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Purpose: Neoadjuvant immunochemotherapy (nICT) for resectable locally advanced esophageal squamous cell carcinoma 
(LA-ESCC) has attracted widespread attention recently, whose safety and clinical benefit was observed in clinical researches. 
This study aimed to develop and validate a novel predictor systemic inflammation-tumor markers index (SITI) to predict the 
pathological complete response (pCR) for resectable LA-ESCC patients receiving nICT.
Patients and Methods: A total of 147 LA-ESCC patients who underwent nICT followed by surgery from February 2020 to 
April 2022 were included in the study. The dynamic change of inflammatory indexes was compared at baseline, after two cycles of 
nICT and postoperative one month. Least absolute shrinkage and selection operator (LASSO) regression was performed to avoid 
collinearity and identify key indexes, with SITI constructed. After univariate and multivariate stepwise forward logistic analyses, 
a nomogram for pCR prediction was developed.
Results: 41(27.9%) patients achieved pCR among 147 resectable LA-ESCC patients received nICT. Compared with baseline, most 
inflammatory indexes were significantly decreased at postoperative one month. 5 key indexes were identified and then a predictive 
index named SITI was constructed. The result showed that lower SITI and earlier clinical tumor node metastasis (cTNM) stage were 
more likely to achieve pCR. The nomogram for pCR prediction had excellent discrimination performance (C-index = 0.791).
Conclusion: The SITI is an independent predictor for pCR in resectable LA-ESCC patients received nICT. To our knowledge, our 
nomogram is the first model using systemic inflammation-tumor markers for pCR prediction and may be a promising predictor to 
effectively differentiate pCR for nICT in LA-ESCC patients.
Keywords: esophageal squamous cell carcinoma, neoadjuvant therapy, immunotherapy, pathologic complete response, inflammation, 
nomogram

Introduction
Esophageal cancer is a global health challenge with high cancer incidence and cancer-related death worldwide.1,2 The 
majority of esophageal cancer cases are found in Asia, with 49% in China. Esophageal squamous cell carcinoma 
(ESCC) is the most common pathological type in China.3,4 Neoadjuvant chemotherapy (nCT) or chemoradiotherapy 
(nCRT) plus surgery has become the preferred treatment for locally advanced esophageal squamous cell carcinoma 
(LA-ESCC), although the long-time survival for which is still unsatisfactory.5–8

Journal of Inflammation Research 2023:16 1443–1455                                                     1443
© 2023 Yang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                         Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 2 November 2022
Accepted: 22 March 2023
Published: 5 April 2023

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-5017-9753
http://orcid.org/0000-0002-6172-7727
http://orcid.org/0000-0003-2765-711X
http://orcid.org/0000-0003-3335-5943
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


Recently, immunotherapy combined with chemotherapy has become the new standard of first-line treatment for 
advanced ESCC,9–13 which has brought widespread attention to attempts at neoadjuvant immunochemotherapy (nICT) 
for resectable LA-ESCC. At present, nICT is recommended for patients with LA-ESCC in clinical studies, and its safety 
and clinical benefit was observed.14–17 Pathological complete response (pCR) is considered to be an important ther
apeutic effect of neoadjuvant therapy and a good surrogate marker of postoperative survival. However, studies regarding 
reliable pCR prediction in resectable LA-ESCC patients receiving nICT are lacking. Although the expression of 
programmed cell death ligand-1 (PD-L1), tumor mutation load, microsatellite stability, and T cell function have been 
reported to be associated with immunotherapy efficacy,18,19 these tests remain difficult for some patients due to medical 
conditions and economic constraints. Therefore, it is of great significance to find more affordable, effective and accurate 
indicators and establish more practical predictive models for personalized pCR prediction for patients with LA-ESCC.

Several inflammatory indexes have been reported to be associated with pCR and prognosis after neoadjuvant therapy 
for esophageal cancer, such as lymphocyte (LY),20,21 neutrophil to lymphocyte ratio (NLR),21,22 platelet to lymphocyte 
ratio (PLR),21,23 lymphocyte to monocyte ratio (LMR),24 and systemic immune inflammation index (SII).23 In this study, 
we explored the dynamics of inflammatory indexes at baseline, after two cycles of nICT and postoperative one month. 
Based on LASSO regression analysis, 5 key markers were identified, including CA125, CEA and neutrophil (NEUT) 
before nICT, monocyte (MONO) and LMR after nICT. Then we developed a novel predictor named systemic inflamma
tion-tumor markers index (SITI) for pCR. Finally, SITI and clinical tumor node metastasis (cTNM) stage were identified 
as the independent significant predictors for pCR and used to develop a novel nomogram to accurately and effectively 
differentiate pCR for nICT in resectable LA-ESCC patients.

