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Therapeutic efficacy of multiple neoadjuvant
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cancer: a systematic review and meta-analysis
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Abstract

Backgroud The utilization of neoadjuvant therapy, encompassing chemotherapy, molecular targeted therapy,

and immunotherapy, has demonstrated a significant enhancement in the radical resection rate and an improved
prognosis for patients with locally advanced gastric cancer (LAGC). The purpose of this meta-analysis was to
evaluate the efficacy and safety of neoadjuvant chemotherapy (NCT) in combination with targeted therapy or (and)
immunotherapy for LAGC patients.

Methods The PubMed, EmBase, and Cochrane Library databases were systematically searched to identify clinical
studies comparing the efficacy of different neoadjuvant regimens in LAGC patients. Subsequently, paired and
network meta-analyses were conducted using Stata software to evaluate the pooled results of different neoadjuvant
regimens, including NCT, necadjuvant immunotherapy plus chemotherapy (NICT), NCT plus targeted therapy (NCTT),
and NICT plus targeted therapy (NICTT).

Results 21 studies [six randomized controlled trials (RCTs) and 15 non-RCTs] fulfilled the inclusion criteria were
incorporated into the meta-analysis. Pairwise meta-analysis revealed that the NICTT, NICT, and NCTT groups exhibited
a higher incidence of pathological complete response (pCR), major pathological response (MPR), and RO resection
compared to the NCT group. Compared to the NCT group, both the NICTT and NCTT groups demonstrated a
tendency towards experiencing more severe treatment-related adverse events (TRAEs), while the NICT and NCTT
groups exhibited a lower 2-year recurrence rate. Additionally, network meta-analysis revealed that the NICTT group
exhibited superior efficacy in achieving pCR, albeit being associated with a higher incidence of severe TRAEs.
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Conclusion Compared to NCT alone, the combined application of targeted therapy and/or immunotherapy
demonstrates greater efficacy in tumor downstaging and achieving pCR. However, it is crucial to remain vigilant
regarding the occurrence of severe TRAEs. The future adoption of NICTT as a mainstream treatment is anticipated,
however, further high-quality clinical studies are imperative to substantiate its efficacy.
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Introduction

According to the 2020 global cancer statistics released by
the International Agency for Research on Cancer of the
World Health Organization, gastric cancer (GC) ranks
fifth in terms of prevalence worldwide, with the fourth
highest mortality rate [1]. The surgical approach remains
the cornerstone in the management of GC; however, a
majority of patients are diagnosed at an advanced stage
with low rates of achieving radical tumor resection,
resulting in a dismal prognosis. The enhancement of
radical resection rate and the optimization of prognosis
have consistently constituted the focal point in the realm
of GC treatment research [2, 3].

In recent years, significant advancements have been
made in the treatment of locally advanced gastric cancer
(LAGC) through the emergence and widespread adoption
of neoadjuvant chemotherapy (NCT), molecular targeted
therapy, and immunotherapy [3, 4]. The recent advance-
ments in the field of LAGC have primarily been attrib-
uted to immunotherapy. Specifically, immune checkpoint
inhibitors (ICIs) targeting programmed cell death protein
1 (PD-1)/programmed cell death ligand 1 (PD-L1) have
demonstrated their efficacy across various solid tumors,
including GC [5, 6]. Apatinib is a widely utilized anti-
vascular targeted drug for the treatment of LAGC, which
exerts an anti-angiogenic effect through highly selective
binding to the vascular endothelial growth factor recep-
tor 2 (VEGFR-2) and fundamentally obstructing tumor
nutrient supply [3, 7]. With the continuous advancement
of neoadjuvant therapy, a multitude of clinical trials and
novel treatment concepts continue to emerge, leading to
a transformation in its treatment approach from NCT
alone to neoadjuvant immunotherapy plus chemotherapy
(NICT), NCT plus targeted therapy (NCTT), as well as
NICT plus targeted therapy (NICTT), and other innova-
tive modalities [7-9].

The interim results of NCT03421288, KEYNOTE-585,
and ChiCTR2000030610 trails demonstrated that
the combination of NICT exhibits promising effi-
cacy and acceptable toxicity compared to NCT alone
in GC patients [10-12]. Additionally, the clinical trials
NCT04208347 and NCT04661150 revealed that triple
therapy with NICTT yielded superior treatment out-
comes. The optimal combination of neoadjuvant ther-
apy still remains a subject of ongoing controversy [13,
14]. Currently, there is a dearth of systematic reviews or

meta-analyses comparing the efficacy and safety of differ-
ent neoadjuvant regimens in the treatment of LAGC.

Methods

Study design and literature search

This systematic review and meta-analysis was conducted
and reported according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses) [15] and AMSTAR (Assessing the methodologi-
cal quality of systematic reviews) Guidelines [16]. The
protocol has been registered in PROSPERO database
(CRD42024576132). We searched PubMed, EmBase,
and Cochrane Library databases for published studies
and registered clinical trials from database inception to
July 2024 (Supplemental material 1). Besides, reference
lists of included studies were checked for additional ref-
erences. Two reviewers independently screened titles,
abstracts, and, if potentially eligible, full texts for inclu-
sion. Disagreement was resolved by a third reviewer.
The inclusion of duplicate published trials was limited
to the final or most comprehensive version, taking into
account increasing patient numbers or extended follow-
up durations.

Inclusion criteria and data extraction

The inclusion criteria for the study were as follows: (1)
study types were randomized controlled trials (RCTs),
well-designed prospective or retrospective comparative
studies; (2) study population diagnosed with non-meta-
static, untreated, and resectable LAGC (stage II-IV); (3)
intervention and control groups treated with distinct reg-
imens, which included NCT, NCTT, NICT, or NICTT;
(4) there were no restrictions imposed on the study
size, language, or follow-up duration. Exclusion criteria
were as follows: (1) single-arm studies, review articles,
case reports, or meta-analysis; (2) protocol, or repeated
studies; (3) study population diagnosed with inoperable,
recurrent, or metastatic GC; and (4) required outcome
indicators were not reported.

