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Objective: Systemic inflammatory factors are independent risk factors in the formation and progression of various solid tumors.
However, whether systemic inflammatory factors are associated with effect and prognosis of esophageal squamous cell carcinoma
patients treated with immunotherapy remains unknown. The aim of this study is to assess the value of systemic inflammatory factors in
the efficacy of camrelizumab for patients with advanced, metastatic esophageal squamous cell carcinoma.

Methods: We conducted a retrospective analysis of 90 patients with advanced, metastatic esophageal squamous cell carcinoma who
received treatment with camrelizumab in Xinghua People’s Hospital between August 2019 and October 2021. The optimal cut-off
values of platelet-to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR) and systemic immune-inflammation index (SII)
for predicting efficacy and prognosis were identified based on the receiver operating characteristic (ROC) curve. Progression free
survival (PFS) and overall survival (OS) were evaluated using the Kaplan—-Meier method, and differences in PFS or OS between
groups were compared by the Log rank test. Univariate and multivariate Cox proportional hazards regression models were performed
to analyze prognostic values of each variable.

Results: The optimal cutoff values of PLR, NLR and SII predicted survival outcomes were 157.7, 3.84 and 750.8, respectively.
Higher PLR, NLR and SII were associated with shorter PFS (HR for PLR = 2.899, P = 0.001; HR for NLR = 3.629, P < 0.001; HR for
SII = 10.251, P < 0.001) and OS (HR for PLR =4.583, P < 0.001; HR for NLR = 3.921, P < 0.001; HR for SII = 38.606, P < 0.001).
Multivariate Cox regression analysis revealed that high PLR, NLR and SII were independent risk factors of PFS and OS in the
advanced, metastatic esophageal squamous cell carcinoma patients receiving camrelizumab.

Conclusion: PLR, NLR and SII are potentially effective prognostic predictors in advanced, metastatic esophageal squamous cell
carcinoma patients treated with camrelizumab.
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Introduction

In China, esophageal cancer is one of the most common malignant tumors, and the fifth leading cause of cancer-related
death. Esophageal cancer is mainly composed of esophageal squamous cell carcinoma (ESCC) and esophageal adeno-
carcinoma (EAC), and the former is the main pathological type in China. The vast majority of patients lose the chance of
surgery at the time of diagnosis because of the lack of specific symptoms in the early stage of esophageal cancer, and the
5-year survival rate is lower than 30%.' In recent years, immunotherapy has made great breakthroughs in treatment of
cancers, including esophageal cancer. Studies on KEYNOTE-181,>* ATTRACTION-3* and ESCORT® demonstrated that
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immunotherapy is effective in second-line treatment of esophageal cancer. In addition, the results of KEYNOTE-590,°
CHECKMATE-648,” ESCORT-1st® and ORIENT-15" studies further revealed that first-line immunotherapy combined
with chemotherapy can significantly prolong mPFS and mOS in patients with advanced or metastatic esophageal cancer,
accelerating the process of first-line immunotherapy for esophageal cancer. Although immunotherapy has brought
significant survival benefits to the patients with esophageal cancer, a considerable number of patients still develop
primary or acquired drug resistance. Hitherto, programmed death-ligand 1 (PDL-1), tumor mutation burden (TMB),
mismatch repair (MMR) and tumor infiltrating lymphocytes (TILs) have been used to screen benefit population.
However, due to different detection platforms, cutoff values and the lack of sufficient tumor tissues, they are not ideal
indicators. Exploring biomarkers to predict tumor immunotherapy efficacy has an unmet clinical need.

Inflammation is considered to be closely related to the tumorigenesis, progression and metastasis and has important
efficacy prediction and prognostic value in a variety of tumors.'®'? Hematological inflammatory parameters such as
lymphocytes, neutrophils, platelets and monocytes can reflect the immune inflammatory state of the body and have
important prognostic values for cancer patients. With the continuous understanding of cancer-related inflammation,
systemic inflammatory biomarkers, such as platelet-to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR),
and lymphocyte-to-monocyte ratio (LMR), have been proved to be able to predict the survival outcomes of various tumor
patients.'>”!” Recently, some of studies have indicated that high NLR and PLR are also associated with poor clinical
outcomes in some tumor patients receiving immunotherapy.'®'? Systemic immune inflammatory index(SII) is a novel
inflammatory indicator that combines neutrophils, lymphocytes and platelets, which is an independent risk factor in the
formation and progression of solid tumors.”’ However, whether systemic inflammatory factors are associated with
prognosis of ESCC patients treated with immunotherapy remains unknown. Therefore, our study aims to explore the
correlation between systemic inflammatory factors and the efficacy and prognosis of immunotherapy in patients with
advanced, metastatic ESCC.

