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Objectives: Clinical studies on immune checkpoint inhibitors (ICIs) combined

with neoadjuvant chemotherapy (nCT) have been carried out for the resectable

esophageal squamous cell carcinoma (ESCC). So far, few studies have

compared the survival outcomes of nCT plus ICIs and nCT alone. This study

aimed to compare the efficacy and safety of neoadjuvant ICIs combined with

nCT versus nCT followed by esophagectomy for patients with resectable

locally advanced ESCC.

Methods: A retrospective analysis of ESCC patients underwent nCT or nCT

combined with ICIs followed by esophagectomy (from March 2013 to April

2021) was performed. A 1:1 propensity score matching (PSM) with a caliper 0.01

was conducted to balance potential bias.

Results: A total of 47 comparable pairs of ESCC patients receiving nCT and nCT

combined with ICIs were selected for the final analysis. The tumor regression

grade (TRG) 0 and pathologic complete response (pCR) rates in the nCT+ICIs

group were significantly higher than those of the nCT group (21.7% vs. 4.5%,

P=0.016; and 17.0% vs. 2.1%, P=0.035, respectively). The rate of nerve invasion

was 4.3% in the nCT+ICIs group, significantly lower than 23.4% of the nCT

group (P=0.007). The incidences of adverse events in the nCT+ICIs group were

similar compared with the nCT group and there was no grade 5 toxicity in either

group. The 1-, 2-year disease-free survival rates (DFS) were 95.7%, 80.7% and

76.1%, 63.8% in the two groups (P=0.001, and P=0.046, respectively). The 1-
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year OS was improved in the nCT+ICIs group, which was close to a statistical

difference (95.7% vs. 84.8%, P=0.074). Local recurrence rate in the nCT+ICIs

group was 6.4%, significantly lower than 21.3% of the nCT group (P=0.036),

while there was no significant difference in the distant metastasis.

Conclusions: Compared with nCT alone, neoadjuvant immunotherapy plus

nCT for patients with locally advanced ESCC has an advantage in pathological

response, and could improve DFS with a good safety and feasibility, while long

term survival validation is still needed further.
KEYWORDS

esophageal squamous cell carcinoma, neoadjuvant chemotherapy, immune
checkpoint inhibitors, esophagectomy (or surgery), propensity score matching
Background

Esophageal carcinoma (EC) ranks seventh in terms of

incidence (604, 000 new cases) and sixth in mortality overall

(544, 000 deaths) in the world (1). In China, EC is the sixth

leading type of cancer and the fourth most common cause of

death from cancer, with approximately 320, 000 new cases and

300, 000 deaths in 2020 (2). For resectable locally advanced EC,

the CROSS trial and NEOCRTEC 5010 have established

neoadjuvant chemoradiotherapy (nCRT) followed by surgery

as a cornerstone of the treatment strategy (3, 4). However, a meta

analysis involving three randomized controlled trials showed

that compared with neoadjuvant chemotherapy (nCT), the

overall survival (OS) was not improved in nCRT group (HR:

0.749; 95% CI: 0.397-1.413; P=0.372), although R0 resection and

pathologic complete response (pCR) rates are significantly

increased (5). A network meta-analysis reveals that nCRT was

associated with more postoperative complications and higher

postoperative mortality (6). A three-arm randomized phase III

study, JCOG 1109, was launched in 2013 to confirm the

superiority of preoperative chemotherapy with docetaxel,

cisplatin plus 5-fluorouracil (DCF), or chemoradiotherapy

with CF (CF-RT) in overall survival over CF for locally

advanced esophageal cancer . In 2022, JCOG 1109

demonstrates that nCRT could not significantly improved OS

when compared to neoadjuvant CF, whereas DCF did (7). But

real-world evidence has been reported that neoadjuvant DCF is

not suitable for patients with poor lung function and elderly

patients (8). It is urgent to explore novel pattern of neoadjuvant

therapy for EC.

O, Reilly et al. (9) reviewed the role of immunotherapy (IO)

agents in both early-stage and advanced-stage disease of EC with

randomized phase III trials, they proposed that for advanced

esophageal squamous cell carcinoma (ESCC) patients, immune

checkpoint inhibitors (ICIs) in combination with chemotherapy
02
should be offered in the first-line setting to IO-naive patients

