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Purpose: Our purpose was to evaluate the association between hematologic markers and

mortality and adverse events in patients with esophageal squamous cell carcinoma (ESCC)

treated with neoadjuvant chemoradiotherapy (nCRT).

Patients and Methods: A total of 311 patients with ESCC treated with nCRT from 2012 to

2014 were enrolled retrospectively. The Kaplan–Meier method with a Log rank test was used

to calculate five-year overall survival (OS). Receiver operating characteristic (ROC) curves

were plotted to determine the cut-off values for hematologic markers. Multivariate analysis

was performed using Cox regression analysis model. Model performance was evaluated by

predicted nomogram, concordance index (C-index) and calibration curve.

Results: Median follow-up was 22 months. High pretreatment platelet to lymphocyte ratio

(PLR, p = 0.047) and systemic immune-inflammation index (SII, p = 0.027) were signifi-

cantly associated with pathologic complete response (pCR). In multivariate analysis, smok-

ing history, Eastern Cooperative Oncology Group (ECOG) performance status, invasion

depth, lymph node metastasis, PLR, and SII were independent factors to predict five-year

OS. Multivariate analysis showed a lower neutrophil to lymphocyte ratio (NLR) at baseline

(p = 0.007) was significantly associated with development of grade ≥3 hematologic toxicity,

and none of inflammatory biomarkers could predict grade ≥3 non-hematologic toxicity or

radiation pneumonitis (RP).

Conclusion: SII and PLR were independent indicators to predict prognosis in patients with

ESCC treated with nCRT, and a lower NLR at baseline was an independent indicator to

predict grade ≥3 hematologic toxicity.

Keywords: esophageal squamous cell carcinoma, neoadjuvant chemoradiotherapy,

inflammatory biomarkers, overall survival, adverse events

Introduction
Esophageal cancer is the eighth most frequently diagnosed cancer and the sixth

most common cause of cancer death worldwide.1 In China, esophageal squamous

cell carcinoma (ESCC) is the predominant histologic type.2 The prognosis of

esophageal cancer is rather poor, with five-year survival rates ranging from 15%

to 25% in most countries.3 At present, neoadjuvant chemoradiation (nCRT) fol-

lowed by esophagectomy is the standard treatment for locally advanced esophageal

cancer.4,5 However, the curative effects, prognosis, and adverse events vary widely
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even for patients with the same clinicopathological factors.

Therefore, there is a demand for seeking some biomarkers

to accurately identify poor prognosis and severe adverse

events in patients with ESCC receiving nCRT and further

guide the treatment.

Accumulating evidence has shown that systemic inflam-

mation plays an important role in different stages of tumor

development, including initiation, promotion, malignant con-

version, invasion, and metastasis.6,7 Previous studies have

confirmed that inflammatory biomarkers including preopera-

tive neutrophil to lymphocyte ratio (NLR), preoperative

derived neutrophil to lymphocyte ratio (dNLR), preoperative

monocyte to lymphocyte ratio (MLR), preoperative platelet

to lymphocyte ratio (PLR), preoperative systemic immune-

inflammation index (SII), postoperative NLR, and difference

in NLR before and after chemoradiotherapy (ΔNLR) are

associated with worse prognosis in various malignancies,8–

12 including esophageal cancer.13–18 However, for ESCC

undergoing nCRT, data regarding the relationship between

pre- and post-treatment levels of inflammatory biomarkers

and prognosis or adverse events was very limited. Recently a

study demonstrated that ΔNLR was inversely related to

pathologic complete response (pCR) and associated with

hazard of recurrence in patients with ESCC receiving che-

moradiotherapy alone or nCRT.15 However, the number of

patients receiving nCRT was limited (n = 84), and most

patients (n = 133) received chemoradiotherapy alone.

Fibrinogen, an important molecular players of the coa-

gulation cascade produced by the liver, is a key regulator

of inflammation in disease.19 The hypercoagulable state is

common among patients with malignant tumors.20 Serum

albumin level, as well as prognostic nutritional index

(PNI), has been used to assess cancer patients’ nutritional

status. Additionally, lactate dehydrogenase (LDH), a key

enzyme in the glycolytic pathway, is directly related to

tumor growth, tumor proliferative index, metastasis, and

tumor survival.21 Previous studies have demonstrated that

preoperative albumin /fibrinogen ratio (AFR), PNI and

LDH are significantly associated with prognosis in variety

of tumors,22–27 including ESCC.28–30

However, studies assessing the relationship between these

hematologic biomarkers and prognosis in patients with ESCC

are still few, and controversy exists regarding which is the best

hematologic biomarker for predicting prognosis.

