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Background: The aim of this network meta-analysis was to clarify the efficacy
and safety of different immune checkpoint inhibitors (ICls) in combination with
chemotherapy in the neoadjuvant phase for the treatment of locally advanced
esophageal cancer.

Methods: We searched PubMed, EMBASE, Web of Science, Cochrane Library,
CNKI and WanFang databases from January 2000 until May 2024. The primary
endpoints were pathological complete response (pCR), major pathological
response (MPR), RO resection rate, objective response rate (ORR), disease
control rate (DCR), treatment-related adverse events(TRAEs) of any grade and
TRAEs of grade 3 or higher. The Newcastle-Ottawa Scale (NOS) and the
Cochrane Risk of Bias tool were used to evaluate risk of bias. To analyze the
data, Review Manager 5.3 and Statal6.0 were applied.

Results: Fourteen eligible studies (six randomized controlled trials) and 8
retrospective cohort studies) enrolling 1139 patients were included for this
network meta-analysis. All studies originated from China. For patients with
locally advanced esophageal cancer, neoadjuvant immunochemotherapeutic
strategies showed significant advantages over traditional neoadjuvant therapy
in terms of pCR, MPR, ORR and DCR. Among the analyzed regimens,
camrelizumab plus chemotherapy demonstrated the most pronounced
improvements in pCR and MPR, while pembrolizumab plus chemotherapy
achieved the best outcomes in terms of ORR and DCR. There were no
significant differences observed among the various neoadjuvant treatment
strategies regarding RO resection rate, any grade TRAEs, or grade>3 TRAEs.
The most common TRAEs in the neoadjuvant chemotherapy plus
immunotherapy group were myelosuppression and gastrointestinal damage,
with most grade 3 or higher TRAEs being hematologic adverse events. The
most frequent immune-related adverse events(irAEs) included rash (4.2-21.7%),
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thyroid dysfunction (hypothyroidism or hyperthyroidism, 6.3-17.4%), and
pneumonia (4.2-6.3%), with the majority being mild to moderate (grade 1 or 2).

Conclusions: Neoadjuvant immunotherapy combined with chemotherapy regimens
demonstrate relatively high efficacy and tolerable safety profiles. Among the evaluated
regimens, the combination chemotherapy with camrelizumab had relatively high
pCR and MPR, whereas the combination chemotherapy with pembrolizumab had
relatively high ORR and DCR. There were no significant differences in safety among
the various regimens. Our study suggests that evaluating the efficacy and safety of
different ICls may be helpful in clinical decision-making.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,
identifier CRD42024583548.

chemotherapy, immunotherapy, neoadjuvant therapy, esophageal carcinoma,

meta-analysis

1 Introduction

Esophageal cancer is a tumor of the digestive system with high
malignancy, high morbidity, and high mortality. According to the
latest statistics from the International Agency for Research on
Cancer, esophageal cancer is the 11th most commonly diagnosed
cancer and the seventh leading cause of cancer death worldwide,
with an estimated 511,000 new cases and 445,000 deaths in 2022 (1).
In China, there were 224,000 new cases of esophageal cancer in
2022, ranking 7th in incidence, with 187,500 deaths, ranking 5th in
mortality (2). The two primary histologic subtypes of esophageal
cancer are esophageal adenocarcinoma (EAC) and esophageal
squamous cell carcinoma (ESCC). EAC is the predominant
subtype in patients with esophageal cancer in the United States
and Europe, accounting for approximately 70% of cases, while in
Asia, 90% or more esophageal cancers are ESCC (3). Some data
show that more than half of esophageal cancer patients are in locally
advanced or advanced stages at the time of diagnosis. The treatment
outcome of esophageal cancer is usually poor, the five-year survival
rate for locally advanced esophageal cancer is 46.7%, while for
esophageal cancer with distant metastasis, the five-year survival rate
is only 4.8%.Therefore, esophageal cancer deserves our attention
since it can be a serious threat to human life and health.

At present, the guidelines of National Cancer Comprehensive
Network and Chinese Society of Clinical Oncology both suggest that
neoadjuvant chemoradiotherapy (nCRT) and neoadjuvant
chemotherapy (nCT) should be the standard treatment modes for
patients with locally advanced esophageal cancer (4, 5). According to
the long-term follow-up results of the CROSS and NEOCRTEC5010
trials, nCRT combined with surgery significantly improved the
overall survival and disease-free survival among patients with
locally advanced esophageal cancer (6, 7). According to the results
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of NEOCRTEC5010 trials, patients receiving nCRT plus surgery had
prolonged overall survival compared with those receiving surgery
alone (hazard ratio, 0.74; 95% CI, 0.57-0.97; P = 0.03), with a 5-year
survival rate of 59.9% (95% CI,52.9%-66.1%) vs 49.1% (95% ClI,
42.3%-55.6%), respectively. The results of two multicenter,
prospective, randomized phase III clinical trials (JCOG9907 and
JCOG1109) suggest that preoperative neoadjuvant chemotherapy
significantly improves long-term survival in patients with resectable
locally advanced ESCC (8, 9). However, after neoadjuvant therapy,
the postoperative recurrence and metastasis rates of locally advanced
esophageal cancer are still high, and the long-term survival rate is
relatively low. Therefore, the pursuit of more enhanced neoadjuvant
therapeutic models is of crucial significance in further augmenting
the prognosis of patients with locally advanced esophageal cancer,
mitigating adverse reactions, and minimizing the disruptive impact
on surgical interventions.

