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Abstract
Objective: To explore the value of mean corpuscular hemoglobin concentration (MCHC) and red cell
distribution width (RDW) for overall survival (OS) and progression-free survival (PFS) in patients with
pancreatic cancer (PC) who underwent radical pancreatomy.

Background: In�ammatory factors are important factors in promoting the occurrence and metastasis of
malignant tumors. RDW and MCHC are suggested to be relevant to the prognosis of several
malignancies. Such as gastric cancer, colon cancer. However, there are few studies to explore the
correlation between them and PC.

Methods: This study included 532 patients with PC who underwent radical resection between March 2011
and May 2019. Kaplan-Meier curve method and Cox proportional hazard regression model were applied
to analyze prognosis. Correlations between categorical variables were analyzed using Chi squared tests.

Results: Survival curve showed that OS and PFS were signi�cantly favorable for resectable PC patients
with high preoperative MCHC (P=0.02) (P=0.005), RDW in the normal range (P<0.001) (P<0.001).
Multivariate analysis suggested that MCHC (HR: 0.612, 95%CI: 0.426-0.879, P=0.008), and RDW (HR:
3.969, 95%CI: 2.952-5.338, P<0.001) were independent prognostic factors for resectable PC patients.
MCHC (HR: 0.657, 95%CI: 0.458-0.943, P=0.023), RDW (HR: 3.915, 95%CI: 2.923-5.243, P < 0.001) were
also independent recurrent factors for resectable PC patients. Correlation analysis showed that MCHC
was related to tumor size, nerve invasion, and anemia-related indicators, meanwhile RDW was connected
with carcinoma-embryonic antigen (CEA) and carbohydrate antigen199 (CA19-9).

Conclusion: The preoperative MCHC and RDW were simple and convenient predictive factors for
prognosis and progression of patients with PC.

Introduction
Pancreatic cancer (PC) is currently the most malignant tumor of the digestive system, which is the third
cancer-related death in the United States[1], and possibly turns into the second cancer-related death in the
United States by 2030. The median survival time for advanced pancreatic cancer is less than 6 months,
and the overall 5-year survival rate is less than 6% [2]. Surgical resection is still the only way to cure
pancreatic cancer [3], however the survival of patients with pancreatic cancer has not been improved
signi�cantly, 5-year survival rate is inferior to 20% [4]. Although the underlying mechanism of pancreatic
cancer is not fully understood, researchers are still searching and identifying useful and easily detected
clinical outcome predictors which can instruct clinicians to provide patients with personalized treatment,
and prolong progression-free survival (PFS) and overall survival (OS). In recent years, many predictors for
pancreatic cancer such as enhanced CT, abdominal ultrasound, postoperative pathology, and tumor
markers have been widely used. Although, postoperative pathology is the best way to predict the survival
outcome, it is an invasive indicator. Due to individual differences and dietary conditions, tumor markers
present some errors in predicting prognosis of patients. Imaging examinations are more costly. Therefore,
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it's urgent to search simple, inexpensive, readily available, and objective biomarkers for diagnosis and
prognosis of pancreatic cancer. In�ammatory biomarkers have become research hotspots, and a large
number of studies have been conducted worldwide. Erythrocyte-related serological markers are also part
of in�ammatory biomarkers, and erythrocyte-related in�ammatory biomarkers have been shown to be
associated with prognosis and recurrence in many cancers. RDW is a hot research topic of erythrocyte-
related in�ammatory factors in recent years. The study found that RDW was linked to prognosis of many
malignancies, including gastric cancer [5], blood cancer [6], kidney cancer [7] and et al. Meanwhile, MCHC
was found to be associated with prognosis of oral cavity and lung cancer [8], especially related to the
onset of prostate cancer [9]. In addition, recent studies have revealed that patients with high preoperative
mean corpuscular volume (MCV) after esophageal surgery achieved a poor prognosis [10], and patients
with preoperative red blood cell speci�c volume (HCT)<41% after gastric cancer surgery also had a poor
prognosis[11]. However, few studies have explored the relationship between erythrocyte-related
serological markers and pancreatic cancer. Therefore our research is dedicated to explore the relationship
between both of them.

