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Abstract 

Background  Advanced gastric cancer (AGC) with unresectable factors presents a significant treatment challenge. 
Conventional treatments such as systemic chemotherapy, radiotherapy, and immunotherapy can delay disease 
progression but often yield limited outcomes. For stage III-IV gastric cancer with unresectable factors, conversion 
therapy based on chemotherapy can achieve tumor downstaging, providing a subset of patients with the opportu-
nity for curative surgery. However, the efficacy of multimodal approaches combining chemotherapy, with or without 
immunotherapy, and conversion surgery compared to chemotherapy alone remains controversial.

Methods  We conducted a systematic review and meta-analysis of high-quality studies published between Janu-
ary 2014 and November 2024, assessing the role of surgery following conversion therapy in advanced gastric cancer. 
Relevant studies were retrieved from PubMed, Embase, and Web of Science databases. All included studies were 
observational; no randomized trials were available. Clinical data, including overall survival (OS), progression-free sur-
vival (PFS), objective response rate (ORR) and adverse event (AE) rates, were analyzed using RevMan 5.4.

Results  Twelve observational cohort studies were included. Conversion surgery(CS) was associated with improved 
1-year, 3-year, and 5-year OS rates (RR 0.38, 95% CI: 0.31–0.47; RR 0.64, 95% CI: 0.54–0.76; RR 0.77, 95% CI: 0.65–0.91, 
respectively) and increased 1-year and 3-year PFS rates (RR 0.57, 95% CI: 0.49–0.99; RR 0.67, 95% CI: 0.57–0.78, respec-
tively). No significant difference in AE rates was observed between groups.

Conclusions  Conversion surgery following chemotherapy in stage III-IV gastric cancer is associated with improved 
OS and PFS in observational studies. However, these findings may reflect inherent prognostic differences 
between groups, as surgery was only feasible for chemotherapy responders. Prospective trials are needed to validate 
causality.
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Introduction
Gastric cancer (GC) ranks as the third leading cause of 
cancer-related deaths worldwide, representing a sig-
nificant global health burden. In 2020, over one million 
new cases of gastric cancer were diagnosed globally, 
with approximately 769,000 deaths reported [1]. While 
early gastric cancer (EGC) is curable through endoscopic 
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or surgical resection, most patients are diagnosed at 
advanced stages when curative surgery is no longer feasi-
ble. The majority of AGC cases are characterized by unre-
sectable factors, such as extensive lymph node metastasis 
or distant metastasis [2]. Patients with AGC are often 
considered incurable. Conventional therapies, including 
systemic chemotherapy, radiotherapy, and immunother-
apy, may prolong survival but rarely achieve long-term 
remission. No standardized chemotherapy regimen cur-
rently exists for unresectable gastric cancer, although 
regimens incorporating fluorouracil, platinum agents, 
irinotecan, capecitabine, paclitaxel, docetaxel, or S-1, 
with or without immunotherapy, have shown survival 
benefits [3–8]. Conversion therapy, defined as systemic 
chemotherapy aimed at downstaging tumors to render 
them resectable, offers new hope for some patients with 
unresectable stage III-IV gastric cancer [9, 10]. Success-
ful conversion therapy enables curative surgery (conver-
sion surgery, CS) and may improve long-term outcomes 
for AGC patients [2, 11]. Several studies have reported 
superior survival outcomes in stage III-IV gastric can-
cer patients undergoing conversion surgery compared to 
those receiving chemotherapy alone [12–14], suggesting 
that conversion surgery may be a viable curative option. 
However, the role of this multimodal approach remains 
contentious. This meta-analysis aims to systematically 
evaluate the efficacy and safety of conversion surgery ver-
sus chemotherapy alone in AGC patients with unresect-
able factors, providing robust evidence to guide clinical 
practice.

Methods
We performed a comprehensive search of PubMed, 
Embase, and Web of Science databases to identify ran-
domized controlled trials and non-randomized studies 
comparing outcomes of conversion surgery versus non-
surgical management in AGC with unresectable fac-
tors. Key outcomes analyzed included overall survival 
(OS), progression-free survival (PFS), objective response 
rate (ORR), and adverse event (AE) rates. OS/PFS out-
comes were calculated using mortality counts. Surviving 
patients were censored at the last follow-up. Data extrac-
tion and statistical analyses were conducted using Rev-
Man 5.4 software. Relative risk (RR) and 95% confidence 
intervals (CIs) were calculated for all outcomes.

Literature search strategy
The systematic review adhered to the PRISMA guide-
lines. Two independent researchers searched PubMed, 
Embase, and Web of Science databases up to Novem-
ber 2024. The search was limited to studies published in 
English within the last decade. Keywords included “sur-
gery,” “operation,” “gastric cancer,” “gastric carcinoma,” 

“cancer of stomach,” and “chemotherapy.” Duplicates were 
removed, and references from retrieved articles were 
reviewed to identify additional relevant studies. Studies 
without available abstracts or full texts were excluded. 
For duplicate publications, the most recent version with 
extended follow-up or larger sample size was included.

Inclusion criteria and primary outcome measures
This study aimed to evaluate the comparative efficacy 
of conversion surgery versus non-surgical treatment in 
advanced gastric cancer (AGC) patients with initially 
unresectable factors. The inclusion criteria followed the 
PICO-S framework as outlined below:

Participants (P)
Patients with unresectable AGC undergoing conversion 
therapy (chemotherapy with or without immunotherapy). 
Studies without a non-surgical control group or case 
reports were excluded.

Intervention (I) and Comparison (C)
Patients receiving conversion surgery after therapy were 
included in the intervention group, while those undergo-
ing conversion therapy without surgery formed the con-
trol group.

Outcomes (O)
Primary endpoints included 1-year, 3-year, and 5-year 
OS rates and PFS rates. Secondary endpoints included 
response rates (complete response [CR] and par-
tial response [PR]) and adverse events during con-
version therapy (e.g., neutropenia, anemia, nausea, 
diarrhea, intestinal obstruction, liver dysfunction, renal 
dysfunction).

Study Design (S)
Only high-quality observational cohort studies were 
included.