Materials and Methods
Patients
In this retrospective single-center study, we collected data from 168 patients with esophageal cancer who underwent 
nICT followed by surgery at the First Affiliated Hospital of Zhengzhou University from February 2020 to April 2022. 
The inclusion criteria were as follows: (1) diagnosis of ESCC based on preoperative pathological examination; (2) ESCC 
confirmed with clinical stage II–IVA based on computed tomography (CT) and endoscopic ultrasonography (EUS); (3) 
Surgery after nICT, with R0 resection; (4) age ≤80 years, with a good general condition and normal cardiopulmonary and 
other organ function; and (5) well-documented medical records and follow-up. The exclusion criteria were as follows: (1) 
infection, autoimmune disease or hematologic disease; (2) other synchronous or previous malignancy; and (3) immu
notherapy could not be administered due to a serious adverse event. We excluded 6 patients who received nICT in 
combination with radiotherapy or targeted therapy. In addition, only 7 patients received 1 cycle, 5 patients received 3 
cycles, and 3 patients received 4 cycles of nICT. We ended up enrolling 147 patients in this study.

Treatment
Patients received neoadjuvant chemotherapy combined with immunotherapy every 3 weeks. Neoadjuvant chemotherapy 
has two regimens: (1) docetaxel plus nedaplatin; (2) paclitaxel plus cisplatin or nedaplatin. Immunotherapy (pembroli
zumab, camrelizumab, tislelizumab or sintilimab 200 mg) was performed on day 1 of each cycle. After 2 cycles of nICT, 
the laparo-thoracoscopic McKeown surgery was performed. Pathological examination of the surgically removed tissue 
specimens was performed, and the tumor and lymph nodes were independently evaluated by two pathologists from our 
hospital after neoadjuvant treatment. The histological type of esophageal cancer was determined according to the 2019 
edition of the World Health Organization (WHO) Classification of Tumors of the Digestive System. The tumor regression 
grade (TRG) was based on the criteria of the College of American Pathologists (CAP), which is in line with the approach 
recommended by the National Comprehensive Cancer Network (NCCN) guidelines for the management of esophageal 
cancer.4 The TNM stage was determined according to the International Union Against Cancer (UICC)/American Joint 
Committee on Cancer (AJCC) TNM Staging System (8th edition, 2017).25
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Outcomes and Follow Up
The primary clinical endpoint was the pathological response of the primary tumor. Patients without residual tumor cells 
of the resected tumor specimen and lymph node metastasis (ypT0N0) were considered to have achieved pCR. After 
treatment, patients were regularly checked, including physical examinations, tumor markers tests and contrast CT 
examinations. The last follow-up time was completed in October 2022.

Clinical Features and Inflammatory Indexes
The data of clinical characteristics, clinical staging and hematological indexes, were retrospectively collected and 
arranged. Hematological indicators of patients extracted from the medical record system included NEUT, LY, MONO, 
NLR, PLR, LMR, AISI, and SII before nICT treatment, after 2 cycles of nICT treatment, and 1 month after surgery. 
The 4 hematological indexes, including platelet (PLT), NEUT, LY and MONO, were obtained before nICT, after 2 
cycles of nICT and postoperative one month. The NLR, PLR and LMR were defined as NEUTs divided by LYs, PLTs 
divided by LYs and LYs divided by MONOs, respectively. According to previously published study, variables were 
calculated by the following formula: aggregate index of systemic inflammation (AISI) = MONO × PLT× NEUT/LY,26 