For the coding and data extraction, 2 independent
researchers evaluated each included study. All discrep-
ancies in data extraction were resolved in discussion,
and the required data for analyses could be obtained for
all included studies. The baseline characteristics to be
extracted and collated encompassed the author, publi-
cation year, study type, sample size, gender, age, cTNM
tumor stage, intervention and control regimes. The
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primary outcome measures were pathological complete
response (pCR) and severe treatment-related adverse
events (TRAEs). The term “severe TRAEs” was used to
describe adverse events of grade 3 or higher. Secondary
outcomes included major pathological response (MPR),
RO resection, and 2-year tumor recurrence.

Quality assessment

The quality assessment for RCTs and retrospective
studies were conducted using criteria outlined in the
Cochrane Collaboration’s tool and the Newcastle Ottawa
scale (NOS), respectively. The tool developed by the
Cochrane Collaboration evaluate bias in six aspects,
including selection, implementation, evaluation, follow-
up, reporting, and other [17]. Subsequently, the quality
of RCTs was categorized into high (6 points), fair (4-5
points), and low (0-3 points) based on the number of
positive answers to the aforementioned six questions.
In NOS tool, three aspects were used to evaluate stud-
ies: selection (0—4 points), comparability (0-2 points),
and exposure/outcome (0—3 points) [18]. The study was
considered to be of satisfactory quality if it reaches or
exceeds 6 points. Two authors independently evaluated
the quality of included studies, and any discrepancies
were resolved through discussion or by consulting a third
reviewer when necessary.

Statistical analysis

All statistical analyses were conducted using Stata (ver-
sion 15) software. In pairwise meta-analysis, pooled odds
ratio (OR) with 95% confidence interval (CI) were esti-
mated using the Mantel-Haenszel method. The I* and Q
statistics were employed to evaluate the level of heteroge-
neity among the incorporated studies. I* >50% or P<0.05
was considered substantial heterogeneity, random effects
model was adopted; otherwise, a fixed effects model
was used. To minimize heterogeneity across studies and
enhance the accuracy, subgroup analyses were conducted
based on different intervention regimens. Additionally,
a comprehensive evaluation of both direct and indirect
comparisons was conducted through network meta-
analysis. The network diagrams were created to illustrate
the comparative relationship between each procedure,
with nodes representing the available neoadjuvant regi-
mens. The relative efficacy of each neoadjuvant regimen
was estimated using ranking probabilities and the surface
under the cumulative ranking curve (SUCRA) metrics.
Besides, publication bias was evaluated using the Egger
regression test and visualized through a funnel plot. A
sensitivity analysis was performed by sequentially exclud-
ing individual studies to evaluate the robustness and sta-
bility of the pooled effect estimates. All statistical tests
were two-sided, and p-values less than 0.05 were deemed
to signify statistical significance.
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Results

Study selection and study characteristics

Based on the search strategy, a total of 742 potential
articles were identified. Upon exclusion of duplicates
and irrelevant articles through title and abstract screen-
ing, 120 studies were selected for full-text evaluation. Of
these, 21 studies (six RCTs and 15 non-RCTs) fulfilled
the inclusion criteria were incorporated into the meta-
analysis [10-14, 19-34] (Fig. 1). The study conducted
by Shitara et al. consisted of two distinct intervention
cohorts (main cohort and FLOT cohort), therefore, we
provided separate descriptions and analyses for each of
these cohorts [11]. The aggregated data encompassed
4,146 patients who were administered one of 4 distinct
treatment regimens, as follows: NCT, NCTT, NICT, and
NICTT. Baseline characteristics of the included clinical
studies are delineated in Table 1. Besides, the outcome
indicators utilized in the meta-analysis are provided in
online Supplemental material 2. The risk of bias for RCTs
and non-RCTs was assessed using the Cochrane and
NOS bias risk tools, respectively. It is worth noting that
all 21 incorporated studies demonstrated a low risk of
bias (Table 1).

Pairwise meta-analysis

Primary outcomes

PCR The rates of pCR were reported in 19 incorporated
studies, with the pCR rates in the NCT, NCTT, NICT, and
NICTT groups being 5.7% (120/2,116), 16.3% (33/203),
16.4% (209/1,277), and 21.0% (73/347) respectively. The
comparative analysis of each subgroup did not reveal any
significant heterogeneity, thus a fixed effect model was
employed. The comparative analysis of NICT vs. NCT
(OR=3.359, P<0.001), NICTT vs. NCT (OR=4.217,
P<0.001), NICTT vs. NCTT (OR=2.130, P=0.027), and
NCTT vs. NCT (OR=2.738, P=0.006) all exhibited sta-
tistically significant differences (Fig. 2A). To summarize,
NICTT, NICT, and NCTT demonstrated higher pCR
rates compared to NCT, while NICTT exhibited a higher
PCR rate than NCTT.

