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ABSTRACT
This prospective study was designed to investigate the prognosis of preoperative 

blood-routine markers for esophageal cancer mortality by using data from the ongoing 
Fujian prospective investigation of cancer (FIESTA) study. Patients who received 
three-field lymphadenectomy for esophageal cancer between 2000 and 2010 were 
enrolled. Of 2535 patients with complete survival data, esophageal squamous cell 
carcinoma (ESCC) accounted for 94.5% (n = 2396). Here, only ESCC patients were 
analyzed, with the median follow-up time of 38.2 months (range: 0.5 to 180 months). 
Of 10 blood-routine markers evaluated, platelet count and red cell distribution width 
(RDW) were two significant predictors for ESCC mortality in men (adjusted hazard 
ratio or HR = 1.25 and 0.84, 95% confidence interval or CI: 1.08-1.22 and 0.75-0.93, 
P < 0.001 and P = 0.001, respectively), while in women only lymphocyte showed 
marginal significance. Based on individual results, a new derivate calculated as 
platelet count to RDW ratio (PRR) was created, and it was superior over other widely-
evaluated derivates in men after adjustment (HR = 1.21, 95% CI: 1.13-1.30, P < 
0.001), while there was no observable significance in women. In further stratified 
analyses, the prognosis of PRR for ESCC mortality was reinforced in men with tumor-
node-metastasis stage III (HR, 95% CI, P: 1.18, 1.09-1.28, 0.001), invasion depth 
T3-T4 (1.17, 1.08-1.26, <0.001) or positive lymph node metastasis (1.37, 1.18-1.59, 
<0.001). Taken together, we created a new derivate PRR that was proven to be 
superior over other blood-routine markers and exhibited strong prognostic capability 
for ESCC mortality in Chinese men.

Clinical Research Paper



Oncotarget23842www.impactjournals.com/oncotarget

INTRODUCTION

Esophageal cancer ranks as the 4th most frequent 
cancer in China, as projected by the latest national 
statistics reporting a large proportion in cancer-related 
incidence (11.1%) and mortality (13.3%) in 2015 [1]. 
Due to the gender-specific pathogenic factors, men are 3 
to 4 times more likely to experience esophageal cancer 
than women [2]. Esophageal cancer is a highly aggressive 
digestive malignancy, and is featured by rapid growth and 
early metastasis. It is estimated that distant metastasis rate 
was 20-30% in esophageal cancer patients at the time of 
initial diagnosis [3]. Esophageal squamous cell carcinoma 
(ESCC) and esophageal adenocarcinoma (EAC) constitute 
two major histological types of esophageal cancer. More 
concerning is their epidemiologic disproportionation, as 
compared with the most prevalent EAC in many Western 
countries, ESCC is predominant in Chinese, accounting 
for over 90% of esophageal cancer cases [4, 5]. Despite 
the dramatic advancements made in cancer management, 
the 5-year overall survival rate of esophageal cancer is 
around 20% in China, highlighting a urgent need to seek 
effective biomarkers with prognostic significance to guide 
treatment [6, 7].

Use of noninvasive easy-to-obtain markers is 
proposed as a more practical approach toward clinical 
translational applications. There is increasing recognition 
that some blood-routine markers are strong prognostic 
indicators in patients with esophageal cancer [8-11]. For 
instance, platelet count and mean platelet volume were 
identified as promising predictors for the postoperative 
survival in ESCC patients [9]. As evidenced by a recent 
meta-analysis, the neutrophil-to-lymphocyte ratio and 
platelet-to-lymphocyte ratio can predict worse survival 
in patients with esophageal cancer [12]. However, 
these findings have not been confirmed uniformly, and 
the impact of blood-routine markers on esophageal 
carcinogenesis is still subject to an ongoing debate and 
no consensus has been reached yet. It is worth noting 
that the majority of studies in this field are retrospective 
in design and individually underpowered [13-15], and 
thus they may suffer from confounding bias or chance 
false-positive error. Consequently, we used a subset of 
data on esophageal cancer from the Fujian prospective 
investigation of cancer (FIESTA) study, and over a 15-
year follow-up we sought to investigate the prognosis of 
preoperative blood-routine markers for esophageal cancer 
mortality.

