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Purpose: The present study assessed the effects of radiotherapy on overall survival (OS) and progression-free survival time (PFS) in
patients with stage II or higher esophageal cancer receiving immunotherapy; evaluated factors independently prognostic of OS and
PFS in these patients; and utilized these factors to establish a prognostic nomogram.

Patients and Methods: This study enrolled 134 patients with stage Il or higher esophageal cancer treated with chemotherapy
(platinum-based agents plus paclitaxel or fluorouracil) and immunotherapy. These patients were divided into two groups,
a radiotherapy (RT) group (n = 55) and a non-radiotherapy (non-RT) group (n = 79). Following 1:1 propensity score matching, OS
and PFS were compared by the Kaplan—-Meier method, and factors associated with survival were determined by univariate and
multifactorial Cox regression analyses. These factors were used to construct a prognostic nomogram.

Results: After propensity matching, all covariates were well balanced in the two groups (all P > 0.05). After matching, both median
PFS (15.70 months [95% confidence interval (CI) 8.68-22.72 months] vs 5.70 months [95% CI 3.38-8.02 months], P = 0.002) and
median OS (15.72 months [95% CI 12.94-18.46 months] vs 12.06 months [95% CI 9.91-14.20 months], P = 0.036) were significantly
longer in the RT than in the non-RT group. Univariate and multifactorial analyses showed that RT, neutrophil-lymphocyte ratios, and
tumor differentiation were independently prognostic of OS, with all hazard ratios (HRs) <1 and all P-values <0.05. A nomogram
based on these factors was constructed, and its accuracy was verified.

Conclusion: Immunotherapy plus RT resulted in better survival outcomes than immunotherapy alone. A nomogram based on
prognostic factors can guide personalized treatment and monitor prognosis.
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Introduction

Esophageal cancer is the sixth leading killer of all types of cancer worldwide,' with more than 50% of patients worldwide
living in China.” Although surgery, endoscopic therapy, radiotherapy, chemotherapy, and immunotherapy have been utilized
in the comprehensive treatment of esophageal cancer, patients with this disease have a poor prognosis, with 5-year overall
survival (OS) rates of 15% to 25%.>* Late diagnosis is one of the main causes of poor prognosis, as most patients are
diagnosed with advanced stage tumors, making them ineligible for surgery and endoscopic treatment.>® Treatment of these

patients consists of combinations of radiotherapy and chemotherapy,”® with platinum- and fluoropyrimidine-containing
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agents commonly used to treat advanced esophageal cancer.” These chemotherapy agents, however, are frequently associated
with cytotoxic side effects.

Immunotherapy, including immune checkpoint inhibitors (ICIs) such as monoclonal antibodies targeting anti-programmed
cell death protein 1 (PD-1) and its ligand (PD-L1), has been shown effective against several types of solid tumors, including
esophageal cancer.® Although these agents have been associated with significantly prolonged OS in patients with esophageal
cancer, only a small proportion of patients can benefit from ICIs alone.”'® Studies are needed to determine whether
combinations of immunotherapy with and other types of treatment can prolong survival in patients with esophageal cancer.

The KEYNOTE-590 trial (NCT03189719) found that pembrolizumab plus chemotherapy significantly improved
progression-free survival (PFS) and OS in patients with advanced esophageal or esophagogastric junction (EGJ) cancer

"1 Moreover, the combination of radiotherapy

when compared with chemotherapy alone (ie 5-fluorouracil plus cisplatin).
plus immunotherapy has shown benefits in some patients with metastatic cancer. Radiotherapy can trigger a systemic
anti-tumor response, which is enhanced by immunotherapy.'? In addition, the ability of radiotherapy to kill tumor cells
may increase the effect of immunotherapy.'> A Phase Ib clinical study showed that patients with locally advanced
esophageal squamous cell carcinoma treated with a combination of the anti-PD1 monoclonal antibody camrelizumab and
radiotherapy have a longer median OS (15.3 months vs 12.0 months) and a 30% lower risk of death than patients treated
with camrelizumab alone.'® Moreover, ICIs combined with other treatments were shown to improve the efficacy of ICIs
alone in patients with esophageal cancer.”'*