regardless of tumor programmed death receptor ligand-1

expression. Recently, a meta analysis revealed that neoadjuvant

IO combined with nCT could be used as the recommended

therapeutic option (10). However, there is no high quality

evidence published for ESCC with neoadjuvant IO, and

numerous clinical studies are ongoing for this promising

therapy strategy (11, 12). A pilot study including 16 patients

diagnosed with locally advanced ESCC had investigated the

clinical value and tolerance of neoadjuvant camrelizumab plus

paclitaxel and carboplatin, indicated that neoadjuvant IO plus

chemotherapy exhibits good efficacy and acceptable tolerance

(13). Till now, the most published reports are single-arm clinical

trials, few studies compare the survival outcomes of nCT plus

ICIs and nCT alone. Huang et al. (14) analyzed efficacy and

safety between pembrolizumab combined with chemotherapy

and simple chemotherapy in neoadjuvant therapy for ESCC. The

pCR and objective response rate (ORR) in the combined group

were significantly higher than those of the chemotherapy only

group. Nevertheless, we still press for more clinical data

including survival outcomes to stand in need of the role of

neoadjuvant immunochemotherpay for ESCC. In this study, we

aimed to compare the efficacy and safety of neoadjuvant ICIs

combined with nCT versus nCT followed by esophagectomy for

patients with resectable locally advanced ESCC.
Patients and methods

Patients selection

Data of ESCC patients who underwent esophagectomy

followed nCT or nCT combined with ICIs in our hospital

from March 2013 to April 2021 were retrospectively collected.

Inclusion criteria were included: patients with locally advanced
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resectable stage ESCC; the disease was histopathologically

confirmed in tissue samples; receiving simple nCT or plus ICIs

following esophagectomy; at least one of the following primary

outcomes were reported: R0 resection rate; pCR; incidence of

complications and survival. Exclusion criteria included patients

with non-resectable tumors or metastases during exploratory

surgery; patients receiving other neoadjuvant targeted therapy;

patients receiving salvage or palliative surgery. The 8th edition of

the International Union Against Cancer/American Joint

Committee on Cancer (UICC/AJCC) TNM staging system was

used. All procedures were performed in accordance with the

2013 edition of the Declaration of Helsinki. The study protocol

was approved by the Ethic Committee of our Hospital. Due to

the retrospective nature of the study, informed consent

was waived.
Neoadjuvant treatment regimens

Patients in the nCT+ICIs group received 1-3 cycles of

intravenous PD-1 inhibitor (pembrolizumab at a dose of

200mg, camrelizumab at a dose of 200mg, toripalimab at a

dose of 240mg, or sintilimab at a dose of 200mg) every 3 weeks

and simultaneous chemotherapy consisted of platinum-based

drugs and 5-fluorouracil (FP) or docetaxel/paclitaxel (TP). The

median usage cycle of neoadjuvant therapy was 2 in this group.

Patients in the nCT group received 1-3 chemotherapy (FP or TP

regimen) every 3 weeks, and the median usage cycle in this group

was 2 either.
Surgical treatment

For patients suitable for radical esophagectomy after clinical

evaluation, the surgery was performed after 4-8 weeks from the end

of the last neoadjuvant therapy. Patients received thoracomy

esophagectomy, or minimally invasive esophagectomy (MIE),

including 2-field or 3-field lymphadenectomy and gastric

reconstruction. Two-field lymphadenectomy was regularly

conducted, and standard 3-field lymphadenectomy was performed

in patients with suspected swollen lymph nodes in the neck.
Follow-up

The surveillance tests, including physical examination, chest

computed tomography (CT), and barium scans were regularly

performed during the follow-up, and ultrasonography, endoscopy

or positron emission tomography (PET)/CT and magnetic

resonance imaging (MRI) were employed if necessary. Toxicity

was assessed according to the Common Terminology Criteria for

Adverse Events (CTCAE; version 3.0). Surgical complications

were recorded within 1 month after resection. All patients were
Frontiers in Immunology 03
followed up every 3 to 4 months in the first year, followed by an

interval of 6 months in the next years.
Study endpoints

The primary endpoints were the tumor regression grade

(TRG), R0 resection rate and pCR rate. The secondary endpoints

included toxicities, disease-free survival (DFS), OS, and failure

modes. The TRG was evaluated by the proportion of scar and

residual tumor, and it was grading into 5 degrees according to

Ryan, s TRG system (15): Grade 0 was no residual tumor, grade

1 was residual single tumor cells or small groups of tumor cells,

grade 2 was residual partial of tumor, and grade 3 was no

regression. pCR was defined as no evidence of residual tumor

cells in the primary site and resected lymph nodes of operative

specimens. DFS referred to the time from the date of

neoadjuvant therapy to the first documentation of recurrence

or metastasis. OS was defined as the time from the date of

neoadjuvant therapy to death from any cause or lost follow-up.
Statistical analysis

A one-to-one matching analysis was performed using a

caliper width of 0.01 between the nCT+ICIs and nCT groups.