Severe TRAEs The rates of severe TRAEs were reported
in 14 studies, with rates of 28.7% (458/1,597), 30.3%
(66/218), 42.6% (355/834), and 34.2% (111/325) observed
in the NCT, NCTT, NICT, and NICTT groups respec-
tively. The comparative analysis of each subgroup did
not reveal any significant heterogeneity. The subsequent
meta-analysis employed a fixed effect model, revealing
that patients in the NICTT (OR=2.435, P<0.001) and
NCTT (OR=1.970, P=0.003) groups exhibited a higher
incidence of severe TRAEs compared to those in the NCT
group (Fig. 2B).
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Records excluded after title
and abstract review(n=482)

Studies excluded(n=99)

Duplication population(n=4)
Single arm studies(n=44)

Review studies (n=20)

Missing outcome indicators or low
literature quality(n=5)

Fig. 1 Flow chart of the studies screening and selection

Secondary outcomes

MPR 13 studies reported the incidence of MPR. The rates
of MPR in the NCT, NCTT, NICT, and NICTT groups
were 26.3% (380/1,444), 40.5% (32/79), 40.1% (295/736),
and 50.6% (117/231) respectively. Subsequently, fixed
effect model was adopted in meta-analysis and analysis
results revealed that NICTT (OR =2.122, P<0.001), NICT
(OR=1.928, P<0.001), and NCTT (OR=2.602, P=0.008)
exhibit a higher MPR rate than NCT (Fig. 3A).

RO resection 20 studies reported the rates of RO resec-
tion, and the rates of RO resection in the NCT, NCTT,
NICT, and NICTT groups were 88.8% (1,847/2,081),
89.2% (223/250), 90.7% (1,077/1,187), and 97.0% (292/301)
respectively. The fixed-effect meta-analysis demonstrated
that NICTT (OR=4.017, P=0.001), NICT (OR=1.412,
P=0.012), and NCTT (OR=1.744, P=0.050) all exhibit a
higher RO resection rate compared to NCT (Fig. 3B).
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2-year recurrence The incidence of 2-year recurrence
after surgery was reported in 7 incorporated studies. The
rates of 2-year recurrence in the NCT, NCTT, and NICT
groups were 43.8% (534/1,218), 17.9% (12/67), and 34.3%
(317/925) respectively. Subsequently, fixed effect model
was adopted and meta-analysis results revealed that NICT
(OR=0.636, P<0.001) and NCTT (OR=0.363, P=0.011)
both exhibit a lower 2-year recurrence rate compared to
NCT (Fig. 4).

Network meta-analysis

In order to comprehensively compare and evaluate the
efficacy and safety of various neoadjuvant regimens,
we conducted a network meta-analysis of the primary
outcome measures. The network diagram and contri-
bution diagram for pCR are illustrated in Fig. 5A and
Supplementary material 3 A, respectively. One closed
ring was formed by the four treatment measures, and
the consistency test result was satisfactory (P=0.599)



(2025) 25:1694 Page 5 of 16

Liang et al. BMC Cancer

suswibal (01} 207
v (59240 €) qewinznisel+XOTIX  -UOD+(S3]2Ad €) qewunzijozale WN 259/19 €/6¢ lz/1e 1Dy 11 8seyd [¥1] Busd
LIDN'SALIDIN
suswibal [01U0d+
(s912A> €20z
v (S9PAD €) XOS  €) GIURISIOAL +gRWNZ]|2Iuied ONTNETED WN VN 081/081 1Y 1l oseyd (el n
mcwrcaw_ |0J3U0O+
(s9p/> ¥0C
v (S312A0 €) dv'S €) quuiede+gewnzijiuied ONNTED o£9/€9 Yadomi £€5/15 104 Il oseyd g un
LDNSA LIDIN
SUSWIB3I [03U0D + (S32AD
—7) geun|oAlu/qewjediioy ql'6S €¢0c
L (s9PA> 4-2) LOT4/X0S /G| 3UlS/qRuNZI[2iued /109 S1/29 /v anndadsonal [92] Bueyz
suswibal [o13
-UOD + gewl|I3uIS/eunzi|a1ied 45'SS €0z
9 (591242 8-7) 10714/X04104/X01IX  /qewijeduol/qewnzijoiquad FOWEONTT /615 0¢/09 05/0€ anndadsonal [sains
(llI-11 o6e1s) €20C
L XO4104/X0S  SUBWIB3I [013U0D +GewnzI3|sh ONETONTTELD N Vadtad) 611/0S aAadsonal [r¢] Buelr
suswibal (VAI-VII 96e3s) 079 SL Y20t
8 S0Q/X2A/4DA/10T4/XOTAX/XOS  [03U0d+S|D| L1-Ad/Ldd-hue ONETONELD /579 /€6C ¥8L/¥8L aAdadsonal [ nX
SusWIBal |013U0D +gewnz (VA 6e35) 4lTT9 6€l Y20z
8 40d/S0Q/1014/5A/dVS/XOTIX/XOS  -1[21UIed/GRUN|OAIU/GewI|RuIS ONEONTE] S /€179 /9 06£/561 anndadsonal [z uns
‘suswibal (VAI-gII 96e33) ¥20C
8 dvs |0J3U0D +qewnzI|2Jwed OWETONTLD WN 79/99 06/8€ aAdadsonal [l un
SusWIB3I [013UOD + gew|i} (WAl 96815)
-uls/qeunzijaiued/gewijeduoy ONEONTELD 48209 ¥20C
L (S3943 8-7) XO4104/10714/dVS/XOTIX/XOS  /qewnzijoiquiad/gewnjoau PWINED /9485 62/901 98/6 aAdadsonal [07] InD>
Suswibal [01U0d+ (AI-] 9be3S) 20T
9 XOS SIDI LAdd-nue FONEONTT D WN ¥2/59 19/82 aAdadsonal [61] oeg
suswibal [01Uod+ 44
v (521240 1) 1074 (53242 ) qewinzjaiwed WN #£9/€9 4Vids €r/1g 1Y [l uw
mcmc,:@m_ |0J3U0O+ ccoc
v (s9PPA0 1) 1074 (591240 ¥) qewinzijozaie ONEONT D 209/19 8L/L1T 67 1/9%1 1Y /1 sseyd [01] uszuz107
suawibal |01UO0d+ 20C
9 (s3940 ) 1074 (53242 €) qewnzijoiqwad N WN N €01/001 1Y 1l eseyd [L1] erenys
($92A> €) |1DBINOI suswibal [01U0d+ (WAl 26815) 207
9 -ony+uneidsid 1o ‘suigendaded + uneldsid (53242 €) qewnzjjoiqwed ONEONT D o£9/%9 602/SLS 20%/20k 1Y 1l oseyd [11] erenys
1DN'SA LDIN
9100S
5] azis aeak
-|lend wue sjofuo) wie suoijuaAIdu| abejs Jown) /by dlewad/ale\ 9|dwes 2d£} Apn1s (‘yoY) Apn1s