Patients and Methods

Patient Selection

We collected the clinical information of 90 advanced ESCC patients who underwent camrelizumab therapy from
Xinghua People’s Hospital between August 2019 and October 2021. Twenty-seven patients received first-line camreli-
zumab plus paclitaxel and cisplatin treatment. Sixty-three patients receiving second-line camrelizumab monotherapy
previously underwent paclitaxel plus cisplatin chemotherapy. The inclusion criteria were as follows: (1) patients over 18
years old; (2) all patients whose pathologic diagnosis was ESCC; (3) patients with advanced or metastatic ESCC who
were treated with camrelizumab; (4) patients with an Eastern Cooperative Oncology Group Performance Status (ECOG
PS) score at 0-2; (5) patients with complete peripheral hematological parameters and evaluable imaging data before
treatment; (6) at least one cycle of treatment with camrelizumab; (7) patients in clinical stage IIIB or IV, according to the
eighth edition of the American Joint Committee on Cancer staging manual. The exclusion criteria were as follows: (1)
patients with incomplete clinicopathological data and follow-up information; (2) patients with cardiovascular or
respiratory diseases; (3) patients with autoimmune or hematologic diseases; (4) patients with a history of using steroid
within half a month; (5) patients with other primary carcinomas; (6) infectious diseases before camrelizumab treatment.
In this study 32 patients were totally excluded and 90 patients were eventually enrolled. The whole enrollment process
was clearly revealed in Figure 1. This study was approved by the Ethics Committee.

Evaluation of Efficacy and Definition of SIl, NLR and PLR

We performed a low-dose computed tomography (LDCT) scan or barium enema examination every 8 weeks. Standard
Response Evaluation Criteria in Solid Tumors (RECIST version 1.1) were used for evaluation of response. We asked
three radiologists to evaluate the efficacy according to the RECIST version 1.1. The primary endpoint of the study was
OS which was defined as the time from randomization to death (from any reason). For subjects who had missed their
follow-up visits prior to death, their last follow-up time was viewed as that of death. The secondary endpoint was PFS
which was defined as the time from randomization to tumor progression (any aspect) or death (from any cause).
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Figure | The flowchart of the enrollment process.

SII was defined as platelet count x neutrophil count/lymphocyte count, NLR as neutrophil/lymphocyte ratio, and PLR as
platelets/lymphocyte ratio. Xisen Meikang XN9100 blood analysis instrument was used to perform blood testing. In order to
ensure the accuracy of platelet, lymphocyte and neutrophil detection, we did internal quality control once a day and participated
in the external quality assessment of the National Health Commission Clinical Inspection Center every six months.

Statistical Analyses

The ROC curve was applied to determine the optimal cut-off values for SII, NLR and PLR. Patients were divided into
low SII/NLR/PLR groups and high SI/NLR/PLR groups according to the optimal cutoff values. The chi-square (X?) test
was used to evaluate correlations between clinical parameters and blood inflammatory indicators. We used Kaplan—Meier
(K-M) method and the log-rank test to analyze the survival results (PFS and OS) between groups. The cox proportional
hazard model was used to identify the prognostic factors of survival time. A two-sided P < 0.05 was considered
statistically significant. The above statistical data were analyzed with IBM SPSS Statistic 26.

Results

Patient Characteristics

A total of 90 patients with advanced, metastatic ESCC patients treated with camrelizumab were enrolled in this study.
The clinical characteristics of the patients, including age, gender, drinking history, ECOG PS, therapy lines, therapy
regimen, tumor differentiation grade, tumor location, TNM stage, were obtained from the medical records. The median
age was 67 years (range from 53 to 87 years). Male patients accounted for 62.2% of all participants. Patients with
drinking history accounted for 58.9%. 70% of patients have received at least first-line treatment with paclitaxel plus
cisplatin. Nearly 75% of patients were clinical stage IV. The median NLR, PLR and SII before treatment with
camrelizumab were 4.32 (range, 1.63—-11.98), 145.60 (range, 48.78-318.57) and 622.04 (range, 125.00-1874.67)
respectively. By March 2022, the median follow-up time was 11.4 months (range 2.2-26 months).