The propensity scores were calculated using a logistic regression

model, which included age, gender, body mass index (BMI),

tumor location, tumor length, clinical stage, surgical procedures

and interval from neoadjuvant therapy to surgery. The rates of

R0 resection, pCR, complications and failure modes were

compared by the Kruskal-Wallis method or the independent-

samples t-test. In order to indicate normality of the continuous

and categorical variables, the Chi-square test and the Fisher’s

exact test were utilized, respectively. The DFS and OS were

determined by the Kaplan-Meier method and were compared by

the log-rank test. A P-value<0.05 was considered statistically

significant. The statistical analysis was performed using SPSS

22.0 software (IBM, Armonk, NY, USA).

The propensity score matching (PSM) approach was used for

the assembly of a well-balanced cohort using all available

explanatory factors (16). Thus, PSM (nCT+ICIs group: nCT group

in a 1:1 match) was conducted to adjust the available explanatory

factors, including age, gender, BMI, tumor location, tumor length,

stage T, stage N, TNM, surgical procedures and interval from

neoadjuvant therapy to surgery, which might affect the results.
Results

Patients’ baseline characteristics

According to the inclusion and exclusion criteria, 453

patients diagnosed with locally advanced ESCC from March
frontiersin.org

https://doi.org/10.3389/fimmu.2022.970534
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Jing et al. 10.3389/fimmu.2022.970534
2013 to April 2021 were enrolled, of whom 48 patients were in

the nCT+ICIs group, and 405 patients were in the nCT group.

Then, to balance the potential bias, a 1:1 PSM was conducted,

and eventually, 47 comparable pairs were matched for the final

analysis. The baseline characteristics were listed in Table 1. After

PSM, the clinical characteristics were well balanced, including

age, gender, BMI, tumor location, tumor length, clinical stage T,

clinical stage N, clinical stage TNM, chemotherapy regimen,
Frontiers in Immunology 04
neoadjuvant cycle, surgical approach and interval from

neoadjuvant therapy to surgery.
Neoadjuvant treatment and surgical
treatment outcome

Compared with the nCT group, the nCT+ICIs group had an

advantage in pathological response. There were 10 cases (21.7%)
TABLE 1 Baseline characteristics before and after PSM.

Variables Before PSM After PSM

nCT+ICIs (n) nCT(n) P-value nCT+ICIs(n) nCT(n) P-value

Age (years old)

≤60 13 181 0.020 13 12 0.815

>60 35 224 34 35

Gender

Male 31 287 0.368 30 33 0.510

Female 17 118 17 14

BMI (kg/m2)

≤22.9 23 208 0.652 22 26 0.409

>22.9 25 197 25 21

Tumor location

Upper-thoracic 4 38 0.935 4 1 0.170

Middle-thoracic 37 297 36 43

Lower-thoracic 7 70 7 3

Tumor length

≤5cm 25 236 0.412 25 33 0.090

>5cm 23 169 22 14

Clinical stage T

T3 47 400 1.000 47 47 –

T4a 1 5 – –

Clinical stage N

N0 27 225 0.953 26 30 0.661

N1 15 134 15 13

N2 6 46 6 4

Clinical stage TNM

II 26 224 0.176 26 30 0.401

III 21 176 21 17

IVA 1 5 – –

Chemotherapy regimen

TP 38 333 0.603 37 38 0.797

FP 10 72 10 9

Neoadjuvant cycle

1 15 130 0.905 15 23 0.093

≥2 33 275 32 24

Surgical approach

Thoracotomy 27 314 0.001 26 33 0.135

MIE 21 91 21 14

Interval to surgery 44.1±12.9 34.5±15.7 <0.001 40.0±11.2 39.5±10.2 0.766
front
PSM, propensity score matching; BMI, body mass index; nCT, neoadjuvant chemotherapy; ICIs, immune checkpoint inhibitors; MIE, minimally invasive esophagectomy.
iersin.org

https://doi.org/10.3389/fimmu.2022.970534
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Jing et al. 10.3389/fimmu.2022.970534
of TRG 0 in the nCT+ICIs group, 2 (4.5%) in the nCT group,

and statistically significant was found (P=0.016), seen in Table 2.

