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The survival outcomes of
neoadjuvant sintilimab combined
with chemotherapy in patients
with locally advanced esophageal
squamous cell carcinoma

Huilai Lv, Chao Huang, Jiachen Li , Fan Zhang, Chunyue Gai,
Zhao Liu, Shi Xu, Mingbo Wang, Zhenhua Li and Ziqiang Tian*

Department of Thoracic Surgery, The Fourth Hospital of Hebei Medical University, Shijiazhuang,
Hebei, China
Background: Neoadjuvant programmed death receptor-1 (PD-1) inhibitor

combined with chemotherapy has been reported to improve the pathological

response of locally advanced esophageal squamous cell carcinoma (ESCC), but the

systematic report on survival follow-up is quite few. This study we will report the

survival follow-up outcomes after a median follow-up of 21.1 months.

Methods: This was a real-world retrospective study. Locally advanced ESCC

patients treated with neoadjuvant sintilimab combined with albumin-bound

paclitaxel and nedaplatin followed by surgery and completed at least 1-year

follow-up were reviewed. The primary outcome was disease-free survival (DFS)

at 24 months. The secondary outcome was overall survival (OS) at 24 months.

Results: Ninety eligible patients were included in the analysis between July 2019

and October 2021. The median number of neoadjuvant cycles was 3 (range 2-4).

All patients achieved R0 resection. With a median follow-up of 21.1 months (range

14.0-39.0), the median DFS and median OS had not reached, 2-year DFS rate was

78.3% (95%CI 68.8%-89.1%) and 2-years OS rate was 88.0% (95%CI 80.6%-96.0%).

Postoperative pathological stage, pCR, MPR, tumor down-staging were

significantly correlated with favorable survival outcome. Univariable and

multivariable Cox regression analysis identified cycle number of neoadjuvant

treatment as independent predictor of DFS.

Conclusion: Our results preliminarily show a survival benefit of neoadjuvant

sintilimab combined with chemotherapy in locally advanced ESCC.

KEYWORDS

esophageal squamous cell carcinoma, pathological complete response, immune
checkpoint inhibitors, sintilimab, survival outcomes
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1 Introduction

Esophageal cancer (EC) is one of the most common malignant

tumors of digestive system in China (1, 2). According to the latest

WHO epidemiological data, there were 324422 estimated new cases

and 301135 estimated deaths of esophageal cancer in China in 2020,

which were about half of the global cases (2). The predominant

histological type of esophageal cancer in China is esophageal

squamous cell carcinoma (ESCC), accounting for about 90% (3, 4).

For locally advanced resectable ESCC, multidisciplinary

comprehensive treatment strategies including neoadjuvant or

perioperative treatment, and esophagectomy have been established.

Neoadjuvant chemotherapy and neoadjuvant chemoradiotherapy

have been confirmed to significantly improve the survival of patients

with esophageal cancer and was recommended by the National

Comprehensive Cancer Network (NCCN) guidelines and the

Chinese Society of Clinical Oncology (CSCO) guidelines (5–13).

Programmed cell death-1 (PD-1) inhibitor combined with

chemotherapy have shown promising outcomes and approved by

regulatory in the first-line therapy of advanced esophageal and

gastroesophageal junction (GEJ) carcinoma (14–19). Preliminary

data from several small-sample studies showed that PD-1 inhibitor

combined with chemotherapy have also great application prospect in

the neoadjuvant setting, with the pathological complete response

(pCR) rate 21.7% to 50% (20–32). The 2022 CSCO guideline

recommend PD-1 inhibitor combined with chemotherapy (category

3) as one of the neoadjuvant treatment options (13). However, the

systematic report on survival follow-up of neoadjuvant PD-1

inhibitor combined with chemotherapy is quite few. In previous

real-world study, we reported the encouraging pathological

response and good tolerability of neoadjuvant sintilimab combined

with platinum and taxanes in resectable locally advanced ESCC: the

pCR rate was 30.2%, the major pathological response (MPR) rate was

62.5%, the pathological downstaging rate was 74.0% (31). In this

study, we analyzed the patients who were followed up for more than

one year and report the survival outcomes after a median follow-up of

21.1 months.
2 Methods

2.1 Study design and patient selection

This study was designed to be a real-world retrospective study to

investigate the survival outcomes of neoadjuvant sintilimab combined

with chemotherapy in patients with locally advanced ESCC at The

Fourth Hospital of Hebei Medical University. The study was

approved by the Ethics Committee of our hospital and conducted

in accordance with the 2013 edition of the Declaration of Helsinki.