Literature search and identification
Two independent researchers conducted a comprehen-
sive search of PubMed, Embase, and Web of Science 
databases. To mitigate publication bias, we searched 
ClinicalTrials.gov, WHO ICTRP, and Grey for ongoing or 
unpublished studies. No additional eligible studies were 
identified. A total of 847 records were identified, with 
338 articles remaining after duplicate removal. Abstract 
screening resulted in 78 studies being assessed for full-
text eligibility. Of these, 66 were excluded for not meet-
ing inclusion criteria. Ultimately, 12 studies [8, 7, 15–25] 
were included in the meta-analysis. The literature search 
and selection process are illustrated in a PRISMA flow 
diagram (Fig. 1).
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Risk of bias and study quality
The Newcastle–Ottawa Scale (NOS) was used by two 
researchers to assess the risk of bias in the included 
observational cohort studies. Studies scoring below seven 
points were excluded. Disagreements were resolved 
through discussion with a third researcher. The summa-
rized quality assessment results are shown in Table 1.

Data extraction
Two independent researchers extracted the following 
data: study characteristics (author, country, year of pub-
lication), tumor stage, intervention details, primary out-
comes (OS and PFS rates), response rates (CR and PR), 
and adverse events (e.g., neutropenia, anemia, nausea, 
diarrhea, intestinal obstruction). The data extracted from 
each study is shown in Tables 2, 3 and 4.

Statistical analysis
Statistical analyses were performed using RevMan 5.4. 
Dichotomous data were expressed as relative risk (RR) 
with 95% confidence intervals (CIs). Heterogeneity was 
evaluated using the I2 statistic, with a fixed-effects model 
used for I2 < 50% and a random-effects model for I2 > 
50%. For I2 > 80%, sensitivity analyses were conducted 
to exclude studies with significant heterogeneity and 
improve the reliability of results.

Results
Primary outcomes
1‑Year survival rate
Twelve studies reported 1-year OS rate (Fig.  2). A total 
of 408 AGC patients underwent conversion therapy 
with surgery, while 589 received chemotherapy alone. 

Fig. 1  PRISMA flow diagram of present meta-analysis
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Fixed-effects model analysis revealed acceptable hetero-
geneity. The pooled analysis demonstrated a statistically 
significant difference in 1-year OS rate (RR: 0.38, 95% CI: 
0.31–0.47).

1‑Year progression‑free survival rate
Five studies reported 1-year PFS rate (Fig. 3). A total of 
179 AGC patients underwent conversion surgery, while 
293 received chemotherapy alone. Fixed-effects model 
analysis showed acceptable heterogeneity, and pooled 
results revealed a statistically significant difference in 
1-year PFS rate (RR: 0.57, 95% CI: 0.49–0.99).

3‑Year survival rate
Eleven studies reported 3-year OS rate (Fig. 4). A total of 
383 AGC patients underwent conversion surgery, while 
626 received chemotherapy alone. Random-effects model 
analysis revealed significant heterogeneity. The pooled 
analysis demonstrated a statistically significant difference 
in 3-year OS rate (RR: 0.69, 95% CI: 0.52–0.91). Sensitiv-
ity analyses excluding Li (2021) and Liang (2023) reduced 
heterogeneity, and pooled results from nine studies 
showed a statistically significant improvement in 3-year 

OS rate (RR: 0.64, 95% CI: 0.54–0.76) (Fig. 5). Exclusion 
of Li (2021) and Liang (2023) reduced heterogeneity from 
I2 = 96% to 62%. These studies differed methodologically: 
Li (2021) included patients with adjuvant chemotherapy 
with unknown regimen while Liang (2023) used immu-
notherapy-based conversion therapy, potentially con-
founding survival outcomes.

3‑Year progression‑free survival rate
Four studies reported 3-year PFS rate (Fig. 6). A total of 
154 AGC patients underwent conversion surgery, while 
269 received chemotherapy alone. Random-effects model 
analysis revealed significant heterogeneity. The pooled 
analysis demonstrated a statistically significant difference 
in 3-year PFS rate (RR: 0.72, 95% CI: 0.54–0.96). After 
excluding Liang (2023) in sensitivity analysis, three stud-
ies demonstrated a statistically significant improvement 
in 3-year PFS rate (RR: 0.67, 95% CI: 0.57–0.78) (Fig. 7). 
Exclusion of Li (2021) reduced heterogeneity from I2 = 
89% to 14%. This study differed methodologically: Li 
(2021) included patients with adjuvant chemotherapy 
with unknown regimen.

Table 1  NOS score of study

Study Representativeness 
of the exposed 
cohort

Selection 
of the non 
exposed 
cohort

Ascertainment of 
exposure

Demonstration 
that outcome of 
interest was not 
present at start of 
study

Comparability 
of cohorts on 
the basis of 
the design or 
analysis

Assessment of 
outcome

Was 
follow-up 
long 
enough for 
outcomes 
to occur

Adequacy 
of follow up 
of cohorts

Quality 
score

Wang 
2014 [25]

1 1 1 1 1 1 1 1 8

Fukuchi 
2015 [24]

1 1 1 1 1 1 1 1 8

Ito 2015 
[23]

1 1 1 1 1 1 0 1 7

Kinoshita 
2015 [22]

1 1 1 1 1 1 0 1 7

Li 2015 
[21]

1 1 1 1 1 1 1 0 7

Sato 2017 
[8] 

1 1 1 1 1 0 1 1 7

Yamada 
2016 [20]

1 1 1 1 1 1 1 1 8

Fukuchi 
2018 [19]

1 1 1 1 1 1 1 1 8

Ohnuma 
2021 [7]

1 1 1 1 1 0 1 1 7

Li 2021 
[18]

1 1 1 1 1 1 1 1 8

Shinkai 
2022 [16]

1 1 1 1 1 1 1 1 8

Liang 
2023 [15]

1 1 1 1 1 1 1 1 8
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5‑Year survival rate
Five studies reported 5-year OS rate (Fig.  8). A total of 
194 AGC patients underwent conversion surgery, while 
269 received chemotherapy alone. Random-effects model 
analysis revealed acceptable heterogeneity, and pooled 
results indicated a statistically significant improvement 
in 5-year OS rate (RR: 0.77, 95% CI: 0.65–0.91).

