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ABSTRACT

Background. Adjuvant chemotherapy (CT) and

chemoradiotherapy (CRT) after surgery are necessary to

reduce the risk of metastasis and recurrence for

resectable gastric cancer (GC) patients. Adjuvant CT and

CRT have been proven to significantly improve the prog-

nosis for GC patients, when compared with surgery only.

However, it is still unclear whether radiotherapy offers

additional survival benefits to advanced gastric cancer

(AGC) patients.

Methods. PubMed, Cochrane Library, and Embase data-

bases were systematically searched for eligible studies that

compared survival benefits between CRT and CT. The

endpoints of this meta-analysis were measured as HR for

OS or DFS and 95% CI using fixed- or random-effect

models. Additionally, side effects, completed rate, and

metastatic risk, were calculated as OR. Subgroup analyses

according to clinicopathological factors were presented.

Results. A total of 28 eligible studies involving 20,220

patients were included in our study. Of these, 17 studies

evaluated the survival benefits of additional radiotherapy

on overall survival (OS) of gastric cancer patients, ten

reported the impact of CRT on disease-free survival (DFS),

and 26 studies showed long-term survival rate. The pooled

results were significant (HR for OS 0.84, 95% CI

0.71–0.99; HR for DFS 0.76, 95% CI 0.66–0.89). The

subgroup analysis showed that adjuvant CRT increased OS

for patients without preoperative treatment; showed similar

nausea/vomiting, but an increased risk of neutropenia;

reduced the risk of locoregional recurrence; failed to

improve OS for lymph node (LN)-positive GC patients;

and significantly improved prognosis for R1-treated

patients. Of note, DFS was improved in all the subgroups

via decreasing the locoregional recurrence.

Conclusion. Compared with CT, adjuvant CRT can

improve survival for advanced gastric cancer patients, with

similar nausea/vomiting, but increased risk of neutropenia.

Patients without preoperative treatment or with positive

surgical margins should be strongly recommended to

undergo CRT. Treatment regimens should be carefully

decided by doctors based on patients’ tolerance, physical

status, and reaction to treatment. Moreover, CRT improves

the DFS for patients regardless of subgroups, because it

significantly reduced the risk of locoregional recurrence.

Although the incidence of gastric cancer has declined in

recent years due to a reduction in Helicobacter pylori (HP)

infection,1 it remains the third leading cause of cancer-

related deaths in China.2,3 Most GC patients go to the

hospital at an advanced stage because of the atypical

symptoms and poor knowledge of GC, which leads to a

poor prognosis for a majority of these patients, including

those who have undergone radical resection. To reduce the

rate of recurrence and improve survival in AGC patients,

surgery combined with adjuvant treatments are imperative.
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In Eastern countries, D2 resection combined with

chemotherapy is popular as the standard treatment, while

D1 resection and adjuvant chemoradiotherapy is more

common in Western countries. D2 resection improved

survival by reducing the risk of recurrence and metastasis,

but was associated with more serious operative complica-

tions and a higher mortality rate.4–6 Notably, D2 resection

should be performed by experienced surgeons, as inade-

quate resection is common in developing areas. Thus,

salvage treatments are necessary for patients because of

their higher risk of lymphatic recurrence.4 When compared

with surgery only, perioperative chemotherapy and adju-

vant chemoradiotherapy bring benefits to AGC patients, as

proven by the MAGIC and INT-0116 trials, respectively.7,8

Whether radiotherapy can offer additional benefits to

postoperative AGC patients is still unclear.

Jabo and Han et al. demonstrated that patients who

underwent adjuvant CRT had a better prognosis and milder

side effects than those with CT.4,9 Some studies and meta-

analyses revealed that additional radiotherapy could

decrease locoregional recurrence, which was the main

cause of poor prognosis for gastric cancer patients, but

failed to elicit any superior survival benefits.10,11 Incon-

sistent conclusions given by these studies were potentially

related to different baseline characteristics among the

included patients. More than 50% of enrolled patients in

the INT-0116 trial underwent a D0 resection, while only

fewer than 10% of them received a D2 resection, which has

been widely criticized.8 Additionally, more than half of all

the patients enrolled in the ARTIST and CRITICS trials

were TNM stage I and II, whose earlier tumor stage and

lower recurrence rate potentially contributed to them being

less likely to benefit from RT.12,13 Given the circum-

stances, a pooled analysis is necessary.

This updated meta-analysis aims to explore whether the

addition of radiotherapy to adjuvant chemotherapy

improves the prognosis of GC patients, and a subgroup

analysis is provided to identify patients who will derive

benefits from CRT.

METHODS

Literature Search

In this meta-analysis, a systematic search was conducted

using PubMed, Cochrane Library, and Embase databases

up to December 2021. The following keywords were used

to search the relevant studies: ‘‘gastric cancer or stomach

neoplasms,’’ ‘‘chemotherapy,’’ ‘‘radiotherapy or chemora-

diotherapy or radiochemotherapy.’’ We primarily collected

studies through these combined keywords and then the

references listed in the publications were screened to

further identify relevant studies. Next, two investigators

reviewed the titles and abstracts to evaluate the topic rel-

evance. Finally, full texts of these potentially relevant

studies were assessed and screened.

