced gastric cancer treated
with third-line therapy. The findings are summarized as fol-
lows: (1) There is no unified conclusion on the impact of
age on the prognosis of gastric cancer patients. For exam-
ple, it has been reported that gastric cancer patients over
60 years old have a better prognosis than other age groups
[9]. In addition, it is believed that in some certain ma-
lignant tumors (such as breast cancer and gastric cancer),
compared to middle‑aged and elderly patients, adolescents
and young adult patients may exhibit a worse prognosis af-
ter treatment, due to the higher aggressiveness of malig-
nant tumor cells and increased susceptibility to recurrence
[10,11]. Reports suggest that contemporary young people
are more health-conscious, an attitude that facilitates ear-
lier disease detection, thereby improving survival rates and
prolonging their survival [12]. In addition, Kim et al. [13]
found that there was no significant difference in the prog-
nosis of elderly patients after radical resection of gastric tu-
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mors when compared with their younger counterparts. The
analysis of prognostic factors in this study suggests that el-
derly patients with third-line treatment for advanced gastric
cancer have a better prognosis, and there is no definitive
conclusion at present. (2) Weight loss has been identified
as a prognostic factor for numerous malignant tumors, in-
cluding colon cancer [14] and advanced lung cancer [15],
with patients experiencing weight loss associated with poor
prognosis. However, Lin et al. [16] contend that although
patients with weight loss tended to have poorer post-surgery
prognosis, the difference was not statistically significant.
This outcome may be attributed to the limited duration of
the follow-up period. A meta-analysis revealed that weight
loss during chemotherapy is an adverse risk factor affect-
ing the prognosis of advanced gastric cancer patients (HR:
0.72, 95% CI: 0.63–0.82) [17], aligning with the results of
this study. The findings of the present study indicate that
patients with advanced gastric cancer who have undergone
radical or local palliative surgery exhibit a better progno-
sis than patients with advanced gastric cancer who have not
undergone surgical treatment (HR: 0.639, 95% CI: 0.431–
0.948). Correspondingly, evidence from a related inves-
tigation into surgical outcomes demonstrates that the me-
dian survival duration of patients with advanced gastric can-
cer treated with surgery following chemotherapy is signif-
icantly prolonged relative to patients receiving chemother-
apy alone [18]. Yoshida et al. [19] also found that patients
with a prior gastrectomy history had a better prognosis than
those who had undergone either palliative or radical surgery
(9.7 vs. 7.6 months), consistent with the results of the cur-
rent study.

Finally, the chemotherapy + immunotherapy/targeted
therapy group exhibited the highest incidence rate of ad-
verse events, reaching 90.5%. Likewise, a study evaluat-
ing nivolumab as a third-line treatment for advanced gas-
tric cancer demonstrated a favorable safety profile for im-
munotherapy/targeted therapy; among patients in the treat-
ment group who achieved a complete or partial response,
87% survived for at least 1 year and 61.3% survived for 2
years. The overall median survival was 26.6 months, and
the incidence of adverse events was 43%, with the occur-
rence of grade 3 to 4 adverse events being less than 10%.
These findings lend credence to the safety of immunother-
apy under the premise of drug effectiveness [20]. Further-
more, our analysis of adverse event data identified cytope-
nia as the most prevalent drug-related toxicity, encompass-
ing myelosuppression affecting platelets, neutrophils, and
trilineage cells. The second most common adverse reac-
tions involved the gastrointestinal system, primarily mani-
festing as nausea and vomiting. These findings are corrob-
orated by a study conducted by Kang et al. [5] on third-line
treatment using irinotecan or similar agents, which indi-
cates that bone marrow suppression is the principal adverse
drug reaction, with neutropenia occurring in over 15% of
patients, negatively impacting disease progression.

Several limitations of our study should be acknowl-
edged. First, the retrospective nature of the data collection
may have introduced selection and information biases. Sec-
ond, the overall sample size was relatively small (n = 145).
Following patient categorization based on treatment type,
the sample size in each group (especially the combination
therapy group, n = 42) became much more limited, which
may have reduced the statistical power and robustness of
the findings. Third, all data were sourced from a single
institution (Zhongshan Hospital, Fudan University), limit-
ing the generalizability of the results to the broader Chi-
nese population or to patients treated in other healthcare set-
tings with different practices and from other demographic
groups. Fourth, there were limitations associated with the
cost analysis. While costs were adjusted using a benchmark
interest rate, the analysis did not account for other economic
factors such as inflation, changes in drug pricing, or vari-
ations in insurance reimbursement policies over the study
period (2016–2022), potentially affecting the accuracy and
comparability of the cost data. Fifth, the presence of miss-
ing data, particularly for survival status (6 patients) and
cost information (41 patients), may have introduced bias
and compromised the completeness of the survival and eco-
nomic analyses. Sixth, there was substantial heterogene-
ity in the treatment regimens. The immunotherapy/targeted
therapy group likely comprised a variety of specific agents
and the aggregation of different drugs into broad categories
may have obscured clinically meaningful differences in ef-
ficacy and toxicity among individual agents. Finally, there
was a lack of patient-reported outcomes. This study did
not assess quality of life or other patient-reported outcomes.
Therefore, the impact of these treatments on patients’ over-
all well-being and daily functioning remains unknown. Fur-
ther prospective studies are warranted to verify the results
of our study.

5. Conclusion
The survival analysis of this study demonstrates that

gastric cancer patients receiving chemotherapy combined
with immunotherapy or targeted therapy as the third-line
treatment achieved the longest MST; however, this regimen
is also associated with a higher incidence of adverse events
and overall treatment costs. In addition, multivariate anal-
ysis identifies the absence of prior gastric cancer surgery as
an independent prognostic factor for outcomes in patients
with advanced gastric cancer receiving third-line treatment.

Key Points
• This study aimed to retrospectively evaluate the ther-

apeutic efficacy, safety, and costs of different third-line
treatment regimens for treating advanced gastric cancer,
thereby providing a theoretical basis to guide the selection
of third-line treatment regimens.

• A total of 145 patients were included and divided
into three groups: 45 patients in the chemotherapy-alone
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group, 58 patients in the immunotherapy/targeted therapy
group, and 42 patients in the chemotherapy + immunother-
apy/targeted therapy group.

• Survival analysis revealed a median survival time
(MST) of 7.7 months (95% CI: 6.8–8.5) for the overall
cohort, with the chemotherapy + immunotherapy/targeted
therapy group exhibiting the longest MST (MST: 10.5
months; 95% CI: 8.9–12.1), followed by the immunother-
apy/targeted therapy group (MST: 8.5 months; 95% CI:
7.1–9.9).

• Regression analysis showed that a history of gastric
surgery was an independent prognostic factor (hazard ratio
[HR] = 0.639; 95% CI: 0.431–0.948; p = 0.026) for out-
comes in gastric cancer patients receiving third-line treat-
ment.

• The chemotherapy + immunotherapy/targeted ther-
apy group exhibited the highest incidence of adverse
events (90.5%), followed by the chemotherapy-alone group
(75.6%).

• The cost analysis showed that the chemotherapy +
immunotherapy/targeted therapy group incurred the highest
treatment costs, and both the total treatment costs and anti-
tumor drug-related costs were significantly and positively
correlated with patient survival (r2 = 0.2656 and 0.3081).
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