Material And Methods
Patients

A retrospective review on maintained database was performed as much as possible to identify all
patients undergoing radical pancreatomy at Harbin Medical University Cancer Hospital from March 2011
to May 2019. Exclusion criteria were as follows: (1) patients who have not undergone routine blood
examination before surgery, (2) patients with metastatic disease, (3) patients received any other
treatment before enrollment (4) patients who have undergone malignant disease in other organs, and (5)
patients who had incomplete/inaccurate medical records. Patients with burns, severe vomiting, diarrhea,
chronic carbon monoxide poisoning, cardiac compensatory dysfunction, and hereditary balloon disease
affecting MCHC outcomes were excluded [12]. The study was supported by the Ethics Committee of the
Harbin Medical University Cancer Hospital. Each patient signed an informed consent form before
enrollment.

Data collection

Clinical and demographic information was obtained from the medical data platform of the Harbin
Medical University Cancer Hospital by two independent investigators. Thereafter, all data were collated by
the two investigators together. During this procedure, the two independent investigators consulted the
medical data platform to resolve any possible bias. These data included the following demographic
information: age, sex, body mass index (BMI), hemoglobin (HBG), red blood cell speci�c volume (HCT),
mean corpuscular volume (MCV), mean corpuscular hemoglobin concentration (MCHC), red cell
distribution width (RDW), carcinoma-embryonic antigen(CEA), carbohydrate antigen199 (CA19-9). The
following clinical information was also collected: date of surgery, tumor location, tumor size, clinical
stage, differentiation grade, nerve invasion, vascular invasion, pathological staging. The de�nition of
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resectable PC referred to the criteria de�ning resectability status of NCCN Clinical Practice Guidelines in
Oncology (3th-edition 2019). All patients with resectable PC underwent R0 surgery and had TNM staging
based on postoperative pathology. The TNM stage mentioned referred to the Joint Committee on Cancer
(8th Edition).

Blood samples for routine blood examination were collected via standard venipuncture of the veins in the
antecubital fossae (anterior elbow veins). Routine hematology tests, including HBG, HCT, MCV, MCHC,
RDW. 2 ml EDTA anticoagulated peripheral blood and 2 ml plasma anticoagulated by sodium citrate as
well as serum samples were obtained before breakfast within 7 days prior to surgery. The samples were
promptly centrifuged and processed within two hours. The cell counting of peripheral blood was
measured using the SYSMEX XN-9000 full-automated hematology analyzer (Sysmex, Tokyo, Japan).

Follow-up evaluation

During a mean longitudinal follow-up period of 67 months (from a range of 22 to 103 months) after the
surgery, 186 deaths events occurred (58.83%). Patients were followed every three months until death or
the end of the study. The �nal follow-up evaluation was performed in November 2019. The follow-up data
included date of primary resection, date and type of relapse, date of diagnosis of metastatic disease, and
date of death. Most follow-up includes physical examination, laboratory tests (blood routine, blood
biochemistry, tumor marker CEA, CA199), and imaging studies. The primary end point OS was de�ned as
the time from surgery to death from any cause. PFS and time until recurrence were recorded.

Statistical methods

Descriptive statistical methods were used to analyze the epidemiological, pathological, and
hematological characteristics of the patients. Survival curves were drawn according to the Kaplan-Meier
method, survival comparision was executed by Log-rank test. Cox proportional hazard regression model
was employed for univariate and multivariate analysis. Statistically signi�cant variables (P<0.05) found
in univariate analysis were entered into the Cox regression multivariate model using the backward
condition method. A chi-square test was used to analyze the correlation between categorical variables. All
tests were double-sided, and statistical signi�cance was inferred at a P value of 0.05. All statistical
analysis was accomplished using SPSS for Windows version25.