Therefore, in this study, we included diverse hemato-

logic biomarkers, aiming to seek the best biomarkers to

predict prognosis and adverse events in patients with

ESCC treated with neoadjuvant nCRT.

Patients and Methods
Patients
Patients with ESCC receiving nCRT at Shandong Cancer

Hospital and Institute between 2011 and 2014 were retro-

spectively analyzed. The inclusion criteria were as follows:

1) 18–80 years old; 2) pathologically confirmed ESCC; 3)

esophagectomy with R0 resection and no presence of post-

operative adjuvant therapy; 4) Eastern Cooperative

Oncology Group (ECOG) performance status of 0–2; 5)

without severe dysfunction of important organs; 6) without

distant metastasis; 7) without secondary primary tumor.

Those who had acute infection or chronic inflammatory

disease, received anti-inflammatory treatment, or had hema-

tological or autoimmune disease before nCRTwere excluded

from our analysis. All patients were staged based on the

seventh edition of the American Joint Committee on

Cancer (AJCC) staging manual.31 Pretreatment evaluation

included esophageal endoscopy with biopsy, endoscopic

ultrasound, barium esophagography, contrast-enhanced

thoracic and abdominal computed tomography (CT), and

whole-body bone scan. Cardiac and pulmonary function

examinations were performed to evaluate surgical tolerance.

Positron emission tomography/computed tomography (PET-

CT) was optional. The clinical and pathologic TNM stages

were performed for all patients (Table 1). The difference

between clinical and pathologic stages were found in 56

patients. PET-CTwere performed for 53 patients to evaluate

the TNM stage. This study was approved by the Ethics

Committee of Shandong Cancer Hospital and Institute, and

written informed consents were obtained from all included

individuals. This study was conducted in accordance with the

Declaration of Helsinki.

Treatment
The details of treatment plan were collected from medical

records at our hospital. Most patients (67.5%) received two

3-weekly cycles of cisplatin and fluorouracil. Cisplatin (80

mg/m2) was infused intravenously on day 1 and 5-fluorour-

acil (1 g/m2 per day) was administered as a continuous

infusion on days 1–4. Radiotherapywith a median prescribed

dose of 45 Gy (range, 40–50.4 Gy) was administered in 1.8–

2.0 Gy per fraction and five fractions per week, starting at the

first day of the first cycle of chemotherapy. Radiotherapy was

delivered by using linear accelerators with an energy of 6-

MV or 10-MV X-ray. Treatment-planning CT scans using

intravenous contrast were performed for all patients. Gross

tumor volume (GTV), defined by any visible primary tumor
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and metastatic regional nodes, was determined by radiation

oncologists using all available resources (barium swallow,

CT, PET-CT, endoscopy, endoscopic ultrasound). Clinical

target volume (CTV) was generated using a 3 to 5 cm

proximal and distal margin and a 0.5 to 1 cm radial margin

around the GTV. Supraclavicular lymph nodes were included

electively for upper esophageal cancer and celiac lymph

nodes were included for distal esophageal cancer based on

the decision of radiation oncologists. The planning target

volume (PTV) was defined as a 5 mm margin of CTV in all

directions. Radiation technique included three-dimensional

conformal radiation therapy (3D-CRT) or intensity-modu-

lated radiation therapy (IMRT). Surgery was scheduled for

4 to 8 weeks after completion of nCRT. All patients received

a standardized transthoracic Ivor-Lewis esophagectomy with

a two-field or three-field lymphadenectomy. In this study,

182 patients (58.5%) received two-field thoracoabdominal

Table 1 Patient Characteristics

Characteristics Patients (%)

Gender

Male 247 (79.4)

Female 64 (20.6)

Current or former smoker

Yes 169 (54.3)

No 142 (46.7)

Alcoholic

Yes 152 (48.9)

No 159 (51.1)

COPD history

Yes 28 (9.0)

No 283 (91.0)