An increase in the number of lymphocytes in the tumor microenvironment has been associated with better patient
prognosis.'® In addition, neutrophils produced in these microenvironments were shown to be prognostic in patients with
head and neck tumors.'® Neutrophil-lymphocyte ratio (NLR) in peripheral blood was shown to be a prognostic indicator in
patients with various malignant tumors.'”'® However, the ability of NLRs following immunotherapy to predict outcomes in
patients with esophageal cancer remains unclear. Factors associated with the prognosis of patients with esophageal cancer
include age, pathological tumor type, primary tumor site, tumor grade, radiotherapy and surgery.'® Although identifying
independent prognostic factors is important for selecting appropriate treatment strategies, few studies have assessed factors
predictive of survival in patients with esophageal cancer receiving immunotherapy. The present study analyzed the effects of
radiotherapy on OS and PFS in patients with stage II or higher esophageal cancer receiving immunotherapy, evaluated factors

independently prognostic factor of survival outcomes, and utilized these factors to establish a prognostic nomogram.

Patients and Methods

Patient Selection

This single-center, Phase 1I cohort study enrolled patients with esophageal cancer who had received at least four cycles of
immunotherapy combined with first-line chemotherapy, consisting of platinum-based drugs plus paclitaxel or fluorouracil-
based agents, in the Provincial Hospital of Shandong First Medical University between January 2019 and January 2022.
Electronic patient records were examined retrospectively, and relevant data were recorded. Patients were excluded if their
esophageal malignancy was not the first or only primary malignancy; if they did not have stage II-IV esophageal cancer, as
determined by the American Joint Committee on Cancer (AJCC) eighth edition; or if a pathological diagnosis was missing
from patient records. Patients were also excluded if they were allergic to or had contraindications to immunotherapy drugs; if
they also had other serious underlying diseases, such as cardiovascular disease or abnormal liver or kidney function; if they
had experienced a disturbance of consciousness or cognitive impairment; or if their medical records were incomplete. Patients
with unknown survival status who did not receive systemic chemotherapy and immunotherapy were also excluded.

The study enrolled 134 eligible patients, divided into two groups: a radiotherapy (RT) group, consisting of 55 patients who
received chemotherapy, immunotherapy, and RT; and a non-RT group, consisting of 79 patients who received group chemother-
apy and immunotherapy. Treatment strategies were based on pathological and imaging findings, including the results of contrast-
enhanced computed tomography (CT) and/or magnetic resonance imaging (MRI) and endoscopic ultrasonography. Most patients
received at least four 3-week cycles of cisplatin and fluorouracil/paclitaxel. Specifically, patients received intravenous infusions
of cisplatin (60 mg/m2) on day 1 of each cycle; and continuous microinfusions of 5-fluorouracil (1 g/m2/day) on days 1-2 or
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intravenous infusions of paclitaxel (150 mg/m2) on day 1. Immunotherapy consisted of a single dose of 200 mg of camrelizumab/
pembrolizumab.

Patients were started on intensity-modulated RT (IMRT) on day 1 of the first cycle of chemotherapy, consisting of 30
fractions of 2 Gy each, for a total irradiation dose of 60 Gy. In IMRT, the intensity of the radiation beam is modulated
based on an optimized algorithm, optimizing uniform to tumor treatment and overall dosimetry results.?**'

The study protocol was approved by the Ethics Committee of Provincial Hospital affiliated to Shandong University

(LCYJ: No0.2019-090), and all data were anonymized. Each included patient provided written informed consent.