Immune therapy induces tumor cell lysis and apoptosis by
stimulating the body’s immune cells, reducing or disrupting the
tumor’s immunosuppressive microenvironment, thereby restoring
the patient’s anti-tumor immune response (10). Immune checkpoint
inhibitors (ICIs) have been proven to be effective in the treatment of
various types of cancer, including as first-line treatment for advanced
esophageal cancer (11-14). The research results of KEYNOTE-590
indicated that pembrolizumab combined with chemotherapy
performed better than placebo combined with chemotherapy in
terms of overall survival in patients with ESCC (12.6 months vs 9.8
months; 0.72 (0.60-0.88); p=0.0006) (15). Furthermore, strategies
combining radiochemotherapy or chemotherapy with ICIs have
been used in neoadjuvant therapy for resectable locally advanced
esophageal cancer, showing promising results (16-18). Some clinical
trials suggest that combining ICIs with chemotherapy in neoadjuvant
therapy can induce a pCR rate of 16.7-45% in esophageal cancer.
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Currently, traditional meta-analyses have compared the safety
and efficacy of neoadjuvant immune therapy versus traditional
chemotherapy in esophageal cancer. However, no studies have yet
determined the optimal immune checkpoint inhibitor for
neoadjuvant immune combination therapy in esophageal cancer.
Therefore, this study employs network meta-analysis to explore the
safety and efficacy of different combinations of ICIs with
chemotherapy as neoadjuvant treatment strategies for esophageal
cancer, aiming to provide clinical decision-making guidance.

2 Methods
2.1 Literature search strategy

A comprehensive search of the literature was conducted using the
following databases: PubMed, EMBASE, Web of Science, the Cochrane
Library, China National Knowledge Infrastructure (CNKI), and
WanFang. The search was limited to studies published from January
2000 until May 2024.The search keywords were “nivolumab OR
pembrolizumab OR camrelizumab OR sintilimab OR toripalimab OR
tislelizumab OR atezolizumab OR durvalumab OR avelumab OR
ipilimumab OR tremelimumab OR lambrolizumab OR cemiplimab
OR programmed cell death 1 (PD-1) OR programmed cell death ligand 1
(PD-LI) OR cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)
OR immunotherapy OR immune checkpoint inhibitors”, “neoadjuvant
OR preoperative OR perioperative”, “esophageal OR esophagus OR
oesophageal OR oesophagus”. The search query is provided in
Supplementary Table 1. Manual searches of the references in the
systematic reviews and included studies were conducted to identify
any additional qualified research.

2.2 Inclusion criteria

Studies that meet the following criteria are included in the meta-
analysis: 1) Study design: randomized controlled trials (RCTs) or
cohort studies; 2) Participants: Patients with resectable esophageal
cancer confirmed by histological examination, regardless of their
region, age, or race; 3) Interventions: The studies comparing
neoadjuvant ICIs in combination with chemotherapy and
neoadjuvant chemotherapy alone were included in this analysis; 4)
Outcomes: pathological complete response (pCR), major pathological
response (MPR), RO resection rate, objective response rate (ORR),
disease control rate (DCR), treatment-related adverse events(TRAEs)
of any grade and TRAEs of grade 3 or higher.

2.3 Exclusion criteria

Studies meeting the following criteria were excluded: 1) Patients
who had received anti-esophageal cancer treatment prior to
neoadjuvant therapy; 2) Studies unable to provide at least one of
the aforementioned outcome measures; 3) Studies published as case
reports, reviews, or expert opinions; 4) Studies with significant
baseline imbalances among patients.
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2.4 Data extraction and
outcomes measures

Two investigators (JZ and RX) conducted the literature
retrieval, data extraction, and quality assessment in an
independent manner. The following information from included
studies was extracted: 1) Study characteristics, including first
author, year of publication, country, study design, sample size,
details regarding interventions and outcomes; 2) Baseline
characteristics of enrolled patients, such as gender, age,
histological type of tumor, clinical TNM staging of tumors; 3)
Endpoint data, including pCR, MPR, RO resection rate, ORR, DCR,
incidence of TRAEs of any grade and TRAEs of grade>3.