The FIESTA study started in January 2000, and it is 
an ongoing prospective cohort study of common digestive 
system tumors in China, including esophageal cancer, 
gastric cancer and colorectal cancer [16, 17]. The FIESTA 
study was designed to look for preoperative prognostic 
factors for cancer-specific mortality, aiming to help delay 
tumor progression and prolong the survival of cancer 
patients after the surgery.

MATERIALS AND METHODS

Study patients

A total of 2886 patients who consecutively received 
three-field lymphadenectomy for esophageal cancer at the 
Department of Thoracic Surgery, Fujian Provincial Cancer 
Hospital between January 2000 and December 2010 and 
survived the hospitalization with complete follow-up data 
were enrolled. The conduct of the FIESTA study was 
approved by the Ethics Committee of Fujian Provincial 
Cancer Hospital. All enrolled patients completed written 
informed consent.

Eligibility criteria

The diagnosis of esophageal cancer is confirmed 
by preoperative biopsy or postoperative pathologic 
examination. Patients were included if they were of Han 
nationality and firstly hospitalized for esophageal cancer 
surgery, as well as they had no history of malignancies and 
received no preoperative and postoperative chemotherapy 
or radiotherapy.

Tissue collection

A pair of esophageal cancer and nearby normal 
tissues were cut from each patient, and then fixed 
with 10% neutral formalin embedded in paraffin. 
Clinicopathological analyses of tissue samples were 
completed at the Department of Pathology, Fujian 
Provincial Cancer Hospital.

Follow-up assessment

Clinical outcomes were assessed every 6 to 12 
months after discharge at the Out-Patient Department 
or via calling or posting mails in case of no-show at the 
reserved time. All patients were followed up from the 
initiation of this study in January 2000 until death or the 
last checkpoint during the year 2015, whichever came 
first. Over a 15-year period, 1265 deaths from esophageal 
cancer occurred, leaving 1207 survivors.

Blood-routine markers

Qualified patients who had normal diets were 
requested to be fasted after midnight prior to the surgery. 
On the morning of surgery day, fasting (at least 8 hours) 
venous blood sample (4 mL) was drawn into the EDTA-K2 
anticoagulative tubes to measure neutrophil, lymphocyte, 
monocyte, eosinophil, basophil, white blood cell, red 
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blood cell, hemoglobin, red cell distribution width (RDW) 
and platelet count by the SYSMEX XE-2100 (Sysmex, 
Kobe, Japan) Automatic Blood Cell Analyzer. The whole 
process from sample collection to clinical measurement 
was conducted according to standard procedures and was 
completed within 4 hours. Classic blood-routine derivates 
including neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR) and lymphocyte-to-monocyte 
ratio (LMR) were also calculated. In addition, a new 
derivate, platelet count to RDW ratio namely PRR, was 
created based on the results of single blood-routine 
markers.

Baseline characteristics

At enrollment, each qualified patient was requested 
to complete a self-designed questionnaire gathering 
information on socio-demographic and anthropometric 
characteristics, including date of birth, age of onset, 
gender, body weight, height, smoking, drinking and family 
cancer history. Age was defined as the age at the time of 
operation for esophageal cancer. Body weight and height 
were measured when patients were in light clothing and 
with bare feet, and body mass index was accordingly 
calculated as body weight divided by height in meters-
squared (kg/m2). Smoking status was classified as never 
smoking and ever smoking (including former and current 
smoking). Drinking status was classified as never drinking 
and ever drinking (including former and current drinking). 
A positive family cancer history referred to one or more 
of affected relatives within three generations who suffered 
malignancies except for non-melanoma skin tumor.

Blood pressure was measured with a conventional 
mercury sphygmomanometer on three occasions of at 
least 5 min intervals by certified examiners according to 
a standard protocol recommended by the American Heart 
Association [18]. Fasting blood glucose was measured by 
an automated glucose oxidase method.

From pathological reports, clinicopathologic 
features were extracted, including histological type 
(ESCC, EAC and esophageal neuroendocrine carcinomas), 
tumor size (in centimeters), tumor-node-metastasis (TNM) 
stage (I, II, III and IV according to the 7th Edition of the 
UICC/AJCC TNM Staging System [19]), invasion depth 
(T1, T2, T3 and T4), regional lymph node metastasis or 
LNM (N0, N1, N2 and N3), distant metastasis (M0 and 
M1), tumor location (upper, middle and lower esophagus), 
histological differentiation (well, moderate and poor 
differentiation), tumor embolus (positivity) and tumor 
size.