SII = PLT × NEUT/LY.27

Statistical Analysis
R software (version 4.2.0) and IBM SPSS 26.0 were carried out to conduct all statistical analyses. Continuous 
variables were performed by t-tests and categorical variables were analyzed by Chi-square or Fisher’s exact tests. 
Based on the ratio of hematological markers before and after nICT, the least absolute shrinkage and selection operator 
(LASSO) regression was performed to avoid collinearity by using the “glmnet” package in R. The receiver operating 
characteristic curve (ROC) analysis was performed to group 147 patients by the best cutoff value and patients was 
divided into high and low groups.28 Univariate logistic analysis was performed to determine whether the indicator is 
positive or negative. The high indicator group of adverse factors is defined as a risk score of 1, and the high indicator 
group of favorable factors is defined as a score of 0. We calculated the cumulative score of difficulty to achieve pCR, 
and the formula is as follows: Cumulative Score = pre-NEUT Score (0/1) + pre-CA125 Score (0/1) + pre-CEA Score 
(0/1) + post-MONO Score (0/1) + post-LMR Score (0/1). Referring to the predictive ability of cumulative scores on 
pCR, patients with cumulative scores of 0–1, 2, and 3–5 were then defined as the three grades of SITI. Univariate and 
multivariate stepwise forward logistic regression analyses were used to identify the predictors of pCR, with the odds 
ratios (ORs) and 95% confidence intervals (CIs) calculated. Then, independent predictive factors of pCR prediction 
were selected to establish and validate a nomogram. The calibration curve, ROC curve, decision curve analyses (DCA) 
and clinical impact curve were used to assess the discriminative ability of pCR prediction. All probabilities were two- 
tailed, and the level of significance was set at 0.05.

Results
Patient Characteristics
Ultimately, there were 147 patients with LA-ESCC who underwent nICT followed by radical resection in this study 
(Figure 1). The study enrolled 105 (71.4%) men and 42 (28.6%) women with a mean age of 63.4 ± 7.0 years. Most 
patients were diagnosed at the stage of cT3 (47.6%), cN0 (59.2%), and cTNM II (55.1%), respectively. Among the 
patients, 41 (27.9%) cases achieved pCR. The detailed baseline clinical characteristics of the patients are summarized in 
Table 1.

Inflammatory and Nutritional Indexes Grouped by pCR
Figure 2 illustrates dynamic changes in inflammatory indexes during baseline, after two cycles of nICT, and 
postoperative one month for 147 LA-ESCC patients. Compared with baseline, most indicators except for PLR 
were significantly decreased at postoperative one month, while only NEUT, LY and LMR were significantly 
decreased after nICT. Consistent results were also observed in 41 patients with pCR in Supplemental Figure 1. 
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Further, these inflammatory indicators were assessed based on pCR, respectively (Table 2). There were no 
statistically significant differences in all indexes at baseline and postoperative one month between two groups. 
Interestingly, the pCR group had a higher MONO and lower LMR than the non-pCR group after nICT treatment.

Figure 1 The flow diagram of selection of eligible LA-ESCC patients who received nICT plus radical resection.

Table 1 Characteristics for 147 LA-ESCC 
Patients

Parameter Value (n=147)

Age (years)

≤64.5 72 (49.0%)

>64.5 75 (51.0%)

Sex:

Female 42 (28.6%)

Male 105 (71.4%)

Smoking history:

No 125 (85.0%)

Yes 22 (15.0%)

Drinking history:

No 117 (79.6%)

Yes 30 (20.4%)

Hypertension history:

No 105 (71.4%)

Yes 42 (28.6%)

Diabetes history:

No 138 (93.9%)

Yes 9 (6.1%)

CHD history:

No 139 (94.6%)

Yes 8 (5.4%)

Location:

Upper 21 (14.3%)

Middle 75 (51.0%)

Lower 51 (34.7%)

(Continued)
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Identification of Key Indexes and Establishment of a Classifier
In Figure 3, a correlation heatmap is shown for 8 inflammatory indexes before and after nICT and tumor markers at baseline 
in 147 LA-ESCC patients. In order to avoid collinearity, LASSO regression was performed and 5 key markers were 
identified (Figure 3A–C). The ROC analysis indicated that the optimal cutoff value for CA125, CEA, pre-NEUT, post- 
MONO and post-LMR was 8.90 U/mL, 1.11 U/mL, 3.44*10^9/L, 0.455*10^9/L and 4.194 (Table 3), and the area under the 
curve (AUC) was 0.605, 0.600, 0.584, 0.662 and 0.635 (Figure 3D), respectively. Then 147 patients were divided into high 
and low groups based on the cutoff value for ROC analysis. And finally a scoring system was developed, with a larger AUC 
(0.734) for pCR (Figure 3D). Thus, the patients were divided into three groups based on the SITI for further analysis. Table 4 
revealed that baseline clinical characteristics grouped by SITI were significantly associated with pCR (P < 0.001).