Results
Clinical features of patients

Of the 532 PC patients included in the study, 317 (59.59%) were male, and 215 (40.41%) were female. 451
(84.77%) were younger than 65 years old, and most patients had a body mass index in the normal range
of 374 (70.3%). 369 (69.36%) tumors were located on head of pancreas, and adenocarcinoma 500
(93.98%) was the majority 154 (28.95%) patients had lymph node involvement. The distribution of TNM
stage was 187(35.15%) of patients in stage I, 325 (61.09%) in stage II, and 20 (3.76%) in stage III (Table
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1). All patients were categorized into the following two groups according to the preoperative MCHC: 481
patients (90.41%) in the normal MCHC group and 51 (9.59%) in the high MCHC group. According to the
preoperative RDW level, 428 (80.45%) patients had normal RDW and 104 (19.55%) patients had high
RDW. Similarly, there were 6 patients (1.13%) in the low MCV group, patients 505 (94.92%) in the normal
MCV group, and 21patients (3.95%) in the high MCV group.

Survival Analysis

Survival comparison between patients with MCHC ≤354 and MCHC >354

The median survival was 12.53 months in high MCHC. The OS and PFS were both signi�cantly higher in
the high MCHC group compared to the normal MCHC group, as was shown in the Kaplan–Meier survival
curves in Figure 1. The 5-year OS rate was statistically higher in the MCHC group (5.4 vs. 1.45%; p=0.02)
and the PFS proportions were 6.7 vs. 0.7% (p =0.005) respectively, when comparing the normal against
the high MCHC groups.

Survival comparison between patients with RDW ≤16.5 and RDW >16.5

The median survival of the RDW normal group was close to the high MCHC group around 12.13 months.
At the same time, the results of RDW were more signi�cant. The log-rank test p values for the differences
in OS and PFS between the normal and high RDW groups was demonstrated in Kaplan–Meier survival
curves (Figure 1). The 5-year OS rates of the normal and high RDW groups were respectively 1.65 and 0%
(p <0.001) and those of the PFS proportions of the two groups were 1.57 and 0% (p <0.001).

MCHC and RDW Independently Predicting Prognosis and Recidivation

In univariate analysis, the preoperative anemic markers of MCHC (P<0.05) and RDW (P<0.05) were
associated with OS. In addition, other variables, including sex, BMI, postoperative adjuvant chemotherapy,
degree of differentiation, nerve invasion, all achieved certain effects on OS (all P<0.05, Table 2). At the
same time, variables including BMI, tumor location, nerve invasion, vascular invasion, HBG, MCHC, RDW
had in�uence on PFS (all P<0.05, Table 3). In multivariate analysis, nerve invasion, MCHC, and RDW had
a signi�cant effect on OS (all P<0.05, table2). Meanwhile, variables integrating degree of differentiation,
nerve invasion, MCHC, and RDW achieved an important in�uence on PFS (all P<0.05, Table 3)

Correlations between MCHC and Clinic Pathological Features

Table 4 showed the correlations between the MCHC and clinical pathological factors. The MCHC had
signi�cant associations with unfavorable clinical pathological factors. Normal MCHC was associated
with gender, tumor location (all P<0.05, Table 4). Furthermore, nerve invasion, HCT, MCV were signi�cantly
associated with normal MCHC (all P<0.05, Table 4). Differences from MCHC, RDW were not only related
to clinical pathological characteristics, but also had certain correlations with tumor markers CEA and
CA19-9 (P<0.05).



Page 7/20

Discussion
There is growing evidence indicating that tumor-associated in�ammation and tumor microenvironment
play a more and more important role in the cancer development, progression, metastasis [13], and clinical
prognosis [14]. As reported previously, MCHC and RDW were closely related to the prognosis in several
types of cancers. In the present study, we also observed that high MCHC, normal RDW indicated better OS
and PFS. Besides, in analyzing the correlation between factors of interest and other clinical pathological
variables, MCHC was higher in patients with the lesion was located on the tail of pancreas, and rarely
neurological invasion indicated better survival [15][16]. Therefore, it is reasonable to combine MCHC and
RDW as a simple and convenient marker to enrich the strati�cation of prognosis in PC patients.

