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Background: There is increasing evidence that neoadjuvant chemoradiotherapy
is superior to neoadjuvant chemotherapy for patients with locally advanced
gastric cancer. However, a number of studies have come to the opposite
conclusion. Therefore, our meta-analysis is to evaluate the efficacy and safety
of neoadjuvant chemoradiotherapy versus neoadjuvant chemotherapy in the
treatment of locally advanced gastric cancer.

Methods: We searched Wanfang Database, China National Knowledge Network
database, VIP database, China Biomedical Literature Database, PubMed, Embase
and Cochrane Library. The searched terms included'Stomach Neoplasms’,
‘Neoadjuvant Therapy' and ‘Chemoradiotherapy’. The retrieval time was from
the establishment of the corresponding database to September 2022, and our
meta-analysis was performed using RevMan (version 5.3) and Stata (version 17)
software.

Results: A total of 17 literatures were included, which involved 7 randomized
controlled trials and 10 retrospective studies, with a total of 6831 patients. The
results of meta-analysis showed that compared with NACT group, the complete
response rate(RR=1.95, 95%Cl 1.39-2.73, p=0.0001), the partial response rate
(RR=1.44, 95%Cl 1.22-1.71, p=0.0001), the objective response rate(RR=1.37, 95%
Cl 1.27-1.54, p=0.00001), the pathologic complete response rate(RR=3.39, 95%
Cl 2.17-5.30, p=0.00001), the RO resection rate(RR=1.18, 95%CI 1.09-1.29,
p=0.0001) and 3-year overall survival rate(HR=0.89, 95%Cl 0.82-0.96,
p=0.002) of neoadjuvant chemoradiotherapy group were significantly
improved. The results of subgroup analyses of gastric cancer subgroup and
gastroesophageal junction cancer subgroup were consistent with the overall
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results. Meanwhile, the stable disease(RR=0.59, 95%Cl:0.44-0.81, P=0.0010) of
neoadjuvant chemoradiotherapy group was lower than that of neoadjuvant
chemotherapy group, and there were no statistical significance in the
progressive disease rate(RR=0.57, 95%Cl:0.31-1.03, P=0.06), five-year overall
survival rate(HR=1.03, 95%Cl:0.99-1.07, P=0.839), postoperative complications
and adverse reactions between the neoadjuvant chemoradiotherapy group and
neoadjuvant chemotherapy group.

Conclusion: Compared with neoadjuvant chemotherapy, neoadjuvant
chemoradiotherapy might bring more survival benefits without significantly
increasing adverse reactions. neoadjuvant chemoradiotherapy may be a
recommended treatment for patients with locally advanced gastric cancer.

Systematic Review Registration: https://inplasy.com/inplasy-2022-12-0068/,

identifier INPLASY202212068.

KEYWORDS

locally advanced gastric cancer, neoadjuvant chemoradiotherapy, systematic review,
meta-analysis, gastric cancer

Introduction

Gastric cancer(GC) is the fifth most common type of cancer and
the third leading cause of cancer-related death globally, with over
1,000,000 new cases and an estimated 783,000 deaths in 2020 (1).
Worldwide, GC is the fourth most common malignant disease in
males (fifth in females) and also the third leading cause of cancer
death in men (fifth in women) (2).

For patients with locally advanced gastric cancer (LAGC),
complete surgical resection is the only promising technique for
curing the disease. In addition, the implementation of multi-mode
therapy could also improve the survival chance of patients (3). Studies
by Cats A and Hizal M et al. have confirmed that neoadjuvant
therapy combined with surgical resection improved overall survival
(OS) (4, 5). The National Comprehensive Cancer Network (NCCN)
recommended neoadjuvant therapy for LAGC, neoadjuvant
chemotherapy (NACT) and neoadjuvant chemoradiotherapy
(NACRT) were both standard treatments (6, 7). Some studies have
shown that NACRT could bring relatively high RO resection and
pathologic complete response (pCR) rate (3) and other researches
also indicated that NACRT contributed to higher survival rate
without significant increase in toxicity (8-10). On the contrary,
some clinical trials pointed out that compared with NACT,
NACRT failed to benefit the OS for LAGC patients (11-15).
Therefore, whether NACRT could provide survival benefits
remains controversial.

In recent years, with the development of radiotherapy
technology, NACRT has become more and more popular. The
addition of preoperative radiotherapy could enhance the killing of
tumor cells in the primary tumor and metastatic tumor cells in the
regional lymph nodes, thus reducing the local recurrence rate (16).
Until now, preoperative treatment of LAGC is still a difficult
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problem for clinicians. This meta-analysis aims to systematically
evaluate the efficacy and safety of NACRT versus NACT in the
treatment of LAGC patients and hope to help clinical workers to
choose the best regimens.