Evaluation of the SITI as an Independent Factor
To determine independent predicted factors for pCR, univariate and multivariate logistic regression analyses were 
performed for 147 LA-ESCC patients among the SITI and other clinical characteristics. Table 5 shows that predictive 
factors associated with pCR in univariate logistic regression included cN Stage, cTNM and the SITI. According to the 
multivariate stepwise forward logistic regression analyses, the results indicated that the SITI remained an independent 
predictor of pCR in resectable LA-ESCC patients treated with nICT (2 vs 1: OR=0.361, 95% CI = 0.134–0.968, P = 0.0437; 
3 vs 1: OR=0.104, 95% CI=0.038–0.290, P < 0.0001). Besides, cTNM was also an independent predictor of pCR (III vs II: 
OR=0.330, 95% CI=0.115–0.942, P = 0.0388; IVA vs II: OR=0.158, 95% CI = 0.041–0.614, P = 0.0076).

Table 1 (Continued). 

Parameter Value (n=147)

cT stage:

T2 56 (38.1%)

T3 70 (47.6%)

T4 21 (14.3%)

cN stage:

N0 87 (59.2%)

N1 60 (40.8%)

cTNM stage:

II 81 (55.1%)

III 38 (25.9%)

IVA 28 (19.0%)

Differentiation:

Well 14 (9.5%)

Moderate 105 (71.4%)

Poor 28 (19.1%)

pCR:

No 106 (72.1%)

Yes 41 (27.9%)

Immunotherapy:

Camrelizumab 131 (89.1%)

Sintilimab 6 (4.1%)

Pembrolizumab 5 (3.4%)

Tislelizumab 3 (2.0%)

Toripalimab 2 (1.4%)

CA125 (U/mL) 9.72 ± 4.46

CA199 (U/mL) 12.80 ± 14.70

CEA (U/mL) 2.72 ± 4.97

Abbreviations: LA-ESCC, locally advanced eso
phageal squamous cell carcinoma; CHD, coronary 
heart disease; TNM, tumor node metastasis; pCR, 
pathological complete response; CA, carbohydrate 
antigen; CEA, Carcinoembryonic antigen.
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Nomogram Constructed to Predict pCR and Validated
Finally, we established a nomogram to predict pCR according to the independent predictors (SITI and cTNM) identified 
in the multivariate stepwise forward logistic regression analyses (Figure 4A). To better understand the predictive value of 
the nomogram, the calibration slope and the ROC were also plotted to graphically assess calibration and discrimination, 

Figure 2 Dynamic changes of inflammatory indexes in 147 LA-ESCC patients at baseline, after 2 cycles of nICT and postoperative one month. ns showed no statistical 
difference; *P<0.05, **P<0.01, ***P<0.001.

Table 2 Inflammatory and Nutritional Scores at Different Time Points

pCR (n = 41) Non-pCR (n = 106) P

Baseline
NEUT (10^9/L) 4.20 ± 1.33 3.82 ± 1.37 0.130

LY (10^9/L) 1.79 ± 0.54 1.81 ± 0.68 0.800

MONO (10^9/L) 0.49 ± 0.14 0.46 ± 0.17 0.181
NLR 2.60 ± 1.48 2.36 ± 1.21 0.359

PLR 135 ± 45.60 134 ± 55.20 0.946

LMR 3.82 ± 1.35 4.38 ± 2.13 0.059
AISI 303 ± 244 263 ± 249 0.374

SII 598 ± 390 530 ± 337 0.334

nICT
NEUT (10^9/L) 4.18 ± 1.91 3.62 ± 2.14 0.126

LY (10^9/L) 1.64 ± 0.59 1.58 ± 0.53 0.556

MONO (10^9/L) 0.55 ± 0.21 0.46 ± 0.23 0.023
NLR 2.84 ± 1.72 2.46 ± 1.59 0.226

PLR 150 ± 65.20 139 ± 59.10 0.355

LMR 3.19 ± 1.22 3.88 ± 1.53 0.005
AISI 337 ± 227 305 ± 647 0.657

SII 596 ± 322 516 ± 449 0.233

(Continued)
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respectively (Figure 4B and C). The decision curve (Figure 4D) and the clinical impact curve (Figure 4E) for this model 
was performed and indicated a good clinical applicability in predicting the probability of pCR. These results confirmed 
that the SITI-based nomogram may serve as a simple and potential model for predicting pCR in resectable LA-ESCC 
treated with nICT.