Secondary outcomes
Complete Response (CR) rate
Five studies reported CR rates (Fig.  9). A total of 132 
AGC patients underwent conversion surgery, while 142 
received chemotherapy alone. Random-effects model 
analysis revealed no statistically significant difference in 
CR rates (RR: 1.73, 95% CI: 0.72–4.14).

Partial Response (PR) rate
Five studies reported PR rates (Fig.  10). A total of 157 
AGC patients underwent conversion surgery, while 166 
received chemotherapy alone. Random-effects model 
analysis revealed a statistically significant improvement 
in PR rates (RR: 2.64, 95% CI: 1.10–6.33).

Stable disease (SD) rate
Five studies reported SD rates (Fig.  11). A total of 157 
AGC patients underwent conversion therapy followed by 
surgery, while 166 patients received chemotherapy alone. 
Under a random-effects model, overall heterogeneity was 
acceptable. The analysis indicated no statistically signifi-
cant difference in SD rates (RR 1.46, 95% CI: 0.50–4.29).

Progressive disease (PD) rate
Three studies reported PD rates (Fig. 12). A total of 101 
AGC patients underwent conversion therapy followed by 

surgery, while 79 patients received chemotherapy alone. 
Using a fixed-effects model, the overall heterogeneity was 
acceptable. The analysis indicated a statistically signifi-
cant difference in PD rates (RR 0.48, 95% CI: 0.23–0.97).

Adverse event rates
Neutropenia incidence
Five studies reported neutropenia incidence (Fig. 13). A 
total of 173 AGC patients underwent conversion therapy 
followed by surgery, while 244 patients received chemo-
therapy alone. Under a random-effects model, overall 
heterogeneity was acceptable. The analysis showed no 
statistically significant difference in neutropenia inci-
dence (RR 0.93, 95% CI: 0.69–1.26).

Anemia incidence
Four studies reported anemia incidence (Fig. 14). A total 
of 133 AGC patients underwent conversion therapy fol-
lowed by surgery, while 204 patients received chemo-
therapy alone. Under a random-effects model, overall 
heterogeneity was acceptable. The analysis showed no 
statistically significant difference in anemia incidence 
(RR 0.77, 95% CI: 0.36–1.66).

Nausea incidence
Four studies reported nausea incidence (Fig. 15). A total 
of 133 AGC patients underwent conversion therapy fol-
lowed by surgery, while 204 patients received chemo-
therapy alone. Using a fixed-effects model, overall 
heterogeneity was acceptable. The analysis showed no 
statistically significant difference in nausea incidence (RR 
0.63, 95% CI: 0.34–1.34).

Fig. 2  1-Year Survival Rate
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Diarrhea incidence
Four studies reported diarrhea incidence (Fig.  16). A 
total of 133 AGC patients underwent conversion ther-
apy followed by surgery, while 204 patients received 
chemotherapy alone. Using a fixed-effects model, over-
all heterogeneity was acceptable. The analysis showed no 

statistically significant difference in diarrhea incidence 
(RR 0.70, 95% CI: 0.36–1.38).

Bowel obstruction incidence
Two studies reported bowel obstruction incidence 
(Fig.  17). A total of 53 AGC patients underwent con-
version therapy followed by surgery, while 44 patients 

Fig. 3  1-Year Progression-Free Survival Rate

Fig. 4  3-Year Survival Rate (pre-sensitivity analysis)

Fig. 5  3-Year Survival Rate (post-sensitivity analysis)
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received chemotherapy alone. Using a fixed-effects 
model, overall heterogeneity was acceptable. The 
analysis showed no statistically significant differ-
ence in bowel obstruction incidence (RR 0.79, 95% CI: 
0.17–3.68).

Discussion
Current management of advanced gastric cancer (AGC) 
with unresectable factors lacks standardized protocols 
regarding chemotherapy regimens, surgical approaches, 
and the influence of metastatic burden on therapeutic 
strategies [26–28]. While common regimens such as SP, 

Fig. 6  3-Year Progression-Free Survival Rate (pre-sensitivity analysis)

Fig. 7  3-Year Progression-Free Survival Rate (post-sensitivity analysis)

Fig. 8  5-Year Survival Rate

Fig. 9  Complete Response (CR) Rate
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DS, DOS, XELOX, SOX, and FOLFOX are utilized, their 
safety and efficacy vary significantly, as highlighted by Liu 
et al. [29]. For II/III-stage gastric cancer, standard adju-
vant chemotherapy regimens include S-1, capecitabine 

+ oxaliplatin, and S-1 + docetaxel [13, 30–32]. In stage 
IV, palliative surgery combined with chemotherapy fails 
to enhance long-term survival [33].; however, the AIO-
FLOT3 trial demonstrated markedly prolonged median 

Fig. 10  Partial Response (PR) Rate

Fig. 11  Stable disease (SD) Rate

Fig. 12  Progressive disease (PD) Rate

Fig. 13  Neutropenia Incidence
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survival (31.3 vs. 15.9 months) with R0 resection post-
FLOT therapy [34]. For peritoneal metastases, cytore-
ductive surgery (CRS) with hyperthermic intraperitoneal 
chemotherapy (HIPEC) benefits patients with a perito-
neal cancer index (PCI) ≤ 6, whereas systemic chemo-
therapy plus neoadjuvant intraperitoneal chemotherapy 
(NIPEC) is preferred for PCI > 6 [35]. Despite emerging 
evidence supporting postoperative chemotherapy after 

CRS in stage IV patients [2, 36, 37]. Further high-quality 
clinical trials are needed to confirm the effectiveness and 
appropriate chemotherapy cycles for patients undergoing 
conversion surgery.