Written informed consent were waived. The inclusion criteria were

included: patients with histologically confirmed locally advanced

resectable ESCC, aged 18 years or older, both sexes, with clinical

stage II-IVA, treating with neoadjuvant sintilimab combined with

albumin-bound paclitaxel and nedaplatin followed by surgery,

completed at least 1-year follow-up. Exclusion criteria included:

having other anti-tumor treatments before or during the

neoadjuvant treatment. Pretreatment baseline staging was according
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to American Joint Committee on Cancer (AJCC) 8th edition TNM

staging system. Chest-abdominal contrast enhanced computed

tomography (CT), esophageal enhanced magnetic resonance

imaging (MRI), endoscopic ultrasound (EUS), and cervical

ultrasound were performed. Position emission tomography positron

emission tomography computed tomography (PET-CT) was also

performed when necessary.
2.2 Treatment

All eligible patients completed 2-4 cycles of neoadjuvant

treatment with sintilimab (200mg, I.V, D1), albumin-bound

paclitaxel (260mg/m (2), I.V, D1) and nedaplatin (80mg/m (2), I.V,

D1) of each 3-week cycle. Dose reductions were not permitted for

sintilimab. Sintilimab was discontinued if a grade 2 or specific grade 3

treatment-related adverse event (TRAE) occurred during treatment

and resumed when the TRAE reduce to grade 1 or below. Sintilimab

was permanently discontinued if a specific grade 3 or grade 4 TRAE

occurred. Chemotherapy was discontinued when patients

experienced a grade 3–4 TRAE and resumed when the TRAE

reduce to grade 1 or below. The chemotherapy dose at resuming

was reduced to 75% of the initial dose when the grade 3–4 AE

occurred for the first time and continued to reduce to 50% of the

initial dose when the grade 3–4 AE reoccurred. The chemotherapy

was permanently discontinued if the grade 3–4 AE reoccurred despite

2 dose reductions. Radiologic responses and clinical restaging were

assessed every two cycles by the same means as the baseline.

McKeown e s oph a g e c t omy w i t h two - o r t h r e e -fi e l d

lymphadenectomy was selected according to patients’ condition and

performed for all suitable patients. Pathological examination was

carried out according to the standard protocols. Pathological response

was assessed by tumor regression grade (TRG) referred to the Becker

system (33). The adjuvant regimens include albumin-bound

paclitaxel and nedaplatin, sintilimab monotherapy, or sintilimab

combined with albumin-bound paclitaxel and nedaplatin. The

decision was made through the multidisciplinary board according

to the original response to immune-chemotherapy and postoperative

clinical conditions. The adjuvant regimen was decided by selected by

multidisciplinary team according to the efficacy and safety of

neoadjuvant treatment and postoperative recovery, including

adjuvant albumin-bound paclitaxel and nedaplatin, sintilimab

monotherapy, or sintilimab combined with albumin-bound

paclitaxel and nedaplatin. pCR patients may not receive adjuvant

treatment. Follow-up were routinely conducted every 3 months

during first 2 years after surgery, and then every 6 months after

2 years.
2.3 Outcomes

The primary outcome was disease-free survival (DFS) at 24

months. DFS was defined as the time from the date of neoadjuvant

treatment to recurrence or death by any cause. Disease recurrence

included locoregional recurrence (LRR) and distant recurrence (DR)

that occurred after R0 resection. Locoregional recurrence was defined

as the recurrence within the esophagus, anastomosis or regional
frontiersin.org
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lymph nodes. Distant recurrence was defined as distant organ

metastases, peritoneal carcinomatosis or recurrence within

nonregional lymph node. The secondary outcomes were overall

survival (OS) at 24 months. OS was defined as the time from the

date of neoadjuvant treatment to death by any cause. Impact of

pathological response (pCR, MPR and tumor downstaging) on DFS

was exploratory analyzed. pCR (corresponds with Becker TRG 1a)

was defined as no evidence of residual tumor cells in the resected

primary tumor and axillary lymph nodes. MPR (corresponds with

Becker TRG 1a+1b) was defined as 10% or fewer residual tumor cells

in the primary tumor. Tumor downstaging was defined as a decrease

in T or/and N of pre-surgery stage after neoadjuvant (ypTNM) or

post-surgery pathological stage (pTNM) relative to baseline clinical

stage (cTNM). Upstaging was defined as an increase in T or/and N of

ypTNM or pTNM stage relative to baseline cTNM.
2.4 Statistical analysis

Statistical analysis was performed using SPSS software (IBM SPSS

Statistics, RRID: SCR_016479 version 26.0) and R software (RRID:

SCR_001905 version 4.0.0). The continuous variables were presented

as median and range. The categorical variables were presented as

number and percentage. The pCR, MPR, tumor downstaging and R0

resection rate with 95% CI were calculated using the Clopper–Pearson

exact method based on binomial distribution. Median follow-up time

was calculated using the reverse Kaplan–Meier method. DFS and OS

and corresponding 95% CIs were estimated using the Kaplan-Meier

method, and a log-rank test was used for comparisons between

pathological response subgroups. Univariable and multivariable Cox

regression models were used to estimate the effect of neoadjuvant

treatment among subgroups according to baseline characteristics. All

statistical testing is two-tailed and performed at the 5%

significance level.
3 Results

3.1 Baseline characteristics

Ninety eligible patients were included in the analysis between July

2019 and October 2021. The major characteristics of the patients are

shown in Table 1. Sixty-one (67.8%) were male, the median age was

65 years (range 49-78 years), most tumors were located in the middle

esophagus (44.4%) and lower esophagus (42.2%), 48 (53.3%) patients

had Eastern Cooperative Oncology Group (ECOG) performance

status (PS) 0 and 42 (46.7%) had ECOG PS 1 or 2. Thirty-two

(35.5%) patients had clinical stage II, 52 (57.8%) patients had clinical

stage III, and 6 (6.7%) had clinical stage IVA.
3.2 Treatment outcomes

The median number of neoadjuvant cycles was 3 (range 2-4).

Forty-two (46.7%) patients received 2 cycles of the neoadjuvant

treatment, and another forty-eight (53.3%) received 3–4 cycles.
Frontiers in Immunology 03
Eighteen patients experienced chemotherapy dose reduction due to

TRAEs. Five patients experienced treatment discontinuation due to

TRAEs, including one patient because of Immune-mediated colitis,

one patient because of liver Abnormalities, two patients because of

hyperthyroidism, and two patients because of leukopenia and

neutropenia. No treatment-related surgical delay or death

was observed.
TABLE 1 Patient baseline characteristics.

Characteristics No. (%)

Age (years)

Median (range) 65 (49-78)

<65 44 (48.9)

≥65 46 (51.1)

Sex

Male 61(67.8)

Female 29(32.2)

Smoking

Yes 37(41.1)

No 53(58.9)

Alcohol Drinking

Yes 40(44.4)

No 50(55.6)

Tumor Location

Upper Esophagus 12(13.3)

Middle Esophagus 40(44.4)

Lower Esophagus 38(42.2)

Clinical TNM Stage

II 32(35.5)

III 52(57.8)

IVA 6(6.7)

Clinical T Stage

3 87(96.7)

4a 3(3.3)

Clinical N Stage

0 33(36.7)

1 41(45.6)

2 12(13.3)

3 4(4.4)

ECOG PS Score

0 48(53.3)

1 34(37.8)

2 8(8.9)
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All 90 patients underwent scheduled surgery, all patients achieved

R0 resection. The median interval between the end of neoadjuvant

therapy and surgery was 34 days (range 21-95 days). The median

number of resected lymph node was 29 (range 20-52). Seventy-five

(83.3%) patients completed two field lymphadenectomy, and 15

(16.7%) completed three field lymphadenectomy. The median

operation time was 303 minutes (range 142-563 minutes), and the

median intraoperative blood loss was 150ml (range 100-2300 ml).

The treatment responses are summarized in Table 2. Postoperative

pathological analysis showed that the pCR (TRG1a) rate was 31.1%

(95CI 21.8%-41.7%), MPR (TRG1a+1b) rate was 61.1% (95CI 50.3%-

71.2%). The median length of hospital stay was 12 days (range 8-

54 days).