Diabetes history

Yes 25 (8.0)

No 286 (92.0)

Hypertension

Yes 64 (20.6)

No 247 (79.4)

ECOG performance status

0 129 (41.5)

1 141 (45.3)

2 41 (13.2)

Tumor differentiation

Well 32 (10.3)

Moderate 197 (63.3)

Poor 82 (26.4)

Invasion depth

cT1 28 (9.0)

cT2 58 (18.7)

cT3 210 (67.5)

cT4 15 (4.8)

Lymph node metastasis

cN0 31 (10.0)

cN1 135 (43.4)

cN2 124 (39.9)

cN3 21 (6.7)

Invasion depth

pT1 34 (10.9)

pT2 65 (20.9)

pT3 199 (64.0)

pT4 13 (4.2)

Lymph node metastasis

pN0 37 (11.9)

pN1 147 (47.3)

(Continued)

Table 1 (Continued).

Characteristics Patients (%)

pN2 116 (37.3)

pN3 11 (3.5)

pTNM stage

II 128 (41.2)

III 183 (58.8)

Tumor location

Upper thoracic 115 (37.0)

Midthoracic 134 (43.1)

Lower thoracic 62 (19.9)

Chemotherapy regimen

Cisplatin and 5-FU 210 (67.5)

Cisplatin and paclitaxel 50 (16.1)

Carboplatin and paclitaxel 32 (10.3)

Others 19 (6.1)

Prescribed dose

≥ 45 Gy 208 (66.9)

< 45 Gy 103 (33.1)

Radiotherapy technique

3D-CRT 115 (37.0)

IMRT 196 (63.0)

Median (SD)

Age (years) 63.9 (8.6)

Tumor length (cm) 5.5 (2.0)

Abbreviations: COPD, chronic obstructive pulmonary disease; ECOG, Eastern

Cooperative Oncology Group; 3D-CRT, three-dimensional conformal radiation

therapy; IMRT, intensity-modulated radiation therapy; SD, standard deviation.
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lymphadenectomy which including subcarinal, diaphrag-

matic, paraesophageal, and paracardiac lymph nodes, as

well as those located along the pharyngeal nerve, lesser

gastric curvature, left gastric artery, celiac axis and hepatic

artery trunk. Three-field lymphadenectomy was performed

with 129 patients (41.5%) when the cervical or supraclavi-

cular lymph nodes were thought to be abnormal according to

preoperative imaging evaluation.

Measures for Hematologic Biomarkers
The following pretreatment hematologic parameters were

collected from peripheral blood within 1 week prior to the

initial treatment: serum albumin, LDH, fibrinogen, neutro-

phil count, lymphocyte count, monocyte count, and platelet

count. The following posttreatment hematologic parameters

were collected at least 21 days after nCRT (to avoid inter-

ference from the acute immunosuppressive effect of nCRT)

and before surgery: neutrophil count, lymphocyte count,

monocyte count, and platelet count. The definitions of

NLR, dNLR, MLR, PLR, SII, AFR, PNI, and ΔNLR are

calculated as follows: NLR = neutrophil counts/lymphocyte

counts; MLR = monocyte counts/lymphocyte counts; dNLR

= neutrophil counts/(white blood cell counts – neutrophil

counts); PLR = platelet counts/lymphocyte counts; SII =

platelet counts × neutrophil counts/lymphocyte counts;

AFR = albumin level (g/L)/fibrinogen level (g/L); PNI =

albumin level (g/L) + 5 × total lymphocyte counts (109 /L);

and ΔNLR = posttreatment NLR – pretreatment NLR.

Finally, the hematologic biomarkers were included in this

study as follows: pretreatment levels of LDH, NLR, dNLR,

MLR, PLR, SII, AFR, and PNI; posttreatment levels of NLR,

MLR, and PLR; and ΔNLR.

Assessment of Response and Adverse

Events and Follow-Up
We evaluated the clinical and pathologic response to nCRT.

Clinical response to nCRT, evaluated by barium esophago-

graphy and thoracic and abdominal CT scan 2–4 weeks after

completion of nCRT, was graded by the Response Evaluation

Criteria In Solid Tumors (RECIST) criteria.32 For target

lesion, clinical complete response (cCR) was defined as

disappearance of all target lesions by imaging. For non-target

lesion, cCR was defined as disappearance of all non-target

lesions and normalisation of tumour marker level. All lymph

nodes must be non-pathological in size (<10 mm short axis).