MCHC means the average red blood cell hemoglobin concentration, is calculated by dividing the red
blood cell speci�c volume (HCT) by the average red blood cell volume (MCV), and is an indicator of the
average red blood cell volume [17]. MCHC indirectly re�ects the degree of anemia from a quantitative
perspective. As we all know, there is increasing evidence that anemia is associated with poor survival
rates for a variety of malignancies. Qu found that low MCHC (<335) was associated with unfavorable
prognosis of resected lung cancer[8]. Studies also showed that MCHC was associated with prognosis for
oral and head and neck cancers. In his study, the cut-off value of MCHC was decided by ROC curve
analysis based on their cohort. However, in this study, the standard value was used as the cut-off value
for MCHC because we believed that it could increase the value of current results and make it universally
applicable. Our �ndings demonstrated that preoperative MCHC was an independent predictor of OS for
pancreatic cancer patients undergoing curative surgical resection. To date, only a few preliminary
hypotheses explain why MCHC may affect prognosis. But the mechanism is not clear. This may be
related to the following mechanism. At �rst, Hemoglobin is the main driving force for carrying iron, and
anemia can cause excessive iron load. Iron is a trace element involved in a wide range of human
metabolism. Iron de�ciency and excess can lead to disease. Iron de�ciency has been linked to anemia
[18], chronic heart failure [19] and other conditions. Excess iron increases the risk of cancer [20]. Even if
the excess is physiological, the risk of cancer can increase. [21]. In other words, proper iron consumption
achieves a protective effect on the body. The correlation between hematological parameters and serum
iron markers may be attributed to changes in iron levels that are to some extent re�ected in erythrocyte
morphology[22]. Second, Iron overload often accelerates and induces oxidative stress. Oxidative stress is
another factor that causes cancer to develop, and serum iron can induce and accelerate this process [23].
Furthermore, the changes of red blood cell parameters indirectly re�ect the process of oxidative stress.
Third, Hemoglobin is the main driving force for carrying oxygen, and low hemoglobin can cause tissue
hypoxia. Hypoxia can promote tumor progression and induce changes in the cell genome to enhance
tumor growth and angiogenesis. Hypoxia induces epithelial mesenchyme transformation (EMT) [24],
which is critical for cancer progression and metastasis. In addition, hypoxia affects angiogenesis [25]. On
the conditions of hypoxia, cancer cells exhibit adaptive metabolic changes. These include conversion of
glucose to lactic acid and increased glucose uptake through promotive glucose transporters (GLUTs), a
phenomenon known as the Warburg effect [26]. Last, but not the least, Nutrition is another factor leading
to the development of disease [27]. Reduced hemoglobin means that patient's nutritional status is
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relatively poor. Increased incidence of complications and increased mortality in patients with nutritional
risks before surgery [28]. In clinic, accurate pretreatment staging is essential for treatment decision. Our
study found that preoperative MCHC is an independent prognostic factor for pancreatic cancer, which can
affect the prognosis of pancreatic cancer patients. Therefore, as novel and easily obtainable prognostic
marker, preoperative MCHC can be used as a supplement to pathological stages and provide a more
accurate prognosis.

RDW, as one of the classical evaluation indexes which can effectively re�ect the heterogeneity of
erythrocyte volume, and is usually used for evaluation of blood diseases, cardiovascular diseases as well
as infectious diseases [29]. In recent years, it has been found that its value is related to the malignant
tumor, as a new molecular marker for prognosis and recurrence. Studies have found that an increase in
RDW will bring a poor prognosis, which has been con�rmed in gastric cancer, colon cancer, liver cancer
and other malignant tumor. In this study, we found that Elevated RDW was closely associated with poor
prognosis in patients with pancreatic cancer after surgery. In short, preoperative RDW can predict the
survival of such patients. The underlying mechanism of cancer development caused by high RDW is
generally interpreted as the following. At �rst, RDW elevation is strongly associated with increase of
interleukin-6 and tumor necrosis factor-α, both of which can affect the tumor cell biological behaviors
[30]. Pro-in�ammatory cytokines are considered to affect iron metabolism and erythropoietin production,
shorten the lifespan of red blood cells and induce the release [31]. And then, RDW has been reported as a
biomarker in response to in�ammation and oxidative stress [24]. In�ammation and oxidative damage
foster the progression of cancer, including sustaining proliferative signaling, evading growth suppressors,
and activating invasion and metastasis, thus impacting patient survival. Moreover, a higher tumor stage
can result in a greater extent of systemic in�ammation by the secretion of cytokines and release of
tumor-degradation products [32], which then decreases lifetime of red blood cells and increases RDW
level. Last, patients with cancer might change their dietary habits or eat less due to insu�cient energy
intake, which might lead to malnutrition.