sisA|eue-eIaW 23 Ul PapN|DUl SIIPNIS [BI1UID U3 JO SDISHIDRIRYD Buljasey | ajqel



(2025) 25:1694 Page 6 of 16

Liang et al. BMC Cancer

‘ueaw se _omucmmmha ole mwj_m>n
‘uelpaw se _owur_www‘_o_ o2Je sanjeA,
‘|15eIn0J0oN|j+9)eUl|0JOA|

wnpjed>+unejdijexo x04704 ‘duigelnaded+uiie|dsid+[axe1ad0p xOJ ‘[1Peinoionp+une|dsid+axe1adop 4O ‘L puebi-yieap |93 pawweiboid [7-gd ‘|1oeinosony+uniejdijexo+|axelped 404 ‘1-S+unie|dijexo+|axe1a30p SOg
‘|-S+|9xe1ad0p Sg ‘|axenjped-gqeu+|-S 4ys ‘unejdijexo+aulgeinaded x013x ‘uiie|diiexo+1-S XOS ‘s403qiyul Jutodsdayd saunwiwi s/ ‘L Yieap [|90 pawwelboid [-gd ‘|1oeinoionj+pide d1jojoipAyesyal+uiie|dijexo+|axeld
J0p JO74 ‘|erl pajjosuod paziwopuel ;oY ‘Adesayy parabiey snid DN 11ON ‘Adessyl pa1sbiel snid 1IN 11N ‘Adesayiowsyd jueanfpeoau jHN ‘Adessylowayd snid Adessylounwwi JueAn(peoaN [ DIN:SUOLDIABIQQY

suawibal [BLI} 9A1} 020C
8 (53124 1) 10714 |013U0d + (591240 €) qluede Il 96835 VN N lg/ee  ->adsoud || aseyd [€] bueyz
suswibal }10yod 0207
8 (S9PPAD 5—7) XOS  1011U0D + (S324 $—¢) qlunede ONNTELD WN WN 85/8% aAndadsold [e€] Buep
4GT6S Lzoe
9 (59240 1) 1074 suswibal |013U0d +gjunede N-gIl 9be1s /6109 07/SS Yr/LE aAdadsonal [c€] Bueyz
suawibal (Ill 96e3s) 4’85 Hoyod et
/ (31242 €) XOS |0JIU0D + (539|240 §) qlujiede ONTNEE D /7SS S1/Sy 5€/ST 2AIDadsoud [1€] Buep
susawlibal 4865 }10yod €702
L (59245 €) XOTIX/XOS [0u0d + (594> €) quuiede ONNTE LD /TLS 4di 7 LS/Sy 9A13dsold [0€] uns
LDON'SALIDN

SUSWIB3I [013UOD + (5324

) giuiede Jo ‘suswibal
[013U0D + (591240 ) qluny (Ill 96e3s) €20C
9 (S31942 ) XOTIX/XOS  -ede-+Qqewunzijaiuied/qew|iuls ONINTTEDD  46'85/1'65/2°8S 0S/6CL  €4/05/9S anpdadsonal [62] Buoix
DN 'SALIDN 'SA L1DIN

suswiIbal
[03U0D + (59124 €) qeuijedy (111 96e3s) 4685 1oyod €20C
L (s212A> €) qrunede +XOTIX/X0OS -0}/qeWnzI|a41ed/gew|uls ONNTTELD /615 £2/0$ vE/6¢ anidadsold (8] Buem

9100S

J8T] ?zis Jeak
-lend wJe sjoJuo) wie SUOIjUdAIRU| abejs jown) A/oby dewad/ale 9|dwes 2dA) Apnig (‘4oY) Apn1s