2.5 Quality of evidence and risk of bias

Two researchers independently evaluated the quality of the
included cohort studies using the Newcastle Ottawa Scale (NOS)
(19). Studies with an NOS score > 6 were considered high quality;
otherwise, they were deemed low quality. The quality of RCTs was
evaluated using the Cochrane Risk of Bias Assessment Tool (20).
This tool evaluates random sequence generation, allocation
concealment, blinding of participants and personnel to group
allocation, blinding of outcome assessment, completeness of
outcome data, presence of reporting bias, and other potential
biases. These assessments involve seven items across six domains.

Studies were categorized as “low risk of bias”, “unclear risk of bias”,
or “high risk of bias” based on these criteria.

2.6 Statistical analysis

Data analysis was performed using STATA 16.0 software.
Multivariate network meta-analysis (NMA) was conducted within a
frequency statistics framework using the “network” command in
STATA. To visualize the results of NMA, interval plots were
generated using the ‘intervalplot’ command in STATA. Interval plots
were used to summarize and display the confidence intervals (CIs) and
matching prediction intervals (Prls) for all comparisons. For each
outcome, we estimated the relative ranking of the different therapeutic
regimens according to the distribution of the surface under the
cumulative ranking (SUCRA) probabilities. Increased SUCRA values
indicated higher efficacy and probability of adverse events. We use the
standardized mean differences (SMDs) with 95% confidence intervals
(CIs) for consecutive outcomes and the odds ratio (OR) with 95% CIs
for dichotomous outcomes as effect measures.

3 Results
3.1 Search results and study characteristics
A detailed overview of PRISMA flow chart for database

searching and study identification is presented in Figure 1.
Fourteen studies enrolling 1139 participants were included in this
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meta-analysis. Characteristics of included studies and research data
on endpoints were summarized in Tables 1 and 2, respectively.
Seven studies were published in English, while the other seven
were published in Chinese with English abstracts. All studies
originated from China. Of the included studies, six were RCTs
(21, 22, 24, 26, 29, 31), and eight were retrospective cohort studies
(23, 25, 27, 28, 30, 32-34). The studies collectively enrolled 1139
patients with esophageal cancer, including 11 studies focused on
ESCC and 3 studies on esophageal cancer without distinguishing
between ESCC and EAC. The included neoadjuvant therapies
consisted of nCT, nCT + Socazolimab, nCT + Camrelizumab,
nCT + Pembrolizumab, and nCT + Sintilimab. The primary
neoadjuvant chemotherapy regimens used included platinum-
based doublet chemotherapy regimens with paclitaxel, albumin-
bound paclitaxel, or docetaxel. Two studies used a regimen of
pemetrexed + cisplatin, and only one study used docetaxel +
cisplatin + 5-fluorouracil. The largest sample size included was
354 cases, and the smallest was 30 cases. The included patients
were predominantly male, with a median age exceeding 60 years.

10.3389/fimmu.2024.1478377

3.2 Study quality

In terms of research quality, one study was deemed to be of high
risk of bias for inadequate blinding of investigators(open-label). The
other studies were assessed to be of some concerns. all the NOS
scores of the cohort studies were greater than 6, indicating high
quality. The details of quality assessment for included studies are
listed in Supplementary Tables 2 and 3.

3.3 Outcome measures

3.3.1 Pathological complete response rate

Seven studies reported the pCR rate. Figure 2 shows the
evidence network diagram for pCR rate. As illustrated in the
figure, each dot represents a distinct intervention measure. The
size of each dot is indicative of the number of studies in which this
intervention was used. The lines connecting the dots represent
direct comparative studies between two intervention measures. The

L Identification of studies via databases and registers J

F———
=
2
S Records identified through
s database searching
= (n =3805)
=
~—
A4
Records screened
(n=2612)
A4
Title and abstract screened
g (n=2612)
=
()
: '
(]
(7]
Studies assessed for eligibility
(n=183)
o . -
2 Studies included in network
3 meta-analysis
"_:’ (n=14)

FIGURE 1
Flow diagram of included studies for this meta-analysis.
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Duplicate records removed
(n=1193)

Records excluded (n = 2429)
-Reviews

-Editorials

-Animal studies

-Not relevant studies

Studies excluded (n = 169):
-Including other interventions
(n=37)

-Outcome not reported (n =9)
-Study type (n = 89)
-Literature type (n = 34)
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TABLE 1 Characteristics of the included studies.