Data Collection

The clinicopathological characteristics of the 134 patients were recorded, including demographic characteristics, such as
gender and age; pathologic characteristics, including tumor location, size, pathological type, local infiltration, stage, and
treatment; neutrophil and lymphocyte counts and their ratio after treatment; disease progression; and survival status. Side
effects during treatment were also recorded, including bone marrow suppression, gastrointestinal adverse events (eg
nausea, and vomiting), immune-related adverse reactions (eg immune myocarditis, immune acute kidney injury, and
immune hepatitis), arthritis, and hair loss. Myelosuppression was defined as an absolute neutrophil count <1.5*10"9/L or
an absolute platelet count <70*10"9/L. Immune myocarditis was based on the results of endomyocardial biopsy* or on
guideline-recommended clinical scores for suspected myocarditis, calculated from clinical blood biomarkers, imaging
features, and item data.® Immune-induced acute kidney injury (AKI) was defined as a >1.5-fold increase in serum
creatinine (SCr) concentration from baseline within 6 months of starting ICI therapy at our center.”**> Immune hepatitis
was defined as asymptomatic increases in liver transaminases and bilirubin, with or without fever, after immunotherapy
despite normal liver function test results at baseline before initial treatment. Hepatitis was defined as AST/ALT levels >5
times the upper limit of normal (ULN) or bilirubin levels >3 times ULN.?

Contrast-enhanced CT and MRI were used to delineate the target volume for RT, tumor TNM stage, and the efficacy of RT.
Two pathologists confirmed the pathological type and differentiation of each esophageal tumor, both by observation and
hematoxylin-eosin (HE) staining. TNM stage was determined according to the 8th edition of the AJCC TNM staging guidelines.

Patients were followed-up every 3 months for 1 year and every 6 months for the next 2 years until disease progression.
Follow-up included routine blood tests; barium swallowing; enhanced CT of the upper gastrointestinal tract, abdomen, and
chest; and quality of life assessment. The numbers of granulocytes and lymphocytes were measured in blood samples
obtained after treatment, and their ratio was calculated. The last follow-up was performed on January 22, 2022.

Measurement of for Hematologic Biomarkers

Neutrophil, lymphocyte, and granulocyte counts, along with NLR and granulocyte-to-lymphocyte ratios after treatment of 88
patients with esophageal cancer were determined using X-tile software (Figure 1). The optimal critical values were determined
based on survival status and OS using the minimum P-value method, with these critical values considered categorical variables.>’
Specifically, patients with absolute numbers of neutrophils < 9.5*10"9/L and >9.5*10"9/L were considered the low and high
neutrophil groups, respectively; patients with absolute numbers of lymphocytes < 0.5 *10"9/L and >0.5*10"9/L were considered
the low and high lymphocyte groups, respectively; and patients with NLRs < 8.9 and > 8.9 were considered the low and high NLR
groups, respectively.

Propensity Score Matching (PSM)

To reduce the risk of confounding bias in this cohort, patients in the RT and non-RT groups were subjected to 1:1 propensity score
matching (PSM) using RStudio.*® Data in each group were pooled using the Create Table One package. PSM baseline variables
included sex, age, tumor differentiation, adverse effects, and tumor pathology, with these variables used to balance the baseline
characteristics of the two groups. Propensity scores (PS) were determined by logistic regression analysis, with the nearest
neighbor method used to assess balance and overlap. Categorical variables were expressed as numbers and frequencies (%),
whereas continuous variables were expressed as medians ranges or means + standard deviations. The means of continuous
variables were compared using independent sample #tests. Categorical variables were compared using the Pearson x2 test.
P-values were calculated for each parameter before and after matching. PSM yielded 44 matched patients in each group.
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Figure | Optimal cutoff values for neutrophil counts, lymphocyte counts, and neutrophil-to-lymphocyte ratios (NLRs), as determined using X-tile software. (A) Data are
represented as a grid of right triangles (neutrophil counts, lymphocyte counts, and NLRs from top to bottom), with each point representing a set of data for a specific
partition. The X-axis represents all possible marker cutoffs, with the size of the cutoff increasing from left to right, and the brightest pixel (marked with a black circle)
representing the best cutoff. (B) The y2 log ranking values. The histogram shows the distribution of the number of patients.