The pCR rate was 17.0% in the nCT+ICIs group and 2.1% in the

nCT group (P=0.035). The rate of nerve invasion was 4.3% in

nCT+ICIs group, which was significantly lower than 23.4% of

nCT group (P=0.007). The number lymph node removed in the

nCT+ICIs group was 23.5 ± 10.9, while 19.2 ± 8.7 in the nCT

group (P=0.032). Percentage of patients received adjuvant

therapy followed surgery was 55.3% (26/47) in the nCT+ICIs

group, lower than 76.6% (36/47) of nCT group (P=0.03), seen

in Table 3.
Safety and complications

The complications after neoadjuvant therapy were

summarized in Table 4. The incidence of bone marrow

suppression, rash, myocardial enzyme elevation and

transaminase elevation were comparable in both groups (all P

value>0.05). The majority of patients experienced complications

of grade 2 or less, and no grade 5 occurred. The incidence rates

of postoperative complications, including anastomotic leakage,

pneumonia and gastrointestinal bleeding were also similar in the

two groups (all P value>0.05), seen in Table 5.
Frontiers in Immunology 05
Follow-up

In the two groups, both 1 patient was lost in the follow-Up.

The last follow-up time was April 30, 2022. It was shown that the

1-, 2-year DFS rates of the patients in nCT+ICIs group and in

nCT groups were 95.7%, 80.7% and 76.1%, 63.8%, respectively

(HR, 0.164, P=0.001; HR, 0.448, P=0.046). In terms of OS, the 1-,

2-year OS rates in the nCT+ICIs group was 95.7%, 83.2% and

84.8%, 72.3% in the nCT group (HR, 0.474, P=0.074; HR, 0.564,

P=0.189). These results were shown in Figure 1A and Figure 1B.

We analyzed the failure modes of the two groups after

surgery, and the results were shown that ESCC patients with

recurrence in the nCT+ICIs group was 3 (6.4%), significantly

lower than 10 (21.3%) of the nCT group (c2, 4.374; P=0.036), and

the mainly recurrence was regional lymph nodes, while there

was no significant difference in the metastasis (c2, 0.336;

P=0.562) between the two groups, seen in Table 6.
Discussion

JCOG 9907 (17) confirmed the survival benefit of

preoperative chemotherapy with CF over post-operative

chemotherapy with the same regimen, which had become the
TABLE 2 Comparison of TRG between the two groups.

TRG nCT+ICIs nCT P-value

0 21.7% (10/46) 4.5% (2/44) 0.016

1 6.5% (3/46) 4.5% (2/44) 1.000

2 32.6% (15/46) 40.9% (18/44) 0.414

3 39.1% (18/46) 50.0% (22/44) 0.300
front
TRG, tumor regression grade; nCT, neoadjuvant chemotherapy; ICIs, immune checkpoint inhibitors.
TABLE 3 Surgical treatment outcomes.

Variables nCT+ICIs nCT P-value

R0 resection rate 87.2% (41/47) 91.5% (43/47) 0.503

pCR rate 17.0% (8/47) 2.1% (1/47) 0.035

Rate of nerve invasion 4.3% (2/47) 23.4% (11/47) 0.007

Rate of vascular tumor thrombus 6.4% (3/47) 4.3% (2/47) 1.000

Rate of positive lymph nodes 40.4% (19/47) 55.3% (26/47) 0.148

Thoracotom

Left 80.8(21/26) 78.8% (26/33) 0.851

Right 19.2% (5/26) 21.2% (7/33)

Lymph node moved number 23.5 ± 10.9 19.2 ± 8.7 0.032

Adjuvant therapy 55.3% (26/47) 76.6% (36/47) 0.030
nCT, neoadjuvant chemotherapy; ICIs, immune checkpoint inhibitors; pCR, pathologic complete response.
iersin.org
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current Japanese standard treatment for locally advanced

esophageal cancer. Owing to the result, neoadjuvant

chemotherapy could be applied as an approach for the

treatment of resectable ESCC in China, but the survival benefit

of this treatment was still limited. The preclinical studies

demonstrated that chemotherapeutic agents could exert

immunostimulatory effects, either by activating effector cells

and/or inhibiting immunosuppressive cells in the tumor

microenvironment or increasing immunogenicity and T-cell

infiltration (18–20), a remarkable progress has been recently

made in immunotherapy for the treatment of EC. The

CheckMate 577 trial (21), of patients with R0 resected

esophageal or gastroesophageal junction cancer with residual

pathological disease had been conducted to evaluate nivolumab

as adjuvant therapy. The median DFS among the patients who

received nivolumab was 22.4 months, as compared with 11.0

months among the patients received placebo (HR,

0.69; P<0.001).

In the neoadjuvant setting, ICIs is deemed to eliminate

micrometastasis and thus lead to superior survival by inducing

system immune activation (22). Expansion of tumor resident T

cell clones in the peripheral blood had been found in the

neoadjuvant immunotherapy (23). In recent years, several

studies have reported that nCT combined with ICIs followed

by esophagectomy could be recognized as an effective treatment

for locally advanced ESCC, and the pCR could be increased to
Frontiers in Immunology 06
25%-39.2% (24–27). A multicenter, single-arm, phase II trial

aimed to evaluate the safety and efficacy of camrelizumab and

chemotherapy as neoadjuvant treatment for locally advanced

ESCC had been reported (27). The R0 resection was achieved in

50 (98.0%) patients and pCR was identified in 20 (39.2%).