The duration

First : . o
Histological Clinical : . Cycles Of of one
author/ Country 9 Intervention ICl(dose) CT regimen Y
Year type stage nICT treatment
cycle
. ICT Socazolimab . 32 61 (53-72) 23(71.9)
Yong L n -paclitaxel
2002n3g 211 China Prospective ESCC 1I-IVa naP p?c '1ta.xe 4 NR
@n nCT + cisplatin 32 63(47-74) 28(87.5)
C li b
Yong Xizo nICT (erggg‘)zuma docetaxel 30 4267+1557 | 15(50)
hi P i E! II-111 4 2
2021 (22) China rospective SCC +oxaliplatin w
nCT 30 43.61 £ 12.54 14(46.7)
Camrelizumab litaxel/nab
Yujin Qiao nlCT (200mg) paclitaxel/nab- 48 64.15 + 7.29 38(79.2)
2022 (23) China Retrospective | ESCC L-IVa s paclitaxel/ 2 3w
nCT docetaxel+platinum 206 6222714 147(714)
Camrelizumab d Licisplati
Shu Wang nlICT (200mg) ocetaxel+cisplatin 15 61 +7.8 13(86.7)
China Prospective | ESCC II-1Va 8 + 3 3w
2023 (24) fl il
nCT uorouract 15 63+7.6 15(100)
Camrelizumab
.. ICT 19 65.89 + 6.06 17(89.5)
RuiginZh n 1
HgmAon China Retrospective | ESCC II-IVa (200mg) docetaxe . 2 3w
2023 (25) +nedaplatin
nCT 40 64.50 + 4.54 31(77.5)
C li b
Renquan cT1-4N1- nICT 22‘:;“ lzuma nab-paclitaxel 90 65 NR
Zhang China Prospective ESCC 3MO, (200mg) . c's[pj)lat'n NR NR
1 1]
2023 (26) cT3-4NOMO nCT 60 65 NR
Baihua Zhan nlCT (;Z‘z)“ehzumab 34 6068 +7.44 | 31(912)
2023 (27) $  China Retrospective | ESCC T2-4N+ (200mg) paclitaxel+platinum | 1-4 3w
nCT 97 60.08 + 7.78 31(91.2)
Camrelizumab
1 ICT . 30 61.4 +7.87 20(66.7)
XiaolinL n b-paclitaxel
aolinkd China Retrospective | ESCC -1V (200mg) nab-pactitaxe 23 3w
2023 (28) + nedaplatin
nCT 30 63.4 + 6.33 21(70)
. "
Xianfang cconhaseal nICT szrgre izumab ab-vaclitaxcl 37 6110 326 | 30(81.1)
Chen China Prospective phag 1IIb-1V (200mg) R P . 2 3w
2023 (29) cancer + cisplatin
nCT 36 60.22 + 3.45 29(80.6)
- pembrolizumab
Bingjiang nICT 200 docetaxel 23 592+ 7.3 21(91.3)
Huang China Retrospective = ESCC 1I-IVa (200mg) X . 2 3w
2021 (30) + nidaplatin
nCT 31 58.9 + 6.4 30(96.7)
(Continued)
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TABLE 1 Continued

XinweiZhang
2022 (31)

Xuezhong
Wang
2023 (32)

Jing Chen
2021 (33)

Chunlin
Li 2023 (34)

Country

China

China

China

China

Prospective

Retrospective

Prospective

Retrospective

Histological
type

esophageal
cancer

ESCC

ESCC

esophageal
cancer

Clinical
stage

II-I1T

ITa-III

II-IIT

111

Intervention

ICl(dose)

AICT pembrolizumab
(200mg)

nCT

AICT pembrolizumab
(200mg)

nCT

AICT pembrolizumab
(200mg)

nCT

AICT Sintilimab
(200mg)

nCT

CT regimen

nab-paclitaxel
+ nedaplatin

pemetrexed
+ cisplatin

pemetrexed
+ cisplatin

nab-paclitaxel
+ nedaplatin

Cycles Of
nICT

NR

The duration
of one
treatment
cycle

3w

3w

3w

3w

Gender

males,

n (%)
30 5791 +8.06  30(100)
29 56.7 + 7.95 29(100)
57 57.13 +9.11 | 33(57.9)
58 58.80 +9.21 | 36(62.1)
49 5637 +5.81 | 31(63.3)
49 54.86 +7.05 | 35(71.4)
40 653 + 5.84 27(67.5)
42 655+ 6. 11 28(66.7)

ESCC, esophageal squamous cell cancer; ICI, immune checkpoint inhibitor; nCT, neoadjuvant chemotherapy; nICT, neoadjuvant immune checkpoint inhibitors combined with chemotherapy; NR, not reported.
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TABLE 2 Research data on endpoints of included studies.