Determination of Optimal Cut-Off Values for Sll, NLR and PLR

As revealed in Figure 2, the areas under the ROC curve for PLR, NLR and SII were 0.862, 0.768 and 0.804 respectively.
The optimal cut-off values of PLR, NLR and SII predicted survival results were 157.7, 3.84 and 750.8. Consequently,
patients were separately divided into high and low groups in accordance with the optimal cut-off values.
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Figure 2 A ROC curve analysis for the optimal cut-off values of PLR, NLR and SlI, respectively. The areas under the ROC curve of PLR, NLR and SlI are indicated.

Correlations Between the Clinical Features and Sll, NLR and PLR
The relationship between the clinical features and SII, NLR and PLR is demonstrated in Table 1. The SII and NLR before
treatment were associated with regimen (p <0.001 and P = 0.042). The PLR before treatment was related to gender (p = 0.044).

Survival Analysis

We used the Kaplan—Meier method to conduct survival curves and the Log rank test to compare their differences.
Compared with high SII group, patients before treatment in low SII group had longer PFS and OS (mPFS: 7.6 m vs
43 m, P <0.001; mOS: 17 m vs 8 m, P < 0.001; Figure 3A and 3B). Compared with high NLR group, patients before

Table | Relationship Between SlI, NLR as Well as PLR and Clinical Parameters of Patients with the Advanced, Metastatic Esophageal
Squamous Cell Carcinoma

Factors Cases (n) | PLR> PLR< P NLR > NLR < P Sl > Sl < P
157.5(n) | 157.5(n) 3.84(n) 3.84 (n) 750.8 (n) | 750.8(n)
Total 90 33 57 53 37 36 54
Age 0.486 0.731 0.431
>65 53 21 32 32 21 23 30
<65 37 12 25 21 16 13 24
Gender 0.044 0.992 0.110
Male 56 25 31 33 23 26 30
Female 34 8 26 20 14 10 24
Drinking history 0.113 0.927 0.221
Yes 53 23 30 31 22 24 29
No 37 10 27 22 15 12 25
ECOG PS 0.757 0.190 0.487
0 39 I5 24 26 13 14 25
-2 51 18 33 27 24 22 29
(Continued)
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Table | (Continued).
Factors Cases (n) | PLR> PLR< P NLR > NLR < P Sl > Sl < P
157.5(n) | 157.5(n) 3.84(n) 3.84 (n) 750.8 (n) | 750.8(n)
Therapy lines 0.166 0.374 0.189
| 27 7 20 14 13 8 19
22 63 26 37 39 24 28 35
Regimen 0.077 0.042 <0.001
Monotherapy 33 16 17 24 9 21 12
Combination 57 17 40 29 28 15 42
therapy
Differentiation 0.593 0.884 0.474
Well 15 7 8 9 6 8 7
Moderate 46 17 29 28 18 18 28
Poor 29 9 20 16 13 10 19
Tumor location 0.986 0.053 0.133
Upper 16 6 10 10 6 8 8
Meddle 43 16 27 30 13 20 23
Lower 31 I 20 13 18 8 23
TNM stage 0.472 0.211 0.114
1B 23 7 16 I 12 6 17
v 67 26 41 42 25 30 37

treatment in low NLR group had longer PFS and OS (mPFS: 7.8 m vs 4.6 m, P < 0.001; mOS: 18 m vs 9 m, P < 0.001;
Figure 4A and B). Compared with high PLR group, patients before treatment in low PLR group had longer PFS and OS
(mPFS: 7.6 m vs 5.5 m, P = 0.001; mOS: 16.2 m vs 9.3 m, P < 0.001; Figure 5A and B).

Univariate and Multivariate Analyses
The Cox proportional hazards regression model was applied to conduct the univariate and multivariate analyses of PFS

and OS. The results of univariate and multivariate analyses were revealed in Tables 2 and 3. In univariate analysis, we
indicated that SII < 750.8 before treatment, NLR < 3.84 before treatment and PLR < 157.5 before treatment were related
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Figure 3 (A) The Kaplan-Meier survival curve showed the difference in PFS between the high and low SII groups. (B) The Kaplan-Meier survival curve revealed the

difference in OS between the high and low SII groups.
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Figure 4 (A) The Kaplan-Meier survival curve showed the difference in PFS between the high and low NLR groups. (B) The Kaplan-Meier survival curve demonstrated the
differences in OS between the high and low NLR groups.
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Figure 5 (A) The Kaplan-Meier survival curve showed the difference in PFS between the high and low PLR groups. (B) The Kaplan-Meier survival curve displayed the
difference in OS between the high and low PLR groups.

to longer PFS and OS. To avoid the multicollinearity among SII, NLR and PLR, three independent Cox models were
separately established in multivariate analysis, each of which only included one of the three indicators. The results of
multivariate analyses displayed that SIT < 750.8, NLR < 3.84 and PLR < 157.5 were independently associated with longer
PFS and OS.