We defined pCR as the absence of cancer in the entire

surgical specimen, including the resected esophagus and

lymph nodes. Adverse events were graded according to the

Common Terminology Criteria for Adverse Events

(CTCAE) version 4.0.3. Hematologic toxicities included

neutropenia, thrombocytopenia, and anemia; non-hematolo-

gic toxicities included mucositis, nausea, vomiting, diarrhea,

constipation, anorexia, dehydration, fatigue, esophagitis,

dysphagia, and neurotoxicity. Non-hematologic and hemato-

logic toxicities were monitored continuously during treat-

ment and for 4 weeks after nCRT, and radiation

pneumonitis (RP) was evaluated by radiation oncologists

fortnightly during radiotherapy and once a month thereafter

until 6 months after radiotherapy. Follow-up evaluation was

performed every 3months for the first 2 years after nCRTand

every 6 months thereafter by contrast-enhanced thoracic and

abdominal CTscan, endoscopy, and barium esophagography.

The last follow-up timewas June 2019. Overall survival (OS)

was calculated from date of receiving nCRT to the date of

death or the follow-up endpoint.

Statistical Analysis
The receiver operated characteristics (ROC) curves were

performed to determine the optimal cut-off values for

hematologic biomarkers. The cut-off values of NLR,

PLR, SII, and AFR were 2.77, 142.17, 583.45, and

10.36, respectively. The survival rates and curves were

obtained by the Kaplan-Meier method with a Log rank

test. Multicollinearity between hematologic variables was

assessed using spearman rank correlation analysis, with

correlation coefficient >0.8 representing strong inter-vari-

able correlation.33 Multivariate analyses were performed

to evaluate the relationship between hematologic biomar-

kers and survival outcomes by the Cox proportional

hazards regression model. Model performance was evalu-

ated by predicted nomogram, concordance index (C-

index), and calibration curve. The chi-squared test was

used to compare the differences of treatment response

with the patients grouped by inflammatory biomarkers.

Univariate and multivariate logistic regression analyses

were performed to assess the association between inflam-

matory biomarkers and adverse events. Variables with a

p-value less than 0.10 in univariate analysis were

incorporated into the multivariate regression analysis. A

two-tailed p-value ≤ 0.05 was considered statistically sig-

nificant. All statistical analyses were performed by SPSS

Statistics V23.0 (IBM Corporation, Armonk, NY, USA)

and R (version 3.6.0).
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Results
Patient Characteristics
A total of 365 patients were initially enrolled in the study.

But owing to the lack of data regarding treatment regimens

or hematologic biomarkers in 54 patients, finally, 311

patients were enrolled in our study. The median follow-

up was 22 months. Patient characteristics are listed in

Table 1. There were 247 (79.4%) males and 64 (20.6%)

females, with the median age of 63.9 (range, 38–80) years.

Median tumor length was 5.5 cm (range, 2–13cm). The

most commonly neoadjuvant chemotherapy regimen was

cisplatin and 5-fluorouracil (67.5%). The majority of

patients (66.9%) received ≥45 Gy of radiation, while all

patients received at least 40 Gy.

Treatment Response and Inflammatory

Biomarkers
The relationship between inflammatory biomarkers and

treatment response to nCRT is shown in Table 2. After

receiving nCRT, cCR and pCR were observed in 117

(37.6%) and 105 patients (33.8%), respectively. High

PLR (p = 0.047) and SII (p = 0.027) were significantly

associated with pCR, but none of inflammatory biomarkers

was associated with cCR (Table 2). Pretreatment dNLR

and MLR were not associated with cCR or pCR (data not

shown).

Prognosis and Hematologic Biomarkers
Median progression-free survival (PFS) and OS were 13

and 22 months, respectively. Five-year OS rate was 25.4%.