First author/
Year

Treatment

pCR
rate(%)

MPR
rate(%)

RO resec-
tion rate(%)

Incidence of
TRAEs, (%)

Incidence of grage >
3 TRAEs, (%)

Neutropenia

Leukopenia

Anaemia

(%)

Thrombocytopenia
(%)

Gastrointestinal

react(%)

Diarrhea

Hypothyroidism or
hyperthyroidism(%)

RCCEP
(%)

Pneumonia
(%)

¥ Li nICT 414 69 100 NR NR 100 65.6 78.1 78.1 100 100 NR 188 6.3 125 NR 6.3
ong Li
2023 (21)
nCT 27.6 62 96.6 NR NR 100 62.5 78.1 68.8 84.4 84.4 NR 6.3 0 0 NR 6.3
. nlCT NR NR 100 NR NR 133 NR NR 6.7 NR 0 NR 0 NR NR NR NR
Yong Xiao
2021 (22)
nCT NR NR 100 NR NR 20 NR NR 10 NR 3 NR 33 NR NR NR NR
L nICT 417 60 100 NR NR 77.1 NR NR NR NR NR 125 NR NR 4.2 542 NR
Yujin Qiao
2022 (23)
nCT 10.7 27 100 NR NR 917 NR NR NR NR NR 9.2 NR NR 0.5 0 NR
nICT NR NR NR 46.7 93.3 NR 333 26.7 40 533 36.7 NR 6.7 NR NR NR NR
Shu Wang
2023 (24)
nCT NR NR NR 26.7 86.7 NR 134 6.7 13.3 26.7 20 NR 6.7 NR NR NR NR
- nICT 263 NR 100 NR NR 84 53 53 316 10.5 53 NR 0 10.5 NR 211 NR
RuiginZhou
2023 (25)
nCT 2.5 NR 97.5 NR NR 87.5 7.5 7.5 35 125 7.5 NR 5 25 NR 0 NR
nlICT 278 433 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR
Renquan Zhang
2023 (26)
nCT 10 26.7 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR
; nICT 235 529 NR 79.4 NR 47.1 11.8 NR NR NR NR 29 NR NR 20.6 NR NR
Baihua Zhang
2023 (27)
nCT 3 16.5 NR 66 NR 38.1 6.2 NR NR NR NR 124 NR NR 1 NR NR
I, nICT 40 66.7 100 80 100 NR NR NR NR NR NR 433 NR NR NR 60 NR
XiaolinLi
2023 (28)
nCT 6.7 30 933 433 90 NR NR NR NR NR NR 50 NR NR NR 0 NR
. nICT NR NR NR 432 89.2 324 0 NR NR NR NR 8.1 8.1 NR NR NR NR
Xianfang Chen
2023 (29)
nCT NR NR NR 25 69.4 55.6 11.1 NR NR NR NR 16.7 138 NR NR NR NR
- nICT 30.4 47.8 100 87 95.7 NR 34.8 783 82.6 82.6 NR NR NR 17.4 21.7 NR 4.3
Bingjiang
Huang2021 (30)
nCT 9.7 258 96.3 54.8 87.1 NR 258 54.8 61.3 58 NR NR NR 0 0 NR 0
N nICT NR NR NR 78.3 95.7 NR 0 26.1 NR NR 39.1 NR NR NR NR NR NR
XinweiZhang
2022 (31)
nCT NR NR NR 47.8 82.6 NR 0 34.8 NR NR 457 NR NR NR NR NR NR
nICT NR NR NR 64.9 89.5 40.4 NR NR 7 NR 5.3 19.3 NR NR NR NR NR
Xuezhong
Wang 2023 (32)
nCT NR NR NR 43.1 86.2 39.7 NR NR 8.6 NR 34 17.2 NR NR NR NR NR
. nICT NR NR NR 61.2 91.8 NR 26.5 NR 388 NR 245 NR NR NR NR NR NR
Jing Chen
2021 (33)
nCT NR NR NR 40.8 51 NR 36.7 NR 449 NR 30.6 NR NR NR NR NR NR
nlCT 15 50 97.5 70 90 62.5 NR NR NR NR NR 125 NR 12.5 NR NR NR
Chunlin Li
2023 (34)
nCT 4.8 26.2 92.9 40 71.4 66.7 NR NR NR NR NR 14.3 NR 7.1 NR NR NR

PCR, pathological complete response; MPR, major pathological response; ORR, objective response rate; DCR, disease control rate; TRAE, treatment-related adverse event; RCCEP, Reactive Cutaneous Capillary Endothelial Proliferation; nCT,neoadjuvant chemotherapy;
nICT, neoadjuvant immune checkpoint inhibitors combined with chemotherapy; NR, not reported.
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thickness of the lines represents the number of studies conducted
for each comparison. The comparison with camrelizumab + nCT
versus nCT had the highest number of studies, as the figure shows.