(panunuod) | aqeL



Liang et al. BMC Cancer

(2025) 25:1694

Page 7 of 16

Study Events, Events, %
Year OR (95% CI) Intervention Control  Weight
NICT vs. NCT
Shitara (2024) —_—— 7.32(3.43,15.62) 52/402 8/402 10.65
Shitara (2024) —— 3.42 (1.06, 11.05) 12/90 4/93 5.21
Lorenzen (2023) [—t— 1.82(1.01, 3.29) 35/146 22/149  25.30
Min (2022) + 3.26 (0.34, 31.31) 4/31 1/23 1.53
Bao (2024) —_ 3.22(0.67, 15.50) 4/28 3/61 247
Cui (2024) —— 2.89(1.02, 8.18) 10/49 7186 6.18
Lin (2024) ——— 4.85(1.33,17.73) 7/38 4/90 2.96
Sun (2024) — —n 2.45(1.38,4.33) 28/195 25/390 21.82
Xu (2024) [——— 2.00 (1.01, 3.96) 26/184 14/184  18.37
Jiang (2023) —— 10.10 (3.10, 32.88)  13/50 4/119 2.68
Su (2023) 24.50 (2.94, 204.19) 10/30 1/50 0.76
Zhang (2023) —_— 6.31 (1.24, 32.05) 8/34 2/43 2.06
Subtotal (I-squared = 42.9%, p = 0.057) 3.36 (2.59, 4.36) 209/1277 95/1690 100.00
NICTT vs. NCT
Lin (2024) e 3.10(0.77, 12.43) 8/51 3/53 19.07
Li (2023) —— 4.27 (1.98, 9.21) 33/180 9/180 56.50
Xiong (2023) ——— 4.98 (1.68, 14.71) 15/56 5/73 24.43
Subtotal (l-squared = 0.0%, p = 0.870) 4.22 (2.38,7.47) 56/287 17/306  100.00
NICTT vs. NCTT
Peng (2024) —_—— 3.69 (0.82, 16.66) 8/21 3/21 15.28
Wang (2023) —— 1.74 (0.52, 5.81) 9/39 5/34 33.81
Xiong (2023) ——— 1.92 (0.74, 5.02) 15/56 8/50 50.91
Subtotal (I-squared = 0.0%, p =0.717) - 2.13 (1.09, 4.16) 32/116 16/105  100.00
NCTT vs. NCT
Sun (2023) -+ 2.95 (0.85, 10.30) 10/43 4/43 32.88
Xiong (2023) ——— 2.59 (0.79, 8.44) 8/50 5/73 36.57
Wang (2022) —_— 2.00 (0.40,9.91) 4/24 3/33 22.55
Zhang (2021) g 4.61(0.46, 46.54) 3/31 1/44 8.00
Subtotal (l-squared = 0.0%, p = 0.947) - 2.74 (1.34, 5.60) 25/148 13/193  100.00
|
.0049 1 204
Study Events, Events, %
Year OR (95% ClI) Intervention ~ Control Weight
NICT vs. NCT
Shitara (2024) —— 1.09 (0.81, 1.45) 259/399 252/400 57.48
Shitara (2024) — 2.88 (1.54, 5.37) 42/99 21/103 7.7
Bao (2024) - 0.96 (0.27, 3.44) 4/28 9/61 3.16
Cui (2024) —_—l 1.12(0.46, 2.71) 10/49 16/86 6.02
Sun (2024) ——— 1.08 (0.63, 1.82) 24/195 45/390 1712
Su (2023) T + 1.28 (0.27, 6.15) 3/30 4/50 1.76
Zhang (2023) + T 0.78 (0.31, 1.96) 13/34 19/43 6.75
Subtotal (I-squared = 34.5%, p = 0.165) 1.20 (0.97, 1.49) 355/834 366/1133  100.00
NICTT vs. NCT
Lin (2024) ——— 1.39(0.60, 3.24) 17/51 14/53 25.91
Li (2023) — 2.91(1.76, 4.80) 65/179 29177 52.58
Xiong (2023) —eee 2.53 (1.14, 5.60) 21/56 14/73 21.51
Subtotal (l-squared =8.2%, p = 0.337) 2.43 (1.67, 3.55) 103/286 57/303 100.00
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Wang (2022) T g 2.72(0.82,9.03) 9/25 6/35 12.08
Zhang (2021) 5.83(2.12,16.01) 22/31 13/44 11.78
Zhang (2020) —- 1.05(0.37, 2.98) 11/33 10/31 25.95
Subtotal (I-squared =45.0%, p =0.122) -<> 1.97 (1.25, 3.10) 61/184 49/234 100.00
| | |
.0625 1 16

Fig. 2 Forest plots illustrating the pooled results of (A) pCR and (B) severe TRAEs outcomes. pCR, pathological complete response; TRAEs, treatment-
related adverse events; OR, odds ratio; Cl, confidence interval
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NICT vs. NCT
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Su (2023) 6.66 (1.88, 23.54) 11/30 4/50 145
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NCTT vs. NCT
Zhang (2021) — 2.39 (0.93, 6.17) 20/31 19/44 57.76
Tang (2020) = 2.89 (0.99, 8.41) 12/48 6/58 4224
Subtotal (l-squared = 0.0%, p = 0.796) _ 2.60 (1.28, 5.28) 3279 25/102 100.00
I I
0425 1 235
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Year OR (95% Cl) Intervention  Control Weight
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Cui (2024) i + 4.92 (0.60, 40.60) 48/49 78/86 1.26
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Jiang (2023) > > 11.74 (0.68, 202.30) 50/50 107/119 0.68
Su (2023) — 1.24 (0.34, 4.53) 26/30 42/50 4.57
Zhang (2023) 0.79 (0.05, 13.04) 33/34 42/43 1.19
Subtotal (I-squared =0.0%, p = 0.801) 1.41(1.08, 1.84) 1077/1187  1428/1597 100.00
NICTT vs. NCT
Lin (2024) [ 3.72 (0.96, 14.41) 48/51 43/53 34.64
Li (2023) [ 4.68 (1.00, 22.04) 153/155 147/156 26.40
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Zhang (2020) < 3.80 (0.39, 37.13) 19/20 20/24 4.64
< 1.74 (1.00, 3.04) 193/216 229/275  100.00

.00494

202

Fig. 3 Forest plots illustrating the pooled results of (A) MPR and (B) RO resection outcomes. MPR, major pathological response; OR, odds ratio; Cl, confi-
dence interval



Liang et al. BMC Cancer (2025) 25:1694 Page 9 of 16
Study Events, Events, %
Year OR (95% Cl) Intervention Control Weight
NICT vs. NCT
Shitara (2024) S 0.75 (0.57, 1.00) 169/402 197/402 39.29
Shitara (2024) ——— 0.61(0.34, 1.08) 32/100 45/103 10.37
Lin (2024) : 0.61 (0.24, 1.55) 13/30 24/43 3.85
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.0947 1

10.6

Fig. 4 Forest plots illustrating the pooled results of 2-year recurrence. OR, odds ratio; Cl, confidence interval

(Supplementary material 4 A). The pCR rates were higher
in the NICTT (OR 4.55, 95% CI 2.46-8.41), NICT (OR
3.44, 95% CI 2.38-4.95), and NCTT groups (OR 2.38,
95% CI 1.21-4.66) compared to NCT group. The NICTT
group, in addition, exhibited a slightly superior perfor-
mance compared to the NCTT group (OR 1.92, 95%
CI 0.99-3.69) (Fig. 5B). The treatment with the highest
SUCRA value was NICTT (SUCRA: 80.1), indicating its
likelihood of being the most effective regimen for achiev-
ing pCR. NICT (SUCRA: 65.8) and NCTT (SUCRA:
53.2) followed suit in terms of effectiveness. Notably,
NCT alone exhibited the lowest SUCRA value (0.9)
(Fig. 5C).