In this meta-analysis, patients in the surgical group 
had higher survival rates compared to those in the non-
surgical group, for several reasons. First, the severity of 
each patient’s condition differs, particularly in terms 

Fig. 14  Anemia Incidence

Fig. 15  Nausea Incidence

Fig. 16  Diarrhea Incidence

Fig. 17  Bowel Obstruction Incidence
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of the number of unresectable clinical factors. Most 
patients in the surgical group responded to chemo-
therapy, whereas non-surgical patients typically did not 
respond. The survival benefit observed in the surgical 
group must be interpreted cautiously. Patients undergo-
ing conversion surgery were inherently selected based on 
favorable responses to chemotherapy, suggesting their 
tumors may have had less aggressive biology. Thus, the 
observed association between surgery and improved out-
comes may partly reflect this selection bias rather than a 
direct causal effect of surgery. While conversion surgery 
appears beneficial for select responders, clinical decisions 
must account for tumor biology. Universal application of 
this approach is not yet supported by high-level evidence. 
Additionally, the degree of adverse effects from conver-
sion therapy is a key issue. The results of this meta-anal-
ysis indicate that conversion therapy is feasible and safe, 
and most advanced cancer patients can tolerate chemo-
therapy toxicity and complete the chemotherapy regi-
men. The lack of CR improvement despite higher PR rates 
may reflect tumor biology: partial responders may ben-
efit more from cytoreduction, while complete respond-
ers could have micrometastases undetected by imaging, 
leading to recurrence post-surgery. While conversion 
therapy can significantly increase the rate of conversion 
surgery, there are still challenges in performing conver-
sion surgery. The primary reason is that patients with 
advanced cancer often have poor physical status, which 
leads to a reduction in the dose of chemotherapy drugs. 
This makes it difficult to convert patients from an unre-
sectable to a resectable state. Furthermore, determining 
which patients are suitable for conversion surgery and 
assessing the optimal timing for the surgery is another 
challenge. The best timing for surgery is when the tumor 
shows the best response to chemotherapy, before the 
tumor becomes resistant to chemotherapy drugs [38]. 
According to previous studies, the duration of conver-
sion therapy for AGC patients depends on the response 
to chemotherapy, and the conversion treatment is typi-
cally performed 5–6 weeks after the final chemotherapy 
cycle [8]. Moreover, previous research has indicated that 
the surgical duration, blood loss, and postoperative hos-
pital stay are all within acceptable ranges [39]. Similarly, 
this meta-analysis indicates that the incidence of post-
operative adverse reactions is also acceptable. According 
to previous clinical trials, only curative resections (R0 
resection) are associated with long-term survival, while 
patients who undergo non-curative tumor resection have 
very poor prognosis [8, 14, 22, 24, 40–42]. Likewise, the 
results of this meta-analysis suggest that patients who 
undergo therapeutic resection perform better than those 
who receive non-therapeutic reimplantation. Therefore, 
conversion surgery should aim for R0 resection.

Surgically, laparoscopic/robotic gastrectomy with D2 
lymphadenectomy is increasingly adopted for AGC [43], 
yet minimally invasive CRS remains unvalidated. Debates 
persist regarding optimal surgical approach (open vs. 
minimally invasive), lymphadenectomy extent, and 
the utility of omentectomy/splenectomy. Splenectomy 
should be avoided in non-greater curvature tumors due 
to elevated morbidity without survival benefit [44], while 
omentectomy’s prognostic value remains unproven [45].

In conclusion, conversion therapy represents a feasible 
pathway to R0 resection in select AGC patients, though 
standardized protocols for patient selection, chemo-
therapy duration, and surgical techniques await further 
investigation. Future randomized controlled trials should 
adopt designs where chemotherapy responders are rand-
omized to surgery versus continued non-surgical therapy. 
Such trials would directly evaluate the additive value of 
surgery, independent of baseline prognostic differences.

Limitations
Firstly, our study subjects were patients with clinical stage 
III-IV advanced gastric cancer (AGC). The included stud-
ies were high-quality observational cohort studies, but no 
randomized controlled trials were available. The absence 
of RCTs introduces selection bias, as patients selected 
for surgery may have better baseline prognoses. We con-
ducted sensitivity analyses excluding studies with NOS 
< 7. The selection bias inherent in observational cohort 
studies may still impact the accuracy of the results. Sec-
ondly, although the studies included were predominantly 
from Asian regions, the applicability of these findings 
to Western populations remains unclear. Additionally, 
many studies did not provide a detailed analysis of the 
role of adjuvant chemotherapy and its impact within 
multimodal treatment approaches. Thirdly, regarding the 
choice of drugs in conversion therapy regimens, insuffi-
cient research exists to evaluate the efficacy of different 
drugs. Our meta-analysis did not analyze the specific 
effects of various drugs used in conversion therapy on 
patient prognosis. Fourthly, the safety and feasibility of 
performing conversion surgery using minimally invasive 
methods have not yet been established. The indications 
for conversion surgery approaches (open, laparoscopic, 
or robotic) and the extent of lymphadenectomy remain 
controversial. Fifthly, the absence of randomized data 
means residual confounding factors, such as unmeasured 
tumor biology or patient fitness, may influence outcomes. 
While sensitivity analyses adjusted for methodological 
heterogeneity, they cannot fully address the fundamental 
prognostic imbalance between groups.
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Conclusion
Our findings suggest that treatment strategies for AGC 
patients with initially unresectable factors should con-
sider conversion therapy followed by surgery. The results 
of this meta-analysis indicate that AGC patients who 
underwent conversion therapy followed by surgery had 
significantly improved survival rates and progression-
free survival compared to those who received conversion 
therapy alone without surgery. However, the efficacy and 
safety of conversion surgery still require support from 
higher-level evidence. Further randomized controlled tri-
als are necessary to validate these findings.

Abbreviations
AGC​	� Advanced gastric cancer
CS	� Conversion surgery
OS	� Overall survival
PFS	� Progression-free survival
CR	� Complete response
PR	� Partial response
SD	� Stable disease
PD	� Progressive disease
PCI	� Peritoneal metastasis index
CRS	� Cytoreductive surgery
NIPEC	� Neoadjuvant intraperitoneal chemotherapy

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12876-​025-​03969-x.

Supplementary Material 1.

Acknowledgements
Not applicable.

Authors’ contributions
The authors contributed to this study as follows: Jiaheng Wu (First author): 
Conducted literature review, performed investigation, formulated the analysis 
methodology, managed software applications, and drafted the initial manu-
script. Xuetian Du (Second author): Extracted and organized the data. Yiqiang 
He (Third author): Extracted and organized the data. Shulin Xian (Correspond-
ing author): Reviewed and edited the manuscript for critical revisions and 
provided oversight. All authors (Jiaheng Wu, Xuetian Du, Yiqiang He, Shulin 
Xian) critically revised the manuscript and approved the final version.