Analysis of Immune-Related Adverse Events

Immune-related adverse events (irAEs) occurred in 78 (86.7%) patients. Grades and categories of irAEs for different
treatment regimens are demonstrated in Table 4. The most common irAEs were reactive cutaneous capillary endothelial
proliferation (RCCEP). The vast majority of irAEs were grade 1-2 in the camrelizumab group, and Grade 3—4 irAEs
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Table 2 Univariate and Multivariate Analyses of Progression-Free Survival in the Advanced, Metastatic Esophageal

Squamous Cell Carcinoma Patients Treated with Camrelizumab

Variable Univariate Analysis | P value | Multivariate Analysis | P value
HR (95% CI) HR (95% CI)

Age(>65 vs.<65) 0.964(0.614-1.514) 0.874

Gender(male vs female) 1.034(0.649—1.647) 0.888

Drinking history(yes vs no) 1.067(0.671-1.696) 0.785

ECOG PS(0 vs 1-2) 0.928(0.586—1.467) 0.748

Therapy line(l vs 22) 0.981(0.609—1.581) 0.937

TNM stage(llIB vs 1V) 0.984(0.597-1.621) 0.949

Regimen (monotherapy vs combination therapy) | 0.805(0.495-1.31) 0.383

Differentiation (well vs moderate vs poor) 0.979(0.690-1.387) 0.903

Tumor location (upper vs middle vs lower) 0.993(0.725-1.360) 0.966

PLR(<157.5 vs.>157.5) 2.749(1.497-5.048) 0.001 2.899(1.526-5.509) 0.001

NLR(£3.84 vs.>3.84) 3.238(1.971-5.321) <0.001 3.629(2.112-6.236) <0.001

SI(=750.8 vs.>750.8) 8.484(4.088-17.604) <0.001 10.251(4.701-22.353) <0.001

Table 3 Univariate and Multivariate Analyses of Overall Survival in the Advanced, Metastatic Esophageal Squamous
Cell Carcinoma Patients Treated with Camrelizumab

Variable Univariate Analysis | P value | Multivariate Analysis | P value
HR (95% CI) HR (95% CI)

Age(>65 vs.<65) 1.239(0.765-2.006) 0.384

Gender(male vs female) 1.227(0.757-1.989) 0.406

Drinking history(yes vs no) 1.231(0.760-1.995) 0.398

ECOG PS(0 vs 1-2) 0.921(0.569-1.492) 0.738

Therapy line(l vs 22) 1.198(0.714-2.010) 0.493

TNM stage(llIB vs 1V) 1.232(0.708-2.143) 0.459

Regimen (monotherapy vs combination therapy) | 0.751(0.452—-1.251) 0.272

Differentiation (well vs moderate vs poor) 1.039(0.720-1.500) 0.837

Tumor location (upper vs middle vs lower) 0.876(0.623—1.231) 0.446

PLR(<157.5 vs.>157.5) 3.223(1.702-6.105) <0.001 4.583(2.244-9.357) <0.001
NLR(<3.84 vs.>3.84) 3.263(1.978-5.384) <0.001 3.921(2.241-6.862) <0.001
SI(750.8 vs.>750.8) 24.972(10.56-69.08) <0.001 38.606(14.33—-104.03) <0.001

Table 4 Summary of irAEs (N = 90)

Camrelizumab + Chemotherapy Camrelizumab (n=33)
(n=57)
irAEs Category n(%) Any Grade Grade 3-4 Any Grade Grade 3-4
RCCEP 46(80.7) 5(8.8) 27(81.8) 2(6.1)
AST increase 18(31.6) 2(3.5) 5(15.1) 0
AST increase 20(35.1) 3(5.3) 4(12.1) 0
Increased blood bilirubin 8(14.0) 0 2(6.1) 0
Hypothyroidism 6(10.5) 0 4(12.1) 0
Fatigue 19(33.3) 0 309.1) 0
Anemia 40(70.2) 10(17.5) 4(12.1) 0
Proteinuria 3(5.3) 0 13.1) 0
(Continued)
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Table 4 (Continued).