Eligibility Criteria and Quality Assessment

Studies meeting the following criteria were selected in

this analysis: (1) patients undergoing gastrectomy and

whose histological examination proved carcinoma of gas-

tric lesions were eligible; (2) studies providing

clinicopathological factors of patients; (3) studies that

compared at least two treatment strategies, including

adjuvant chemoradiotherapy and chemotherapy alone; (4)

survival outcomes of grouped patients should be presented.

Survival outcomes could be reported as long-term survival,

or hazard ratio (HR) for overall survival (OS), relapse-free

survival (RFS), or disease-free survival (DFS) and 95%

confidence intervals (CI).

Studies concerning targeted therapy or immunotherapy

or intraperitoneal chemotherapy were excluded, as were

conference abstracts, reviews, case reports, studies without

useable data, and studies published before 2010.

The Newcastle-Ottawa scale was used to assess the

quality of studies,14 and studies were grouped according to

their own scores: C 8 were considered high quality; 7–8

were medium quality; less than 7 were low quality.

Statistical Analysis

The endpoints of this meta-analysis were measured as

HR for OS or DFS and 95% CI. Considering that the

definition of RFS was similar to that of DFS, RFS was

regarded as DFS. Statistical heterogeneity for studies was

evaluated using the Cochran Q test and I2 statistics, and

significant heterogeneity was defined as I2 [ 50% or P\
0.01. The pooled HRs and 95% CIs were measured by the

fixed-effect or random-effect model according to the

heterogeneity. If pooled results show significant hetero-

geneity, a random-effect model should be used. When it

comes to side effects, completed rate, and recurrent risk,

ORs calculated from each study were pooled and analyzed

in the study. To detect a potential publication bias, we

performed visual inspection of funnel plots and Egger’s

test. Two-tailed P\ 0.05 was considered significant bias,

then sensitivity analysis would be used to find the potential

outliers and improve the reliability of pooled results. All

statistical analyses were performed by clinicians special-

ized in meta-analysis using Stata SE 15.0 software (Stata

Corporation, College Station, TX, USA).
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RESULTS

Search Results and Study Characteristics

The literature search is shown as a flow diagram in

Fig. 1. There were 3145 articles identified initially from

various databases using search strategies, and 3076 studies

were excluded via scanning the titles or abstracts, and the

remaining 69 articles were further evaluated by the full-text

view. Of these 69 studies, 21 studies were excluded

because of their lack of original data, 5 articles were

reviews, 7 were conference abstracts, 5 were secondary

studies for existing randomized controlled trials (RCTs),

and 3 studies were regarded as low quality. Eventually, a

total of 28 studies were included in this meta-analysis,

based on the eligibility criteria. Of these, 17 studies eval-

uated the additional benefit of adjuvant radiotherapy on

overall survival (OS),2,4,9,11,12,15–26 10 studies offered dis-

ease-free survival (DFS), and 26 studies showed long-term

survival rate.4,9,12,15–17,19,24,25,27

The characteristics of these included studies are pre-

sented in Table 1. All the included articles were

retrospective cohort studies, and were published between

2010 and 2021, with a range of sample sizes from 61 to

5058. A total of 20,220 patients were included in this

analysis. The detailed treatment strategies and sample sizes

are summarized in Table 2. Twenty-three studies compared

adjuvant CRT with postoperative

CT,4,9,11,12,16,17,19,21–25,27–37 5 studies compared adjuvant

CRT with perioperative CT,2,15,18,20,26 and chemotherapy

regimens were varied among studies, mostly based on

5-FU, S-1, and oxaliplatin. For all studies, chemotherapy

was regarded as the reference group, and measured HR for

OS or DFS represented the impact of additional radio-

therapy on survival outcomes. Survival outcomes of gastric

cancer patients are summarized in Supplementary

Table S1.

A total of 17 studies evaluated the survival benefits of

additional radiotherapy on OS of gastric cancer patients,

and the pooled results showed that, compared with

chemotherapy alone, adjuvant chemoradiotherapy had

better overall survival (HR 0.84, 95% CI 0.71–0.99, ran-

dom-effect model, Fig. 2a). Ten studies reported the

relationship between adjuvant CRT and DFS, compared

with CT, and the pooled result remined significant (HR

0.76, 95% CI 0.66–0.89, random-effects model, Fig. 2b). In

the subgroup analysis based on chemotherapy, adjuvant

chemoradiotherapy increased OS and DFS for patients

without preoperative treatment (CRT vs perioperative CT:

HR for OS 1.00, 95% CI 0.69–1.47; CRT vs postoperative

CT: HR for OS 0.79, 95% CI 0.71–0.99). Thus, CRT can

improve survival for postoperative GC patients without

preoperative treatment. The funnel plots were a little

asymmetrical (Supplementary Figs. S1 and S2), but not

significantly so (P = 0.485 and P = 0.671, respectively),

which indicated that the pooled results were reliable.

Among the included studies, neutropenia was the most

frequent hematological toxicity, and nausea/vomiting was

the commonest gastrointestinal adverse effect, and rates

ranged from 50%/46% to 87%/93.2% among studies.