In univariate analysis, clinicopathological factors includ-

ing gender, tumor length, current and former smoker,

alcoholic, ECOG performance status, invasion depth,

lymph node metastasis, pCR, and hematologic biomarkers

including NLR, PLR, SII and AFR at baseline were asso-

ciated with both of five-year PFS and OS (Table A1). All

posttreatment hematologic biomarkers and ΔNLR were not

associated with PFS or OS. Kaplan-Meier survival curves

for OS according to pretreatment NLR, PLR, SII, and AFR

are shown in Figure 1A-D, respectively. Patients with high

NLR, PLR and SII and low AFR had a significant worse

prognosis than those with low NLR, PLR and SII and high

AFR, respectively (p < 0.01, Figure 1). Figure 2 shows the

ROC curves analysis of NLR, PLR, SII, and AFR for OS

prediction. The area under the ROC curve (AUC) for

NLR, PLR, SII and AFR was 0.758 (95% confidence

interval (CI), 0.694–0.822; p < 0.001), 0.757 (95% CI,

0.695–0.819; p < 0.001), 0.773 (95% CI, 0.710–0.837;

p < 0.001), and 0.603 (95% CI, 0.529–0.678; p = 0.006),

respectively.

Multicollinearity between NLR, PLR, SII and AFR was

assessed using spearman rank correlation analysis, with all

correlation coefficients being less than 0.5 (data not shown),

demonstrating that high inter-variable correlations were not

found between these variables. In multivariate analysis,

smoking history (p = 0.015), ECOG performance status

(p < 0.001), tumor invasion depth (p = 0.041), lymph node

metastasis (p = 0.038), pretreatment PLR (p = 0.002), and

pretreatment SII (p < 0.001) were independent prognostic

factors for OS in patients with ESCC receiving nCRT

(Table 3). Correspondingly, tumor length (p = 0.005),

smoking history (p = 0.017), ECOG performance status

(p < 0.001), lymph node metastasis (p = 0.002), pretreat-

ment PLR (p = 0.005), and pretreatment SII (p < 0.001) as

independent prognostic factors associated with PFS

(Table 3).

The nomogram and calibration curve for the multivari-

ate Cox regression model were shown in Figures 3 and 4,

Table 2 Associations Between Treatment Response and NLR, PLR, and SII in Patients with ESCC

Characteristics NLR PLR SII

Median (SD) p-value Median (SD) p-value Median (SD) p-value

cCR 0.543 0.511 0.122

Yes 3.10 (1.59) 152.29 (78.52) 722.38 (461.59)

No 3.46 (1.44) 158.24 (73.18) 820.97 (486.08)

pCR 0.120 0.047 0.027

Yes 3.02 (1.59) 147.51 (73.97) 637.08 (442.78)

No 3.55 (1.43) 162.11 (75.44) 853.35 (487.49)

Abbreviations: NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; SII, systemic immune-inflammation index; ESCC, esophageal squamous cell

carcinoma; SD, standard deviation; CR, complete response.
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respectively. The C-index of the predicted nomogram was

0.772 (95% CI, 0.745–0.800), demonstrating a good pre-

dicting accuracy.

Adverse Events and Inflammatory

Biomarkers
After nCRT, 73 patients (23.5%) and 84 patients (27.0%) had

grade ≥3 non-hematologic and hematologic toxicities,

respectively. Seventy-eight patients (25.1%) and twenty-

four patients (7.8%) had grade ≥2 and grade ≥3 radiation

pneumonitis (RP), respectively. Overall, 143 patients

(46.0%) had at least 1 grade ≥3 event and 50 patients

(16.1%) with at least 2 grade ≥3 events. There were no

grade 5 toxicities in this study. Associations between inflam-

matory biomarkers and toxicities are shown in Table 4.

Univariate analysis showed that a lower NLR and a lower

SII were significantly associated with grade ≥3 hematologic

Figure 1 Kaplan-Meier survival curves for OS according to NLR, PLR, SII, and AFR in ESCC patients receiving nCRT. (A) Patients with low NLR had a higher five-year OS

rate than those with high NLR (40.8% vs 11.7%; p < 0.001). (B) Patients with low PLR had a higher five-year OS rate than those with high PLR (39.1% vs 13.5%; p < 0.001).

(C) Patients with low SII had a higher five-year OS rate than those with high SII (40.6% vs 12.2%; p < 0.001). (D) Patients with high AFR had a higher five-year OS rate than

those with low AFR (31.6% vs 21.2%; p = 0.003).Abbreviations: OS, overall survival; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; SII, systemic

immune-inflammation index; AFR, albumin to fibrinogen ratio; ESCC, esophageal squamous cell carcinoma; nCRT, neoadjuvant chemoradiotherapy.