The network diagram and contribution diagram for
severe TRAEs are illustrated in Fig. 5D and Supple-
mentary material 3B, respectively. One closed ring was
formed and the consistency test result was satisfactory
(P=0.481) (Supplementary material 4B). Severe TRAEs
were more common in the NICTT (OR 2.52, 95% CI
1.65-3.85) and NCTT groups (OR 1.74, 95% CI 1.16—
2.63) compared to the NCT group. Besides, the NICTT
group exhibited a higher risk of severe TRAEs than NICT
group (OR 2.03, 95% CI 1.20-3.45) (Fig. 5E). The treat-
ment with the least toxicity was NCT alone (SUCRA:
94.3), followed by NICT (SUCRA: 65.5) and NCTT
(SUCRA: 24.9). NICTT exhibited the highest likelihood
of severe TRAEs (SUCRA: 15.2) (Fig. 5F).

Subgroup analysis

Three studies documented the PD-L1 expression levels or
microsatellite instability-high (MSI-H) status of tumors
in the NICT or NICTT groups. Subsequently, we catego-
rized the cases according to the expression status of the
aforementioned two biomarkers and conducted a sys-
tematic comparison and summary of the pCR and MPR
outcomes between the groups. The analysis results dem-
onstrated that the MSI-H tumors exhibited a higher like-
lihood of achieving pCR (OR=9.045, P<0.001) (Fig. 6A)
and MPR (OR=4.529, P=0.012) (Fig. 6B) following
immunotherapy-based neoadjuvant regimens, as com-
pared to microsatellite stable (MSS) tumors. Addition-
ally, PD-L1 positive expression [combined positive score
(CPS) >1] group appeared to have a higher likelihood of
achieving pCR (Fig. 7A) and MPR (Fig. 7B).

Publication bias and sensitivity analysis
The publication bias was evaluated through the construc-
tion of funnel plots based on primary outcomes. The
funnel plot constructed for pCR outcomes exhibited an
approximately symmetrical distribution, suggesting the
absence of significant publication bias (Fig. 8A). However,
the funnel plot constructed for severe TRAEs revealed
that the majority of included studies were skewed
towards the left side of the median line, which indicate
the presence of potential publication bias (Fig. 8B).
Additionally, sensitivity analysis was conducted for
pCR (Fig. 9A) and severe TRAEs outcomes (Fig. 9B),
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Fig.5 Network meta-analysis results for primary outcomes. A network diagram was constructed for (A) pCR and (D) severe TRAEs outcomes, respectively.
Each node in the network signifies a distinct treatment plan, and its size is proportional to the aggregate patient population subjected to that treat-
ment. A ranking table that compares each treatment option was constructed based on the SUCRA values derived from the (B) pCR and (E) severe TRAEs
outcomes, respectively. Text in bold indicates statistically significant variances. A cumulative ranking probability plot was constructed for (C) pCR and
(F) severe TRAEs outcomes, respectively. The larger the area under the curve, the higher the likelihood of a treatment effect. pCR, pathological complete
response; TRAEs, treatment-related adverse events; SUCRA, surface under the cumulative ranking curve

respectively, and no significant differences were observed
after systematically excluding each study.

Discussion

In recent years, the deepening of exploration has led to
the innovation of numerous treatment models and con-
cepts, as well as the emergence of clinical trial results,
thereby creating a novel landscape for the management
of LAGC [3, 4]. The current management of LAGC
has evolved from simple surgical resection to a novel
approach involving neoadjuvant therapy followed by sur-
gery and postoperative adjuvant therapy, significantly

enhancing the prognosis and survival outcomes for
patients with LAGC. Therefore, the determination of an
appropriate individualized neoadjuvant therapy program
has gradually emerged as a prominent topic of discussion
and research among academic experts [35, 36].

The previous studies have demonstrated that despite
the introduction of preoperative NCT or postoperative
adjuvant chemotherapy, which has shown some benefits
for patients with LAGC, its efficacy remains limited. Fur-
thermore, the median overall survival (OS) of advanced
gastric cancer patients undergoing first-line chemo-
therapy still struggles to surpass 20 months [37, 38]. The
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Study Events, Events, %
Year OR (95% ClI) MSI-H MSS Weight
Lorenzen (2023) —‘— 6.00 (1.36, 26.55) 5/8 30/138 83.97
Zhang (2023) : ‘ ) 25.00 (2.20, 284.61) 4/5 4/29 16.03
Overall (I-squared = 0.0%, p = 0.326) 0 9.05 (2.64, 31.03) 9/13 34/167  100.00
.00351 1 285
Study Events, Events, %
Year OR (95% ClI) MSI-H MSS Weight
Lorenzen (2023) * 3.37 (0.66, 17.28) 6/8 65/138 60.94
Zhang (2023) ' ‘ ) 8.89 (0.87, 91.20) 4/5 9/29 18.12
Lin (2024) ‘ 4.13 (0.35,49.28) 2/3 15/46 20.95
Overall (l-squared =0.0%, p = 0.797) 0 4.53 (1.40, 14.63) 12/16 89/213 100.00
.011 1 91.2

Fig. 6 Forest plots illustrating the impact of MSI-H on the (A) pCR and (B) MPR outcomes following the immunotherapy-based neoadjuvant regimens.
pCR, pathological complete response; MPR, major pathological response; MSI-H, microsatellite instability-high; MSS, microsatellite stable; OR, odds ratio;

Cl, confidence interval

efficacy of traditional chemotherapy is limited. With
the advancement of personalized precision therapy, tar-
geted therapy and immunotherapy have emerged as focal
points in comprehensive treatment.