Pooled results showed that the treatment-completed pro-

portion of CRT among GC patients was not inferior to that

of CT (OR 0.87, 95% CI 0.67–1.12, Fig. 3), with similar

hematological side effects (OR 1.30, 95% CI 0.59–2.88,

Fig. 4a), but increased risk of gastrointestinal ones (OR

1.43, 95% CI 1.01–2.04, Fig. 4b). Next, we further com-

pared the risk of neutropenia and nausea/vomiting, which

were the commonest hematological and gastrointestinal

toxicities, respectively, between CRT and CT. Results

revealed that CRT would increase the risk of neutropenia

(OR 1.71, 95% CI 1.40–2.10, Fig. 4c), but presented a

similar risk of nausea/vomiting as CT (OR 1.02, 95% CI

0.57–1.83, Fig. 4d). In conclusion, in addition to survival

benefits, patients tolerated CRT treatment well, but

potentially tended to suffer more serious gastrointestinal

side effects and neutropenia.

To the best of our knowledge, poor prognosis of GC

patients was caused by high risk of recurrence and

metastasis. In this analysis, we found that CRT contributed

to reducing the risk of metastasis and recurrence, especially

locoregional recurrence (total metastasis: OR 0.64, 95% CI

0.43–0.94, Fig. 5a; locoregional recurrence: OR 0.61, 95%

CI 0.44–0.83, Fig. 5b; peritoneal metastasis: OR 0.99, 95%

CI 0.81–1.20, Fig. 5c; distant metastasis: OR 0.89, 95% CI

0.75–1.05, Fig. 5d).

3145 articles identified through PubMed,

Cochrane Library databases and Embase

2910 were excluded after

screening the title

166 were excluded after

screening the abstract

41 Excluded:

21 No original data

5 Review

7 conference abstract

5 secondary studies for existed RCT

3 Low quality

235 articles were further evaluated

through scanning abstract

69 potentially relevant studies via the full

text review

28 studies included in analysis

FIG. 1. Flow diagram of literature search process
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According to the ARTIST trial, patients with node-

positive disease and intestinal-type GC seemed to benefit

more from CRT.12,27 Thus, we performed a subgroup

analysis based on ARTIST to detect patients who mostly

benefited from adjuvant CRT, and the results showed that

additional radiotherapy could not improve OS for LN-

positive GC patients (HR for OS 0.83, 95% CI 0.60–1.16,

Fig. 6a), potentially resulting from a higher risk of lym-

phatic and distant metastasis; whereas CRT significantly

increased DFS for patients with metastatic LNs, possibly

due to its reduction of locoregional recurrence (HR for

DFS 0.79, 95% CI 0.69–0.90, Fig. 6b). Lauren type is

associated with prognosis of GC patients, and some

research has revealed that CRT should be suggested for

intestinal-type patients. Pooled results for DFS showed

CRT provided benefits for both diffused-type and intesti-

nal-type GC patients (among intestinal-type patients: HR

for DFS 0.64, 95% CI 0.49–0.84, Fig. 6c; among diffuse-

type patients: HR for DFS 0.82, 95% CI 0.69–0.98,

Fig. 6d). OS was not analyzed because of lack of related

information. Thus, CRT can improve prognosis for GC

patients regardless of Lauren types, and intestinal-type GC

TABLE 1. Characteristics of relevant studies

Study Country, study type,

year

Median follow-up (range,

months)

Age (median or

range)

Tumor stage Surgery

Park SH

et al.

Korea, 2020 47 27–85 TNM II-III, N? D2, R0

Park et al. USA, 2015 84 22–77 N0-3; M0; TNM IB-IV D2, R0

Bamias et al. Greece, 2010 53.7 (0.1–77.8) 32–79 T 1-4; N 0-3; M0/1; TNM

IB-IV

D0 or D1?D2, R0

Cats et al. Multicentered: 2018 61.4 (43.3–82.8) 54–69 T 1-4; N 0-3; M0/1; TNM

IB-IV

D0, D1, D2 or D3,

R0/R1

Mansouri

et al.

Tunisia, 2021 38.48 (4–139) 59.21 T 1-4; N 0-3; M0/1; TNM

I-IV

D1, D1.5, and D2

Datta et al. USA, 2016 80.3 65 TNM IB-III R0 (83.4%), R1

Jabo et al. USA, 2018 76 – T1-4, TNM IB-IV –

Yu et al. Korea, 2018 65.4 (3.9–141.7) 22–84 T1-4, N1-3b D2, R0

Zaidi et al. Canada, 2021 – 63 (56–71) TNM I-III –

Zhu et al. China, 2012 42.5 38–75 TNM Ib-IV, M0 D2, R0

Yu et al. China, 2012 18–70 T3/4, N? D1, D2, R0

Kwon et al. Korea, 2010 77.2 (24–92.8) 23–70 TNM IIIA, IIIB, IV(M0) D2, R0

Stumpf et al. USA, 2017 47 (1–128) 62 (19–90) T1-4; N0-3; M0; TNM I-III D0, D1, D2, R0/1

Kim et al. Korea, 2012 86.7 (60.3–116.5) – T2-4, N0-3, TNM IIIA/

IIIB/IV

D2, R0

Girardi et al. Brazil, 2018 0.2–61.3 30–80 TNM IB-IIIC D1, D2, R0/1

Peng et al. China, 2016 41.1 (14–111.1) 18–75 TNM IIA-IIIC D2, R0

Wang et al. China, 2021 27.1 (2–116) 28–84 T2-4; N0-3; TNM IA-IIIC D2, R0

Han et al. China, 2020 – 20–75 TNM IB-III D2, R0

Ma et al. China, 2019 41.1 (7.0–104.2) 43–66 T2-4. N0-3, TNM IIIA-C D2, R0

Li et al. China, 2014 30 (2–63) 19–77 T1-4; N0-3; TNM IB-IIIC D2, R0

Turanli et al. Ankara, 2014 30 (8–112) 60 (25–77) T2-4, N1-3, TNM III D2, R0

Stiekema

et al.