The NMA results demonstrated that patients receiving
neoadjuvant camrelizumab + chemotherapy had a significantly
higher postoperative pCR rate (odds ratio 5.97, 95% confidence
interval 3.64-9.79) compared to those receiving neoadjuvant
chemotherapy alone (Figure 3A). The size of SUCRA was directly
correlated with the cumulative ranking probability of the
intervention method in the cumulative ranking probability graph
of the intervention methods. According to the cumulative ranking
probability plot (Figure 4A), the five neoadjuvant immunotherapy
regimens arranged in descending order based on their postoperative
PCR rates were camrelizumab + chemotherapy (probability, 84.2%),
pembrolizumab + chemotherapy (probability, 66.0%), sintilimab +
chemotherapy (probability, 60.0%), socazolimab + chemotherapy
(probability, 34.0%), nCT (probability, 5.8%).

3.3.2 Major pathological response rate

Seven studies reported comparison of MPR rate, Supplementary
Figure 1A shows the evidence network diagram of MPR rate. NMA
results displayed that patients who received neoadjuvant
camrelizumab + chemotherapy (odds ratio 3.99, 95% confidence
interval 2.68-5.94), sintilimab + chemotherapy (odds ratio 2.82, 95%
confidence interval 1.12-7.11) had substantially higher postoperative
MPR rates than those who received neoadjuvant chemotherapy alone
(Figure 3B). The cumulative ranking probability plot illustrated that
camrelizumab + chemotherapy has the highest MPR rate
(probability, 86.7%), followed by sintilimab + chemotherapy
(probability, 65.5%), pembrolizumab + chemotherapy (probability,
61.3%) and socazolimab + chemotherapy (probability, 27.6%), and
nCT group has the lowest MPR rate(probability, 8.9%), as plotted
in Figure 4B.

3.3.3 RO resection rate

Seven studies reported comparison of RO resection rate,
Supplementary Figure 1B shows the evidence network diagram of
RO resection rate. NMA results displayed no significant difference

Socazolimab+nCT

Canmrelizumab+nCT

nCT

Pembrolizumab+nCT

Sintilimab+nCT

FIGURE 2
Comparative network plots for pathological complete
response (pCR).
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among all treatment modalities, as shown in (Figure 3C). The
cumulative ranking probability plot illustrated that sintilimab +
chemotherapy has the highest RO resection rate (probability,
63.7%), followed by socazolimab + chemotherapy (probability,
61.8%), pembrolizumab + chemotherapy (probability, 55.7%) and
camrelizumab + chemotherapy (probability, 42.5%) has the lowest
RO resection rate (probability, 26.3%), as plotted in Figure 4C.

3.3.4 Objective response rate

Nine studies involving four interventions reported the results of
ORR, and Supplementary Figure 1C shows the evidence network
diagram of ORR. As shown in Figure 3D, compared to neoadjuvant
chemotherapy alone, neoadjuvant immunotherapy combined with
chemotherapy significantly improves ORR. Among these, sintilimab +
nCT showed the highest improvement in ORR compared tonCT alone
(odds ratio 3.50, 95% confidence interval 1.39-8.84), followed by
pembrolizumab + nCT (odds ratio 2.64, 95% confidence interval
1.53-4.57) and camrelizumab + nCT (odds ratio 2.82, 95%
confidence interval 1.12-7.11). According to the cumulative ranking
probability plot, the postoperative ORR in descending order for the
four neoadjuvant immunotherapy regimens were: pembrolizumab +
chemotherapy (probability, 75.3%), sintilimab + chemotherapy
(probability, 73.1%), camrelizumab + chemotherapy (probability,
51.4%), nCT (probability, 0.1%), as plotted in Figure 4D.

3.3.5 Disease control rate

Eight studies involving four interventions reported the results of
DCR, and Supplementary Figure 1D shows the evidence network
diagram of DCR. As shown in Figure 3E, compared to neoadjuvant
chemotherapy alone, pembrolizumab + chemotherapy significantly
improves DCR (odds ratio 3.87, 95% confidence interval 1.50-9.94).
According to the cumulative ranking probability plot, the
postoperative DCR in descending order for the four neoadjuvant
immunotherapy regimens were: pembrolizumab + chemotherapy
(probability, 68.7%), camrelizumab + chemotherapy (probability,
64.7%), sintilimab + chemotherapy (probability, 63.0%), nCT
(probability, 3.6%).as plotted in Figure 4E.