To our surprise, we also found that preoperative MCHC and RDW had an effect on the recurrence of
patients with pancreatic cancer after surgery. RDW has been proven to be a marker of tumor recurrence in
oral cancer [33]. To date, there are no studies regarding the relationship between MCHC and cancer
recurrence. According to the literature, few in�ammatory markers can achieve a monitoring effect on
tumor recurrence. And in this article, compared with the relationship between MCHC and prognosis, the
relationship between MCHC and recurrence is more meaningful. In short, for preoperative MCHC levels of
less than 354, we can take interventions to prolong the relapse time of the disease and prolong the
survival of patients. But the mechanism by which MCHC affects relapses is also unclear and has never
been reported. Possible mechanism may be due to in�ammation related to malnutrition, immune
dysfunction, platelet activation, angiogenesis and cytokine activation [34]. Therefore, preoperative MCHC
has a certain predictive effect on the recurrence of pancreatic cancer after surgery. Compared with other
monitoring methods, it has the advantages of economy, non-invasiveness and convenience.
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The study also revealed some associations between the MCHC and RDW and clinical pathologic features
previously shown to be predictive of worse outcomes. Such as, patients with high MCHC often suffer
from tumors in pancreatic body and tail. It is well known that patients with pancreatic body and tail have
a better prognosis than the head[16]. Then, patients with high MCHC are less prone to nerve invasion.
Pain is a common clinical symptom of pancreatic cancer, neuropathy is a characteristic of pancreatic
cancer, as is well-known that this neuropathy is signi�cantly related to prognosis [15]. In addition, MCHC
is associated with HCT, MCV, because they are all indicators of anemia. Although there was no correlation
between RDW and clinical pathological parameters, it was signi�cantly correlated with tumor markers. As
we all know, tumor markers represent the activity of tumor to some extent, and indirectly re�ect the
severity and changes of the diseases [35]. RDW combined with CEA and CA19-9 can better predict the
prognosis and relapse of patients. Although MCHC and RDW was associated with a number of variables,
the relationship between them and OS was not modi�ed by any other clinical pathological factors, which
suggested that both MCHC and RDW were stable predictors of prognosis in patients with pancreatic
cancer.

This study also had some �aws. At �rst, this study was a retrospective study. Although we had excluded
factors such as blood system diseases and in�ammatory diseases that might cause MCHC changes
before the study, there were still many unavoidable interference factors which could affect the results of
this experiment. Then, this study was single-centered with small sample, leading to biases in sample
selection and results analysis. More medical institutions and samples are still needed to further verify this
result. Finally, Due to grouping according to the normal range, there was a certain deviation in the two
groups of samples, which might have some impacts on our experimental results. In summary, although
this study had certain shortcomings, MCHC and RDW had good predictive values for prognosis and
recurrence of patients with pancreatic cancer after surgery. At the same time, these indexes achieved the
advantages of cheap, convenient, non-invasive, as well as certain research values.
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Tables
TABLE 1. Baseline patient clinicopathologic characteristics
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Characteristic Score(532)

Age  

<65 451(84.77%)

≥65 81(15.23%)

Gender  

Male 317(59.59%)

Female 215(40.41%)

BMI  

<18.5 3(0.56%)

18.5-25 374(70.30%)

>25 155(29.14%)

Tumor location  

Caput pancreatis 369(69.36%)

Pancreatic body and tail 163(30.64%)

Pathological type  

Adenocarcinoma 500(93.98%)

Other 32(6.02%)

Differentiation  

Well-differentiated 51(9.59%)

Moderately differentiated 285(53.57%)

Poorly differentiated 196(36.84%)

T  

1 70(13.16%)

2 178(33.46%)

3 284(53.38%)

N  

0 378(71.05%)

1 132(24.81%)

2 22(4.14%)

pTNM stage  

I 187(35.00%)

II 451(61.00%)

III 451(4.00%)

Vascular invasion  
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positive 20(3.76%)

negative 512(96.24%)

Nerve invasion  

positive 140(26.32%)

negative 392(73.68%)

HBG  

Low 110(20.68%)