Netherlands, 2014 – 21–89 T1-4, N0-3 At least D1, R1

Zhou et al. China, 2018 30/24 – T3-4, N0-3 D1, D2, R1

Zhou et al. China, 2019 38/32.4 19–80 T1-4, N3, TNM IIB, IIIA-C D2, R0

Yekedüz

et al.

Turkey, 2021 38.6 (20.3–68.5) 47–65 T1-4, N0-3, TNM I-III D2, R0

Ejaz et al. USA, 2014 28 62.3 (53.9–70.1) T1-4; N?, TNM I-IV D1,D2; R0/R1

Fitzgerald

et al.

Australia, 2017 24/31 63 N0-3, TNM II,III R0/1

Fan et al. China, 2016 36 (4–88) 19–82 T1-4, N1-3, TNM IB-IIIC D2, R0
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TABLE 2. Treatment regimens of gastric cancer patients

Study Treatment group Sample size Treatment regimens

Park 2020 S?CRT vs S?CT 364 (183 vs 181) CT: SOX:

RT: 45 Gy

Park 2015 S?CRT vs S?CT 453 (227 vs 226) CT: XP

RT: 45 Gy

Yu 2018 S?CRT vs S?CT 1633 (909 vs 724) CT: XP

RT: 45 Gy

Cats 2018 CT?S?CRT vs

CT?S?CT

788 (395 vs 393) CT: epirubicin ? cisplatin;

or oxaliplatin ? orally capecitabine

RT: 45 Gy

Bamias 2010 S?CRT vs S?CT 141 (71 vs 70) CT: docetaxel ? cisplatin

RT: 45 Gy

Mansouri 2021 S?CRT vs S?CT 80 (53 vs 27) CT: LV5FU2; or ELF; or FOLFOX4

3D-RT: 45–50.4 Gy

Datta 2016 S?CRT vs S?CT 2538 (1869 vs 669) -

Jabo 2018 S?CRT vs S?CT 1043 (1031 vs 462) -

Zaidi 2021 S?CRT vs CT?S?CT 88 (67 vs 21) CT: epirubicin ? cisplatin; or oxaliplatin ?FU; or capecitabine

RT: 45 Gy

Zhu 2012 S?CRT vs S?CT 351 (186 vs 165) CT: FU ? LV

RT: 45 Gy

Yu 2018 S?CRT vs S?CT 68 (34 vs 34) CT: FU ? LV

RT: 45 Gy

Kwon 2010 S?CRT vs S?CT 61 (31 vs 30) CT: 5-FU ? cisplatin

RT: 45 Gy

Stumpf 2017 S?CRT vs CT?S?CT 3656 (1772 vs 1884) -

Kim 2012 S?CRT vs S?CT 90 (46 vs 44) CT: FU ? LV

RT: 45 Gy

Girardi 2018 S?CRT vs S?CT 309 (227 vs 82) CT: fluoropyrimidine-platinum doublet; or XELOX; or XP

RT: -

Peng 2016 S?CRT vs S?CT 337 (124 vs 213) CT: FOLFOX

RT: 45 Gy

Wang 2021 S?CRT vs S?CT 188 (94 vs 94) CT: capecitabine or S-1

RT: 45 Gy

Han 2020 S?CRT vs S?CT 207 (73 vs 134) CT: FOLFOX

RT: 45 Gy

Ma 2019 S?CRT vs S?CT 415 (135 vs 280) CT: FU-based regimens

RT: 45 Gy

Li 2014 S?CRT vs S?CT 186 (93 vs 93) CT: 5-FU; or capecitabine; or tegafur gimeracil oteracil potassium

capsule

RT: 45 Gy

Turanli 2014 S?CRT vs S?CT 92 (71 vs 21) CT: FU ? LV; or ECF

RT: 45 Gy

Stiekema 2014 S?CRT vs S?CT 409 (40 vs 369) CT: capecitabine ? cisplatin

RT: 45 Gy

Zhou 2018 S?CRT vs S?CT 114 (33 vs 81) CT: 5-FU-based regimens

RT: 45 Gy

Zhou 2019 S?CRT vs S?CT 540 (175 vs 365) CT: 5-FU ? capecitabine; or S-1

RT: 45–50.4 Gy

Yekedüz 2021 S?CRT vs S?CT 230 (166 vs 64) CT: 5-FU-based regimens

RT: 45 Gy
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patients receive more benefit from CRT than diffuse-type

ones. More studies are needed in the future.