Thirty-four patients (56.7%) had adverse events of grade 3 or

worse, with the most common being leukocytopenia,

demonstrated nCT combined with IO was a promising

neoadjuvant treatment without unexpected safety signals. Up

to now, there is no comparative data on the long-term survival

between nCT group and nCT combined with ICIs group. In

China, a phase III study (HCHTOG1909) comparing

neoadjuvant toripalimab plus chemotherapy versus

chemotherapy for patients with locally advanced ESCC is in

progress (11).
In the current study, 47 pairs of comparable patients with

ESCC receiving nCT combined with ICIs and simple nCT were

selected for the final analysis after PSM. Compared with the nCT

group, the nCT+ICIs group had advantage in TRG and pCR.

There were 10 cases (21.7%) of TRG 0 in the nCT+ICIs group, 2

(4.5%) in the nCT group (P=0.016). The pCR rates were 17.0%,

2.1% in the two groups (P=0.035). In addition, postoperative

nerve invasion in the nCT+ICIs group was significantly lower

than that of the nCT group (P=0.007). The R0 resection rate and

the rate of vascular tumor thrombus were similar between the

two groups. We observed the adverse effects of the patients. The

complications after neoadjuvant therapy and postoperative

(including bone marrow suppression, rash, myocardial enzyme

elevation, transaminase elevation and anastomotic leakage,

pneumonia, gastrointestinal bleeding) were comparable and

the incidence of grade 5 was 0 in the two group, indicated that

additional neoadjuvant ICIs to nCT was safe and feasible, and it

was similar with other studies (4, 28).
To our knowledge, this is the first study to provide 2-year

survival on ESCC patients receiving nCT plus ICIs versus nCT

alone. The 1-, 2-year DFS rates were both significantly increased

in the nCT+ICIs group (P=0.001, P=0.046, respectively), which

might be related to the higher TRG 0 and pCR, lower nerve

invasion rate and more lymph node dissections. In terms of OS,

there was no significant difference in the 1-, 2-year OS rates

between the two groups. However, the 1-year OS improved in

the nCT+ICIs group, which was close to a statistical difference

(P=0.074). Perhaps it was related to the relatively lower pCR rate

(17.0%) and small sample size in our retrospective studies. After

all, pCR rate was supposed to be strong associated with better

survival in ESCC (29, 30). In addition, a more aggressive

adjuvant therapy was conducted in the nCT group (P=0.03),

which probably provided some survival benefits for patients

with ESCC.

Regarding the failure modes, our results showed that nCT

combined with ICIs could significantly reduce local recurrence

(P=0.036), but there was no significant difference in terms of

metastasis (P=0.562), indicated that systemic therapy might be
TABLE 4 Complications after neoadjuvant therapy.

Variables nCT+ICIs (n) nCT (n) P-value

Bone marrow suppression

Grade 1- 2 13 16 0.503

Grade 3-4 0 0 None

Rash 0

Grade 1- 2 1 0 1.000

Grade 3-4 0 None

Myocardial enzyme elevation

Grade 1- 2 5 1 0.206

Grade 3-4 1 0 1.000

Transaminase elevation

Grade 1- 2 19 13 0.192

Grade 3-4 1 0 1.000
nCT, neoadjuvant chemotherapy; ICIs, immune checkpoint inhibitors.
TABLE 5 Complications after Surgery.

Variables nCT+ICIs (n) nCT (n) P-value

Anastomotic leakage 0 3 0.240

Pneumonia 2 1 1.000

Gastrointestinal bleeding 0 1 1.000
nCT, neoadjuvant chemotherapy; ICIs, immune checkpoint inhibitors.
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insufficient in the nCT+ICIs group and seemed need to be

further strengthened. After all, 83.0% of the patients did not

reach pCR in the nCIT group. This also reminds us higher pCR

rate is still the focus of the neoadjuvant therapy strategy.

Some imitations were as followed: (1) It was a single-centered

retrospective study, due to retrospective nature of the study, the

treatment selection bias inevitably existed despite PSM; (2) In view

of the almost 10 years span of the included cases, the lymph node

dissection in the nCT+ICIs group was significantly more than that

of the nCT group [(23.5 ± 10.9) vs. (19.2 ± 8.7), P=0.032], which
Frontiers in Immunology 07
might influence the results potentially; (3) The general

information of the enrolled patients lacked data such as PD-L1

expression, so we could not make a detailed assessment of the

expression of PD-L1 and the response to neoadjuvant therapy; (4)

Lack of large cohort, and the follow-up period was short in the

nCT+ICIs group; (5) Regarding times, changes had taken place in

surgical techniques and chemotherapy regiments, all of these

might affect the final results.