Survival Analysis
PFS was defined as the period from the start of immunotherapy to the first disease progression after immunotherapy, to

the second progression after RT, or to death from any cause. OS was defined as the period from the onset of

immunotherapy to death from any cause or last follow-up.
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Table | Univariate and Multivariate Analysis of Factors Prognostic of Overall Survival (OS)

Variable Univariate Analysis p value Multivariate Analysis p value
HR 95% CI HR 95% CI

Sex 0.95 0.43-2.13 0.90914

Age 0.68 0.41-1.13 0.13881 1.01 0.59-1.74 0.97599
Location 1.18 0.72-1.94 0.50321

Stage 1.03 0.68—1.58 0.87351

RT 0.46 0.23-0.93 0.03137 0.33 0.14-0.78 0.01075
Neutrophil 0.27 0.13-0.56 0.00041 0.39 0.15-1.04 0.05941
Lymphocyte 2.11 0.87-5.14 0.09958 2.37 0.66-8.49 0.18391
NLR 0.23 0.11-0.46 0.00004 0.32 0.11-0.9 0.0302
Pathology 1.28 0.69-2.38 0.43573

Tumor_differentiation 0.7 0.44-1.1 0.11888 0.48 0.27-0.85 0.01216
Adverse reactions 0.6 0.27-1.34 0.21289

Abbreviations: HR, hazard ratio; Cl confidence interval; RT, radiation therapy; NLR, neutrophil-to-lymphocyte ratio.

OS and PFS in the two PSM groups and between-group differences in NLR after treatment were analyzed by the
Kaplan—Meier method and compared by Log rank tests, as well as by regression analysis, all performed using SPSS
software. All the variables shown in Table 1 were also subjected to univariate and multivariate Cox regression analyses
using RStudio software. Variables with P<0.2 on univariate analyses were included in the multivariate analysis to
determine factors independently prognostic of OS. Hazard ratios (HRs) and 95% confidence intervals (Cls) were
calculated to assess the relationship between survival time and prognostic factors.

Creation of the Nomogram

Nomograms predicting OS after 0.5, 1, and 2 years OS for each patient in the cohort were constructed from the variables
found to be statistically significant on multivariate analysis. The performance of the nomogram was assessed by time-
dependent subject receiver operating characteristic curves (ROC), calibration curves, and decision curve analysis (DCA).
The sensitivity and specificity of columnar plots for predicting efficacy were assessed using ROC; calibration curves were
plotted to estimate consistent accuracy for OS at 0.5, 1, and 2 years; and the validity and clinical utility of columnar plots
were validated using DCA to quantify the net benefit of columnar plots relative to those assessed using NLR or RT alone.

Statistical Analysis
Statistical analyses were per formed using IBM SPSS Statistics 25 (IBM, Inc., Armonk, NY), X-tile 3.6.1 (Yale
University, New Haven, CT, USA) and R version 4.1.2 (https:\www.R-project.org\) software, with the R package

EEINNT3

including “rms”, “knitr”, “kableExtra”, “tableone”, “Matchlt”, “Matching”, “rms”, “survivalsvm”, “ggplot2”, “survmi-
99 (13

ner”, “survival”, and “timeROC”. Except for the one-way analysis, in which P<0.2 was considered significant, P<0.05
was considered statistically significant.

Results
Patient Characteristics and PSM Analysis

Clinical information was obtained from 134 patients who received immunotherapy for intermediate to advanced
esophageal cancer, including 55 who also received RT and 79 who did not (Table 2). The clinicopathological character-
istics of all patients are shown in Table 2 and baseline characteristics before and after PSM are shown in Table 3. Before
PSM, the RT and non-RT groups showed significant differences in esophageal lesion location (P=0.024), NLR (P=0.006),
and degree of tumor differentiation (P=0.047). To exclude the influence of confounding factors, 1:1 PSM was performed,
resulting in matching of 44 patients in the RT and 44 in the non-RT group. After matching, all covariates were well
balanced in the two groups, with all the baseline characteristics being similar (all P>0.05; Table 3).
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Table 2 Demographic and Clinical Characteristics of Included Patients

Characteristic Chemotherapy + Radiotherapy + Chemotherapy +
Immunotherapy Group Immunotherapy Group (RT)
(No RT) n=79, n (%) n=55, n (%)

Sex

Male 67 (84.82%) 45 (81.82%)