Pooled results indicated that patients treated with

subtotal resection gained more benefit from CRT (HR for

OS 0.60, 95% CI 0.45–0.81, Fig. 7c), while those treated

with total resection benefited less from CRT (HR for OS

1.08, 95% CI 0.69–1.71, Fig. 7d). Notably, most distally

located tumors were resected partially, not totally, and

results demonstrated that CRT improved DFS for distal

tumor-located gastric cancer patients (HR for DFS 0.68,

95% CI 0.53–0.87, not shown in this meta-analysis). It can

be concluded that patients with tumors located in the distal

stomach who are commonly treated with distal resection

should be recommended for adjuvant CRT. D2 or R0

resection improved survival for advanced GC patients: this

has been proved widely. Whether additional radiotherapy

was necessary for patients undergoing D2 or R0 resection

was still undetermined. In this meta-analysis, results indi-

cated that CRT significantly improved OS for R1 patients,

but not for R0 or D2 patients (R1 patients: HR 0.63, 95%

CI 0.52–0.76, Fig. 7a; R0 patients: HR 0.86, 95% CI

0.72–1.03, Fig. 7b; D2 patients: HR 0.80, 95% CI

0.63–1.02, Supplementary Fig. S4a and S4b), possibly

because those with radical resection or extensive lym-

phadenectomy had a relatively lower risk of locoregional

recurrence. Of note, DFS was improved for all patients

regardless of surgical methods (Supplementary Fig. S3).

Consequently, adjuvant CRT should be recommended

strongly for patients with positive surgical margins as a

salvage treatment to reduce the risk of recurrence and

metastasis. Operation selection should be considered for

the decision of adjuvant treatment regimens.

To sum up, CRT is safe and well-tolerated by postop-

erative GC patients, providing survival benefits and

Table 2. (continued)

Study Treatment group Sample size Treatment regimens

Ejaz 2014 S?CRT vs CT?S?CT 505 (294 vs 211) CT: epirubicin ? cisplatin ? 5-FU

RT: -

Fitzgerald

2017

S?CRT vs CT?S?CT 5058 (536 vs 4522) -

Fan 2016 S?CRT vs S?CT 276 (138 vs 138) CT: 5-FU; or capecitabine

RT: 45 Gy

CT chemotherapy, CRT chemoradiotherapy, S surgery, FU fluorouracil, LV leucovorin, SOX S-1 ? oxaliplatin, XP capecitabine ? cisplatin,

LV5FU2 leucovorin ? 5-FU, ELF folinic acid ? etoposide ? 5-FU, FOLFOX4 oxaliplatin ?leucovorin ? 5-FU, XELOX capecitabine ?

oxaliplatin, ECF epirubicin ? cisplatin ? FU.

Hazard ratio for overall survival(a) (b)
Hazard ratio for disease-free survival

HR (95% Cl)
%
Weight

HR (95% Cl)

%

Weight

0.99 (0.82, 1.19)

0.76 (0.66, 0.89) 100.00

13.93Cats 2018
.

S+CRT vs CT+S+CT

S+CRT vs CT+S+CT

Park 2020

Park 2015

Yu 2018

Bamias 2010

Jabo 2018

Zhu 2012

Han 2020

Zhou 2018

Zhou 2019

Subtotal (I-squared = 52.3%, p = 0.033)

Overall (I-squared = 64.2%, p = 0.003)

S+CRT vs CT+S+CT

Ejaz 2014

Fitzgerald 2017

Stumpf 2017

Cats 2018

Zaidi 2021

Subtotal (I-squared = 94.5%, p = 0.000)

1.03 (0.70, 1.51)

0.74 (0.52, 1.05)

0.80 (0.66, 0.98)

1.04 (0.66, 1.63)

0.68 (0.58, 0.79)

0.74 (0.56, 0.97)

0.36 (0.22, 0.56)

0.62 (0.33, 1.16)

0.72 (0.55, 0.95)

0.73 (0.63, 0.85)

8.31

9.03

13.59

6.84

14.91

11.15

6.71

4.35

11.19

86.07

0.51 (0.38, 0.68)

1.72 (1.47, 2.00)

0.89 (0.79, 0.99)

1.01 (0.84, 1.22)

1.39 (0.71, 2.68)

1.00 (0.69, 1.47)

0.54 (0.35, 0.84)

0.82 (0.62, 1.08)

0.73 (0.45, 1.19)

1.13 (0.77, 1.65)

0.81 (0.61, 1.06)

0.74 (0.64, 0.84)

0.60 (0.44, 0.80)

1.20 (0.75, 1.91)

0.64 (0.32, 1.28)

1.08 (0.87, 1.33)

0.40 (0.22, 0.71)

0.77 (0.67, 0.86)

0.79 (0.69, 0.90)

0.84 (0.71, 0.99)

5.04

6.42

4.65

5.56

6.43

7.45

6.23

4.80

3.28

6.96

3.87

7.50

68.20

100.00

6.30

7.35

7.58

7.13

3.44

31.80

.

S+CRT vs CT+S+CT

Stiekema 2014

Zhou 2019

Girardi 2018

Park 2015

Zhu 2012

Jabo 2018

Ma 2019

Bamias 2010

Zhou 2018

Yu 2018

Han 2020

Datta 2016

Subtotal (I-squared = 60.1%, p = 0.004)

.