Camrelizumab + Chemotherapy Camrelizumab (n=33)
(n=57)
irAEs Category n(%) Any Grade Grade 3-4 Any Grade Grade 3-4
Leukopenia 42(73.7) 22(38.6) 3(9.1) 0
Thrombocytopenia 20(35.1) 9(15.8) 0 0
Rash 7(12.3) 2(3.5) 3(9.1) 0

Abbreviations: RCCEP, reactive cutaneous capillary endothelial proliferation; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; irAEs, immune-related adverse events.

were observed in only 2 case (6.1%). In the camrelizumab plus chemotherapy group, Grade 3—4 adverse events such as
anemia, thrombocytopenia, leukopenia were obviously increased, which might be associated with chemotherapy. No
adverse events led to termination of treatment. No irAE-related deaths occurred.

Discussion

Esophageal cancer is one of the common malignant tumors threatening human life, especially in China. Currently, the
main treatments for esophageal cancer, such as surgery, radiotherapy, chemotherapy and targeted therapy, fail to
significantly improve the survival outcomes of patients. Immunotherapy, as an emerging treatment, brings hope to
patients with esophageal cancer. Previous studies have shown that inflammatory response plays a role in the process of
tumorigenesis and progression.”' ** In our study, a consecutive cohort of 90 advanced, metastatic ESCC patients who
underwent treatment with camrelizumab was retrospectively analyzed. We demonstrated that high PLR, NLR and SII
were independent risk factors for both PFS and OS in advanced, metastatic ESCC patients treated with camrelizumab. It
was worth noting that our study primarily focused on the prognostic values of PLR, NLR and SII for survival outcomes
of the advanced, metastatic ESCC patients treated with camrelizumab.

In recent years, immunotherapy has become one of the standard treatments for esophageal cancer. Continuous
response and long-term survival benefits of immunotherapy have been reported in several studies. However, there is
a significant proportion of patients who still do not benefit from this treatment, and knowing how to identify the
populations most likely to benefit from the treatment remains an urgent problem presently. Consequently, exploring some
effective biomarkers to predict the population benefitting the most from immunotherapy has important clinical signifi-
cance, which is consistent with our research purpose.

Inflammatory response can affects tumor microenvironment by secreting bioactive molecules and inflammatory
products, which may serve as potential biomarkers.?**> Systemic inflammatory factors in peripheral blood, such as
NLR, PLR and SII can reflect the body’s inflammatory reaction and host immune response. Pretreatment SII, NLR and/or
PLR have been found to be independent prognostic predictors in various tumors where patients received immune
checkpoint inhibitor therapy.'*°2® Jingjing'® et al have suggested that pretreatment SII, NLR and PLR are significant
prognostic predictors of PFS and OS in advanced NSCLC patients receiving nivolumab. Capone®® et al revealed that
lower NLR is in line with superior PFS and OS in patients with stage IV melanoma treated with nivolumab. Another
small sample retrospective study?’ reported that in gastric cancer patients treated with nivolumab, high NLR might be
associated with poor prognosis. Bilen®® et al demonstrated that lower NLR before treatment may be significantly
correlated with superior PFS and OS in Metastatic renal-cell carcinoma patients with nivolumab treatment. The cut-off
values of these studies are not the same, but similar. This may be associated with quality control in different laboratories
and differences in the response of different tumors to immunotherapy. Several meta-analyses®** further confirm the
above conclusion, which is consistent with our findings.

To the best of our knowledge, there are no data on the relationship between systemic inflammatory factors and the
efficacy and prognosis of camrelizumab treatment in patients with advanced, metastatic ESCC. In the present study, this
correlation was demonstrated for the first time. Furthermore, peripheral blood biomarkers used in our study, compared
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with PDL-1, TMB and MMR, have the highest benefit-cost ratio and are easily available in clinical practice.
Nevertheless, our study had some limitations. For one thing, single center, small sample and retrospective analysis
made our research unable to avoid selection bias. So, large sample, multi-center and prospective studies will be needed to
validate these findings. In addition, although our findings were in accord with previous ones, it was difficult to determine
our conclusions in other studies owing to the lack of standardized cut-off value. Therefore, it is necessary to find a unified
test method to confirm the appropriate cut-off value.

Conclusions
In conclusion, the current research indicates that PLR, NLR and SII may be independent prognostic factors for advanced,
metastatic ESCC patients treated with camrelizumab.

Ethics Statement

The study involving human participants was reviewed and approved by Ethics Committee of Medical School of
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Privacy and identity information of all patients kept confidential and kept in compliance with the Declaration of
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