Funding
This study was supported by the Hubei Chen Xiaoping Science and Technol-
ogy Development Foundation, Grant/Award Number: CXPJJH121001-2021074.

Data availability
The data that support the findings of this study are available from the Pub-
Med, Embase, and Web of Science.

Declarations

Ethics approval and consent to participate
As a systematic review and meta-analysis, our study did not require any 
human participation and, referral to our ethics committee.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 19 January 2025   Accepted: 2 May 2025

References
	1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 

F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and 
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 
2021;71(3):209–49. https://​doi.​org/​10.​3322/​caac.​21660.

	2.	 Fujitani K, Kurokawa Y, Wada R, Takeno A, Kawabata R, Omori T, Imamura 
H, Hirao M, Endo S, Kawada J, et al. Prospective single-arm multicenter 
interventional study of surgical resection for liver metastasis from 
gastric cancer; 3-year overall and recurrence-free survival. Eur J Cancer. 
2024;213:115080. https://​doi.​org/​10.​1016/j.​ejca.​2024.​115080.

	3.	 Randon G, Lonardi S, Fassan M, Palermo F, Tamberi S, Giommoni E, Cec-
con C, Di Donato S, Fornaro L, Brunetti O, et al. Ramucirumab plus pacli-
taxel as switch maintenance versus continuation of first-line oxaliplatin-
based chemotherapy in patients with advanced HER2-negative gastric or 
gastro-oesophageal junction cancer (ARMANI): a randomised, open-label, 
multicentre, phase 3 trial. Lancet Oncol. 2024;25(12):1539–50. https://​doi.​
org/​10.​1016/​s1470-​2045(24)​00580-1.

	4.	 Kang YK, Qin S, Lee KW, Oh SC, Kim IH, Kim JG, Li Y, Yan Z, Li J, Bai LY, et al. 
Bemarituzumab plus mFOLFOX6 as first-line treatment in East Asian 
patients with FGFR2b-overexpressing locally advanced or metastatic 
gastric/gastroesophageal junction cancer: subgroup of FIGHT final 
analysis. Gastric Cancer. 2024;27(5):1046–57. https://​doi.​org/​10.​1007/​
s10120-​024-​01516-3.

	5.	 Gao X, Ji K, Jia Y, Shan F, Chen Y, Xu N, Jia Z, Liu T, Yang N, Zhong H, 
et al. Cadonilimab with chemotherapy in HER2-negative gastric or 
gastroesophageal junction adenocarcinoma: the phase 1b/2 COMPAS-
SION-04 trial. Nat Med. 2024;30(7):1943–51. https://​doi.​org/​10.​1038/​
s41591-​024-​03007-5.

	6.	 Adam R, Piedvache C, Chiche L, Adam JP, Salamé E, Bucur P, Cherqui 
D, Scatton O, Granger V, Ducreux M, et al. Liver transplantation plus 
chemotherapy versus chemotherapy alone in patients with permanently 
unresectable colorectal liver metastases (TransMet): results from a 
multicentre, open-label, prospective, randomised controlled trial. Lancet. 
2024;404(10458):1107–18. https://​doi.​org/​10.​1016/​s0140-​6736(24)​
01595-2.

	7.	 Ohnuma H, Sato Y, Onoyama N, Hamaguchi K, Hayasaka N, Sato M, 
Murase K, Takada K, Miyanishi K, Murakami T, et al. Survival benefit of 
conversion surgery after intensive chemotherapy for unresectable 
metastatic gastric cancer: a propensity score-matching analysis. J 
Cancer Res Clin Oncol. 2021;147(8):2385–96. https://​doi.​org/​10.​1007/​
s00432-​021-​03516-7.

	8.	 Sato Y, Ohnuma H, Nobuoka T, Hirakawa M, Sagawa T, Fujikawa K, Taka-
hashi Y, Shinya M, Katsuki S, Takahashi M, et al. Conversion therapy for 
inoperable advanced gastric cancer patients by docetaxel, cisplatin, and 
S-1 (DCS) chemotherapy: a multi-institutional retrospective study. Gastric 
Cancer. 2017;20(3):517–26. https://​doi.​org/​10.​1007/​s10120-​016-​0633-1.

	9.	 Yoshida K, Yamaguchi K, Okumura N, Osada S, Takahashi T, Tanaka Y, 
Tanabe K, Suzuki T. The roles of surgical oncologists in the new era: 
minimally invasive surgery for early gastric cancer and adjuvant surgery 
for metastatic gastric cancer. Pathobiology. 2011;78(6):343–52. https://​
doi.​org/​10.​1159/​00032​8197.

	10.	 Jones RP, Hamann S, Malik HZ, Fenwick SW, Poston GJ, Folprecht G. 
Defined criteria for resectability improves rates of secondary resection 
after systemic therapy for liver limited metastatic colorectal cancer. Eur J 
Cancer. 2014;50(9):1590–601. https://​doi.​org/​10.​1016/j.​ejca.​2014.​02.​024.

	11.	 Liang H, Li F, Zhang H, Xie Q, Zhong R, Huang K, Yan X, Li Z, Huang Z, Hu Y, 
et al. Clinical outcomes of conversion surgery following immune check-
point inhibitors and chemotherapy in stage IV gastric cancer with perito-
neal metastasis. Journal of Clinical Oncology. 2024;42(3_SUPPL):281–281. 
https://​doi.​org/​10.​1200/​JCO.​2024.​42.3_​suppl.​281.