Female 12 (15.18%) 10 (18.18%)
Age

[-Inf,50] I (1.27%) I (1.82%)

[50,60) 26 (32.91%) 20 (36.36%)

[60,70) 32 (40.51%) 24 (43.64%)

[70,80) 17 (21.52%) 9 (16.36%)

[80,-Inf] 3 (3.79%) I (1.82%)
Esophageal segment

Upper chest segment 18 (22.79%) 6 (10.91%)

Middle chest segment 24 (30.38%) 29 (52.73%)

Sub chest segment 37 (46.83%) 20 (36.36%)
Stage

| 0 (0%) 0 (0%)

1l 20 (25.32%) 10 (18.18%)

1 23 (29.11%) 26 (47.27%)

v 36 (45.57%) 19 (34.55%)
Pathology

ESCC 72 (91.14%) 51 (92.72%)

EAC 2 (2.53%) I (1.82%)

HGIN 2 (2.53%) I (1.82%)

SCEC 1 (1.27%) 0 (0%)

NET 0 (0%) 2 (3.64%)

LGIEN 2 (2.53%) 0 (0%)
Tumor_differentiation

Low 57 (72.15%) 32 (58.18%)

Moderate 15 (18.99%) 12 (21.82%)

High 7 (8.86%) Il (20%)
Adverse reactions

Yes 50 (63.29%) 34 (61.82%)
Bone marrow suppression 29 (36.71%) 21 (38.18%)
Gastrointestinal reactions of nausea 16 (20.25%) 8 (14.54%)
and Vomiting
Immune myocarditis 1 (1.27%) 0 (0%)
Immune hepatitis 2 (2.53%) 2 (3.64%)
Immune nephritis 1 (1.27%) 2 (3.64%)
Arthritis 0 (0%) I (1.82%)
Alopecia 1 (1.27%) 0 (0%)

No 29 (36.71%) 21 (38.18%)
PD-1, n (%)
Camrelizumab 60 (75.95%) 31 (56.36%)
Pembrolizumab 13 (16.46%) 8 (14.55%)
Tislelizumab 4 (5.06%) I (1.82%)
Sintilimab 2 (2.53%) 14 (25.45%)
Nivolumab 0 (0%) | (1.82%)

Abbreviations: Non-RT, no radiation therapy; RT, radiation therapy; ESCC, esophageal squamous cell carcinoma; SCEC, small cell carcinoma of
the esophagus; NET, neuroendocrine tumor; HGIN, high-grade intraepithelial neoplasm; LGIEN, low-grade intraepithelial neoplasm; EAC,
esophageal adenocarcinoma.
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Table 3 Clinicopathologic Characteristics of Patients Before and After Propensity Score Matching

Unmatched Groups Matched Groups

No RT RT P value No RT RT P value
Set of confounders 79 55 44 44
Age (years), mean (SD) 1.94 (0.87) 1.80 (0.80) | 0.357 1.91 (0.74) 1.82 (0.79) | 0.578
Sex=Male (%) 67 (84.8) 45 (81.8) 0.824 36 (81.8) 37 (84.1) 1.000
Location (%) 0.024 0.050
Upper chest segment 18 (22.8) 6 (10.9) 8 (18.2) 4 (9.1)
Middle chest segment 24 (30.4) 29 (52.7) 12 (27.3) 23 (52.3)
Sub chest segment 37 (46.8) 20 (36.4) 24 (54.5) 17 (38.6)
Stage (mean (SD)) 3.20(0.82) | 3.16 (0.71) | 0.777 3.36 (0.84) 3.20 (0.73) | 0.346
Granulocyte (mean (SD)) 4.66 (3.30) | 5.45 (3.46) | 0.18I 5.24 (3.89) | 527 (3.52) | 0.967
Lymphocyte (mean (SD)) 1.42 (0.59) 1.22 (1.23) | 0.194 1.32 (0.51) 1.20 (1.36) | 0.569
NLR (mean (SD)) 4.17 (427) | 6.75 (6.40) | 0.006 497 (491) | 6.99 (6.89) | 0.117
Pathology (mean (SD)) 0.24 (0.91) | 0.20 (0.80) | 0.791 0.11 (0.54) | 0.16 (0.68) | 0.729
Tumor_differentiation (mean (SD)) 1.37 (0.64) 1.62 (0.80) 0.047 1.43 (0.70) 1.41 (0.69) 0.878
Adverse reactions (mean (SD)) 0.37 (0.49) 0.38 (0.49) 0.864 0.36 (0.49) 0.32 (0.47) 0.657