Materials and methods

This systematic review and meta-analysis was based on a
preplanned protocol constructed according to the standard Preferred
Reporting Items for Systematic Reviews and MetaAnalysis (PRISMA)
and was prospectively registered on inplasy.com (INPLASY protocol
2022120068. doi: 10.37766/inplasy2022.12.0068).

Search strategy and study selection

To make our search more comprehensive, we searched Chinese
and English databases. The Chinese databases included Wanfang
Database, China National Knowledge Network Database, VIP
Database and China Biomedical Literature Database. English
databases include PubMed, Embase and Cochrane Library. At the
same time, we searched relevant trials as of September 2022 in the
international trial Registry platform and the Chinese Clinical
Registry. We also reviewed the reference lists of included
publications and of relevant review articles retrieved from the
electronic searches to identify other potentially relevant studies
that could have been missed. In PubMed and Embase, the search
strategy we implemented was a combination of Medical Subject
Headings (MESH) and various free text words for literature
retrieval. Subject Headings used for the searching in PubMed
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were ‘Stomach Neoplasms’, ‘Neoadjuvant chemoradiotherapy’ and
‘Neoadjuvant chemotherapy’. A similar search strategy was
performed in Embase but transformed according to the database’s
thematic thesaurus. We used a combination of subject terms with
keywords in the Cochrane Library and the remaining other
databases were all searched using keywords.

Inclusion and exclusion criteria

Inclusion criteria

(i) Type of study: Fully published randomized controlled trial
(RCT) experiment or retrospective study. (ii) Subjects: Patients with
surgically resectable LAGC with definite pathological diagnosis. (iii)
Intervention measures: The experimental group was treated with
NACRT and the control group was treated with NACT. (iv)
Outcome indicators: The data of complete response (CR), partial
response (PR), progressive disease (PD), stable disease (SD),
objective response rate (ORR), pCR rate, RO resection rate,
incidence of postoperative adverse reactions and OS that
were reported.

Exclusion criteria

(i) Studies that do not have access to full-text or republished
studies. (ii) Reviews, systematic reviews, animal experiments,
conference abstracts, case reports, one-arm studies. (iii) Studies in
which outcome indicators were incomplete or unavailable. (iv)
Breach of any of the above inclusion criteria.

Quality assessment and risk of bias

Randomized controlled trials and retrospective studies were
included in our meta-analysis. We evaluated the quality of the
literatures using Cochrane Collaboration’s tool and the Newcastle-
Ottawa scale (NOS) respectively. The CochraneCollaboration’s tool
was scored on selection bias (randomized methods and assignment
concealment), implementation bias (blinded investigators and
subjects), implementation bias (blinded findings evaluation),
follow-up bias (outcome data integrity), reporting bias (selective
reporting of study results), and other biases. The NOS mainly
included the selection (0- 4 stars), comparability (0- 2 stars), and
outcome (0- 3 stars). If studies’ scores > 6 stars, it would be regarded
as high quality and enrolled in our meta-analysis.

Data extraction

Two evaluators carefully read each document according to the
inclusion and exclusion criteria and independently extract data
from it. All the extracted data are checked repeatedly to ensure
accuracy. If the data is disputed, a third evaluator will evaluate it.
The main data contents extracted include: (i) general information:
author, publication date and title; (ii) Intervention measures:
chemotherapy and radiation dose; (iii) Outcome indexes: CR, PR,
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SD, PD, pCR rate, ORR, RO resection rate, the incidence of
postoperative complications, adverse reactions and OS.

Statistical analysis

We used the RevMan software(version 5.3) and the Stata
software (version 17) to conduct meta-analysis of the data
obtained. The survival statistical analysis method of OS was
inverted variance method, and the hazard ratio(HR) was used as
the effect index. CR, PR, SD, PD, pCR rate, ORR, RO resection rate,
incidence of postoperative complications and incidence of adverse
reactions were all dichotomous variables, and the risk ratio(RR) was
used as the effect index. For the confidence interval (CI) of each
effect index, 95%CI was used in this study, p<0.05 was considered
statistically significant. The results of inter-study heterogeneity test
were expressed by I value. If I < 50% and p>0.1, the heterogeneity
between the studies was low, and the fixed-effect model was used for
analysis. Otherwise, it indicates that there is obvious heterogeneity
among the studies, therefore the random effects model is used for
analysis. The funnel plot, egger test and begg test were used to
evaluate the publication bias of the included studies.

Results
Characteristics of studies

We identified 1273 studies through a search. 27 studies were
obtained through preliminary screening. After reading the full text,
18 studies were finally included in our meta-analysis, including 7
RCTs and 11 retrospective studies. A flow chart of the literature
screening is shown in Figure 1. There were a total of 7075 patients,
including 4285 patients in the experimental group and 2790
patients in the control group. The detailed characteristics of each
research were summed up in Table 1.