Normal 385(72.37%)

High 37(6.95%)

HCT  

Low 140(26.32%)

Normal 359(67.48%)

High 33(6.20%)

MCV  

Low 6(1.13%)

Normal 505(94.92%)

High 21(3.95%)

MCHC  

Normal 481(90.41%)

High 51(9.59%)

RDW  

Normal 428(80.00%)

High 104(20.00%)

CEA  

Normal 373(70.11%)

High 126(23.68%)

CA19-9  

Normal 104(19.55%)

High 419(78.76%)

BMI: Body Mass Index HBG: hemoglobin HCT: red blood cell specific volume MCV: mean corpuscular volume
MCHC: mean corpuscular hemoglobin concerntration RDW: Red Cell Distribution Width CEA: carcinoma-
embryonic antigen CA19-9: Carbohydrate antigen19-9.
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TABLE 2. Cox regression Analysis (Backward Stepwise Elimination) for Overall Survival

  Univariate analysis   Mulitivariate analysis  

Characteristics HR(95%CI) P HR(95%CI) P

Age 0.981(0.718-1.340) 0.902    

Gender 1.267(1.004-1.600) 0.047 1.148(0.903-1.458) 0.260

BMI 0.745(0.593-0.936) 0.011 0.800(0.620-1.032) 0.085

Tumor location 1.191(0.927-1.529) 0.172    

Pathological type 0.719(0.455-1.135) 0.157    

Differentiation 1.430(1.188-1.721) <0.001 1.387(1.145-1.681) 0.010

T 0.836(0.588-1.186) 0.836    

N 1.121(0.910-1.380) 0.282    

Stage 0.731(0.382-1.400) 0.149    

Vascular invasion 1.229(0.710-2.125) 0.462    

Nerve invasion 1.595(1.205-2.110) 0.001 1.423(1.073-1.188) 0.014

Postoperative adjuvant therapy 1.692(1.157-2.475) 0.007 1.226(0.834-1.802) 0.301

HBG 1.079(0.854-1.364) 0.523    

HCT 0.981(0.788-1.223) 0.866    

MCV 1.116(0.646-1.927) 0.694    

MCHC 0.667(0.469-0.946) 0.023 0.612(0.426-0.879) 0.008

RDW 3.869(2.907-5.147) <0.001 3.969(2.952-5.338) <0.001

CEA 1.292(0.985-1.695) 0.064    

CA19-9 1.021(0.771-1.351) 0.884    

BMI: Body Mass Index HBG: hemoglobin HCT: red blood cell specific volume MCV: mean corpuscular volume
MCHC: mean corpuscular hemoglobin concerntration RDW: Red Cell   Distribution Width CEA: carcinoma-
embryonic antigen CA19-9: Carbohydrate antigen19-9

 

TABLE 3. Cox regression Analysis (Backward Stepwise Elimination) for Progression-free Survival



Page 17/20

  Univariate analysis   Mulitivariate analysis  

Characteristics HR(95%CI) P HR(95%CI) P

Age 1.002(0.986-1.019) 0.792    

Gender 1.079(0.788-1.478) 0.635    

BMI 1.018(1.010-1.027) 0.003 1.244(0.958-1.614) 0.101

Tumor location 1.383(1.000-1.913) 0.050 1.309(0.926-1.850) 0.127

Pathological type 0.773(0.455-1.345) 0.362    

Differentiation 1.269(0.992-1.623) 0.058    

T 1.165(0.717-1.892) 0.387    

N 1.039(0.764-1.414) 0.806    

Stage 1.251(0.910-1.720) 0.169    

Vascular invasion 4.203(1.694-10.425) 0.002 0.949(0.544-1.655) 0.853

Nerve invasion 1.436(1.004-2.054) 0.047 1.563(1.180-2.072) 0.002

Postoperative adjuvant therapy 1.308(0.777-2.203) 0.312    

HBG 1.363(1.004-1.850) 0.047 1.063(0.838-1.349) 0.615

HCT 1.280(0.956-1.713) 0.098    

MCV 1.443(0.785-2.654) 0.238    

MCHC 0.457(0.262-0.799) 0.006 0.657(0.458-0.943) 0.023

RDW 1.878(1.314-2.684) 0.001 3.915(2.923-5.243) <0.001

CEA 1.298(0.898-1.876) 0.165    

CA19-9 0.954(0.638-1.428) 0.820    

BMI: Body Mass Index HBG: hemoglobin HCT: red blood cell specific volume MCV: mean corpuscular volume
MCHC: mean corpuscular hemoglobin concerntration RDW: Red Cell   Distribution Width CEA: carcinoma-
embryonic antigen CA19-9: Carbohydrate antigen19-9