Statistical analysis

Continuous data are expressed as mean ± standard 
deviation (s.d.) and categorical data as percentage. 

Differences between genders were determined by unpaired 
t test or the χ2 test where appropriate. All blood-routine 
markers and derivates were analyzed as continuous 
variables and all clinicopathologic features were analyzed 
as categorical variables. Kaplan-Meier curves and Log-
rank tests were used to detect survival differences across 
different characteristics. Receiver operating characteristic 
(ROC) analysis was used to calculate area under the 
curve. Adjusted risk estimates (hazard ratio or HR and 
95% confidence interval or CI) were calculated using 
multivariate Weibull proportional hazards regression 
analyses. All statistical tests were two-sided, and a 
probability < 0.05 was considered to be statistically 
significant. All analyses were managed with STATA for 
Windows (StataCorp, TX, USA, version 13.0).

RESULTS

Follow-up observation

Over a 15-year period, 147 patients were lost to 
follow-up and 204 patients died of causes other than 
esophageal cancer as of December 31, 2015, leaving 
2535 assessable patients aged 30 to 88 years (1929 men 
and 606 women). The 5-year survival rate was 52.2%, 
which was comparable with that of previous reports [20, 
21]. According to the histological types, there are 2396 
patients with ESCC, 83 patients with EAC and 56 patients 
with esophageal neuroendocrine carcinomas. The Kaplan-
Meier curves of three histological types are depicted in 
Supplementary Figure S1. The median survival time was 
111.1 months for ESCC patients, 52.2 months for EAC 
patients and 32.4 months for patients with esophageal 
neuroendocrine carcinomas, and the difference was 
statistically significant (Log-rank test: P = 0.0082). Due 
to the small number of patients with EAC and esophageal 
neuroendocrine carcinomas, our analysis was restricted to 
ESCC patients only, including 1822 men and 574 women. 
The median follow-up time of 2396 ESCC patients was 
38.2 months (range: 0.5 to 180 months).

Baseline characteristics

Table 1 shows the baseline characteristics of cohort 
ESCC patients by gender. Male patients tended to be 
younger and leaner, and had a higher proportion of ever 
smokers and ever drinkers (P < 0.001). The proportion of 
positive family cancer history was slightly higher in men 
than in women (P = 0.026). Systolic and diastolic blood 
pressure and fasting glucose did not differ significantly 
between genders. The median levels of neutrophil, 
monocyte, white blood cell, hemoglobin, NLR, LMR and 
tumor size were significantly higher in men than in women 
(P < 0.001), while that of PRR were slightly lower (P = 
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Table 1: The baseline characteristics of cohort patients with esophageal squamous cell carcinoma by gender
Characteristics Men (n = 1822) Women (n = 574) P