Sixty (66.7%) patients received adjuvant therapy, including 50

(55.6%) patients receiving sintilimab combined with chemotherapy,

5 (5.6%) patients receiving sintilimab, and 5 (5.6%) patients

receiving chemotherapy. The median cycle of adjuvant sintilimab

was 8 (range, 1-17), The median cycle of adjuvant chemotherapy was

2 (range, 1-4).
3.3 Survival outcomes

As of data cut-off, the median follow-up was 21.1 months (range

14.0-39.0). 15 (16.7%) patients had disease recurrence and 9 (10.0%)

of them died, in addition, 1 (1.1%) patient died of non-cancer-related

cause without recurrence. 2 (2.2%) patients experienced locoregional

recurrence, 12 (13.3%) patients experienced distant recurrence, and 1

(1.1%) patient experienced concurrent locoregional recurrence and

distant recurrence (Table 3). Of the 30 patients who were followed up

for more than 24 months, only 3 recurred 15.8 months, 16.9 months

and 20.8 months after treatment, respectively.

The median DFS and median OS had not been reached yet, 1-year

DFS rate was 91.1% (95%CI 85.4%-97.2%), and 2-year DFS rate was

78.3% (95%CI 68.8%-89.1%). 1-years OS rate was 97.8% (95%CI

94.8%-100.0%), and 2-years OS rate was 88.0% (95%CI 80.6%-96.0%)

(Figures 1, 2). Subgroup analysis showed that postoperative

pathological stage, pCR, MPR, tumor pathological down-staging

were significantly correlated with survival outcome (Table 4,

Figure 3). Univariable and multivariable Cox regression analysis

according to baseline characteristics identified cycle number of

neoadjuvant treatment as independent predictor of DFS (Table 5).

Patients who completed 3–4 cycles of neoadjuvant treatment increase

survival compared to those received 2 cycles, 2-year DFS rate was

88.1% (95%CI 76.9%-100%) and 68.0% (95%CI 53.1%-85.6%)

respectively (Figure 4).
4 Discussion

These survival Outcomes, after a median follow-up of 21.1

months, preliminarily show a survival benefit of neoadjuvant

sintilimab combined with chemotherapy in locally advanced ESCC.

In recent years, more and more studies have confirmed the

encouraging pathological response and manageable safety of

neoadjuvant PD-1 inhibitor combined with chemotherapy (20–32).
Frontiers in Immunology 04
TABLE 2 Radiologic and pathologic responses.

Variable No. (%)

R0 resection 90(100.0)

TRG

TRG1a 28(31.1)

TRG1b 27(30.0)

TRG2 16(17.8)

TRG3 19(21.1)

ypTNM stage

I 47(52.2)

II 20(22.2)

III 15(16.7)

IVA 8(8.9)

ypT Stage

0 33(36.7)

1 19(21.1)

2 12(13.3)

3 23(25.6)

4a 3(3.3)

ypN Stage

0 51(56.7)

1 25(27.8)

2 8(8.9)

3 6(6.7)

Downstaging (ypTNM VS. cTNM) 71(78.9)

Unchanged staging (ypTNM VS. cTNM) 14(15.6)

Upstaging (ypTNM VS. cTNM) 5(5.6)

pTNM stage

0/I 44(48.9)

II 19(21.1)

III 20(22.2)

IVA 7(7.8)

pT Stage

0 33(36.7)

1 20(22.2)

2 12(13.3)

3 22(24.4)

4a 3(3.3)

pN Stage

0 53(58.9)

1 22(24.4)

(Continued)
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Now, it is of concern whether the encouraging pathological response

can be translated into survival benefit. This is a relatively large sample

and systematic report on survival follow-up.

As to the survival follow-up outcomes of neoadjuvant PD-1

inhibitors and chemotherapy in the ESCC, there are also four other

small sample studies. A single-arm, prospective trial of 23 enrolled

patients showed after a median follow-up of 13.77 months (IQR: 9.7–

17.6), 5 (25%) of the 20 patients who received surgery experienced

disease recurrence or metastasis ranging from 4 to 12 months after

surgery (25). Another single-arm, prospective trial of 47 enrolled

patients showed after a median follow-up of 14.6 months (IQR, 11.3-

24.0 months), the 1-year OS was 90.8%, and the 1-year DFS was
Frontiers in Immunology 05
68.3%, and patients who achieved MPR had improved DFS (p=0.050,