Scientific articles identified through
databases searching
(n=1273)

Exclusion of duplication
(n=279)

-

Records excluded with reasons(n=262):

Systematic review or editorial or animal

232)

Ongoing but no results available(n=7)
Single-arm trial(n=23)

Records to be screened after
duplicates removed
(n=994)

Full-text studies assessed for
eligibility
(n=732)

Full-text studies excluded with
i istent content
(n=715)

Studies included in meta-analysis
(n=17 including 7 RCTs and 10
retrospective studies)

| | [ || e | { st |

FIGURE 1
Flow chart of the studies selection process
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TABLE 1 Characteristics of included studies.

10.3389/fonc.2023.1177557

Sample Gender (male/ .
. Age/years Interventions
Stud Study size female)/
y design (NACRT/
NACT) NACRT  NACT NACRT  NACT NACRT
Zh: XT
a8 RCT 126(64/62) | 78/48 55 57 S-1+ docetaxel + 45 Gy S-1 + docetaxel
2016 (17)
Cao MF TC litaxel
0 RCT 59(20/30) 4019 606 +7.1 TC(paclitaxel + carboplatin)+ 40 Gy (paclitaxel +
2019 (18) carboplatin)
. N N N . -
Jiang Y RCT 84(42/42) 24/18 25/17 53.14 + 53.14 + 46.8 .50.4' Gy concurrently with OxalnPlat%n +
2019 (19) 8.72 8.72 capecitabine capecitabine
mFOLFOX-4(5-
mFOLFOX-4(5-flfluorouracil + fifluorouracil +
He ZR 46.6 = 47.7 £ L . R
RCT 50(25/25) 14/11 13/12 folinic acid + oxaliplatin) or folinic acid +
2017 (20) 45 4.6 e o
capecitabine + 45 Gy oxaliplatin)
or capecitabine
(Epirubicin + cisplatin + 5- Epirubicin +
T. Leong flfluorouracil/capecitabine) + 45 Gy cisplatin + 5-
RCT 120(60/60 45/15 46/14 58 £ 13 56 + 13
2017 (21) (60/60) / / concurrently with 5-flfluorouracil/ flifluorouracil/
capecitabine capecitabine
M. Stahl Median Median 5-flfluorouracil + folinic acid + 5-flfluorouracil +
' RCT 119(60/59) | 54/6 54/5 age age cisplatin + 30 Gy with cisplatin and folinic acid +
2017 (22) . . .
60.6 56 etoposide cisplatin
X. W X (S-1
M Rer 75(38/37)  31/7 30/7 18-75 18-75 40.04-45.1 Gy concurrently with $-1 SOX (-1 +
2022 (7) oxaliplatin)
W TB 490 SOX (S-1
ang Retrospective 358/132 - - 40.04 Gy concurrently with S-1 R ( . *
2021 (16) (100/390) oxaliplatin)
Li XH . XELOX(Oxaliplatin + capecitabine) XELOX(Oxaliplatin
48(21/2 1 1 - -
2001 (23) | Retrospective | 48(21/27) 516 o/ +46.8~50.4 Gy + capecitabine)
Fan GM
R ti 44/4 26/1 23/22 - - - -
2018 (24) etrospective | 89(44/45) 6/18 3/
Zh: Y 62.56 62.71 £ TC litaxel
ang Retrospective | 37(18/19) - - TC(paclitaxel + carboplatin)+ 40 Gy (pacli 'axe *
2018 (25) 7.18 4.79 carboplatin)
LiJ 2018 45 G tly with XELOX XELOX(Oxaliplati
1] Retrospective | 156(66/90) = 61/5 72/18 - - Y con.curren U WI . ( X. prn
(26) (Oxaliplatin + capecitabine) + capecitabine)
. mFOLFOX-4(5-
. 45-50.4Gy concurrently with .
C.C. Li . ; flfluorouracil +
Retrospective | 63(38/25) 27/11 15/10 64 71 mFOLFOX-4(5- flfluorouracil + L
2022 (3) D o folinic acid +
folinic acid + oxaliplatin) L
oxaliplatin)
FOLFOX-4(5-
45-50.4Gy concurrently with m . (
Y. S. Yeh X . flfluorouracil +
Retrospective | 65(30/35) 22/8 20/15 - - mFOLFOX-4(5- flfluorouracil + L
2020 (27) D L folinic acid +
folinic acid + oxaliplatin) L
oxaliplatin)
D-A. 413 62.95 + 63.88 +
Trumbull | Retrospective 276/53 70/14 T T - -
(329/84) 9.97 9.96
2021 (28)
B.Azab Retrospective 4204
2019 (29) P (2606/159)
FLOT(5-
E. L.V ffl il
0 . 775 63 FLOT(5- flifluorouracil + folinic acid flo'rour‘ac *
F. 2021 Retrospective (553/97) (90/35) 62(55-68) L folinic acid +
(650/125) (57-70) + oxaliplatin + docetaxel) + 50.4 Gy L
(30) oxaliplatin +
docetaxel)
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Quality assessment

As shown in Figures 2 and 3, we evaluated the quality of the
seven included RCTs using the Cochrane Collaboration’s tool,
including randomsequence generation (selection bias), allocation
concealment (selection bias), blinding of participants and personnel
(performance bias), incomplete outcome data (attrition bias),
selective reporting (reporting bias) and other biases, and assessing
each risk of bias as high, low or unclear risk. We used the Review
Manager software to graph and evaluate the results. Any
disagreements arising from the process of data extraction and
quality assessment were discussed and resolved by mutual
agreement between the researchers. At the same time, the NOS
was used to evaluate the retrospective studies and the scores were all
greater than or equal to 6. The evaluation results are shown in
Table 1. Overall, all the studies included in this meta - analysis were
considered to be of high quality.