Age (years) 55.98±9.81 57.93±9.41 <0.001

Body mass index (kg/m2) 22.14±2.90 22.83±3.26 <0.001

Ever smoking 986 (54.12%) 16 (2.79%) <0.001

Ever drinking 473 (25.96%) 8 (1.39%) <0.001

Positive family cancer history 268 (14.71%) 63 (10.98%) 0.026

SBP (mmHg) 123.74±18.22 125.33±18.28 0.070

DBP (mmHg) 77.34±10.43 78.24±10.73 0.073

Fasting blood glucose (mmol/L) 6.04±2.52 6.22±2.53 0.142

Neutrophil (109/L) 4.00 (3.10, 5.10) 3.30 (2.55, 4.30) <0.001

Lymphocyte (109/L) 2.00 (1.50, 2.40) 2.00 (1.60, 2.40) 0.960

Monocyte (109/L) 0.60 (0.50, 0.70) 0.50 (0.40, 0.60) <0.001

Eosinophil (109/L) 0.20 (0.10, 0.30) 0.10 (0.10, 0.30) 0.492 

Basophil (109/L) 0 (0, 0.1) 0 (0, 0) 0.322 

White blood cell (109/L) 6.90 (5.80, 8.30) 6.20 (5.10, 7.50) <0.001

Red blood cell (1012/L) 4.40 (4.10, 4.70) 4.20 (3.91, 4.44) 0.470 

Hemoglobin (g/L) 139 (129, 148) 128 (119, 134) <0.001

RDW (%) 12.90 (12.30, 13.70) 12.70 (12.20, 13.40) 0.261 

Platelet (109/L) 238 (198, 287) 246 (204, 285) 0.246 

NLR 2.09 (1.52, 2.91) 1.64 (1.22, 2.38) <0.001

PLR 123.48 (92.86, 160.00) 124.29 (94.84, 160.91) 0.258 

LMR 3.25 (2.50, 4.17) 4.25 (3.20, 5.50) <0.001

PRR 18.48 (15.06, 22.21) 19.19 (15.91, 22.29) 0.023

Esophagus location 0.205 

Upper 179 (9.82%) 60 (10.45%)

Middle 1453 (79.75%) 469 (81.71%)

Lower 190 (10.43%) 44 (7.67%)

Histological differentiation 0.838 

Well 278 (15.26%) 84 (14.63%)

Moderate 1216 (66.74%) 381 (66.38%)

Poor 328 (18.00%) 109 (18.99%)

Invasion depth <0.001

T1-T2 447 (24.53%) 233 (40.59%)

T3-T4 1375 (75.47%) 341 (59.41%)

Regional lymph node metastasis <0.001

N0 710 (38.97%) 286 (49.83%)

N1 522 (28.65%) 161 (28.05%)

N2 383 (21.02%) 92 (16.03%)

N3 207 (11.36%) 35 (6.10%)

Tumor embolus (+) 312 (17.12%) 81 (14.11%) 0.089 
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0.023). In addition, the distributions of invasion depth, 
regional lymph node metastasis and TNM stage differed 
significantly between genders (P < 0.001).

Overall prediction of blood-routine markers

In view of gender-specific differences, the prediction 
of preoperative blood-routine markers for ESCC mortality 

was classified by genders, with and without adjusting for 
age, body mass index, smoking, drinking, family history 
of cancer, systolic blood pressure, fasting blood glucose, 
TNM stage, tumor embolus and tumor size (Table 2). 
On the one hand, for single blood-routine markers, in 
men per s.d. increments in neutrophil and platelet count 
were significantly associated with poor survival of ESCC 
patients, while per s.d. increments in lymphocyte and 
RDW improved overall survival, even after adjustment, 

TNM stage <0.001

I 140 (7.68%) 83 (14.46%)

II 560 (30.74%) 221 (38.50%)

III 1123 (61.64%) 270 (47.04%)

Tumor size (cm) 4.50 (3.00, 6.00) 4.00 (2.80, 5.00) <0.001

Notes: SBP, systolic blood pressure; DBP, diastolic blood pressure; RDW, red cell distribution width; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PRR, platelet count to RDW ratio. 
Data are expressed as mean±standard deviation or median (interquartile range) or number(percentage). P was calculated by 
the t-test or Mann-Whitney U Test or Chisq test where appropriate.

Table 2: Single blood routine markers and derives in overall association with the risk of esophageal squamous cell 
carcinoma mortality

Blood parameters
Men Women

HR, 95% CI, P HR, 95% CI, P* HR, 95% CI, P HR, 95% CI, P*

Single blood-routine markers

Neutrophil 1.10, 1.03-1.17, 0.005 1.09, 1.02-1.16, 0.014 1.04, 0.90-1.20, 0.572 1.05, 0.92-1.21, 0.465

Lymphocyte 0.91, 0.85-0.99, 0.019 0.92, 0.85-0.99, 0.032 0.89, 0.76-1.05, 0.162 0.84, 0.72-0.99, 0.037

Monocyte 0.93, 0.86-1.01, 0.098 0.92, 0.85-1.00, 0.053 1.00, 0.84-1.19, 0.968 1.01, 0.86-1.19, 0.882

Eosinophil 0.92, 0.84-1.01, 0.072 0.91, 0.83-0.99, 0.039 0.94, 0.80-1.17, 0.493 0.93, 0.78-1.10, 0.399

Basophil 0.93, 0.84-1.04, 0.210 0.94, 0.85-1.05, 0.292 1.01, 0.88-1.15, 0.939 1.01, 0.87-1.16, 0.936

White blood cell count 0.99, 0.92-1.06, 0.794 0.98, 0.91-1.06, 0.676 1.01, 0.86-1.16, 0.994 1.01, 0.87-1.17, 0.838