Abbreviations: Non-RT, no radiation therapy; RT, radiation therapy; NLR, neutrophil-to-lymphocyte ratio.

To assess the effect of RT on patient outcomes, PFS and OS of patients in the two groups were analyzed before and
after PSM. Kaplan—Meier analysis of all 134 patients showed that both OS (16.35 months [95% CI 13.94-18.76 months]
vs 10.80 months [95% CI 9.31-12.29 months, P < 0.001; Figure 2A) and PFS (15.6 months [95% CI 9.87-21.33 months]
vs 6.15 months [95% CI 4.16-8.19 months], P < 0.001; Figure 2B) were significantly longer in the RT than in the Non-
RT group.

Kaplan—Meier analysis of the PSM cohort of 88 patients after matching also showed that both OS (15.72 months
[95% CI 12.94-18.46 months] vs 12.06 months [95% CI 9.91-14.20 months], P=0.036; Figure 2C) and PFS (15.70
months [95% CI 8.68-22.72 months] vs 5.70 months [95% CI 3.38-8.02 months], P=0.002; Figure 2D) remained
significantly longer in the RT than in the Non-RT group.

Univariate and Multivariate Analyses of Factors Associated with Survival

Univariate analysis of the 88 patients in the PSM cohort showed that age, RT, neutrophil and lymphocyte counts, NLR,
and tumor differentiation were each significantly associated with OS (all p <0.20), with all HRs <1 (Table 1). Factors
with p <0.20 on univariate analysis were entered into the multivariate model, with multivariate Cox regression analysis
showing that RT (p=0.01075; HR=0.33, 95% CI:0.14-0.78), NLR (p=0.0302; HR=0.32, 95% CI:0.11-0.9), and tumor
differentiation (p=0.01216; HR=0.48, 95% CI:0.27-0.85) were independently prognostic of OS, whereas age and
neutrophil and lymphocyte counts were not (all P>0.05). Figure 3 shows forest plots of these factors for OS.

The effect of RT on post-treatment granulocytosis ratio was assessed by comparing NLR with granulocytosis ratio in
the RT and non-RT groups. Because the data were not normally distributed, NLR was logarithmically transformed,
resulting in a normal distribution (Figure 4A). Linear regression analysis of the relationship between the logarithm of
NLR and granulocytosis ratio showed that granulocytosis ratio was significantly lower in the RT than in the non-RT
group (p < 0.001; Figure 4B).

Prognostic Nomogram for OS and Internal Validation of Predictive Accuracy

To better predict OS at 0.5, 1, and 2 years in patients with esophageal cancer after receiving immunotherapy, a nomogram
model was designed; this easy-to-use tool was based on the independent predictors of OS calculated determined by
multivariate Cox regression analysis (Table 1). The nomogram (Figure 5) depicts the predictors of OS. The calibration
curves for the probability of survival at 0.5, 1, and 2 years after treatment showed that the nomogram prediction was
consistent with actual clinical outcomes (Figure 6A). Further comparison of the ROC curves (Figure 6B) showed that the
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Figure 2 Kaplan—Meier analysis of overall survival (OS) and progression-free survival (PFS) in patients with stage |I-IV esophageal cancer (EC). (A and B) Comparison of OS
and PFS over 2 years in the RT (red) and Non-RT (blue) groups before propensity score matching (PSM). (C and D) Comparison of OS and PFS over 2 years in the RT (red)
and Non-RT (blue) groups after PSM. Kaplan—Meier analysis showed that the OS and PFS rates were higher in the RT than in the Non-RT group. P-values were calculated
using the Log rank test.

clinical responses using this nomogram had AUCs of 0.860, 0.822, and 0.859 at 0.5, 1, and 2 years, respectively,
indicating that the nomogram was both sensitive and specific in predicting OS. Decision curve analysis (DCA) validated
the clinical validity of the nomogram (Figure 6C). The net benefit of using the nomogram was consistently higher than
other prediction models, such as NLR and RT alone, in predicting OS at 0.5, 1, and 2 years. Taken together, these

findings indicated that the nomogram is accurate in predicting survival in patients with esophageal cancer.