Efficacy

CR analysis

CR was reported in 6 of the included studies, and the
heterogeneity among the studies was not statistically significant
(I = 34%, P=0.18). Therefore, fixed effects were selected for meta-
analysis. The results showed that CR in the NACRT group was
higher than that in the NACT group (RR=1.95, 95%CI 1.39-2.73,
P=0.0001< 0.05) (Figure 4).

PR analysis

PR was reported in 7 of the included studies, and after
heterogeneity testing, it was suggested that the heterogeneity
between the selected literature in this study was statistically
significant (> = 50%, P=0.06) (Figure 5A), and after further
investigation of the Labet plot (Figure 5B) and star chart
(Figure 5C), it was found that one document may have strong
heterogeneity and it is necessary to search for heterogeneity: we
conducted a sensitivity analysis on the 7 studies this time and found
that Li XH’s study had a greater impact on heterogeneity
(Figure 5D), and the heterogeneity test was carried out again after
removing the study. The results showed no heterogeneity in the
remaining six studies (I* = 17%, P=0.3). Sensitivity analysis of the
remaining studies was conducted again, and the results showed

T

sliseston concaaiment Geieeon bies) NN

Blinding of participants and personnel (performance bias) [IRMMEEEEE
Blinding of outcome assessment (detection bias) [IRMMIEEEEN
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

other bias [

75%

0% 25% 50% 100%

‘ [ Low risk of bias [[Junclear risk of bias [l High risk of bias ‘

FIGURE 2
Risk of bias assessment for 7 RCTs.
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Cao MF 2019

He ZR 2017

Jiang Y 2019

M. Stahl 2017

T. Leong 2017

X. Wang 2022

~ ‘ ‘ ‘ . ~ . Allocation concealment (selection bias)
QO D O O® ® @ svinding of participants and personnel (performance bias)

Zhang XT 2016

D O DD D O @ | seclctive reporting (reporting bias)

QO DO O® ® @ sinding of outcome assessment (detection bias)
® DD D ® ®| O |incomplete outcome data (attrition bias)
® 0D O® ® @ otherbias

® DO O O @ ® RrRandom sequence generation (selection bias)

FIGURE 3
Risk of bias summary for 7 RCTs.

relatively stable (Figure 5E). Then, fixed effects were used for meta-
analysisand after exclusion. The results showed that the PR of the
NACRT group was higher than that in the NACT group (RR=1.44,
95% CI 1.22-1.71, P=0.0001<0.05) (Figure 5F).

SD analysis

SD was reported in 7 of the included studies, and the
heterogeneity test indicated that the heterogeneity among the
literatures selected in this study was statistically significant (I* =
46%, P=0.08) (Figure 6A). After further investigation of Labet

NACRT NACT Risk Ratio Risk Ratio

Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Cao MF 2019 5 29 230 7.0% 2.59(0.54,12.29] —

He ZR 2017 23 25 17 25 60.7%  135[1.01,181] L

Jiang Y 2019 2 @ 0 42  18% 500[0.25 101.11] _—t
Li XH 2021 9 21 4 27 125%  2.89[1.03,8.11] =