HR=0.35) and OS (p=0.066, HR=0.16) (32). A retrospective study of

34 enrolled patients showed the DFS rate was 86.4% at 12 months,

70.4% at 24 months, and the OS rate was 92.8% at 12 months, 83.2%

at 24 months after a median follow-up of 14.8 months (range 3.8–

26.5) (29). Another retrospective study of 47 enrolled patients showed

that the 1-, 2-year DFS were 95.7%, 80.7%, the 1-, 2-year OS rates

were 95.7%, 83.2% (27). In our study, more patients were included

and the followed-up time was nearly two years. The results showed

that 1-year DFS rate of neoadjuvant sintilimab combined with

chemotherapy was 91.1%, 2-year DFS rate was 78.3%, 1-years OS

rate was 97.8%, 2-years OS rate was 88.0% with a median follow-up of

21.1 months. Overall, all these follow-up outcomes preliminarily

show survival benefit and further confirm the prospect of

neoadjuvant PD-1 inhibitor combined with chemotherapy.

Some studies reported that combined radiotherapy based on

chemotherapy can mainly improve local pathological response, but

may be poorly effective at controlling occult systemic metastasis (11,

34–36). The Chemoradiotherapy for Oesophageal Cancer Followed

by Surgery Study (CROSS) showed the reduction in distant

progression in the neoadjuvant chemoradiotherapy plus surgery

group was significant than the surgery alone group during the first

24 months of follow-up but not thereafter (36). The NEOCRTEC5010
TABLE 2 Continued

Variable No. (%)

2 9(10.0)

3 6(6.7)

Downstaging (pTNM VS. cTNM) 70(77.8)

Unchanged staging (pTNM VS. cTNM) 13(14.4)

Upstaging (pTNM VS. cTNM) 7(7.8)
TABLE 3 Characteristics of patients with disease recurrence.

Patient
NO. Age Sex ECOG

PS
Tumor
Location

Cycle
Numbers

cTNM
(baseline) pTNM TRG Metastatic Sites DFS

(months)
OS

(months)

1 57 male 1 middle 2 T3N1M0 T2N1M0 TRG3
retroperitoneal lymph
node

12.6 NR

2 51 male 1 middle 2 T3N2M0 T3N1M0 TRG2 liver 15.8 26.0

3 72 female 2 middle 2 T3N1M0 T3N2M0 TRG3
retroperitoneal lymph
node

14.2 16.7

4 57 male 1 lower 2 T4aN2M0 T1N1M0 TRG1b
pretracheal lymph node,
bone

11.6 18.7

5 66 male 1 lower 2 T3N0M0 T3N0M0 TRG3 Left hilar lymph node 10.2 14.3

6 69 male 2 lower 3 T3N3M0 T1N3M0 TRG1b
retroperitoneal lymph
node

11.0 16.1

7 63 female 0 middle 3 T3N0M0 T0N0M0 TRG1a
Left supraclavicular
lymph node, lung

16.9 NR

8 60 male 2 middle 2 T3N1M0 T3N1M0 TRG3

retroperitoneal lymph
node, Left
supraclavicular lymph
node

20.8 NR

9 64 female 0 middle 3 T3N1M0 T3N1M0 TRG3 liver 20.8 NR

10 65 male 0 middle 2 T3N1M0 T0N1M0 TRG1b bone 5.3 14.4

11 50 female 1 lower 2 T3N1M0 T3N3M0 TRG3 liver, lung 14.9 NR

12 71 female 0 middle 2 T3N2M0 T3N3M0 TRG3 liver 4.9 10.0

13 63 male 1 lower 3 T3N1M0 T2N1M0 TRG2 adrenal 12.1 NR

14 56 male 0 middle 2 T3N1M0 T2N1M0 TRG2 pretracheal lymph node 10.7 14.3

15 74 male 0 lower 2 T3N1M0 T4aN3M0 TRG3 lung 6.3 8.3
fr
*NR, not reach.
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FIGURE 1

Kaplan-Meier estimates of DFS.
FIGURE 2

Kaplan-Meier estimates of OS.
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clinical trial also showed the reduction in distant progression was not

significant after the first 24 months (11). The LRR, DR, and overall

recurrence rates of neoadjuvant sintilimab combined with

chemotherapy during the first 24 months decreased numerically

compared with neoadjuvant chemoradiotherapy (11, 36, 37).