3.3.6 Safety analysis

Supplementary Figures 1E, F respectively depict the network
evidence graphs for TRAEs of any grade and TRAEs of grade 3 or higher.
In terms of safety analysis, the NMA results indicate no significant
differences observed among the interventions in terms of TRAEs of any
grade or grade>3(Supplementary Figure 2A; Supplementary Figure 2B).
The five perioperative immunochemotherapy regimens arranged in
descending order based on TRAEs of any grade were: nCT
(probability, 62.8%), pembrolizumab + chemotherapy(probability,
59.3%), socazolimab + chemotherapy (probability, 53.3%), sintilimab
+ chemotherapy (probability, 48.7%), camrelizumab + chemotherapy
(probability, 25.9%) (Supplementary Figure 3A).The four perioperative
immunochemotherapy regimens arranged in descending order based on
TRAEs of grade>3 were: camrelizumab + chemotherapy (probability,
67.0%), socazolimab + chemotherapy(probability, 58.2%), nCT
(probability, 45.4%), pembrolizumab + chemotherapy(probability,
29.4%), as plotted in Supplementary Figure 3B.
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Predictive intervals plots for efficacy of immunochemotherapeutic strategies. (A) Pathological complete response (pCR), (B) major pathological
response (MPR), (C) RO resection rate, (D) objective response rate (ORR), (E) disease control rate (DCR). The graph presents the network estimates
for all pairwise comparisons. Black horizontal lines represent the confidence intervals and red lines represent the predictive intervals.

4 Discussion

Neoadjuvant synchronous chemoradiotherapy or neoadjuvant
chemotherapy followed by surgery remains the primary treatment
choice for locally advanced esophageal cancer. Recently, combining
immunotherapy with chemotherapy during the neoadjuvant phase
has demonstrated impressive efficacy and safety in treating
esophageal cancer. Preclinical studies indicate that PD-1
inhibitors combined with chemotherapy can further enhance host
immune responses and suppress immune escape by cancer cells
(35). To enhance efficacy, neoadjuvant immunotherapy is often
combined with chemotherapy or chemoradiotherapy (36).
However, it remains unclear which immune checkpoint inhibitor,
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when combined with chemotherapy or chemoradiotherapy, offers
the best efficacy and highest safety. To our knowledge, this is the
first network meta-analysis evaluating the safety and efficacy of
different ICIs combined with chemotherapy regimens as
neoadjuvant treatment strategies for esophageal cancer.

The results of this study indicate that perioperative
camrelizumab plus chemotherapy confer greater benefits in terms
of postoperative pathological response compared to traditional
neoadjuvant chemotherapy and other ICIs plus chemotherapy in
esophageal cancer. Camrelizumab plus chemotherapy correlates
with optimal rates of pCR and MPR, consistent with some
previous studies. Traditional meta-analyses comparing the efficacy
and safety of neoadjuvant immunotherapy combined with
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chemoradiotherapy or chemotherapy versus standard neoadjuvant
strategies (nCT and nCRT) have shown that neoadjuvant
immunotherapy (nICT and nICRT) significantly improves pCR
and MPR rates in locally advanced esophageal cancer (16, 37-39).
Additionally, Mei et al. elucidated the efficacy and safety of
perioperative immunotherapy strategies for resectable non-small
cell lung cancer, suggesting no significant difference in pCR benefits
between camrelizumab plus chemotherapy and pembrolizumab
plus chemotherapy, but camrelizumab plus chemotherapy ranked
higher than pembrolizumab plus chemotherapy and chemotherapy
in terms of probability (40). Furthermore, achieving R0 resection is
a key criterion for assessing the effectiveness of surgical
interventions in esophageal cancer because it is associated with
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improved patient prognosis and serves as a benchmark for
successful treatment outcomes. In this study, there were no
significant differences in the RO resection rate among the
intervention measures, and all achieved high RO resection rate.
These results suggest that neoadjuvant immunotherapy combined
with chemotherapy strategies are effective in achieving complete
resection with negative margins for tumors.

Short-term efficacy in tumor treatment refers to how well a
cancer therapy works in the initial phase of treatment, typically
evaluated within weeks to a few months. It assesses the immediate
effects of a treatment on tumor size, growth rate, and symptom
relief, often serving as a measure for determining whether the
treatment approach is worth continuing. In terms of short-term
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efficacy, this study showed that pembrolizumab + nCT had the best
ORR benefit, followed by sintilimab + chemotherapy,
camrelizumab + nCT, and nCT had the lowest ORR
improvement. Li et al. (41) clarified the safety and efficacy of
various ICIs plus chemotherapy in advanced esophageal cancer,
and compared with chemotherapy alone, immunotherapy
combined with chemotherapy improved the ORR, moreover, in
terms of ORR benefit, pembrolizumab + chemotherapy was the
best, followed by sintilimab + chemotherapy, and camrelizumab +
chemotherapy had the lowest ORR benefit, which was consistent
with the findings of this study. In addition, in a comparative
analysis of the efficacy and safety of immunotherapy for patients
with advanced or metastatic ESCC by Gao et al. (42), it was
concluded that there was no statistical difference in terms of ORR
benefit between first-line and second-line treatments for advanced
esophageal cancer with respect to pembrolizumab + chemotherapy,
sintilimab + chemotherapy, and camrelizumab + chemotherapy.