Red blood cell count 0.99, 0.92-1.06, 0.723 1.00, 0.93-1.08, 0.964 1.00, 0.86-1.16, 0.994 1.00, 0.87-1.16, 0.963

Hemoglobin 1.07, 0.99-1.15, 0.093 1.08, 1.00-1.17, 0.048 0.97, 0.83-1.12, 0.662 1.00, 0.86-1.17, 0.996

RDW 0.85, 0.76-0.94, 0.002 0.84, 0.75-0.93, 0.001 1.02, 0.89-1.18, 0.730 1.01, 0.88-1.17, 0.996

Platelet count 1.23, 1.14-1.32, <0.001 1.25, 1.16-1.35, <0.001 0.85, 0.74-0.99, 0.040 0.90, 0.78-1.05, 0.192

Blood-routine derivates

NLR 1.06, 1.00-1.17, 0.045 1.05, 0.99-1.11, 0.119 1.06, 0.94-1.20, 0.312 1.08, 0.96-1.20, 0.199

PLR 1.16, 1.09-1.23, <0.001 1.15, 1.08-1.22, <0.001 0.91, 0.76-1.10, 0.346 0.98, 0.84-1.15, 0.844

LMR 0.94, 0.86-1.02, 0.127 0.95, 0.87-1.03, 0.201 0.85, 0.66-1.10, 0.224 0.78, 0.58-1.05, 0.104

PRR 1.18, 1.10-1.27, <0.001 1.21, 1.13-1.30, <0.001 0.86, 0.73-1.01, 0.074 0.92, 0.78-1.09, 0.329

Notes: RDW, red cell distribution width; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, 
lymphocyte-to-monocyte ratio; PRR, platelet count to RDW ratio; HR, hazard ratio; 95% CI, 95% confidence interval. *P was 
adjusted for age, body mass index, smoking, drinking, family history of cancer, systolic blood pressure, fasting blood glucose, 
TNM stage, tumor embolus and tumor size.
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and significance was strikingly significant for RDW 
and platelet count (adjusted HR = 0.84 and 1.25, 95% 
CI: 0.75-0.93 and 1.08-1.22, P = 0.001 and < 0.001, 
respectively). In women, only marginal significance 
was noted for lymphocyte with improved survival after 
adjustment. Based on above findings, a new prognostic 
derivate calculated as platelet count to RDW ratio (PRR) 
was therefore created.

On the other hand, the prognosis of PRR for ESCC 
mortality was compared with three classic blood-routine 
derivates (NLR, PLR and LMR), and it is interesting to 
find that PRR was superior over these three derivates in 
men after adjustment (per s.d. increment: HR = 1.21, 95% 
CI: 1.13-1.30, P < 0.001), while there was no observable 
significance in women. Further ROC analysis indicated 
that in men area under the curve was the largest for PRR 
(0.571, 95% CI: 0.543-0.600), relative to NLR (0.553, 
95% CI: 0.525-0.582), PLR (0.555, 95% CI: 0.526-0.584) 
and LMR (0.482, 95% CI: 0.453-0.510).

Stratified prediction of PRR

The prognosis of preoperative PRR for 
ESCC mortality was stratified by clinicopathologic 
characteristics, including TNM stage, invasion depth, 

regional LNM, tumor embolus and tumor size (Table 3). 
In men, the HRs were statistically significant in ESCC 
patients with TNM stage III (HR, 95% CI, P: 1.18, 1.09-
1.28, 0.001), invasion depth T3-T4 (HR, 95% CI, P: 
1.17, 1.08-1.26, < 0.001) and regional LNM N1-N3 (HR, 
95% CI, P: 1.18, 1.09-1.28, < 0.001), as well as with 
both positive (HR, 95% CI, P: 1.37, 1.18-1.59, < 0.001) 
and negative (HR, 95% CI, P: 1.19, 1.09-1.29, < 0.001) 
tumor embolus, small (HR, 95% CI, P: 1.24, 1.10-1.39, < 
0.001) and large (HR, 95% CI, P: 1.18, 1.07-1.30, 0.001) 
tumors after adjusting for age, body mass index, smoking, 
drinking, family history of cancer, systolic blood pressure, 
fasting blood glucose. In women, PRR was associated 
with a reduced risk of ESCC mortality and significance 
was only noticed in patients with positive tumor embolus.