Moreover, the presence of the whole tumor during neoadjuvant
Frontiers in Immunology 07
PD-1 inhibitor combined with chemotherapy allows a triggering of

a broader T cell response due to a larger repertoire of tumor antigen

exposure, then establish systemic immune surveillance and

destruction of micrometastases (38, 39). So the better postoperative

pathological response from neoadjuvant PD-1 inhibitor combined

with chemotherapy may translate into a long-term survival benefit.
TABLE 4 Comparisons between pathological response subgroups.

Events, No./total No. 2-year DFS (95% CI) HR (95% CI) P value

Pathological stage 0-II 5/63 (7.9%) 89.7% (95%CI 81.0%-99.4%)

Pathological stage III/IVA 11/27 (40.7%) 54.4% (95%CI 36.9%-80.1%) 0.17 (0.06-0.50) <;0.001

pCR 1/28 (3.6%) 95.5% (95%CI 87.1%-100.0%)

Non-pCR 15/62 (24.2%) 71.3% (95%CI 59.2%-85.8%) 0.14 (0.02-1.05) 0.02

MPR 4/54 (7.4%) 92.2% (95%CI 85.1%-99.9%)

Non-MPR 12/36 (33.3%) 59.9% (95%CI 43.7%-82.2%) 0.21 (0.07-0.64) 0.002

Tumor pathological down-staging 7/70 (10.0%) 89.5% (95%CI 82.4%-97.2%)

Not achieving down-staging 9/20 (45.0%) 49.0% (95%CI 29.8%-80.5%) 0.20 (0.08-0.55) <;0.001
fron
A B

DC

FIGURE 3

Kaplan-Meier estimates of DFS stratified by pathological responses. (A) DFS of the pathological stage 0-II group and the III/IVA group. (B) DFS of the pCR
group and the non-PCR group. (C) DFS of the MPR group and the non-MPR group. (D) DFS of the tumor pathological down-staging group and not
achieving tumor pathological down-staging group.
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This has been confirmed in the neoadjuvant immunotherapy of lung

cancer (40–43).

In the present study, subgroup analysis showed that postoperative

pathological stage, pCR, MPR, tumor down-staging were significantly

correlated with survival outcome. The results preliminarily indicate

that pCR and MPR can be used as alternative indicators or predictor

of survival for neoadjuvant PD-1 inhibitor combined with

chemotherapy, which is consistent with previous findings in

neoadjuvant chemotherapy and neoadjuvant chemoradiotherapy

(44–48), and we will further confirm it through long-term follow-up.

The optimal number of neoadjuvant treatment cycles remains to

be established for ESCC. For neoadjuvant chemotherapy, a

randomized phase II trial showed three courses of DCF led to a

relatively higher rate of pCR (15.3% vs. 9.1%, P = 0.212) compared to

the two-course (49). Another randomized phase II trial showed two-

and three-course of DCF have the comparable histological responses
Frontiers in Immunology 08
(P=0.898), and the 2-year PFS rate was also comparable between the

two groups (71.4 vs. 71.1%, P = 0.669) (50). Our previous studies have

shown that the pCR rate were significantly higher in patient

completed 3-4 cycles of neoadjuvant therapy than those completed

2 cycles, (47.9%, 95% CI, 33.3%–62.8% vs. 12.5%, 95% CI, 4.7%–

25.2%, p = 0.0003). In the present study, multivariable Cox regression

analysis also identified cycle number of neoadjuvant treatment as

independent predictor of DFS. Patients who completed 3–4 cycles of

neoadjuvant treatment increase survival compared to those received 2

cycles (2-year DFS rate 88.1% vs. 68.0%). Long term follow-up and

randomized study are still needed to further confirm the benefits of

extending the treatment cycle of neoadjuvant PD-1 inhibitor

combined with chemotherapy to 3-4.

There are several limitations to this study. First, this is a

retrospective study which may cause biases. Second, more samples

are needed to further confirm the conclusion. Third, our study
TABLE 5 Univariable and multivariable Cox regression analysis according to baseline characteristics.