In conclusion, compared with nCT alone, neoadjuvant

immunotherapy plus nCT for patients with locally advanced

ESCC has an advantage in pathological response, and could

improve DFS with a good safety and feasibility, while long term

survival validation is still needed further.
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A B

FIGURE 1

Survival of the nCT+ICIs group and nCT group after follow-up. (A) DFS rates between the two groups; (B) OS rate between the two groups.
TABLE 6 Failure modes after radical esophagectomy.

nCT+ICIs (n) nCT (n) c2 P-
value

Recurrence

Regional lymph node 2 8 4.374 0.036

Anastomosis 1 2

Metastasis

Supraclaviclar lymph
node

1 0 0.336 0.562

Abdominal lymph node 2 1

Liver 2 0

Bone 0 4

Lung 1 1

Brain 0 1

Subcutaneous 0 1
frontiersin.org

https://doi.org/10.3389/fimmu.2022.970534
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Jing et al. 10.3389/fimmu.2022.970534
Author contributions

JW and J-FL conceived the concept and coordinated the

design. S-WJ drafted the manuscript with significant

contributions from CZ and WZ. MH, Q-YL, J-FY, RW, Z-QT

were responsible of visualization, supervision and writing

review. All authors listed have made a substantial and direct

contribution to the work and approved to publication.
Funding

This work was supported by Hebei Clinical Research Center

for Radiation Oncology (2057702D).
Frontiers in Immunology 08
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71:209–49. doi:
10.3322/caac.21660

2. Cao W, Chen HD, Yu YW, Li N, Chen WQ. Changing profiles of cancer
burden worldwide and in China: a secondary analysis of the global cancer
statistics 2020. Chin Med J (Engl) (2021) 134:783–91. doi: 10.1097/CM9.
0000000000001474

3. Van Heijl M, van Lanschot JJ, Koppert LB, van Berge Henegouwen M, Muller
K. Neoadjuvant chemoradiation followed by surgery versus surgery alone for
patients with adenocarcinoma or squamous cell carcinoma of the esophagus
(CROSS). BMC Surg (2008) 8:21. doi: 10.1186/1471-2482-8-21

4. Yang H, Liu H, Chen YP, Zhu CC, Fang WT, Yu ZT, et al. Neoadjuvant
chemoradiotherapy followed by surgery versus surgery alone for locally advanced
squamous cell carcinoma of the esophagus (NEOCRTEC 5010): a phase III
multicenter, randomized, open-label clinical trial. J Clin Oncol (2018) 36:2796–
803. doi: 10.1200/JCO.2018.79.1483

5. Jing SW, Qin JJ, Liu Q, Zhai C, Wu YJ, Cheng YJ, et al. Comparison of
neoadjuvant chemoradiotherapy and neoadjuvant chemotherapy for esophageal
cancer: a meta-analysis. Future Oncol (2019) 15:2413–22. doi: 10.2217/fon-2019-0024

6. Chan KKW, Saluja R, Delos Santos K, Lien K, Shah K, Cramarossa G, et al.
Neoadjuvant treatments for locally advanced, resectable esophageal cancer: a
network meta-analysis. Int J Cancer (2018) 143:430–7. doi: 10.1002/ijc.31312

7. Kato K, Ito Y, Daiko H, Ozawa S, Ogata T, Hara H, et al. A randomized
controlled phase III trial comparing two chemotherapy regimen and
chemoradiotherapy regimen as neoadjuvant treatment for locally advanced
esophageal cancer, JCOG 1109 NExT study. J Clin Oncol (2022) 40: suppl 238.
doi: 10.1200/JCO/2022.40.4_suppl.238

8. Matsuda S, Kitagawa Y, Takemura R, Okui J, Okamura A, Kawakubo H.
Real-world evaluation of the efficacy of neoadjuvant DCF over CF in esophageal
squamous cell carcinoma: propensity score matched analysis from 85 authorized
institutes for esophageal cancer in Japan. Ann Surg (2022). doi: 10.1097/
SLA.0000000000005533

9. O'Reilly EM, Ko AH. Precision medicine and immunotherapy in GI cancers.
J Clin Oncol (2022) 40:2659–61. doi: 10.1200/JCO.22.00601

10. Wang ZY, Shao CJ, Wang YY, Duan HT, Pan MH, Zhao JB, et al. Efficacy
and safety of neoadjuvant immunotherapy in surgically resectable esophageal
cancer: A systematic review and meta-analysis. Int J Surg (2022) 104:106767. doi:
10.1016/j.ijsu.2022.106767