Table 2 (Continued). 

pCR (n = 41) Non-pCR (n = 106) P

POM
NEUT (10^9/L) 2.71 ± 1.32 2.78 ± 1.79 0.782
LY (10^9/L) 1.54 ± 0.60 1.44 ± 0.50 0.322

MONO (10^9/L) 0.36 ± 0.15 0.36 ± 0.14 0.888

NLR 2.02 ± 1.34 2.19 ± 1.73 0.532
PLR 144 ± 53.80 160 ± 79.20 0.155

LMR 4.63 ± 1.78 4.44 ± 1.82 0.582

AISI 169 ± 178 212 ± 371 0.352
SII 417 ± 309 492 ± 554 0.300

Abbreviations: pCR, pathological complete response; nICT, neoadjuvant immunochemotherapy; 
POM, postoperative one month; NEUT, neutrophil; LY, lymphocyte; MONO, monocyte; NLR, 
neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; LMR, lymphocyte to monocyte 
ratio; AISI, aggregate index of systemic inflammation; SII, systemic immune-inflammation index.

Figure 3 Identification of key indexes and construction of SITI by LASSO logistic regression. (A) A correlation matrix is represented regarding 19 indicators. (B) LASSO 
coefficient profiles of the 19 indicators. (C) Ten-fold cross-validation for tuning parameter selection. (D) ROC for SITI and its constituent indicators. *P<0.05, **P<0.01, 
***P<0.001.
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Table 3 Cut off Value Based on ROC Analysis and Scoring System Constructed

Cut off Value Univariate OR (>Cut off Value vs  
≤Cut off Value, 97.5% CI)

P value Score  
(>Cut off Value)

Score  
(≤Cut off Value)

pre-NEUT 3.44*10^9/L 2.943 (1.323, 7.102) 0.0111 0 1

pre-CA125 8.90 U/mL 0.399 (0.182, 0.840) 0.0179 1 0

pre-CEA 1.11 U/mL 0.339 (0.157, 0.727) 0.0055 1 0
post-MONO 0.455*10^9/L 2.860 (1.370, 6.151) 0.0058 0 1

post-LMR 4.194 0.239 (0.077, 0.611) 0.0057 1 0

Abbreviations: pre-NEUT, neutrophil at baseline; pre-CA125, carbohydrate antigen 125 at baseline; pre-CEA, Carcinoembryonic antigen at baseline; 
post-MONO, monocyte after nICT; post-LMR, lymphocyte to monocyte ratio after nICT; OR, odds ratio; CI, confidence interval.

Table 4 The Clinical Characteristics Grouped by SITI

Parameter SITI 1 (n = 38) SITI 2 (n = 40) SITI 3 (n = 69) P value

Age (years, ≤64.5/>64.5) 16/22 18/22 38/31 0.368
Sex (Female/Male) 8/30 9/31 25/44 0.153

Smoking history (Yes/No) 4/34 7/33 11/58 0.656

Drinking history (Yes/No) 6/32 14/26 10/59 0.027
Hypertension history (Yes/No) 11/27 13/27 18/51 0.773

Diabetes history (Yes/No) 2/36 5/35 2/67 0.175

CHD history (Yes/No) 4/34 0/40 4/65 0.122
Location (Upper/Middle/Lower) 7/13/18 3/26/11 11/36/22 0.090

cT Stage (2/3/4) 15/18/5 12/22/6 29/30/10 0.783

cN Stage (0/+) 26/12 23/17 38/31 0.392
cTNM Stage (II/III/IVA) 25/6/7 21/11/8 35/21/13 0.526

Differentiation (High/Medium/Low) 4/24/10 5/28/7 5/53/11 0.553
pCR (Yes/No) 21/17 12/28 8/61 <0.001

Abbreviations: SITI, systemic inflammation-tumor markers index; CHD, coronary heart disease; pCR, pathological complete 
response.