Zhang XT 2016 12 64 4 62 145%  2.91[0.99,8.53] e

Zhang Y 2018 2 18 119 3.5% 2.11[0.21,21.32] —

Total (95% CI) 199 205 100.0%  1.95[1.39,2.73] >

Total events 53 28

Heterogeneity: Chi? = 7.57, df = 5 (P = 0.18); I = 34% o1 100

Test for overall effect: Z = 3.89 (P = 0.0001) Favguts [NACRT] Favours [Nkoc-n

FIGURE 4
Forest plot for the analysis of the complete response CR.
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A
NACRT NACT Risk Ratio Risk Ratio
Study or Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cao MF 2019 21 29 18 30 15.2% 1.21[0.83, 1.74] ™
He ZR 2017 1 25 2 25 1.7% 0.50[0.05, 5.17] —_—
Jiang Y 2019 26 42 19 42 16.3% 1.37[0.91, 2.06] =
LiJ 2018 48 66 34 90 24.7% 1.93 [1.42, 2.61] -
Li XH 2021 8 21 16 27 12.0% 0.64 [0.34, 1.21] —
Zhang XT 2016 29 64 23 62  20.1% 1.22 [0.80, 1.86] T™
Zhang Y 2018 15 18 12 19 10.0% 1.32[0.88, 1.97] L
Total (95% CI) 265 295 100.0%  1.34[1.14, 1.58] ¢
Total events 148 124
Heterogeneity: Chi? = 11.90, df = 6 (P = 0.06); I* = 50%
o 2 0.01 0.1 10 100
Test for overall effect: Z = 3.55 (P = 0.0004) Favours [NACRT] Favours [NACT]
B C
= bise(b) Fitted values
3.99484
R
8
& 2
Do) = "
£ g G
= 2
13 3
I
] 0
o7 -2 .
0 ) 5 75 il 0 6.45733
Event rate group 2 1/se(b)
D et stk o i ool E Meta-analysis estimates, given named study is omitted
RS2 sl eyl hyon e Sy e . Lower Cl Limit Estimate Upper CI Limit
Cao MF CLg
HezR HeZR
Jiang Y
Jiang Y
Ly
LiJ
LiXH
Znang XT Zhang XT
Zhang Y Znang ¥
095 114 134 158 17 102 10 e i P
F b i S
NACRT NACT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cao MF 2019 21 29 18 30 17.3% 1.21[0.83, 1.74] ™
He ZR 2017 1 25 2 25 2.0% 0.50[0.05, 5.17] D
Jiang Y 2019 26 42 19 42 18.5% 1.37[0.91, 2.06] sl
LiJ2018 48 66 34 90 28.1% 1.93[1.42, 2.61] -
Li XH 2021 8 21 16 27 0.0% 0.64[0.34, 1.21]
Zhang XT 2016 29 64 23 62 22.8% 1.22[0.80, 1.86] T
Zhang Y 2018 15 18 12 19 11.4% 1.32[0.88, 1.97] =
Total (95% CI) 244 268 100.0% 1.44[1.22,1.71] *
Total events 140 108
ity: Chiz = - - 2=
Heterogeneity: Chi* = 6.01, df = 5 (P = 0.30); I = 17% ot 100

Test for overall effect: Z = 4.20 (P < 0.0001)

FIGURE 5

0.1 10
Favours [NACRT] Favours [NACT]

Forest plot (A), Labet plot (B), star plot (C), first sensitivity analysis (D), second sensitivity analysis (E), forest plot after the second sensitivity analysis (F)

for the analysis of the PR.

Chart (Figure 6B) and star chart (Figure 6C), it was found that
the heterogeneity of one of the studies may be strong. Therefore,
heterogeneity search should be carried out: we conducted
sensitivity analysis on the 7 studies, and found that Y.S.EY’s
study had a significant impact on heterogeneity (Figure 6D).
After removing this study, we conducted heterogeneity test
again, and the results showed that there was no heterogeneity
in the remaining 6 studies (I> = 29, P=0.22). Sensitivity analysis
of the remaining studies was conducted again, and the results
showed relatively stable(Figure 6E). Then, fixed effect was
selected for meta-analysis. The results showed that SD in the
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NACT group was higher than that in the NACRT group
(RR=0.59, 95%CI 0.44-0.81, P=0.0010 <0.05) (Figure 6F).

PD analysis

PD was reported in 6 of the included studies, and the
heterogeneity among the studies was not statistically
significant (I2 ~ 0%, P=0.83). Therefore, fixed effects were
selected for meta-analysis. The results showed that there
was no significant difference in PD between the NACRT
group and the NACT group (RR=0.57, 95%CI 0.31-1.03,
P=0.06>0.05) (Figure 7).
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A
NACRT NACT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cao MF 2019 3 29 10 30 10.4% 0.31[0.09, 1.01]
He ZR 2017 1 25 6 25 6.4% 0.17 [0.02, 1.29] r
Jiang Y 2019 11 42 17 42 18.0%  0.65[0.35, 1.21] —
Li) 2018 13 66 17 90 15.2% 1.04 [0.55, 1.99] B
Y.S.Yeh 2020 15 30 15 35 14.7% 1.17[0.69, 1.97] i
Zhang XT 2016 17 64 27 62 29.1% 0.61[0.37, 1.00] =
Zhang Y 2018 1 18 6 19 6.2% 0.18[0.02, 1.32] B
Total (95% CI) 274 303 100.0% 0.68 [0.52, 0.89] <*
Total events 61 98
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FIGURE 6

Forest plot (A), Labet plot (B), star plot (C), first sensitivity analysis (D), second sensitivity analysis (E), forest plot after the second sensitivity analysis (F)

for the analysis of the SD.

ORR analysis

ORR was reported in 6 of the included studies, and the
heterogeneity among the studies was not statistically significant
(I2 ~ 0%, P=0.71). Therefore, fixed effects were selected for meta-

analysis. The results showed that ORR in the NACRT group was
higher than that in the NACT group (RR=1.37, 95%CI 1.27-1.54,
P=0.00001<0.05) (Figure 8).