DISCUSSION

The most noteworthy finding of this prospective 
study was that we created a new derivate PRR that was 
superior over other blood-routine markers and exhibited 
strong prognostic capability for ESCC mortality in 
Chinese men. Moreover, the prognosis of preoperative 
PRR was strongly potentiated in male patients with TNM 
stage III, invasion depth III-IV and positive lymph node 
metastasis. To the authors’ knowledge, this is so far the 

Table 3: PRR in stratified association with the risk of esophageal squamous cell carcinoma mortality

PRR
Men Women

HR, 95% CI, P HR, 95% CI, P* HR, 95% CI, P HR, 95% CI, P*

TNM stage (I-II) 1.03, 0.88-1.21, 0.700 1.08, 0.92-1.27, 0.352 0.79, 0.56-1.13, 0.192 0.88, 0.62-1.25, 0.467

TNM stage (III) 1.15, 1.07-1.25, 0.002 1.18, 1.09-1.28, 0.001 0.89, 0.74-1.07, 0.226 0.93, 0.77-1.11, 0.411

Invasion depth (T1-T2) 1.18, 0.96-1.44, 0.114 1.20, 0.98-1.47, 0.077 0.83, 0.59-1.18, 0.304 0.88, 0.63-1.24, 0.469

Invasion depth (T3-T4) 1.14, 1.06-1.23, 0.001 1.17, 1.08-1.26, <0.001 0.87, 0.72-1.05, 0.155 0.94, 0.78-1.14, 0.536

LNM (N0) 1.09, 0.94-1.27, 0.248 1.14, 0.98-1.34, 0.090 0.96, 0.66-1.38, 0.808 1.03, 0.72-1.47, 0.864

LNM (N1-N3) 1.16, 1.07-1.25, <0.001 1.18, 1.09-1.28, <0.001 0.88, 0.74-1.05, 0.162 0.91, 0.77-1.09, 0.301

Tumor embolus (-) 1.16, 1.07-1.26, <0.001 1.19, 1.09-1.29, <0.001 0.90, 0.74-1.09, 0.277 0.97, 0.80-1.17, 0.724

Tumor embolus (+) 1.37, 1.19-1.58, <0.001 1.37, 1.18-1.59, <0.001 0.71, 0.51-0.99, 0.044 0.74, 0.53-1.03, 0.078

Tumor size ≤ 4.5 cm 1.16, 1.04-1.30, 0.007 1.24, 1.10-1.39, <0.001 0.82, 0.65-1.03, 0.095 0.91, 0.72-1.17, 0.473

Tumor size > 4.5 cm 1.16, 1.06-1.28, 0.002 1.18, 1.07-1.30, 0.001 0.87, 0.70-1.09, 0.236 0.89, 0.72-1.11, 0.294

Notes: PRR, platelet count to RDW ratio; TNM, tumor-node-metastasis; HR, hazard ratio; 95% CI, 95% confidence interval; 
LNM, regional lymph node metastasis. *P was adjusted for age, body mass index, smoking, drinking, family history of cancer, 
systolic blood pressure and fasting blood glucose.
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largest prospective study of 2396 ESCC patients with a 
median follow-up of 38.2 months that has investigated 
the prognosis of preoperative blood-routine markers for 
esophageal cancer mortality in medical literature.