Overll (I-squared = 87.4%, p = 0.000)

NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis

.217 4.61 .222 4.511

FIG. 2. (a) Hazard ratios for overall survival in the 17 eligible

independent studies, grouped by preoperative chemotherapy;

(b) hazard ratios for disease-free survival in the 10 eligible

independent studies, grouped by preoperative chemotherapy. HR:

hazard radio; CI: confidence interval; CRT: chemoradiotherapy; CT:

chemotherapy
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Treatment-completed rate

NOTE: Weights are from random effects analysis

.114 1 8.76

Park 2020

Park 2015

Bamias 2010

Mansouri 2021

Kwon 2010

Kim 2012

Girardi 2018

Ma 2019

Li 2014

Zhou 2019

Yekedüz 2021

Fan 2016

Overall (I-squared = 50.1%, p = 0.024)

0.86 (0.49, 1.51)

1.51 (0.95, 2.40)
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reducing the risk of locoregional recurrence. Gastric cancer

patients without preoperative treatment or with positive

surgical margins should be recommended to undergo CRT.

DISCUSSION

In this meta-analysis, we aimed to explore the necessity

of additional radiotherapy for advanced gastric cancer

patients. MAGIC and some other studies have confirmed

that radical surgery combined with adjuvant chemotherapy

improves the prognosis of GC patients.7,38 Furthermore,

whether additional radiotherapy provides a survival benefit

remains unclear. Different baseline characteristics and

selection bias among studies may lead to inconsistent

results. A meta-analysis including 8 studies published in

2019 revealed that adjuvant CRT improved DFS via

reducing locoregional recurrence, but failed to improve the

overall survival.10 This updated meta-analysis included 28

related studies and provided some detailed subgroup

analysis to detect patients who will derive benefits from

adjuvant CRT, achieving comprehensive and individual

treatment for AGC. A total of 20,220 AGC patients from

varied countries were included in this study. We found that

compared with chemotherapy, adjuvant CRT improved

survival for resectable gastric cancer patients, regardless of

the OS or DFS. Subgroup analysis demonstrated that CRT

significantly improved prognosis for patients without pre-

operative chemotherapy. Notably, patients who underwent

R1 resection would benefit significantly from additional

radiotherapy, regardless of preoperative treatment. For

patients with positive lymph nodes and those who were

treated with perioperative chemotherapy and R0/D2

resection, CRT and CT had similar oncological efficacy,

with mild nausea/vomiting but higher risk of neutropenia.

Moreover, the DFS was improved in all the subgroups via

reducing the risk of metastasis and recurrence. Hence, CRT

is an optional treatment strategy for GC patients, and fur-

ther studies should be conducted on its benefits.
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FIG. 5. (a) Odds ratios for total metastasis; (b) odds ratios for locoregional metastasis; (c) odds ratios for peritoneal metastasis; (d) odds ratios

for distant metastasis
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Additional radiotherapy can improve the DFS through

reducing the risk of recurrence and metastasis, especially

locoregional recurrence, which is consistent with previous

studies.10,12,16,29 Studies detected that the risk of locore-

gional recurrence (LRR) increased with the N stage (5-year

LRR for pN1-2 12.3%; pN3 23.4%), and among pN3

patients, LRR was approximately 15–30% in group 2 LNs,

while up to 60% in group 3 LNs.16 Wang et al. demon-

strated that radiotherapy decreased the recurrence of para-

aortic a2 and b1 LNs, which were the most likely regions

for locoregional recurrence.35 It can be concluded that LRR

is closely related to lymphatic metastasis and tumor stage;

thus, providing additional radiotherapy to patients with

later N stages is optional, but its effects on group 2 and 3

LNs requires further exploration. Of note, in this study, for

patients with positive lymph nodes, CRT had similar

oncological efficacy as CT, which was controversial with

the aforementioned conclusion, possibly because of the

lack of N stage-based subgroup analysis. According to Ma

et al., patients with earlier N stages could benefit more

from CRT, while CRT failed to improve the prognosis of

N3b, due to the fact that the poor survival of N3b patients

mostly resulted from higher risk of distant metastasis,

rather than locoregional recurrence, which CRT was unable

to improve.22 In addition to the N stage, LN ratio (LNR) is

also used to identify patients who potentially benefit from

CRT. Some studies reported that CRT significantly

improved the prognosis for patients with high LN burden

(LNR [ 25%), but for those whose LNR was more than

50%, CRT seldom offered a survival benefit.9,12,22 Given

the lack of information, N stage- and LNR-based subgroup

analysis was not performed in this study. Adequate LN

assessment in the evaluation of CRT-treated patients is

crucial and more studies are needed in the future.

Despite the fact that additional radiotherapy can allevi-

ate the adverse effects related to chemotherapy via

adjusting treating regimens, the completed rate of CRT is

similar to that of CT, due to its higher risk of grade 3 or 4

gastrointestinal toxicities. In this study, pooled results

revealed that patients in the CRT group were 43% more

likely to suffer from serious gastrointestinal adverse effects

as compared with patients in the CT group, even though

most of the included studies just present a ten-

dency.4,22,29,31,32 Gastrointestinal tissues are sensitive to

radiotherapy, and easily get infected and edematous,

leading to symptoms like diarrhea, vomiting, constipation,

loss of appetite, and so on.39 Thus, careful and compre-

hensive evaluation before treatment is required for patients

with a history of gastrointestinal diseases or gastrointesti-

nal adverse reactions.
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FIG. 6. (a) Hazard ratio for overall survival among LN-positive patients; (b) hazard ratio for disease-free survival among LN-positive patients;