NACRT

NACT

Risk Ratio

Risk Ratio
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Cao MF 2019 0 29 0 30 Not estimable
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2 .
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FIGURE 7

Forest plot for the analysis of the PD.
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pCR rate analysis

PCR rate was reported in 7 of the included studies, and the
heterogeneity among the studies was not statistically significant (I* =
0%, P=0.45). Therefore, fixed effects were selected for meta-analysis.

0.1
Favours [NACRT]

10
Favours [NACT]

The results showed that the pCR in the NACRT group was higher
than that in the NACT group (RR=3.39, 95%CI 2.17-5.30,
P=0.00001< 0.05) (Figure 9).
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FIGURE 8

Forest plot for the analysis of the ORR

RO resection rate analysis

RO resection rate was reported in 10 of the included studies, and
the heterogeneity among the studies was not statistically significant
(I = 35%, P=0.13). Therefore, fixed effects were selected for meta-
analysis. The results showed that the RO resection rate in the
NACRT group was higher than that in the NACT group
(RR=1.18, 95%CI 1.09-1.29, P=0.0001< 0.05) (Figure 10).

3-year OS analysis

There were 4 RCT's and 3 retrospective studies of the included
articles reporting 3-year OS. The results of the 3-year OS analysis
showed that the heterogeneity test suggested that the heterogeneity
among the included literatures was statistically significant (I* ~
63.9%, P =0.011) (Figure 11A). After further investigation of Labet
Chart (Figure 11B) and star chart (Figure 11C), it was found that the
heterogeneity of two of the studies may be strong. Therefore,
heterogeneity search should be carried out: we conducted
sensitivity analysis on the 7 studies, and found that Fan GM’s
study and Li J’s study had a significant impact on heterogeneity
(Figure 11D). With those two studies removed, we conducted
heterogeneity test again, and the results showed that there was no
heterogeneity in the remaining 5 studies (I* = 38.9%, P=0.162).
Sensitivity analysis of the remaining studies was conducted again,
and the results showed relatively stable (Figure 11E). Then, fixed
effect was selected for meta-analysis. The results showed that there
was a significant difference in the 3-year OS between the NACRT
group and the NACT group. Compared with the NACT group,
NACRT could reduce the risk of death by 11% (HR=0.89, 95%CI
0.82-0.96, P=0.002<0.05) (Figure 11F).

5-year OS analysis

There were 2 RCT's and 3 retrospective studies of the included
articles reporting 5-year OS. The analysis of the results of 5-year OS
showed that the heterogeneity test indicated that the heterogeneity

among the included literatures was statistically significant (I* =

NACRT NACT Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
C.CLi2022 3 38 125 6.0% 197(0.22,17.92]
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FIGURE 9
Forest plot for the analysis of the pCR.

Frontiers in Oncology

10.3389/fonc.2023.1177557

NACRT NACT Risk Ratio Risk Ratio

Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cao MF 2019 27 20 22 30 80% 127[L00, 161 F

Fan GM 2018 36 44 25 45 92%  147[L10,1.98) =

He ZR 2017 21 25 14 25  52%  150[L02,221] e

Li) 2018 60 66 78 90 245%  1.05[0.94,1.17)

Li XH 2021 14 21 10 21 3.7%  1.40(0.82,2.40] T

M. Stahl 2017 43 60 41 59 154%  1.03[0.82,130) T

X. Wang 2022 28 38 27 37 10.2% 1.01(0.77, 1.33] T

Y.5.Yeh 2020 1130 14 35 48%  0.92(0.49,171] ==

Zhang XT 2016 52 64 38 62 143%  133[1.05,167] -

Zhang Y 2018 17 18 13 19 47%  1.38(1.00,1.91] —

Total (95% CI) 395 423 1000%  1.18[1.09,1.29] +

Total events 309 282

Heterogeneity: Chi’ = 13.88, df = 9 (P = 0.13); I* = 35% T ST

Test for overall effect: Z = 3.99 (P < 0.0001) Fav&is [NACRT] Favours [N;Uc-”

FIGURE 10
Forest plot for the analysis of the RO resection rate.

66.4%, P =0.018) (Figure 12A). After further investigation of Labet
Chart (Figure 12B) and star chart (Figure 12C), it was found that the
heterogeneity of one of the studies may be strong. Therefore,
heterogeneity search should be carried out: we conducted
sensitivity analysis on the 5 studies, and found that B.Azab’s
study had a significant impact on heterogeneity (Figure 12D).
After removing this study, we conducted heterogeneity test again,
and the results showed that there was no heterogeneity in the
remaining 4 studies (I* ~ 43.6%, P=0.015). Sensitivity analysis of the
remaining studies was conducted again, and the results showed
relatively stable (Figure 12E). Then, fixed effect was selected for
meta-analysis. The results showed that there was no significant
difference in 5-year OS between NACRT group and NACT group
(HR=1.03, 95%CI 0.99-1.07, P=0.839>0.05) (Figure 12F).