Table 5 Logistic Univariate and Multivariate Analysis of Predictors for pCR

Univariate OR (97.5% CI) p value Multivariate OR (97.5% CI) p value

Age (>64.5 vs ≤64.5) 0.771 (0.372, 1.587) 0.4808
Sex (Male vs Female) 1.127 (0.512, 2.606) 0.7713

Smoking history (Yes/No) 2.012 (0.765, 5.121) 0.1149

Drinking history (Yes/No) 1.387 (0.568, 3.239) 0.4574
Hypertension history (Yes/No) 1.048 (0.462, 2.288) 0.9074

Diabetes history (Yes/No) 2.184 (0.517, 8.686) 0.2630

CHD history (Yes/No) 2.757 (0.624, 12.204) 0.1664
Location
Middle vs Upper 1.164 (0.396, 3.925) 0.7921

Lower vs Upper 1.463 (0.476, 5.094) 0.5224
cT Stage
T3 vs T2 0.623 (0.288, 1.339) 0.2258

T4 vs T2 0.300 (0.065, 1.024) 0.0780
cN Stage (N+ vs N0) 0.361 (0.155, 0.789) 0.0136

cTNM Stage
III vs II 0.287 (0.099, 0.724) 0.0125 0.330 (0.115, 0.942) 0.0388
IVA vs II 0.184 (0.041, 0.580) 0.0094 0.158 (0.041, 0.614) 0.0076

(Continued)
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Discussion
nICT is currently recommended only for clinical studies of esophageal cancer.7,8,15–17 In clinical practice, nICT brings 
higher pCR rates, but lacks effective markers. Therefore, it is of great significance to find more reliable indicators and 
establish more practical predictive models to guide personalized therapy for LA-ESCC patients. Evidence have suggested 
that several inflammatory indexes at baseline, including LY, NLR, PLR, LMR, and SII, were associated with pCR and 
prognosis after neoadjuvant therapy for esophageal cancer.20–22,24 We are the first to explore the dynamic changes of 
inflammatory indexes in resectable LA-ESCC patients before treatment, after nICT, and after surgical treatment. We found 
that the six included indicators, NEUT, LY, MONO, NLR, AISI and SII, were significantly decreased after surgery 
compared with those before treatment. Then the same phenomena were also observed in patients who achieved pCR. 
Moreover, the results showed that LMR significantly decreased after nICT and increased after surgery in patients 
achieving pCR.

Considering pCR as an important therapeutic effect and prognostic indicators of neoadjuvant therapy, further research 
was conducted on the predictive value of inflammatory indicators for pCR. We observed no significant differences in 

Table 5 (Continued). 

Univariate OR (97.5% CI) p value Multivariate OR (97.5% CI) p value

Differentiation
Low vs High 0.290 (0.066, 1.206) 0.0905
Medium vs High 0.533 (0.171, 1.741) 0.2798

SITI
2 vs 1 0.347 (0.133, 0.867) 0.0258 0.361 (0.134, 0.968) 0.0437
3 vs 1 0.106 (0.038, 0.272) <0.0001 0.104 (0.038, 0.290) <0.0001

Abbreviations: pCR, pathological complete response; CHD, coronary heart disease; SITI, systemic inflammation-tumor markers index; OR, odds ratio; 
CI, confidence interval.

Figure 4 Nomogram for pCR prediction. (A) A nomogram based on SITI and cTNM was established to predict pCR after nICT. (B) Calibration of the nomogram used to 
predict pCR. (C) ROC indicated an acceptable agreement regarding pCR prediction. The DCA (D) and clinical impact curve (E) indicated a good clinical applicability of the 
model in predicting the probability of pCR.
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inflammation and nutritional markers between the pCR and non-pCR groups at baseline and after surgery. An interesting 
result, however, was that the pCR group had lower LMR and higher MONO after nICT treatment. Pre-treatment 
monocytes have been reported to be associated with immunotherapy.29 At present, we have no previous literature reports 
to support this result in our study. MONO is known to participate in phagocytosis, the removal of injured and senescent 
cells, as well as immune response and antigen presentation, which may explain this phenomenon to some extent.30,31 

Tumor markers, including CA125,32 CEA,33,34 and CA155,34 have been reported to be associated with poor prognosis in 
esophageal carcinoma. Further, we attempted to use hematological indicators before treatment and after nICT to 
developed a novel scoring system based on inflammatory and tumor markers. Our results indicated that both SITI and 
cTNM were independent predictors of pCR in resectable LA-ESCC patients treated with nICT. Finally, we constructed 
a new nomogram based on SITI and cTNM that had good predictive ability for pCR.