A growing number of epidemiological studies have 
underscored the clinical importance of platelet count and 
RDW in the diagnosis or prognosis of many malignancies 
[9, 22-26]. Platelet can be activated by inflammatory 
factors such as interleukin 6, and elevated platelet 
count in peripheral blood is associated to the onset and 
progress of many cancers [9, 27-29]. There is compelling 
evidence that platelet activation is identified as a crucial 
biological process in carcinogenesis and metastasis [30]. 
Elevated platelet activation leads to hyper-coagulation 
activity, which can precipitate the formation of embolus 
in tumor endothelial cells and secrete vascular endothelial 
growth factors, speeding up tumor angiogenesis and 
metastasis [31]. As expected in the present study, we 
in a large prospective study confirmed the prognostic 
utility of platelet count in ESCC patients, consistent with 
the findings of other studies [9, 22]. Likewise, RDW 
measures the variability of red blood cell size and volume, 
and several studies suggested that RDW was associated 
with oxidative stress and inflammation [32, 33], the two 
conditions being closely linked to carcinogenesis [34]. 
Inflammation in turn may impair red blood cell maturation 
by damaging cell membrane, causing increased RDW 
[35]. However, in this study, we surprisingly found that 
elevated RDW was associated with significant better 
prognosis of ESCC in men, opposing to the findings of 
most existing studies in cancer field [36-40]. Before going 
into this seeming contradiction, it is worth mentioning the 
conclusion of the Malmo Diet and Cancer cohort involving 
26709 non-diabetic adults over 14 years of follow-up, that 
is, low RDW was significantly associated with increased 
incidence of diabetes mellitus, and this association was 
independent of traditional risk factors [41]. In fact, 
aerobic glycolysis is proposed as a cancer hallmark and 
elevated glucose consumption is a necessary component of 
carcinogenesis [42]. It is therefore reasonable to speculate 
that elevated RDW may be a surrogate indicator of 
improved glucose metabolism, which is the key for good 
survival of ESCC. Although elucidating the underlying 
mechanisms between elevated RDW and improved 
ESCC prognosis is beyond the scope of the present study, 
this speculation should be confirmed physiologically or 
epidemiologically in larger cohorts with longer follow-up.

In view of the opposite prediction between platelet 
count and RDW for the prognosis of ESCC, we therefore 
created a new derivate PRR. A note of caution should be 
sounded in view of individual results of RDW and platelet 
count, the stronger prognostic capability of PRR seen 
in men is within our expectation, while its role in older 
women seems counterintuitive. There are several possible 
explanations. First, it might be due to divergent risk 
profiles associated with both genders [2]. For example, 

abdominal is more common in men [43], leading us to 
speculate that such adiposity explains some gender-
specific divergences in cancer risk. Second, sex hormones 
might also account for the discrimination ability of PRR 
for ESCC mortality, especially for women before and 
after menopause, as serum estrogen concentrations are 
significantly reduced in postmenopausal women [44, 45]. 
The third explanation lies in unbalanced statistical power 
as the number of men has almost quadrupled that of 
women in our prospective cohort. We agree that validation 
of this gender-specific distinction for PRR in a larger 
cohort of women is critical. Nevertheless, our findings 
highlight the gender-specific prognostic importance of 
PRR in identifying high-risk ESCC patients.

Another key finding of this study is the prognosis of 
PRR for ESCC mortality was more prominent in men with 
TNM stage III, invasion depth III-IV or positive lymph 
node metastasis in our stratified analyses. Esophageal 
cancer is a highly aggressive digestive malignancy, 
and most patients are diagnosed at an advanced stage, 
and about 30% of them have distant metastasis [3]. 
Importantly, the prognostic utility of PRR for ESCC 
mortality is superior to that of NLR, PLR and LMR in 
this study. Although to unravel the precise mechanisms 
underlying this finding transcends the limits of this 
study, we postulate that altered PRR might be a strong 
indicator of chronic inflammation or hyperglycemia, 
which participates in providing conditions that trigger 
carcinogenesis and metastasis.

Several limitations should be acknowledged. First, 
other blood-routine markers such as mean platelet volume 
are unavailable in this study. It is widely reorganized 
that mean platelet volume is superior over platelet count 
as a marker of platelet function and activation [46, 47]. 
Second, the findings presented in this study cannot be 
directly extrapolated to the general populations as we 
only enrolled postoperative patients for esophageal cancer. 
Third, although this is so far the largest prospective study 
for ESCC mortality, the number of patients diagnosed as 
EAC or esophageal neuroendocrine carcinomas is small, 
limiting further exploratory data analyses. Future studies 
with large sample sizes specifically designed to examine 
the prognosis of blood-routine markers or derivates in 
patients with these two rare types are warranted.

Taken together, we created a new derivate PRR 
that was superior over other blood-routine markers and 
exhibited strong prognostic capability for ESCC mortality 
with a median follow-up of 38.2 months, especially in 
Chinese men. Moreover, elevated PRR was associated 
with worse prognosis in male patients especially at an 
advanced stage and with distant metastasis. Knowledge 
revolving the etiology of platelet count and RDW in 
ESCC survivors will be of clinical importance to improve 
their prognosis after surgery and further formulate more 
targeted and effective management strategies for high risk 
patients.
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