Figure 2 Receiver operating characteristic (ROC) curves of NLR, PLR, SII, and AFR

for predicting five-year OS. The area under the curve (AUC) for NLR, PLR, SII, and

AFR was 0.758, 0.757, 0.773, and 0.603, respectively.Abbreviations: NLR, neu-

trophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; SII, systemic

immune-inflammation index; AFR, albumin to fibrinogen ratio; OS, overall survival.
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toxicity (Table 4). After adjusting for covariates including

gender, age, smoking history, TNM stage, nCRT regimen,

performance status, and comorbidities, a lower NLR (hazard

ratio (HR), 0.39; 95% CI, 0.19–0.77; p = 0.007) was the only

significant factor to predict grade ≥3 hematologic toxicity

(Table 4). There were no statistically significant differences

between inflammatory biomarkers and either grade ≥3 non-

hematologic toxicities or RP (Table 4). Pretreatment dNLR

and MLR were not associated with any kinds of adverse

events in univariate analysis (data not shown).

Discussion
In this study, we investigated the association of hematologic

indicators, including NLR, dNLR,MLR, PLR, SII, AFR, and

PNI, with prognosis and toxicities in patients with ESCC

receiving nCRT, demonstrating that pretreatment PLR and

SII were the only independent biomarkers to predict prog-

nosis and pretreatment NLR was an independent factor to

predict grade ≥3 hematologic toxicity. Previous studies have

confirmed that elevated level of pretreatment inflammatory

biomarkers were significantly associated with prognosis for

esophageal cancer patients who underwent curative esopha-

gectomy or definitive chemoradiotherapy,13–18 but for

patients treated with nCRT, the related studies were very

limited. Moreover, there has been previously reported that

posttreatment NLR was significantly associated with prog-

nosis in malignant tumors treated with chemoradiotherapy,34

but for ESCC patients, there have no related studies. Previous

studies also suggested that inflammatory biomarkers were

significantly associated with adverse events for cancer

patients receiving chemoradiotherapy,35 but for esophageal

cancer patients, no research confirmed that inflammatory

marker was an independent predictor of adverse events so

far. To our best knowledge, this is the first report which

evaluates the association between pre- and post-treatment

inflammatory markers and prognosis and confirms that

Table 3 Multivariate Survival Analysis in Patients with ESCC

Characteristics Progression-Free Survival Overall Survival

HR (95% CI) p-value HR (95% CI) p-value

Male 1.12 (0.81–1.53) 0.498 0.89 (0.63–1.26) 0.522

Tumor length ≥ 5.5 (cm) 1.45 (1.12–1.88) 0.005 0.98 (0.74–1.29) 0.879

Current and former smoker 1.40 (1.06–1.84) 0.017 1.43 (1.07–1.91) 0.015

Alcoholic 1.29 (0.97–1.71) 0.081 1.20 (0.89–1.61) 0.237

ECOG performance status (vs 0) < 0.001 < 0.001

1 1.79 (1.32–2.43) 2.01 (1.45–2.80)

2 3.37 (2.19–5.21) 4.71 (2.95–7.51)

Invasion depth (vs pT1) 0.145 0.041

pT2 1.46 (0.86–2.50) 1.72 (0.91–3.23)

pT3 1.80 (1.06–3.05) 2.33 (1.28–4.27)

pT4 2.02 (0.92–4.44) 2.31 (0.98–5.46)

Lymph node metastasis (vs pN0) 0.002 0.038

pN1 1.40 (0.88–2.21) 1.20 (0.72–1.98)

pN2 2.25 (1.41–3.59) 1.82 (1.10–3.01)

pN3 2.24 (1.00–4.99) 1.92 (0.80–4.61)

Tumor location (vs Upper thoracic) 0.102 0.065

Midthoracic 1.21 (0.91–1.61) 1.27 (0.94–1.73)

Lower thoracic 1.48 (1.03–2.12) 0.84 (0.56–1.25)

Pathological complete response (vs Others) 0.74 (0.47–1.34) 0.134 0.83 (0.58–1.32) 0.192