Variable Events, No./total No.
Univariable analysis Multivariable analysis*

HR (95% CI) P value HR (95% CI) P value

Age (years)

<65 10/44 (22.7%)

≥65 6/46 (13.0%) 0.53 (0.19-1.46) 0.221

Sex

Male 10/61 (16.4%)

Female 6/29 (20.7%) 1.26 (0.46-3.48) 0.650

Tumor Location

Lower Esophagus 7/38 (18.4%)

Middle Esophagus 9/40 (22.5%) 1.09 (0.41-2.95) 0.862

Upper Esophagus 0/12 (0) – 0.977

Clinical T Stage

3 15/87 (17.2%)

4a 1/3 (33.3%) 1.83 (0.24-13.94) 0.559

Clinical N Stage

0 3/33 (9.1%)

1 9/41 (22.0%) 2.59 (0.70-9.56) 0.153 2.25 (0.59-8.56) 0.236

2-3 4/16 (25.0%) 3.01 (0.67-13.45) 0.150 2.55 (0.57-11.71) 0.228

ECOG PS Score

0 6/48 (12.5%)

1 7/34 (20.6%) 1.67 (0.56-4.96) 0.360 1.37 (0.45-4.17) 0.577

2 3/8 (37.5%) 2.91 (0.73-11.65) 0.131 2.29 (0.55-9.54) 0.256

Cycle Numbers

2 12/42 (28.6%)

3-4 4/48 (8.3%) 0.27 (0.09-0.85) 0.025 0.29 (0.09-0.92) 0.035
fron
*Multivariable analysis included the following baseline characteristics: clinical N stage, ECG PS score and cycle numbers of neoadjuvant treatment.
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only reported a short-term survival outcome, longer follow-up is

necessary to evaluate the long-term clinical benefits of neoadjuvant

PD-1 inhibitor combined with chemotherapy for locally

advanced ESCC.
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et al. Overall survival and biomarker analysis of neoadjuvant nivolumab plus
frontiersin.org

https://doi.org/10.1097/CM9.0000000000001474
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.2188/jea.je20120162
https://doi.org/10.21147/j.issn.1000-9604.2019.03.04
https://doi.org/10.1016/S0140-6736(02)08651-8
https://doi.org/10.1200/JCO.2009.22.2083
https://doi.org/10.1245/s10434-011-2049-9
https://doi.org/10.1245/s10434-011-2049-9
https://doi.org/10.1056/NEJMoa1112088
https://doi.org/10.1200/JCO.20.03614
https://doi.org/10.1200/JCO.2018.79.1483
https://doi.org/10.1001/jamasurg.2021.2373
https://www.nccn.org/professionals/physician_gls/pdf/esophageal.pdf
http://meeting.csco.org.cn/pdf/web/viewer.html?file=/Upload/Periodical/20211019110832.pdf
http://meeting.csco.org.cn/pdf/web/viewer.html?file=/Upload/Periodical/20211019110832.pdf
https://doi.org/10.1136/bmj-2021-068714
https://doi.org/10.1001/jama.2021.12836
https://doi.org/10.1016/j.ccell.2022.02.007
https://doi.org/10.1016/S0140-6736(21)01234-4
https://doi.org/10.1200/JCO.2021.39.15_suppl.4049
https://doi.org/10.1056/NEJMoa2111380
https://doi.org/10.21037/jgo-20-599
https://doi.org/10.1186/s12957-021-02446-5
https://doi.org/10.1186/s12957-021-02446-5
https://doi.org/10.3389/fimmu.2021.772450
https://doi.org/10.21037/atm-21-5381
https://doi.org/10.1186/s12967-022-03252-7
https://doi.org/10.1136/jitc-2021-003497
https://doi.org/10.1136/jitc-2021-004291
https://doi.org/10.3389/fimmu.2022.1031171
https://doi.org/10.3389/fimmu.2022.1031171
https://doi.org/10.1002/ijc.33976
https://doi.org/10.2147/CMAR.S358620
https://doi.org/10.1016/j.ijsu.2022.106680
https://doi.org/10.3389/fonc.2022.864533
https://doi.org/10.1002/cncr.11660
https://doi.org/10.3389/fimmu.2022.970534
https://doi.org/10.1007/s00432-021-03659-7
https://doi.org/10.1007/s00432-021-03659-7
https://doi.org/10.1093/annonc/mdi207
https://doi.org/10.1093/annonc/mdi207
https://doi.org/10.1016/S1470-2045(15)00040-6
https://doi.org/10.1016/S1470-2045(15)00040-6
https://doi.org/10.1001/jamasurg.2021.0133
https://doi.org/10.1038/s41591-020-0829-0
https://doi.org/10.1126/science.aax0182
https://doi.org/10.1016/j.jtho.2022.04.012
https://doi.org/10.1038/s41591-022-01962-5
https://doi.org/10.1038/s41591-022-01962-5
https://doi.org/10.3389/fimmu.2022.1100750
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Lv et al. 10.3389/fimmu.2022.1100750
chemotherapy in operable stage IIIA non-Small-Cell lung cancer (NADIM phase II trial).
J Clin Oncol (2022) 40(25):2924–33. doi: 10.1200/JCO.21.02660