Subgroup analysis

After reviewing the each literature our analysis enrolled, we found
that there was only one literature’s enrolled patients containing both
GC and gastroesophageal junction cancer(GEJC) patients. Therefore,
we differentiated the studies which containing GC and GEJC. The GC
subgroup included eleven studies involving 5655 patients; the GEJC
subgroup included five studies involving 1198 patients.

All subgroups demonstrated that ORR, pCR, RO resection rate in
the NACRT group were higher than that in the NACT group.The 3-
year OS of the GC subgroup was higher in the NACRT group than that
in the NACT group, while the GEJC subgroup showed no statistical
difference between the two groups. The 5-year OS between the two
subgroups was also not statistically significant. A comparison of
outcomes is provided in Table 2, besides, more subgroup analysis
results has been provided in the Supplementary Materials.

Adverse reactions to neoadjuvant therapy
analysis

In the included literature, nine studies reported leukopenia, eight
studies reported thrombocytopenia, six studies reported anemia, five
studies reported liver damage, two studies reported kidney damage, ten
studies reported gastrointestinal reactions, three studies reported
esophagitis, two studies reported hair loss, three studies reported
dysphagia, three studies reported dysphagia, three studies reported
dysphagia. Five studies reported anorexia, six studies reported diarrhea,
four studies reported hand-foot syndrome and two studies reported
mucosal inflammation. The incidence of esophagitis was higher in the
NACRT group than in the NACT group (RR=14.98, 95%CI 3.82-
58.69, P=0.0001< 0.05), there was no significant difference in other
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Forest plot (A), Labet plot (B), star plot (C), first sensitivity analysis (D), second sensitivity analysis (E), forest plot after the second sensitivity analysis (F)

for the analysis of the 3-year overall OS

adverse reactions between the NACRT group and the NACT group,
and the results were statistically significant (Figure 13).

Incidence of postoperative complications analysis

Among the included literatures, two reported anastomotic leakage
(I2 = 0%, P=0.79), two reported chest infection (I2 ~ 0%, P=0.52), and
two reported incision infection (I* = 0%, P=0.49), and the heterogeneity
among the studies was not statistically significant. Therefore, We
selected fixed effects for meta-analysis. The results showed that there
was no significant difference in the incidence of postoperative
complications between NACRT group and NACT group (Figure 14).
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Sensitivity and publication bias evaluation

Sensitivity analysis was performed on all the included outcome
indicators, that is, deleting one study at a time to assess the impact
of each study on the overall population. The results of meta-analysis
are relatively stable (Figure 15). Begger funnel plot (Figure 16)were
used to conduct bias test for the included outcome indicators, and
the results showed that the removal rates of CR, PR, SD, PD, pCR,
ORR, RO resection rate, 3-year and 5-year OS had no significant
publication bias.
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FIGURE 12

Forest plot (A), Labet plot (B), star plot (C), first sensitivity analysis (D), second sensitivity analysis (E), forest plot after the second sensitivity analysis
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TABLE 2 Summary of surgical complications in included studies.

Gastric cancer

Gastro-esophageal junction cancer

Rate ) Rate 2
1<, % P value 1%, % P value
(95% Cl), % (95% ClI), %
1.34 1.39
ORR (L13-159) 0 <.05 2 (L17-166) 0 <.05
RO ti 127 20 <.05 4 117 73 <.05
I 0on . !
esectio (1.10-1.46) (1.06-1.29)
2.66 10.59
pCR 0 <.05 2 0 <.05
(1.66-4.27) (2.55-43.94)
0.90 1.03
3-year OS 48 <.05 3 63 0.63
(0.83-0.97) (0.92-1.15)
5-year OS 081 85 0.49 3 094 60 0.39
14 (0.45-1.47) : (0.82-1.08) :
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FIGURE 13
Forest plot for the analysis of the adverse reactions to neoadjuvant
therapy.

Discussion

GC is one of the most common malignant tumors in the world
and the third most common cause of cancer death. Its incidence and
mortality rank the second among all kinds of malignant tumors,
second only to lung cancer. The 5-year survival rate is only 5%-15%.
Since radical resection of LAGC is not feasible, clinical researchers
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have been seeking neoadjuvant methods to shrink the tumor in
order to achieve the purpose of radical resection. Neoadjuvant
therapy could increase the possibility of multimodal combined
therapy, especially when surgical treatment is associated with
serious complications and may hinder timely adjuvant therapy
(27). The results of the CROSS trial indicated that neoadjuvant
therapy reduced the risk of death from GC compared with surgery
alone (HR=0.60, 95%CI 0.46-0.80) and the 10-year absolute OS
benefit was 13% (38% vs 25%) (31).