11. Zheng Y, Liu XB, Sun HB, Xu JL, Shen SN, Ba YF, et al. A phase III study on
neoadjuvant chemotherapy versus neoadjuvant toripalimab plus chemotherapy for
locally advanced esophageal squamous cell carcinoma: Henan cancer hospital
thoracic oncology group 1909 (HCHTOG1909). Ann Transl Med (2021) 9:73. doi:
10.21037/atm-20-5404

12. Xing WQ, Zhao LD, Fu XM, Liang GH, Zhang Y, Yuan DF, et al. A phase II,
single-centre trial of neoadjuvant toripalimab plus chemotherapy in locally
advanced esophageal squamous cell carcinoma. J Thorac Dis (2020) 12:6861–7.
doi: 10.21037/jtd-20-2198

13. Yang P, Zhou X, Yang XF, Wang YF, Sun T, Feng SY, et al. Neoadjuvant
camrelizumab plus chemotherapy in treating locally advanced esophageal
squamous cell carcinoma patients: a pilot study. World J Surg Oncol (2021)
19:333. doi: 10.1186/s12957-021-02446-5

14. Huang BJ, Shi HY, Gong XH, Yu J, Xiao CX, Zhou B, et al. Comparison of
efficacy and safety between pembrolizumab combined with chemotherapy and
simple chemotherapy in neoadjuvant therapy for esophageal squamous cell
carcinoma. J Gastrointest Oncol (2021) 12:2013–21. doi: 10.21037/jgo-21-610

15. Ryan R, Gibbons D, Hyland JM, Treanor D, White A, Mulcahy HE, et al.
Pathological response following long-course neoadjuvant chemoradiotherapy for
locally advanced rectal cancer. Histopathology (2005) 47:141–6. doi: 10.1111/
j.1365-2559.2005.02176.x

16. Austin PC. An introduction to propensity score methods for reducing the
effects of confounding in observational studies. Multivariate Behav Res (2011)
46:399–424. doi: 10.1080/00273171.2011.568786

17. Ando N, Kato H, Igaki H, Shinoda M, Ozawa S, Shimizu H, et al. A
randomized trial comparing postoperative adjuvant chemotherapy with cisplatin
and 5-fluorouracil versus preoperative chemotherapy for localized advanced
squamous cell carcinoma of the thoracic esophagus (JCOG 9907). Ann Surg
Oncol (2012) 19:68–74. doi: 10.1245/s10434-011-2049-9

18. Sakai H, Kokura S, Ishikawa T, Tsuchiya R, Okajima M, Matsuyama T, et al.
Effects of anticancer agents on cell viability, proliferative activity and cytokine
production of peripheral blood mononuclear cells. J Clin Biochem Nutr (2013)
52:64–71. doi: 10.3164/jcbn.12-60

19. Pol J, Vacchelli E, Aranda F, Castoldi F, Eggermont A, Cremer I, et al. Trial
watch: Immunogenic cell death inducers for anticancer chemotherapy.
Oncoimmunology (2015) 4:e1008866. doi: 10.1080/2162402X.2015.1008866

20. Heinhuis KM, Ros W, Kok M, Steeghs N, Beijinen JH, Schellens JHM.
Enhancing antitumor response by combining immune checkpoint inhibitors with
chemotherapy in solid tumors. Ann Oncol (2019) 30:219–35. doi: 10.1093/annonc/
mdy551

21. Kelly RJ, Ajani JA, Kuzdzal J, Zander T, Van Cutsem E, Piessen G, et al.
Adjuvant nivolumab in resected esophageal or gastroesophageal junction cancer.
N Engl J Med (2021) 384:1191–203. doi: 10.1056/NEJMoa2032125

22. Lu Z, Zou J, Li S, Topper MJ, Tao Y, Zhang H, et al. Epigenetic therapy
inhibits metastases by disrupting premetastatic niches. Nature (2020) 579:284–90.
doi: 10.1038/s41586-020-2054-x

23. Rozeman EA, Menzies AM, van Akkooi ACJ, Adhikari C, Bierman C, van de
Wiel BA, et al. Identification of the optimal combination dosing schedule of
neoadjuvant ipilimumab plus nivolumab in macroscopic stage III melanoma
(OpACIN-neo): A multicentre, phase 2, randomized, controlled trial. Lancet
Oncol (2019) 20:948–60. doi: 10.1016/S1470-2045(19)30151-2