With the advent of a new era of precision immunotherapy, immunocheckpoint inhibitor therapy targeting the PD-1/ 
PD-L1 pathway has revolutionized the treatment of esophageal cancer. Multiple Phase III clinical studies have 
established the role of immunotherapy in the first-line or second-line treatment of advanced esophageal squamous 
cell carcinoma.35,36 Immunotherapy combined with chemotherapy as neoadjuvant therapy has also been tried to be 
applied to locally advanced esophageal squamous cell carcinoma, in which efficacy and safety have also been 
observed.16,37–39 PDL1 expression, tumor mutation load, microsatellite stability, and T cell function were reported to 
be correlated with the efficacy of immunotherapy.18,19 However, due to medical conditions and economic factors, these 
tests are still difficult for some patients. Currently, finding the effective markers to predict treatment response is critical 
to precision therapy. Reports has aroused our concern that inflammatory markers, which are economical and 
convenient, are related to pCR and prognosis after neoadjuvant therapy in malignant tumors.20–23 Currently, there 
are few studies using inflammatory indicators to predict the pCR for nICT in LA-ESCC. We compared the predictive 
ability of our model to Feng Jifeng’s model.40 They constructed an IINS with eight indicators at baseline that the AUC 
for pCR was 0.7. SITI, which we constructed based on five indicators before and after nICT, seemed to have a higher 
predictive power for pCR (AUC=0.734). And our nomogram can predict pCR for nICT in resectable LA-ESCC 
(C-index=0.79), excellently. Another study, involving 64 patients, focused only on the predictive power of inflamma
tion and nutritional indexes for pCR at baseline and after different treatment cycles.41 Compared to the other study,24 

our study considered changes in hematological indicators before and after nICT treatment and constructed an entirely 
new model.

Furthermore, our study still has some limitations. As a single-center retrospective study, there is a potential for bias in 
data collection. In this study, we mainly included 147 patients with resectable LA-ESCC who received 2 cycles of 
neoadjuvant therapy. As currently neoadjuvant immunochemotherapy is only recommended in clinical studies, the 
number of patients applying this regimen is limited, which also leads to the lack of external validation in this study. 
Although two studies found that prolonged nICT may lead to better pathological responses.42,43 However, Hongsheng 
Deng et al also found in the study that for the patients with stable disease/progressive disease (SD/PD) after neoadjuvant 
therapy, the benefit of pathological remission from additional cycles was relatively insignificant compared with the 
patients with significant therapeutic effect and partial response.42 In current clinical practice and research, the number of 
treatment cycles of nICT for patients with resectable LA-ESCC is still controversial, and it is unclear whether giving 
more treatment cycles is associated with better prognosis. Too few treatment cycles may lead to poor curative effect. 
Longer treatment cycles not only lead to higher treatment costs, but also may increase surgical risks. We ultimately 
decided to include the population who received 2 cycles of nICT, but this may have resulted in a certain selection bias. In 
the future we look forward to gaining more evidence to explore the best neoadjuvant therapy cycle. Additionally, due to 
the limited or absence of hematological markers in our cohort, we were unsuccessful in replicating other models. And the 
mechanisms affecting inflammation and nutritional indicators need further investigation. Despite the above limitations, 
the SITI-based nomogram may serve as a promising predictor to accurately and effectively differentiate pCR for nICT in 
resectable LA-ESCC patients.
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Conclusion
In summary, we are the first to explore the dynamic changes of inflammatory indexes in resectable LA-ESCC 
patients before treatment, after nICT, and after surgical treatment. We identified key indexes before and after 
nICT and constructed a predictive index named SITI. The SITI is an independent predictor for pCR in resectable 
LA-ESCC patients received nICT. The SITI-based nomogram may be a promising predictor to effectively 
differentiate pCR for nICT in resectable LA-ESCC patients, which has important implications for individualized 
treatment strategies.
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