	12.	 Arigami T, Matsushita D, Okubo K, Sasaki K, Noda M, Kita Y, Mori S, Kura-
hara H, Yanagita S, Uenosono Y, et al. Clinical Significance of Conversion 
Surgery for Gastric Cancer with Peritoneal Dissemination: A Retrospective 
Study. Oncology. 2020;98(11):798–806. https://​doi.​org/​10.​1159/​00050​
9530.

https://doi.org/10.1186/s12876-025-03969-x
https://doi.org/10.1186/s12876-025-03969-x
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.ejca.2024.115080
https://doi.org/10.1016/s1470-2045(24)00580-1
https://doi.org/10.1016/s1470-2045(24)00580-1
https://doi.org/10.1007/s10120-024-01516-3
https://doi.org/10.1007/s10120-024-01516-3
https://doi.org/10.1038/s41591-024-03007-5
https://doi.org/10.1038/s41591-024-03007-5
https://doi.org/10.1016/s0140-6736(24)01595-2
https://doi.org/10.1016/s0140-6736(24)01595-2
https://doi.org/10.1007/s00432-021-03516-7
https://doi.org/10.1007/s00432-021-03516-7
https://doi.org/10.1007/s10120-016-0633-1
https://doi.org/10.1159/000328197
https://doi.org/10.1159/000328197
https://doi.org/10.1016/j.ejca.2014.02.024
https://doi.org/10.1200/JCO.2024.42.3_suppl.281
https://doi.org/10.1159/000509530
https://doi.org/10.1159/000509530


Page 15 of 16Wu et al. BMC Gastroenterology          (2025) 25:371 	

	13.	 Shin MK, Choi MG, Kim ST, Kang WK, Sohn TS, An JY, Lee JH, Lee JY: The 
Clinical Implication of Conversion Surgery in Patients with Stage IV Gas-
tric Cancer Who Received Systemic Chemotherapy. Biomedicines 2023, 
11(11). https://​doi.​org/​10.​3390/​biome​dicin​es111​13097. 

	14.	 Yamaguchi K, Yoshida K, Tanahashi T, Takahashi T, Matsuhashi N, Tanaka 
Y, Tanabe K, Ohdan H. The long-term survival of stage IV gastric cancer 
patients with conversion therapy. Gastric Cancer. 2018;21(2):315–23. 
https://​doi.​org/​10.​1007/​s10120-​017-​0738-1.

	15.	 Liang H, Yan X, Li F, Li Z, Qiu Y, Feng H, Zhang R, Liu H, Li G, Zhao L. 
Survival benefits of conversion surgery for stage IV gastric cancer patients 
treated with anti-PD-1 antibody and chemotherapy and/or targeted ther-
apy. Annals of Oncology. 2023;34:S78. https://​doi.​org/​10.​1016/j.​annonc.​
2023.​04.​232.

	16.	 Shinkai M, Imano M, Hiraki Y, Momose K, Kato H, Shiraishi O, Yasuda 
A, Tsubaki M, Nishida S, Yasuda T. Efficacy of conversion surgery after 
a single intraperitoneal administration of paclitaxel and systemic 
chemotherapy for gastric cancer with peritoneal metastasis. Langen-
becks Archives of Surgery. 2022;407(3):975–83. https://​doi.​org/​10.​1007/​
s00423-​021-​02410-7.

	17.	 Huang R-Y, Kou H-W, Le P-H, Kuo C-J, Chen T-H, Wang S-Y, Chen J-S, Yeh 
T-S, Hsu J-T: Outcomes of Conversion Surgery for Metastatic Gastric 
Cancer Compared with In-Front Surgery Plus Palliative Chemotherapy 
or In-Front Surgery Alone. Journal of Personalized Medicine 2022;12(4). 
https://​doi.​org/​10.​3390/​jpm12​040555. 

	18.	 Li Y, Lin H, Huang K, Zhao J. Efficacy of conversion surgery after neoad-
juvant intraperitoneal-systemic chemotherapy in treating peritoneal 
metastasis of gastric cancer. J BUON. 2021;26(1):211–7.

	19.	 Fukuchi M, Mochiki E, Ishiguro T, Kumagai Y, Ishibashi K, Ishida H. Prog-
nostic Significance of Conversion Surgery Following First- or Second-line 
Chemotherapy for Unresectable Gastric Cancer. Anticancer research. 
2018;38(11):6473–8. https://​doi.​org/​10.​21873/​antic​anres.​13010.

	20.	 Yamada N, Akai A, Nomura Y, Tanaka N. The impact and optimal indica-
tion of non-curative gastric resection for stage IV advanced gastric 
cancer diagnosed during surgery: 10 years of experience at a single 
institute. World J Surg Oncol. 2016;14:79. https://​doi.​org/​10.​1186/​
s12957-​016-​0790-z.

	21.	 Li Z, Fan B, Shan F, Tang L, Bu Z, Wu A, Zhang L, Wu X, Zong X, Li S, 
et al. Gastrectomy in comprehensive treatment of advanced gastric 
cancer with synchronous liver metastasis: a prospectively compara-
tive study. World J Surg Oncol. 2015;13:212. https://​doi.​org/​10.​1186/​
s12957-​015-​0627-1.

	22.	 Kinoshita J, Fushida S, Tsukada T, Oyama K, Okamoto K, Makino I, Naka-
mura K, Miyashita T, Tajima H, Takamura H, et al. Efficacy of conversion 
gastrectomy following docetaxel, cisplatin, and S-1 therapy in potentially 
resectable stage IV gastric cancer. Eur J Surg Oncol. 2015;41(10):1354–60. 
https://​doi.​org/​10.​1016/j.​ejso.​2015.​04.​021.

	23.	 Ito S, Oki E, Nakashima Y, Ando K, Hiyoshi Y, Ohgaki K, Saeki H, Morita M, 
Sakaguchi Y, Maehara Y. Clinical significance of adjuvant surgery following 
chemotherapy for patients with initially unresectable stage IV gastric 
cancer. Anticancer Res. 2015;35(1):401–6.

	24.	 Fukuchi M, Ishiguro T, Ogata K, Suzuki O, Kumagai Y, Ishibashi K, Ishida H, 
Kuwano H, Mochiki E. Prognostic Role of Conversion Surgery for Unre-
sectable Gastric Cancer. Ann Surg Oncol. 2015;22(11):3618–24. https://​
doi.​org/​10.​1245/​s10434-​015-​4422-6.

	25.	 Wang Y, Yu Y-Y, Li W, Feng Y, Hou J, Ji Y, Sun Y-H, Shen K-T, Shen Z-B, Qin 
X-Y, et al. A phase II trial of Xeloda and oxaliplatin (XELOX) neo-adjuvant 
chemotherapy followed by surgery for advanced gastric cancer patients 
with para-aortic lymph node metastasis. Cancer Chemotherapy 
and Pharmacology. 2014;73(6):1155–61. https://​doi.​org/​10.​1007/​
s00280-​014-​2449-1.