(c) hazard ratio for disease-free survival among intestinal-type patients; (d) hazard ratio for disease-free survival among diffuse-type patients

6970 H. Lu et al.



Neutropenia and thrombocytopenia are common mani-

festations of acute radiation injury and the leading causes

of treatment interruption.40,41 According to this meta-

analysis, additional radiotherapy would increase the risk of

grade 3/4 neutropenia, compared with CT. It may be

caused by myelosuppression related to marrow injury

during radiotherapy and the administration of concurrent

myelosuppressive chemotherapy drugs. It has been

demonstrated in some studies that radiation-related marrow

injury is associated with radiation dose and irradiated

sites.42 Severe injury only occurs within irradiated marrow,

whereas unirradiated marrow is unaffected. Hence, it can

be speculated that accurate radiological localization and a

reduced volume of irradiated marrow are effective ways to

reduce marrow suppression. In addition, the duration

required to repopulate the marrow cavity and restore active

hematopoiesis would be prolonged with an increase in the

radiation dose.42 Moreover, it has been proved that

chemoradiotherapy increases the risk of myelosuppression,

compared with chemotherapy or radiotherapy alone.40,43,44

In the treatment of GC patients, non-myelosuppressive

chemotherapy combined with precise and controlled radi-

ation should be performed by experienced clinicians to

reduce neutropenia.

R1 resection, defined as a microscopic tumor-positive

resection margin found in postoperative pathological

examination, accounts for 2–22% of GC patients and pre-

dicts a poorer prognosis.45,46 For patients with R1

resection, a second surgery or adjuvant CRT are suggested.

However, a more extensive resection is still under debate

because of its higher risk of operative complications.47

Adjuvant CRT provides additional survival benefits via

decreasing locoregional recurrence for R1-treated patients

whose defects are caused by insufficient resection.12,22,29 In

this study, we found that CRT could significantly improve

the prognosis for R1-treated patients when compared with

CT. However, only three studies were included in this

subgroup analysis. Moreover, randomized controlled trials

(RCTs) evaluating the impact of CRT for GC patients with

positive margins are unlikely to be performed due to basic

ethical considerations and treatment needs. Nevertheless,

this study demonstrated that additional radiotherapy can
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FIG. 7. (a) Hazard ratio for overall survival among R1-treated
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patients; (c) hazard ratio for overall survival among patients treated

with subtotal resection; (d) hazard ratio for overall survival among
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considerably and safely improve the prognosis for R1

patients, but in our opinion, prevention of R1 resection is

still the main treatment strategy.

Extensive lymphadenectomy is necessary for GC

patients. D2 lymphadenectomy, requiring expert skills and

widely practiced in Eastern countries, increases survival

via reducing recurrence, but is associated with more sur-

gical complications and higher mortality; whereas D1

resection, which is commonly practiced in Western coun-

tries, presents a better functional recovery and shorter

hospitalization time, but has a higher risk of recurrence and

metastasis.4–6 In this study, results showed that CRT could

not provide additional survival benefits to patients who

underwent D2 resections, possibly due to the fact that

extensive lymphadenectomy decreased the risk of locore-

gional recurrence, and that patients’ poor physical status

caused treatment delay or discontinuation. According to

Wang, radiotherapy should be initiated in a timely way and

a 4-month delay was associated with higher LRR and

worse prognosis.35 Additionally, in our study, patients who

underwent D2 lymphadenectomy presented negative mar-

gins as well, thus pooled results for D2 and R0 subgroups

were consistent and insignificant. Moreover, Han et al.

found that D1CRT is not inferior to D2CT (HR = 0.96,

95% CI = 0.88–1.14), whereas a poorer prognosis was

observed when compared with D1CT patients (HR = 1.19,

95% CI 1.01–1.41),4 suggesting that adjuvant chemora-

diotherapy provided additional survival benefits for those

undergoing imperfect lymphatic resection. However, this

study did not analyze the impact of CRT on patients with

D1 resection because of limited information.

In clinical practice, surgical options are highly depen-

dent on the location and size of tumors. Further, partial

resection is commonly used for the treatment of patients

with distal tumors, while total resection is commonly

applied when treating patients with proximal and middle

tumors. However, there is still a lack of a consensus on the

surgical options applicable to CRT: subtotal or total

resection? As per a report of Ma et al., CRT could provide

more survival benefits for patients receiving subtotal

resection, compared with CT (HR for OS 0.57, 95% CI

0.41–0.80); however, it achieved similar effects to CT for

patients receiving total resection.22 In contrast, opposite

conclusions that CRT can significantly improve OS of GC

patients receiving total resection have been drawn by

Mansouri et al. (CRT vs CT, 5-year OS for total resection:

64.5% vs 28%, P = 0.016; subtotal resection: 47.4% vs

39%, P = 0.277).32 As was suggested by Ejaz, there was no

significant difference between surgical options among

patients undergoing CRT.2 According to numerous studies,

it should be noted that patients treated with total resection

have a poorer prognosis than those with partial resec-

tion,24,25,28,36 which may be caused by more severe

surgical complications, worse physical status, longer

recovery, and delayed adjuvant treatment. In this study, it

can be demonstrated that only patients treated with subtotal

resection can attain better outcomes from CRT. Further,

those patients with tumors located in the distal stomach

who are commonly treated with distal resection can attain

better outcomes from CRT, which has been revealed in this

study. Also, according to the CRITICS trial and some

recent studies, compared with chemotherapy, additional

radiotherapy would not increase the risk of surgical com-

plications, including anastomotic stenosis, obstruction,

perforation, and leakage. As was indicated by CRITICS,

patients undergoing perioperative chemotherapy were more

likely to suffer from obstruction and perforation. Thus,

CRT is a safe and effective therapy for postoperative

patients.15 In summary, it can be speculated that those

patients with tumors located in the distal stomach who have

received subtotal resection are more suitable for CRT, due

to their better status, less delay for CRT and, most

importantly, higher risks of locoregional recurrence.