43. Rosner S, Reuss JE, Zahurak M, Taube JM, Broderick S, Jones DR, et al.
Neoadjuvant nivolumab in early-stage non–small cell lung cancer (NSCLC): Five-year
outcomes. J Clin Oncol (2022) 40(suppl 16):8537. doi: 10.1200/JCO.2022.40.
16_suppl.8537

44. Blum Murphy M, Xiao L, Patel VR, Maru DM, Correa AM, G Amlashi F, et al.
Pathological complete response in patients with esophageal cancer after the trimodality
approach: The association with baseline variables and survival-the university of Texas MD
Anderson cancer center experience. Cancer (2017) 123(21):4106–13. doi: 10.1002/
cncr.30953

45. Donahue JM, Nichols FC, Li Z, Schomas DA, Allen MS, Cassivi SD, et al. Complete
pathologic response after neoadjuvant chemoradiotherapy for esophageal cancer is
associated with enhanced survival. Ann Thorac Surg (2009) 87(2):392–8. doi: 10.1016/
j.athoracsur.2008.11.001

46. Rizvi FH, Syed AA, Khattak S, Rizvi SS, Kazmi SA, Khan MQ. Complete
pathological response after neoadjuvant treatment in locally advanced esophageal
Frontiers in Immunology 11
cancer predicts long term survival: A retrospective cohort study. Int J Surg (2014) 12
(6):621–5. doi: 10.1016/j.ijsu.2014.04.014

47. Chiu CH, Zhang P, Chang AC, Derstine BA, Ross BE, Enchakalody B, et al.
Morphomic factors associated with complete response to neoadjuvant therapy in esophageal
carcinoma. Ann Thorac Surg (2020) 109(1):241–8. doi: 10.1016/j.athoracsur.2019.08.031

48. Lorenzen S, Thuss-Patience P, Al-Batran SE, Lordick F, Haller B, Schuster T, et al.
Impact of pathologic complete response on disease-free survival in patients with
esophagogastric adenocarcinoma receiving preoperative docetaxel-based chemotherapy.
Ann Oncol (2013) 24(8):2068–73. doi: 10.1093/annonc/mdt141

49. Shiraishi O, Makino T, Yamasaki M, Tanaka K, Yamashita K, Ishida T, et al. Two
versus three courses of preoperative cisplatin and fluorouracil plus docetaxel for treating
locally advanced esophageal cancer: Short-term outcomes of a multicenter randomized
phase II trial. Esophagus (2021) 18(4):825–34. doi: 10.1007/s10388-021-00831-3

50. Makino T, Yamasaki M, Tanaka K, Yamashita K, Urakawa S, Ishida T, et al.
Multicenter randomised trial of two versus three courses of preoperative cisplatin and
fluorouracil plus docetaxel for locally advanced oesophageal squamous cell carcinoma. Br
J Cancer (2022) 126(11):1555–62. doi: 10.1038/s41416-022-01726-5
frontiersin.org

https://doi.org/10.1200/JCO.21.02660
https://doi.org/10.1200/JCO.2022.40.16_suppl.8537
https://doi.org/10.1200/JCO.2022.40.16_suppl.8537
https://doi.org/10.1002/cncr.30953
https://doi.org/10.1002/cncr.30953
https://doi.org/10.1016/j.athoracsur.2008.11.001
https://doi.org/10.1016/j.athoracsur.2008.11.001
https://doi.org/10.1016/j.ijsu.2014.04.014
https://doi.org/10.1016/j.athoracsur.2019.08.031
https://doi.org/10.1093/annonc/mdt141
https://doi.org/10.1007/s10388-021-00831-3
https://doi.org/10.1038/s41416-022-01726-5
https://doi.org/10.3389/fimmu.2022.1100750
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The survival outcomes of neoadjuvant sintilimab combined with chemotherapy in patients with locally advanced esophageal squamous cell carcinoma
	1 Introduction
	2 Methods
	2.1 Study design and patient selection
	2.2 Treatment
	2.3 Outcomes
	2.4 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Treatment outcomes
	3.3 Survival outcomes

	4 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