NACRT and NACT are the standard therapies for late stage
resection of GC (4). NACT is well tolerated by patients, which could
reduce the clinical staging of tumors, create favorable conditions for
surgery, inhibit the growth of small lesions, reduce the recurrence
rate after surgery and increase the survival time. The study of
ZHENG et al. have demonstrated the efficacy of NACT compared to
surgery alone in LAGC patients (32). We speculate that the survival
rate of patients after NACT may be increased due to the systemic
response of chemotherapy. However, although NACT can prolong
the survival of patients with LAGC, the extension time is limited.
Most patients still have recurrence or metastasis, and the 5-year OS
rate is less than 40% (33). At present, more and more researchers try
to combine NACT with radiotherapy in order to further improve
the survival rate of patients with LAGC. Nevertheless, the optimal
mode of neoadjuvant therapy for LAGC patients is still
controversial. Therefore, it is necessary to conduct a meta-
analysis based on relevant RCT studies and retrospective studies
to further explore the effectiveness and safety of NACRT in the
treatment of LAGC.

This systematic review and meta-analysis included 7 RCTs and 9
retrospective studies. Our results showed that NACRT improved ORR,
RO resection rate and pCR rate and patients had more favorable 3-year
OS and even an 11% reduced risk of death but there was no significant
improvement in 5-year OS. Actually, most GC often recurred at distant
sites, more specifically, peritoneal implantation metastasis rather than
local recurrence (28). As a systemic therapy, systemic chemotherapy at
the early stage of metastasis is its advantage but our meta-analysis
showed that NACRT at the early stage can better improve patients’
survival. In terms of toxicity and side effects, the incidence of
esophagitis in the NACRT group was higher than that in the NACT
group and there was no significant difference in other adverse reactions
between the experimental group and the control group, which
confirmed that NACRT was safe and effective, and the adverse
reactions were controllable.

The results of our meta-analysis showed that NACRT could bring
more favorable OS to patients with LAGC compared with NACT.
Although Y. S. Yeh et al. (27), C. C. Li et al. (3) and some other studies
have proved the benefits of NACRT on OS for LAGC patients in recent
years, some studies have reached contrary conclusions to our study.
The results of many previous studies suggest that although NACRT
group could bring higher pCR rate and down-time rate, it cannot be
converted into survival advantage. Denslow A. Trumbull et al. (28)
found that compared with NACT group, patients receiving NACRT
can obtain higher pCR rate but that didn’t translate into better OS. The
5-year OS rate of GC patients was only 60%, while that of NACT group
was 90%. A study of E. L. Vos et al. (30) also mentioned that although
patients in NACRT group achieved better descending effect, it did not
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bring better survival for patients. In their research, although the tumors
and lymph nodes in the NACRT group showed significant pathological
downphase after treatment, there was no significant difference in OS or
DFS at 3 years (22, 34). In addition, radiotherapy has unique toxicity to
the target tissue, which may lead to increased difficulty of hand
resection or postoperative complications, all of which will affect the
survival of patients.

However, our meta-analysis also has some limitations. For
example, most of the included studies did not carry out long-term
follow-up, and the results of OS were rarely reported. In addition, there
were differences in the level of GC surgeons, the time interval between
neoadjuvant therapy and surgical treatment, radiation dose,
chemotherapy regimen and dose administration among the studies.
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Whatsmore, there have been an important ongoing trial TOPGEAR
(21) which is assessing NACRT vs NACT in LAGC patients, however,
it only reported the interim results regarding adverse effects after
neoadjuvant therapy and postoperative complications: grade 3 or
higher gastrointestinal toxicity occurred in 30% (NACRT group) and
32% (NACT group) of patients, while hematologic toxicity occurred in
52% and 50%. Furthermore, grade 3 or higher surgical complications
occurred in 22% of patients in both groups. These results demonstrate
that NACRT can be safely delivered to the vast majority of patients
without a signifificant increase in treatment toxicity or surgical
morbidity. Unfortunately, since the trial is ongoing, many
therapeutic indicators such as pCR rate and OS are not avaliable.
Whereas we expected the final results of this trial and we believe that it
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will help our research. Finally, FLOT regimen is currently a Class I
recommendation of perioperative chemotherapy for GC as
recommended by NCCN guidelines, none of the studies included
(with the exception of the study by Vos in GEJC) use this regimen as
NACT, although other included studuies didn’t use FLOT protocol but
all used the regimen which the guidelines recommended. All of these
factors may affect the results of our meta-analysis.

To sum up, OS is still controversial in patients with LAGC, and
we look forward to including more qualified cases and longer
follow-up to make the conclusions more robust.

Conclusion

In conclusion, compared with NACT, NACRT improved the
ORR, RO resection rate and pCR rate, and patients obtained more
favorable OS, and there was no significant increase in toxic side
effects. Therefore, we can conclude that compared with preoperative
chemotherapy alone, NACRT may be a safer and more effective
regimen in the treatment of LAGC patients. There are still a number
of phase three clinical trials underway, and we look forward to more
results to demonstrate the effectiveness of NACRT.
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