	26.	 Chen F, Xian J, Huo J. Prognostic significance of a pathological response 
in metastatic lymph nodes of patients with gastric cancer who under-
went neoadjuvant chemotherapy followed by surgery. Surgery Today. 
2024;54(10):1255–64. https://​doi.​org/​10.​1007/​s00595-​024-​02829-7.

	27.	 Araruna GF, Ribeiro HSC, Torres SM, Diniz AL, Godoy AL, Farias IC, Costa 
WL, Coimbra FJF: Impact of Minimally Invasive Surgery on Early and Late 
Outcomes of Patients With Gastric Cancer Treated Using Neoadjuvant 
Chemotherapy. Journal of Surgical Oncology 2024.https://​doi.​org/​10.​
1002/​jso.​27904. 

	28.	 Morino K, Yamamoto M, Yamanaka R, Iwasaki Y, Nakanishi N, Goto T, 
Tanaka H, Matsusue R, Machimoto T. Clinical Impact of Laparoscopic 

Surgery on the Long-term Survival of Advanced Gastric Cancer Patients 
With Regard to Facilitating Doublet Adjuvant Chemotherapy. Anticancer 
Research. 2023;43(5):2203–9. https://​doi.​org/​10.​21873/​antic​anres.​16383.

	29.	 Liu H, Chen X, Sun J, Gao P, Song Y, Zhang N, Lu X, Xu H, Wang Z. The 
efficacy and toxicity of paclitaxel plus S-1 compared with paclitaxel 
plus 5-FU for advanced gastric cancer: a PRISMA systematic review and 
meta-analysis of randomized controlled trials. Medicine (Baltimore). 
2014;93(25):e164. https://​doi.​org/​10.​1097/​md.​00000​00000​000164.

	30.	 Bang YJ, Kim YW, Yang HK, Chung HC, Park YK, Lee KH, Lee KW, Kim YH, 
Noh SI, Cho JY, et al. Adjuvant capecitabine and oxaliplatin for gastric 
cancer after D2 gastrectomy (CLASSIC): a phase 3 open-label, randomised 
controlled trial. Lancet. 2012;379(9813):315–21. https://​doi.​org/​10.​1016/​
s0140-​6736(11)​61873-4.

	31.	 Kakeji Y, Yoshida K, Kodera Y, Kochi M, Sano T, Ichikawa W, Lee SW, Shiba-
hara K, Shikano T, Kataoka M, et al. Three-year outcomes of a randomized 
phase III trial comparing adjuvant chemotherapy with S-1 plus docetaxel 
versus S-1 alone in stage III gastric cancer: JACCRO GC-07. Gastric Cancer. 
2022;25(1):188–96. https://​doi.​org/​10.​1007/​s10120-​021-​01224-2.

	32.	 So TCY, Lee KC, Wong ECY. Treatment Outcomes of Stage II or III Gastric 
Cancer Treated with Adjuvant Chemotherapy with TS-1 or XELOX after 
Radical Surgery. Hong Kong Journal of Radiology. 2023;26(2):91–9. 
https://​doi.​org/​10.​12809/​hkjr2​317576.

	33.	 Fujitani K, Yang HK, Mizusawa J, Kim YW, Terashima M, Han SU, Iwasaki Y, 
Hyung WJ, Takagane A, Park DJ, et al. Gastrectomy plus chemotherapy 
versus chemotherapy alone for advanced gastric cancer with a single 
non-curable factor (REGATTA): a phase 3, randomised controlled trial. 
Lancet Oncol. 2016;17(3):309–18. https://​doi.​org/​10.​1016/​s1470-​2045(15)​
00553-7.

	34.	 Al-Batran SE, Homann N, Pauligk C, Illerhaus G, Martens UM, Stoehl-
macher J, Schmalenberg H, Luley KB, Prasnikar N, Egger M, et al. Effect of 
Neoadjuvant Chemotherapy Followed by Surgical Resection on Survival 
in Patients With Limited Metastatic Gastric or Gastroesophageal Junction 
Cancer: The AIO-FLOT3 Trial. JAMA Oncol. 2017;3(9):1237–44. https://​doi.​
org/​10.​1001/​jamao​ncol.​2017.​0515.

	35.	 Liang H. Progress in conversion therapy for stage IV gastric cancer. 
Zhonghua Wei Chang Wai Ke Za Zhi. 2021;24(2):107–11. https://​doi.​org/​
10.​3760/​cma.j.​cn.​441530-​20201​215-​00661.

	36.	 Yamaguchi T, Takashima A, Nagashima K, Makuuchi R, Aizawa M, Ohashi 
M, Tashiro K, Yamada T, Kinoshita T, Hata H, et al. Efficacy of Postoperative 
Chemotherapy After Resection that Leaves No Macroscopically Visible 
Disease of Gastric Cancer with Positive Peritoneal Lavage Cytology (CY1) 
or Localized Peritoneum Metastasis (P1a): A Multicenter Retrospective 
Study. Ann Surg Oncol. 2020;27(1):284–92. https://​doi.​org/​10.​1245/​
s10434-​019-​07697-x.

	37.	 Tiberio GA, Ministrini S, Gardini A, Marrelli D, Marchet A, Cipollari C, 
Graziosi L, Pedrazzani C, Baiocchi GL, La Barba G, et al. Factors influencing 
survival after hepatectomy for metastases from gastric cancer. Eur J Surg 
Oncol. 2016;42(8):1229–35. https://​doi.​org/​10.​1016/j.​ejso.​2016.​03.​030.

	38.	 Zhai Y, Zheng Z, Deng W, Yin J, Bai Z, Liu X, Zhang J, Zhang Z: Interval 
time between neoadjuvant chemotherapy and surgery in advanced gas-
tric cancer doesn’t affect outcome: A meta analysis. Frontiers in Surgery 
2023;9.https://​doi.​org/​10.​3389/​fsurg.​2022.​10474​56. 

	39.	 Wu L, Ge L, Qin Y, Huang M, Chen J, Yang Y, Zhong J. Postoperative 
morbidity and mortality after neoadjuvant chemotherapy versus upfront 
surgery for locally advanced gastric cancer: a propensity score matching 
analysis. Cancer Management and Research. 2019;11:6011–8. https://​doi.​
org/​10.​2147/​cmar.​S2038​80.