In terms of safety during neoadjuvant therapy, we analyzed any
grade TRAEs and grade >3 TRAEs. The results showed that the
incidence rates of any grade TRAEs and grade >3 TRAEs were
similar across different treatment modalities, with no statistically
significant differences. These findings suggest that adding
immunotherapy to chemotherapy in the neoadjuvant setting does
not significantly increase the risk of severe adverse events.
Additionally, we conducted a comprehensive analysis of adverse
event outcomes in the included studies to estimate the frequency
and severity of certain TRAEs and immune-related adverse events
(irAEs). Results indicated that the most common TRAEs in the
neoadjuvant chemotherapy plus immunotherapy group were
myelosuppression and gastrointestinal damage, primarily
including leukopenia (6.7-82.6%), neutropenia (5.3-78.3%),
anemia (10.5-100%), thrombocytopenia (0-100%), vomiting (6.7-
42.9%), and diarrhea (0-18.8%), with most grade 3 or higher TRAEs
being hematologic adverse events. The most common irAEs related
to ICIs were rash (4.2-21.7%), thyroid dysfunction (hypothyroidism
or hyperthyroidism, 6.3-17.4%), and pneumonitis (4.2-6.3%),
predominantly mild to moderate (grade 1 or 2), with no observed
grade 4 or higher adverse events. Notably, reactive capillary
endothelial proliferation was a specific adverse event associated
with Camrelizumab-related skin damage, occurring at a rate of
21.1-60.0%, possibly due to Camrelizumab’s ability to promote
capillary proliferation by binding with vascular endothelial
growth factor (VEGF). Regarding thyroid dysfunction, the highest
risk of adverse events was observed with Pem + nCT (17.4%),
highlighting the need for regular thyroid function monitoring in
patients receiving Pembrolizumab therapy.

Currently, in clinical trials or studies of neoadjuvant
immunotherapy combined with chemotherapy for esophageal
cancer, PD-1 inhibitors involved include pembrolizumab,
sintilimab, camrelizumab, tislelizumab, toripalimab, and
nivolumab. Studies involving toripalimab, tislelizumab, and
nivolumab are single-arm studies and relatively limited in
number, hence these three PD-1 inhibitors were not included in
our study. In addition, some PD-LI inhibitors combined with
chemotherapy have also demonstrated enhanced antitumor
activity in treating esophageal cancer. In advanced esophageal
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cancer, only one phase 2 single-arm study has explored the
efficacy and safety of the PD-L1 inhibitor Adebrelimab plus
chemotherapy as first-line treatment. In the context of
neoadjuvant immunotherapy for locally advanced esophageal
cancer, clinical trials primarily focus on exploring the benefits of
immunotherapy combined with radiochemotherapy. PD-L1
inhibitors involved in these trials include avelumab, socazolimab,
sotigalimab, atezolizumab, and durvalumab, with only one study
investigating the benefits of the PD-L1 inhibitor socazolimab
combined with chemotherapy. Therefore, large-scale phase 3
RCTs are still needed to study the efficacy of other PD-1
inhibitors and PD-L1 inhibitors in esophageal cancer.

This study also has certain limitations: (1) Currently, there is a
lack of clinical trials directly comparing several ICIs, thus
preventing validation of indirectly compared results; (2) Studies
involving sintilimab + nCT and socazolimab + nCT are relatively
limited in number, potentially affecting result reliability; (3) The
chemotherapy strategies in this study vary widely, mostly consisting
of platinum-based doublet regimens such as cisplatin, nedaplatin,
oxaliplatin with paclitaxel, albumin-bound paclitaxel, docetaxel,
pemetrexed, and one study with a platinum-based triplet regimen
(docetaxel + cisplatin + 5-fluorouracil), suggesting different
synergistic effects with immunotherapy; (4) The cases included in
this study are all from Chinese populations, possibly introducing
regional bias and limiting the generalizability of conclusions to
other ethnic groups of esophageal cancer patients; (5) Long-term
survival outcome data are lacking in the included studies, a
common issue given the considerable time required to obtain
such results. However, with the increasing number of active trials
in neoadjuvant immunotherapy, future research with larger sample
sizes and more RCTs is expected to provide further validation.

5 Conclusion

In summary, the existing evidence from this meta-analysis
suggests that neoadjuvant immunotherapy combined with
chemotherapy regimens demonstrate relatively high efficacy and
tolerable safety profiles. Among the perioperative immunotherapy
combined chemotherapy regimens evaluated, camrelizumab + nCT
showed the highest rates of pCR and MPR, while pembrolizumab +
nCT exhibited the highest ORR and DCR. There were no significant
differences observed in safety profiles among the groups. Further
RCTs are needed, including larger sample sizes, different regional
locations, various immunotherapy combined chemotherapy
regimens, and longer-term outcomes, to further evaluate the
efficacy and safety of these neoadjuvant immunotherapy
combined chemotherapy regimens for locally advanced
esophageal cancer.
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