Pretreatment NLR ≥ 2.77 0.96 (0.69–1.33) 0.796 1.02 (0.70–1.48) 0.930

Pretreatment PLR ≥ 142.17 1.59 (1.15–2.21) 0.005 1.74 (1.24–2.46) 0.002

Pretreatment SII ≥ 583.45 2.14 (1.45–3.15) < 0.001 2.95 (1.92–4.54) < 0.001

AFR ≥ 10.36 1.14 (0.88–1.47) 0.338 0.88 (0.67–1.16) 0.363

Abbreviations: ESCC, esophageal squamous cell carcinoma; HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; NLR, neutrophil to

lymphocyte ratio; PLR, platelet to lymphocyte ratio; SII, systemic immune-inflammation index; AFR, albumin to fibrinogen ratio.
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pretreatment NLR is an independent factor to predict grade

≥3 hematologic toxicity in ESCC patients treated with nCRT.

Moreover, our studies included many kinds of hematologic

markers, aiming to seek the best markers to predict prognosis

and adverse events in ESCC patients. The hematologic bio-

markers, obtained from peripheral blood, were simple and

convenient tools to predict the prognosis and adverse events

for patients with ESCC. Patients with high SII and low NLR

had significant worse prognosis and severe adverse events

than those with low SII and high NLR, respectively. Thus

these data provide an effective way for clinicians to select

high-risk ESCC patients with worse prognosis or severe

adverse events before treatment and further timely adjust

individualized treatment regimens or perform pretreatment

measures.

The median OS for ESCC patients in our study was only

22 months, which was significantly lower than 100.1 months

reported in previous Chinese randomized trial.5 The possible

reasons were as follows: First, the primary follow-up end-

point in our study was five-year OS. However, in previous

Figure 3 Predicted nomogram for the multivariate Cox regression model.Abbreviations: ECOG, Eastern Cooperative Oncology Group; PLR, platelet to lymphocyte

ratio; SII, systemic immune-inflammation index.

Figure 4 Calibration curve for the predicted nomogram.
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Chinese randomized trial,5 the longest follow-up time can

reach more than 10 years. Second, in our study, we also

included patients with stage N2 or N3. The advanced N

stage may lead to an inferior prognosis.

In recent years, growing evidence has demonstrated

that inflammatory biomarkers are significantly associated

with worse prognosis in ESCC. However, the detailed

mechanism is still unclear. The followings are possible

explanations for the relationship between inflammatory

biomarkers and poor prognosis in patients with solid can-

cer. Firstly, neutrophils have been shown to promote tumor

cell proliferation by producing proteolytic enzymes includ-

ing matrix metalloproteinases (MMPs) and serine pro-

teases, to stimulate tumor angiogenesis by releasing

proangiogenic factors including MMP 9 and vascular

endothelial growth factor (VEGF), and to induce local

immunosuppression by impairing T-cell responses and

inducing T-cell death.36−39 Secondly, there has a growing

evidence that T-lymphocytes play a critical anti-tumoral

role by inhibiting tumor cell proliferation and metastasiza-

tion, inducing cytotoxic cell death, and promoting antitu-

mor immune responses.40,41 Thirdly, platelets interact with

tumor cells directly and release factors that promote tumor

growth, invasion and angiogenesis.42 Platelets could con-

tribute to metastasis by stabilizing tumor cell arrest in the

vasculature, stimulating tumor cell proliferation, and pro-

moting tumor cells extravasation.43

Until now, a consensus has not been achieved regard-

ing which hematologic biomarker is the best indicator to

predict prognosis in ESCC. Previous studies have demon-

strated that NLR, dNLR, MLR, PLR, SII, AFR, and PNI

were significantly associated with poor prognosis.13–18,43

In this study, we included all of these biomarkers, demon-

strating that elevated SII and PLR were the only indepen-

dent prognostic indicators. Furthermore, the AUC of these

biomarkers was calculated, suggesting that SII had the

maximum AUC value for OS, indicating that SII was the

best hematologic biomarker to predict OS in patients with

ESCC receiving nCRT.

Studies evaluating the predictive value of inflammatory

biomarkers for adverse events in patients with esophageal

cancer are very limited. Jain et al44 found that in univariate

analysis, a high pretreatment PLR was associated with devel-

opment of hematologic toxicities in patients with esophageal

cancer treated with nCRT. But in multivariate analysis, there

was no significant association between NLR or PLR and

toxicity. However, this study suggests that a low NLR is an

independent predictor for grade ≥3 hematologic toxicity,

which is inconsistent with previous findings, possibly due to

the discrepancies in treatment regimens and histologic types.