Discussion

To our knowledge, this study is the first to use a PSM cohort to assess the effects of RT on the prognosis of esophageal
cancer patients treated with immunotherapy. Kaplan—Meier analysis showed that OS and PFS were significantly longer in
the RT than in the non-RT group, both before and after PSM. PSM is a statistical method that matches baseline covariates
in a population and reduces the limitations of multivariate models. By reducing the effects of confounding factors on the
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Figure 3 Forest plots of clinicopathologic characteristics in the RT and Non-RT groups by (A) univariate and (B) multivariate analyses. P-values were calculated using the

Cox regression model.
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Figure 5 Nomogram of predicted OS. Bar graphs of multivariate Cox regression models predicting OS at 0.5, |, and 2 years. Three lines are drawn upward for each patient
to identify the points received for the three variables in the bar graph. The sum of these points is located on the “total score” axis, and the lines are drawn downward to
predict the probability of OS.

Notes: Multivariate Cox regression was used to test the differences. *p<0.05; **p<0.01; ***p<0.001.

results, PSM improves the accuracy of prediction. PSM is also widely used to assess the effectiveness of a certain
treatment on outcomes.?’ >
Following PSM of the RT and non-RT groups, none of the possible confounding factors, such as lesion location, NLR

(>8.9 or <8.9), and tumor differentiation, differed significantly. Both PFS and OS in the PSM cohort were significantly longer
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and 2 years (red line). The x-axis shows the nomogram-predicted OS and the y-axis shows the actual OS. The diagonal 45° line (silver) represents perfect prediction and
indicates the ideal model. (B) Time-dependent subject receiver operating characteristic (ROC) curves based on bar graphs predicting OS at 0.5, I, and 2 OS. (C)
Comparison of histograms and decision analysis curves for other models. Decision curves were analyzed for patient OS at 0.5, | and 2 years by histogram as well as for high
and low NLR, RT and non-RT and degree of tumor differentiation (left to right). The pink horizontal line represents the assumption that all patients will survive in the given
time frame. The dark blue line represents the assumption that all patients will die. The light blue line represents the DCA for bar prediction; the Orange line represents the
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and the hazard (false positives).

Abbreviations: RT, radiation therapy; NLR, neutrophil-to-lymphocyte ratio; ROC, receiver operating characteristic; PFS, progression-free survival; AUC, area under the curve.

in esophageal cancer patients treated with chemotherapy + immunotherapy combined with concurrent RT than in patients
treated with chemotherapy + immunotherapy alone. Similar results were observed in the multicenter, phase Il TENERGY
trial, which, despite the lack of PSM, found that the combination of chemoradiotherapy and the anti-PD-L1 monoclonal
antibody atezolizumab significantly increased the confirmed complete response rate, thus improving patient survival.*®
Changes in the tumor microenvironment (TME) are closely associated with tumor progression and patient
prognosis.>* ¢ The TME responds to changes in neutrophil and lymphocyte counts, as well as to proteins such as
plasma fibrinogen and serum albumin, indicators that play important roles in immune and inflammatory responses to
cancer.’” NLR is an indicator of prognosis in patients with esophageal cancer, with higher NLR associated with a later
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TNM stage and poorer prognosis.***? NLR is therefore receiving increasing attention as a potential predictive marker for
patients receiving ICI therapy.