24. Yang WX, Xing XB, Yeung SJ, Wang SY, Chen WF, Bao Y, et al.
Neoadjuvant programmed cell death 1 blockade combined with chemotherapy
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.1097/CM9.0000000000001474
https://doi.org/10.1097/CM9.0000000000001474
https://doi.org/10.1186/1471-2482-8-21
https://doi.org/10.1200/JCO.2018.79.1483
https://doi.org/10.2217/fon-2019-0024
https://doi.org/10.1002/ijc.31312
https://doi.org/10.1200/JCO/2022.40.4_suppl.238
https://doi.org/10.1097/SLA.0000000000005533
https://doi.org/10.1097/SLA.0000000000005533
https://doi.org/10.1200/JCO.22.00601
https://doi.org/10.1016/j.ijsu.2022.106767
https://doi.org/10.21037/atm-20-5404
https://doi.org/10.21037/jtd-20-2198
https://doi.org/10.1186/s12957-021-02446-5
https://doi.org/10.21037/jgo-21-610
https://doi.org/10.1111/j.1365-2559.2005.02176.x
https://doi.org/10.1111/j.1365-2559.2005.02176.x
https://doi.org/10.1080/00273171.2011.568786
https://doi.org/10.1245/s10434-011-2049-9
https://doi.org/10.3164/jcbn.12-60
https://doi.org/10.1080/2162402X.2015.1008866
https://doi.org/10.1093/annonc/mdy551
https://doi.org/10.1093/annonc/mdy551
https://doi.org/10.1056/NEJMoa2032125
https://doi.org/10.1038/s41586-020-2054-x
https://doi.org/10.1016/S1470-2045(19)30151-2
https://doi.org/10.3389/fimmu.2022.970534
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Jing et al. 10.3389/fimmu.2022.970534
for resectable esophageal squamous cell carcinoma. J Immunother Cancer (2022)
10:e003497. doi: 10.1136/jitc-2021-003497

25. Wu ZG, Zheng Q, Chen HQ, Xiang JQ, Hu H, Li H, et al. Efficacy and safety
of neoadjuvant chemotherapy and immunotherapy in locally resectable advanced
esophageal squamous cell carcinoma. J Thorac Dis (2021) 13:3518–28. doi:
10.21037/jtd-21-340

26. Shen DJ, Chen QX, Wu J, Li JQ, Tao KY, Jiang YH, et al. The safety and
efficacy of neoadjuvant PD-1 inhibitor with chemotherapy for locally advanced
esophageal squamous cell carcinoma. J Gastrointest Oncol (2021) 12:1–10. doi:
10.21037/jgo-20-599

27. Liu J, Yang Y, Liu ZC, Fu XL, Cai XY, Li HX, et al. Multicenter, single-arm,
phase II trial of camrelizumab and chemotherapy as neoadjuvant treatment for
Frontiers in Immunology 09
locally advanced esophageal squamous cell carcinoma. J Immunother Cancer
(2022) 10:e004291. doi: 10.1136/jitc-2021-004291

28. Lv HL, Tian Y, Li JC, Huang C, Sun BK, Gai CY, et al. Neoadjuvant
sintilimab plus chemotherapy in resectable locally advanced esophageal squamous
cell carcinoma. Front Oncol (2022) 29:864533. doi: 10.3389/fonc.2022.864533

29. Wan T, Zhang XF, Liang C, Liao CW, Li JY, Zhou YM, et al. The prognostic
value of a pathologic complete response after neoadjuvant therapy for digestive
cancer: Systematic review and meta-analysis of 21 studies. Ann Surg Oncol (2019)
26:1412–20. doi: 10.1245/s10434-018-07147-0

30. Soror T, Kho G, Zhao KL, Ismail M, Badakhshi H. Impact of pathological
complete response following neoadjuvant chemoradiotherapy in esophageal
cancer. J Thorac Dis (2018) 10:4069–76. doi: 10.21037/jtd.2018.06.85
frontiersin.org

https://doi.org/10.1136/jitc-2021-003497
https://doi.org/10.21037/jtd-21-340
https://doi.org/10.21037/jgo-20-599
https://doi.org/10.1136/jitc-2021-004291
https://doi.org/10.3389/fonc.2022.864533
https://doi.org/10.1245/s10434-018-07147-0
https://doi.org/10.21037/jtd.2018.06.85
https://doi.org/10.3389/fimmu.2022.970534
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Comparison of neoadjuvant immunotherapy plus chemotherapy versus chemotherapy alone for patients with locally advanced esophageal squamous cell carcinoma: A propensity score matching
	Background
	Patients and methods
	Patients selection
	Neoadjuvant treatment regimens
	Surgical treatment
	Follow-up
	Study endpoints
	Statistical analysis

	Results
	Patients’ baseline characteristics
	Neoadjuvant treatment and surgical treatment outcome
	Safety and complications
	Follow-up

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