The mechanism by which a low level of inflammatory bio-

marker is associatedwith development of hematologic toxicity

is unclear. Given these controversial outcomes, corresponding

Table 4 Relationships Between NLR, PLR, and SII and Adverse Events

Characteristics NLR ≥ 2.77 PLR ≥ 142.17 SII ≥583.45

Univariate

Analysis

Multivariate

Analysis

Univariate

Analysis

Multivariate

Analysis

Univariate

Analysis

Multivariate

Analysis

HR

(95% CI)

p-

value

HR

(95% CI)

p-

value

HR

(95% CI)

p-

value

HR

(95%

CI)

p-

value

HR

(95% CI)

p-

value

HR

(95% CI)

p-

value

Grade ≥ 3

hematologic

toxicity

0.48

(0.29–0.80)

0.005 0.39

(0.19–0.77)

0.007 0.84

(0.51–1.40)

0.513 0.56

(0.34–0.94)

0.028 0.66

(0.34–1.30)

0.234

Grade ≥ 3 non-

hematologic

toxicity

1.05

(0.60–1.82)

0.870 0.94 (0.55–

1.60)

0.807 0.73

(0.42–1.24)

0.243

Grade ≥ 2

radiation

pneumonitis

0.71 (0.42–

1.20)

0.202 0.81

(0.48–1.37)

0.439 1.13

(0.66–1.94)

0.664

Grade ≥ 3

radiation

pneumonitis

0.61

(0.27–1.42)

0.253 0.77 (0.33–

1.77)

0.536 1.36

(0.55–3.39)

0.510

Abbreviations: NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; SII, systemic immune-inflammation index; HR, hazard ratio; CI, confidence interval.
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further studies with large population size and uniform regimen

of nCRT are needed to clearly determine this relationship.

There are several limitations in this study. First, the retro-

spective nature may lead to a bias during patients’ selection

and inaccuracies of data. Second, some other reported

inflammatory biomarkers such as C-reactive protein and

Glasgow prognostic score (GPS) were not included in this

study.45 Third, previous study has demonstrated that PET-CT

is helpful for detecting regional and distant metastases.46 In

our study, PET-CT was optional for ESCC patients, which

may reduce the specificity in detecting of lymph nodes and

distant metastases, especially for the distant metastases. Last,

the chemotherapy regimens and prescribed doses vary

among ESCC patients in this study, which may influence

the results. Therefore, larger prospective studies with uni-

form nCRT regimens and more prognostic indicators are

needed to confirm and broadly interpret our findings.

Conclusion
Pretreatment SII and PLR were independent predictive

markers of prognosis in patients with ESCC treated with

nCRT, and a lower NLR at baseline as an independent

indicator to predict grade ≥3 hematologic toxicity.

Abbreviations
ESCC, esophageal squamous cell carcinoma; nCRT, neoad-

juvant chemoradiotherapy; NLR, neutrophil to lymphocyte

ratio; dNLR, derived neutrophil to lymphocyte ratio; MLR,

monocyte to lymphocyte ratio; PLR, platelet to lymphocyte

ratio; SII, systemic immune-inflammation index; ΔNLR,
post-treatment NLR－pretreatment NLR; AFR, albumin to

fibrinogen ratio; PNI, prognostic nutritional index; LDH,

lactate dehydrogenase; RP, radiation pneumonitis; ROC,

receiver operating characteristic; AUC, area under the ROC

curve; C-index, concordance index; PFS, progression-free

survival; OS, overall survival; pCR, pathologic complete

response; cCR, clinical complete response; ECOG, Eastern

Cooperative Oncology Group; AJCC, American Joint

Committee of Cancer; CT, computed tomography; PET-CT,

Positron emission tomography/computed tomography; 3D-

CRT, three-dimensional conformal radiation therapy; IMRT,

intensity-modulated radiation therapy; RECIST, Response

Evaluation Criteria In Solid Tumors; MMPs, matrix metallo-

proteinases; VEGF, vascular endothelial growth factor.
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