The present study found that post-treatment NLR was significantly lower in patients who received RT plus immunotherapy
than in those who received immunotherapy alone. Inclusion of clinicopathological data, neutrophil and lymphocyte counts,
and NLR in univariate and multivariate Cox regression analyses showed that RT, NLR, and tumor differentiation were
independently prognostic of survival. In contrast, age was not a prognostic risk factor, perhaps because these patients had stage
IT and higher esophageal cancer, with worsening of some chronic underlying diseases of the cardiovascular system.'® Factors
independently prognostic of survival, including RT, NLR, and tumor differentiation, were therefore included in a nomogram to
predict 0.5, 1, and 2 year OS in patients with esophageal cancer receiving immunotherapy. Use of this nomogram may enable
more effective individualized management of patients.

Clinical prediction models, such as nomograms is a statistical tool that combines clinicopathological factors in
predictive models, which are both simple and intuitive.***' Nomograms have been widely used in the prognostic
evaluation of patients with several diseases, including gastric cancer and rectal cancer.**** The present study showed
that the developed nomogram was predictive of patient prognosis. ROC, calibration, and decision curve analyses showed
that this nomogram was sensitive, accurate, and valid, respectively, in predicting OS. The AUC of ROC curves could
determine the sensitivity and specificity of the nomogram,** whereas DCA was based on a threshold probability to
determine the clinical decision with the greatest net benefit.*> This nomogram was found to accurately predict OS within
2 years based on a history of RT, NLR, and the degree of tumor differentiation. In addition, the AUCs for 0.5, 1, and
2 year OS were higher than 0.80, indicating good predictive sensitivity.

The predictive model also showed that RT enhanced OS and PFS, suggesting that the combination of RT and
immunotherapy can improve the prognosis of patients with esophageal cancer. The prognosis of patients with esophageal
cancer was also affected by the degree of tumor cell differentiation. For example, a retrospective analysis in patients with
esophageal squamous cell carcinoma found that tumor size, depth of tumor invasion, degree of tumor differentiation, and
lymphovascular invasion were significantly predictors of lymph node metastasis (LNM).*® These findings were con-
sistent with the present results, which suggested that patients with well-differentiated pathology on the nomogram had
lower scores and a better prognosis. Therefore, the early pathological diagnosis of esophageal cancer patients is
important in evaluating patient prognosis. The present study also found that patients with low NLR (<8.9) had a better
prognosis. Similarly, a previous meta-analysis found that high NLR before treatment was an indicator of poor prognosis
in patients with solid tumors.*’

The present study described the development of a new nomogram by evaluating the effect of RT combined with
immunotherapy on survival in patients with esophageal cancer and assessed the ability of the nomogram to predict 2-year
OS. Immunotherapy can synergize with RT to achieve a better anti-tumor effect. However, RT can induce side effects,
such as radiation pneumonitis and radiation esophagitis.***’

The present study had several limitations, the most important being its retrospective design. Patients or their family
members may have recall bias for treatment status and time of death during follow-up, resulting in errors. In addition,
this study included only 134 patients, with the small number possibly affecting the robustness of the results. Multicenter,
prospective studies with larger sample size and longer follow-up are therefore needed. Third, this study did not assess
whether the pre-treatment level of PD-L1 expression could affect patient outcomes, suggesting the need for subsequent
studies to investigate whether a high level of PD-L1 expression is indicative of the efficacy of RT plus immunotherapy.

Conclusion

RT plus immunotherapy resulted in significantly longer OS and PFS when compared with immunotherapy alone in
patients with stage II or higher esophageal cancer. Predictive models that include NLR, RT, and tumor differentiation can
guide personalized treatment or monitor prognosis.

Abbreviations
RT, radiation therapy; Non-RT, no radiation therapy; NLR, neutrophil-to-lymphocyte ratio; ROC, receiver operating
characteristic; PFS, progression-free survival; AUC, area under the ROC curve; OS, overall survival; ESCC, esophageal
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cell squamous carcinoma; SCEC, small cell esophageal carcinoma; NET, neuroendocrine tumor; HGIN, high-grade
intraepithelial neoplasia; LGIEN, low-grade intraepithelial neoplasia; EAC, esophageal adenocarcinoma; HR, hazard
ratio; CI, confidence interval.
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