The human epidermal growth factor receptor 2 (HER-
2) serves as a widely utilized therapeutic target in the
field of LAGC, facilitating enhanced patient survival
when combined with chemotherapy. However, the preva-
lence of HER2-positive in LAGC ranges from 6% to 30%,
with only a limited proportion of patients deriving sig-
nificant benefits [39]. VEGFR-2 regulates both lymphatic
endothelial cells and vascular endothelial cells, thereby
promoting the formation of lymphatic vessels and blood
vessels. It also serves as a crucial therapeutic target for

LAGC treatment. The tyrosine kinase inhibitor apatinib
exhibits high selectivity in competing for intracellular
VEGFR-2 ATP-binding sites, thereby blocking down-
stream signal transduction and inhibiting the aberrant
formation of tumor vessels [40, 41]. The results of the
NCT02426034 trial have confirmed the acceptable and
manageable safety profile as well as clinical benefits of
apatinib in patients with advanced GC who have received
it as a third- or later-line treatment [40]. Additionally, a
nonrandomized controlled trial (NCT03192735) dem-
onstrated the efficacy and acceptable safety profile of
apatinib in combination with SOX as a neoadjuvant
treatment for LAGC [41].
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Study Events, Events, %
Year OR (95% Cl) PD-L1(CPS21)  PD-L1(CPS<1)  Weight
Lorenzen (2023) —‘— 1.05 (0.49, 2.27) 20/82 15/64 91.16
Zhang (2023) - ‘ 167(0.17,16.81)  7/28 1/6 8.84
| ]
Overall (I-squared = 0.0%, p = 0.712) < > 111(054,229)  27/110 16/70 100.00
.
.
.
.
.
.
B .0595 1 16.8
Study Events, Events, %
Year OR (95% CI) PD-L1(CPS21) PD-L1(CPS<1) Weight
Lorenzen (2023) * 1.27 (0.66, 2.44) 42/82 29/64 72.86
Zhang (2023) ‘ 1.29 (0.20, 8.31) 11/28 2/6 9.17
"
"
Lin (2024) . * 1.83(0.55,6.16) 11/27 6/22 17.97
.
Overall (I-squared = 0.0%, p = 0.869) 1.37 (0.79, 2.38) 64/137 37/92 100.00

A2 1

8.31

Fig. 7 Forest plots illustrating the impact of PD-L1 positive expression (CPS)> 1 on the (A) pCR and (B) MPR outcomes following the immunotherapy-
based neoadjuvant regimens. CPS, combined positive score; pCR, pathological complete response; MPR, major pathological response; OR, odds ratio; Cl,

confidence interval

The ICIs therapy primarily utilizes monoclonal anti-
bodies to specifically bind to the immune checkpoints
located on the surface of tumor or immune cells, thereby
impeding negative regulation and reactivating the
immune system for efficient eradication of tumor cells.
The advent of ICIs has revolutionized the conventional
treatment paradigm for various malignant solid tumors,
including GC. PD-1, which is expressed on the surface
of T, B, and myeloid cells, functions as an inhibitory
regulator in the immune system. Targeting this molecule
with inhibitors can restore the immune system’s ability
to effectively surveil, identify, and eliminate tumor cells
[36, 42]. The CheckMate649, KEYNOTE-059, ATTRAC-
TION-04, and ORIENT-16 studies all demonstrated
significant efficacy of NICT as a first-line treatment for

advanced GC. Besides, the Chinese Society of Clini-
cal Oncology, the European Society for Medical Oncol-
ogy, and the National Comprehensive Cancer Network
guidelines have all endorsed immunotherapy as a rec-
ommended treatment for advanced GC [43-45]. The
favorable outcomes of immunotherapy in the adjuvant
treatment of LAGC have prompted clinical trials to shift
their focus towards neoadjuvant therapy. The interim
findings from the KEYNOTE-585 trial demonstrated that
perioperative administration of pembrolizumab led to a
significant improvement in pCR, while exhibiting no sta-
tistically significant impact on disease-free survival (DFS)
[11]. Additionally, ChiCTR2000030610 trial’s results sug-
gested that NICT may improve the likelihood of achiev-
ing RO resection, pCR, and postoperative node-negative
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Fig. 8 Funnel plots were constructed based on (A) pCR and (B) severe TRAEs outcomes. pCR, pathological complete response; TRAEs, treatment-related

adverse events
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Fig. 9 Sensitivity analysis was conducted for (A) pCR and (B) severe TRAEs outcomes. pCR, pathological complete response; TRAEs, treatment-related

adverse events

rate compared to treatment with NCT alone [12]. The
application of PD-1 inhibitors in neoadjuvant therapy
for LAGC has been sparsely reported; therefore, further
exploration and analysis are required to determine its
effects.