Except for pathological factors, operation selection should

be considered for the decision of adjuvant treatment regi-

mens, and more studies are needed for further exploration.

In this study, results revealed that patients without pre-

operative treatment would benefit more from CRT,

compared with CT. Perioperative treatment for advanced

gastric cancer patients becomes more and more popular in

Eastern countries according to the evidence from the

MAGIC and FNCLCC/FFCD trials.7,48 Preoperative

chemotherapy increases the rate of R0 curative resection

via tumor shrinkage and downstaging49 and Schuhmacher

et al. reported that neoadjuvant chemotherapy (NAC)

resulted in a decrease in the number of positive lymph

nodes compared with the surgery alone group (76.5% vs

61.4%; P = 0.018).50 The objective of adjuvant

chemotherapy is to eradicate the remaining micrometa-

static cancer cells and reduce tumor recurrence after

curative resection. The current evidence suggested that the

combination treatment of NAC plus AC was the optimal

strategy for resectable gastric cancer.51 However, recent

clinical trials reported that the proportion of NAC-pre-

treated patients who received adjuvant treatment following

the curative resection was relatively small due to poor

physical condition and compliance.7,48 In the light of the

fact that additional radiotherapy potentially increases the

severity of gastrointestinal toxicities and long recovery

possibly delays the initiation of CRT and leads to treatment

discontinuation, NAC-pretreated patients are less likely to

benefit from CRT. Moreover, patients without preoperative

chemotherapy show adequate tolerance to adjuvant treat-

ment, and additional radiotherapy can alleviate toxicities

caused by drugs to some extent via regulating doses and

regimens. Therefore, CRT should be suggested for GC
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patients without preoperative treatment as a supplementary

treatment after surgery to decrease recurrence and improve

the prognosis. Patients with a favorable response to NAC

are expected to obtain a better survival outcome from

curative resection and subsequent adjuvant chemotherapy.

Besides, additional radiotherapy is not required due to a

lower risk of locoregional recurrence.

Notably, Stumpf et al. have confirmed that NAC-pre-

treated patients with a positive surgical margin can obtain

favorable outcomes from RT,20 which is consistent with

the results of this meta-analysis. Hence, once the positive

surgical margin is proved in one patient by postoperative

pathological examinations, adjuvant CRT should be rec-

ommended, regardless of the preoperative treatment of this

patient. Therefore, for those patients with advanced dis-

eases, positive surgical margin and intolerance to NAC, it

is necessary to perform postoperative additional radio-

therapy for them to decrease the rate of locoregional

recurrence and prolong DFS. To the best of the authors’

knowledge, AGC patients with favorable physical status

and without any acute signs or distal metastases shall

undergo NAC, owing to the fact that it can exert positive

impacts on R0 resection. In addition, radiotherapy can be

considered as a supplementary therapy to NAC. Moreover,

CRT is also an effective and safe therapeutic method for

GC patients who are intolerant of or unwilling to accept

NAC. The comprehensively personalized treatment regi-

mens shall be formulated by experienced doctors for

patients with gastric cancer.

Biomarkers, such as HER2 and ERCC1, are of great

significance for chemotherapy selection. The overexpres-

sion of these biomarkers can predict better efficacy and

longer survival. However, their effect on CRT was not

confirmed by the studies of Park and Bamias, due to the

possible fact that there is a relatively low proportion of

HER2 positivity (5% and 7% in Park’s and Bamias’s

studies, respectively) and that all patients received similar

cisplatin-based chemotherapy, regardless of the expression

of HER2.12,17 The effect of CRT on HER2-positive GC

patients has not been clarified, and more studies are

needed.

This meta-analysis is not free from limitations. Firstly,

heterogeneity would be inevitably induced by diverse

regimens and different baseline characteristics from the

retrospective studies included in this meta-analysis; it was

thus not possible to comprehensively detect the clinico-

pathological factors of patients who derived benefits from

adjuvant CRT based on existing studies, but we have

provided information and insights for future studies.

CONCLUSION

In summary, this study demonstrated that compared with

CT, CRT can improve survival for resectable advanced

gastric cancer patients, with similar nausea/vomiting, but

increased risk of neutropenia. Patients without preoperative

treatment or with positive margins should be recommended

to undergo CRT. Treatment regimens should be carefully

decided by doctors based on patients’ toleration, physical

status, and reaction to treatment. Moreover, CRT improves

the DFS for patients regardless of subgroups, because it

significantly reduced local recurrence. More clinical trials

are needed to further validate which patients may benefit

more from CRT.
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