	40.	 Nakazawa N, Sohda M, Hosoi N, Watanabe T, Kumakura Y, Yamashita T, 
Tanaka N, Saito K, Kimura A, Kasuga K et al: Conversion Surgery After 
Chemotherapy Plus Nivolumab as the First-Line Treatment for Unresect-
able Advanced or Recurrent Gastric Cancer and a Biomarker Study Using 
the Gustave Roussy Immune Score: A Multicenter Study. Annals of Surgi-
cal Oncology 2024. https://​doi.​org/​10.​1245/​s10434-​024-​16161-4. 

	41.	 Arigami T, Matsushita D, Okubo K, Sasaki K, Noda M, Kita Y, Mori S, Kura-
hara H, Yanagita S, Uenosono Y, et al. Prognostic impact of surgery after 
chemotherapy for type 4 gastric cancer. Surgery Today. 2021;51(11):1851–
9. https://​doi.​org/​10.​1007/​s00595-​021-​02320-7.

	42.	 Zhang J, Yang D, Zhao Q, Zhang HW, Zheng ZC. A prospective, multi-
center, non-randomized, controlled trial of apatinib plus perioperative 
chemotherapy with FLOT protocol and surgery for the treatment of stage 

https://doi.org/10.3390/biomedicines11113097
https://doi.org/10.1007/s10120-017-0738-1
https://doi.org/10.1016/j.annonc.2023.04.232
https://doi.org/10.1016/j.annonc.2023.04.232
https://doi.org/10.1007/s00423-021-02410-7
https://doi.org/10.1007/s00423-021-02410-7
https://doi.org/10.3390/jpm12040555
https://doi.org/10.21873/anticanres.13010
https://doi.org/10.1186/s12957-016-0790-z
https://doi.org/10.1186/s12957-016-0790-z
https://doi.org/10.1186/s12957-015-0627-1
https://doi.org/10.1186/s12957-015-0627-1
https://doi.org/10.1016/j.ejso.2015.04.021
https://doi.org/10.1245/s10434-015-4422-6
https://doi.org/10.1245/s10434-015-4422-6
https://doi.org/10.1007/s00280-014-2449-1
https://doi.org/10.1007/s00280-014-2449-1
https://doi.org/10.1007/s00595-024-02829-7
https://doi.org/10.1002/jso.27904
https://doi.org/10.1002/jso.27904
https://doi.org/10.21873/anticanres.16383
https://doi.org/10.1097/md.0000000000000164
https://doi.org/10.1016/s0140-6736(11)61873-4
https://doi.org/10.1016/s0140-6736(11)61873-4
https://doi.org/10.1007/s10120-021-01224-2
https://doi.org/10.12809/hkjr2317576
https://doi.org/10.1016/s1470-2045(15)00553-7
https://doi.org/10.1016/s1470-2045(15)00553-7
https://doi.org/10.1001/jamaoncol.2017.0515
https://doi.org/10.1001/jamaoncol.2017.0515
https://doi.org/10.3760/cma.j.cn.441530-20201215-00661
https://doi.org/10.3760/cma.j.cn.441530-20201215-00661
https://doi.org/10.1245/s10434-019-07697-x
https://doi.org/10.1245/s10434-019-07697-x
https://doi.org/10.1016/j.ejso.2016.03.030
https://doi.org/10.3389/fsurg.2022.1047456
https://doi.org/10.2147/cmar.S203880
https://doi.org/10.2147/cmar.S203880
https://doi.org/10.1245/s10434-024-16161-4
https://doi.org/10.1007/s00595-021-02320-7


Page 16 of 16Wu et al. BMC Gastroenterology          (2025) 25:371 

III gastric cancer. Annals of Oncology. 2020;31:S905. https://​doi.​org/​10.​
1016/j.​annonc.​2020.​08.​1940.

	43.	 Nishi M, Shimada M, Yoshikawa K, Takasu C, Wada Y, Tokunaga T, Nakao T, 
Kashihara H, Yoshimoto T, Yamashita S. Propensity Score-Matched Analy-
sis of the Short- and Long-Term Outcomes of Robotic Versus Laparo-
scopic Gastrectomy for Gastric Cancer. Ann Surg Oncol. 2022;29(6):3887–
95. https://​doi.​org/​10.​1245/​s10434-​021-​11203-7.

	44.	 Ri M, Nunobe S, Honda M, Akimoto E, Kinoshita T, Hori S, Aizawa M, 
Yabusaki H, Isobe Y, Kawakubo H, et al. Gastrectomy with or without 
omentectomy for cT3–4 gastric cancer: a multicentre cohort study. Br J 
Surg. 2020;107(12):1640–7. https://​doi.​org/​10.​1002/​bjs.​11702.

	45.	 Sano T, Sasako M, Mizusawa J, Yamamoto S, Katai H, Yoshikawa T, 
Nashimoto A, Ito S, Kaji M, Imamura H, et al. Randomized Controlled Trial 
to Evaluate Splenectomy in Total Gastrectomy for Proximal Gastric Carci-
noma. Ann Surg. 2017;265(2):277–83. https://​doi.​org/​10.​1097/​sla.​00000​
00000​001814.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.annonc.2020.08.1940
https://doi.org/10.1016/j.annonc.2020.08.1940
https://doi.org/10.1245/s10434-021-11203-7
https://doi.org/10.1002/bjs.11702
https://doi.org/10.1097/sla.0000000000001814
https://doi.org/10.1097/sla.0000000000001814

	Comparison of outcomes between surgery and non-surgery after conversion therapy for advanced gastric cancer with unresectable factors: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Literature search strategy
	Inclusion criteria and primary outcome measures
	Participants (P)
	Intervention (I) and Comparison (C)
	Outcomes (O)
	Study Design (S)

	Literature search and identification
	Risk of bias and study quality
	Data extraction
	Statistical analysis

	Results
	Primary outcomes
	1-Year survival rate
	1-Year progression-free survival rate
	3-Year survival rate
	3-Year progression-free survival rate
	5-Year survival rate

	Secondary outcomes
	Complete Response (CR) rate
	Partial Response (PR) rate
	Stable disease (SD) rate
	Progressive disease (PD) rate

	Adverse event rates
	Neutropenia incidence
	Anemia incidence
	Nausea incidence
	Diarrhea incidence
	Bowel obstruction incidence


	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