The anticancer effect of chemotherapy drugs is
achieved by specifically targeting the genetic material
(DNA and RNA), cellular proteins, enzymes, and other
vital components to induce tumor cell death. The admin-
istration of apatinib can induce the normalization of
tumor blood vessels, thereby enhancing tissue perfusion
and facilitating improved penetration of chemotherapy
drugs into the tumor tissue. Thus, the addition of apa-
tinib to chemotherapy can enhance the efficacy of tumor
treatment [7, 37]. Additionally, the combined effect
of immunotherapy and chemotherapy can synergisti-
cally augment tumor eradication. When ICls are com-
bined with chemotherapy, on one hand, chemotherapy
drugs can enhance the anti-tumor immune response of

patients; on the other hand, ICIs can augment chemo-
therapy sensitivity by boosting the anti-tumor immune
response and further eliminate tumor cells that develop
resistance after chemotherapy [46, 47]. Above all, com-
pared to NCT alone, NCTT and NICT regimes both
demonstrated superior efficacy in tumor cell eradication
and enhances rates of pCR, MPR, and RO resection while
reducing the risk of postoperative recurrence.

The successful implementation of the NICT and NCTT
regimes has prompted scholars to shift their research
focus towards the NICTT triple regime. KEYNOTE-811
study has confirmed that the addition of immunotherapy
to anti-HER-2 therapy + chemotherapy can significantly
enhance the objective response rate, DFS, and OS [48].
Based on these findings, the China National Medical
Products Administration granted approval for pembro-
lizumab in combination with trastuzumab, fluoroura-
cil, and platinum on June 25, 2024. This approval was
specifically for the first-line treatment of unresectable



Liang et al. BMC Cancer (2025) 25:1694

or metastatic HER2-positive gastric adenocarcinoma
(GA) and gastroesophageal junction adenocarcinoma
(GEJA) expressing PD-L1 (composite positive score > 1).
DRAGON IV/AHEAD-G208 trail, the world’s first phase
III clinical trial assessing neoadjuvant PAC regime for
resectable GA/GEJA, presented its interim analytical data
through an oral presentation at ESMO Annual Meeting
2023. The findings demonstrated that in the periopera-
tive management of resectable GA/GEJA, the addition of
apatinib and carrelizumab to SOX regimen significantly
augmented the pCR rate compared to SOX alone (18.3%
vs. 5.0%). However, the follow-up of survival data from
the DRAGON IV/AHEAD-G208 study is still ongoing
and may require an additional 2-3 years of waiting [13].
In the future, more high-quality RCTs are needed to vali-
date the efficacy and safety of NICTT triple therapy.

The combination of low-dose apatinib and carrili-
zumab has demonstrated a synergistic effect in sup-
pressing tumor cell proliferation, as evidenced by various
cellular and animal studies. The administration of apa-
tinib concurrently enhances tumor hypoxia, acidosis, and
hypoperfusion while facilitating immune cell infiltration
to improve the tumor immune microenvironment. This
transformation effectively converts tumor immuno-
suppression into immunoenhancement and aids in the
recruitment and aggregation of T cells within the tumor
microenvironment. Therefore, low-dose apatinib can
enhance the efficacy of immunotherapy through multiple
mechanisms, including facilitating antigen presentation,
augmenting lymphocyte infiltration, inducing tumor vas-
cular normalization, and improving the immune micro-
environment. Simultaneously, it can also enhance the
accumulation of chemotherapy drugs within tumor cells,
thereby playing a multi-dimensional synergistic role [49,
50]. Drug safety is also a crucial area of research, particu-
larly in relation to severe TRAEs, which require prompt
attention to enable more patients to complete their
course of treatment and achieve optimal outcomes. Our
meta-analysis revealed no significant difference in the
incidence of severe TRAEs between the NICT and NCT
groups. However, both the NICTT and NCTT groups
exhibited a higher incidence of severe TRAEs com-
pared to the NCT group, indicating a more pronounced
impact of apatinib on TRAEs. Therefore, it is impera-
tive to closely monitor changes in vital signs during the
application of NICTT regime, remain vigilant against
severe TRAEs, and promptly formulate and adjust treat-
ment plans based on patients’ conditions [7, 51, 52]. With
the emergence of more therapeutic targets and targeted
drugs, NICTT regime is expected to achieve improved
outcomes with reduced TRAEs.

Although this study systematically collected relevant
literature evidence and employed diverse methodolo-
gies for meta-analysis, inherent limitations still persist.
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Firstly, the majority of the published studies were retro-
spective cohort or case-control studies with limited levels
of evidence. The potential publication bias, low research
quality, and heterogeneity among patient populations
inherent in retrospective studies may compromise the
accuracy of analysis results. In addition, the outcome data
of RCTs were preliminary and interim results obtained
from the phase II/III clinical trials, with a limited dura-
tion of follow-up and an absence of survival outcomes.
Last but not the least, almost all of the included studies
were conducted exclusively on the Chinese population,
thus necessitating further investigation into the general-
izability of this analysis.

Conclusion

Compared to the exclusive use of NCT, the combined
application of targeted therapy and/or immunotherapy
demonstrates greater efficacy in tumor downstaging and
achieving pCR, which in turn enhances the RO resection
rate and improves patient prognosis. However, it is cru-
cial to remain vigilant regarding the occurrence of severe
TRAEs. The present study conducted a comprehensive
evaluation and comparison of the efficacy and safety of
various neoadjuvant therapy regimens in GC, thereby
providing practical and reliable high-level evidence-
based support for perioperative NICTT strategies in
LAGC. Owing to the relatively recent commencement of
research on NICT, particularly NICTT, and the limited
duration of follow-up, the actual impact of pCR on sur-
vival duration and long-term survival rates remains to be
fully elucidated. It is anticipated that NICTT will emerge
as a mainstream therapeutic approach in the future. Nev-
ertheless, further high-quality clinical studies, tailored to
specific tumor status, treatment protocols, and long-term
follow-up, are required to substantiate its efficacy. We
will also conduct a pooled analysis in the future, utilizing
the most recent research data, with a particular emphasis
on long-term survival outcomes, in order to complement

the findings of this study.
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