 

TABLE 4.The correlation of clinicopathological characteristics of 532 patients with resectable PC between
normal and high groups in terms of MCHC and RDW.
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  MCHC  

P

RDW  

P  Normal High Normal High

Characteristics (n=481) (n=51) (n=428) (n=104)

Age     0.123     0.388

<65 404(75.94) 47(8.83)   360(67.67) 91(17.11)  

≥65 77(14.47) 4(0.75)   68(12.78) 13(2.44)  

Gender     0.047     0.044

Male 280(52.63) 37(6.95)   246(46.24) 71(13.35)  

Female 201(37.78) 14(2.63)   182(34.21) 33(6.2)  

BMI     0.235     0.030

<18.5 3(0.56) 0(0.00)   1(0.19) 2(0.38)  

18.5-25 333(62.59) 41(7.71)   295(55.45) 79(14.85)  

>25 145(27.26) 10(1.88)   132(24.81) 23(4.32)  

Tumor location     0.015     0.497

Caput pancreatis 326(61.28) 43(8.08)   294(55.26) 75(14.10)  

Pancreatic body and tail 155(29.14) 8(1.5)   134(25.19) 29(5.45)  

Pathological type     0.069     0.207

Adenocarcinoma 455(85.53) 45(8.46)   405(76.12) 95(17.86)  

Other 26(4.89) 6(1.13)   23(4.32) 9(1.69)  

Differentiation     0.266     0.16

Well-differentiated 43(8.08) 8(1.5)   43(8.08) 8(1.5)  

Moderately differentiated 258(48.5) 27(5.08)   229(43.05) 56(10.53)  

Poorly differentiated 180(33.83) 16(3.01)   156(29.32) 40(7.52)  

T     0.008     0.218

1 59(11.09) 11(2.07)   51(9.59) 19(3.57)  

2 155(29.14) 23(4.32)   144(27.07) 34(6.40)  

3 267(50.19) 17(3.2)   233(43.8) 51(9.59)  

N     0.361     0.719

0 344(64.66) 34(6.39)   307(57.71) 71(13.35)  

1 119(22.37) 13(2.44)   103(19.37) 29(5.45)  

2 18(3.38) 4(0.75)   18(3.38) 4(0.75)  

pTNM stage     0.220     0.847

I 161(30.26) 26(4.89)   148(27.82) 39(7.33)  

II 303(56.95) 22(4.14)   264(49.62) 61(11.47)  
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III 17(3.2) 3(0.56)   16(3.08) 4(0.75)  

Vascular invasion     0.919     0.959

Positive 18(3.38) 2(0.38)   16(3.08) 4(0.75)  

Negative 463(87.03) 49(9.21)   412(77.44) 100(18.8)  

Nerve invasion     0.032     0.875

Positive 133(25.0) 7(1.32)   112(21.05) 28(5.26)  

Negative 348(65.41) 44(8.27)   316(59.40) 76(14.29)  

HBG     0.659     0.07

Low 97(18.23) 13(2.44)   80(15.04) 30(5.64)  

Normal 350(65.79) 35(6.58)   317(59.59) 68(12.78)  

High 34(6.39) 3(0.56)   31(5.83) 6(1.13)  

HCT     0.002     0.177

Low 117(21.99) 23(4.32)   106(19.92) 34(6.39)  

Normal 331(62.22) 28(5.26)   293(55.08) 66(12.41)  

High 33(6.2) 28(5.26)   29(5.46) 4(0.75)  

MCV     0.046     0.042

Low 4(0.75) 2(0.38)   3(0.56) 3(0.56)  

Normal 456(85.71) 49(9.21)   411(77.26) 94(17.67)  

High 21(3.95) 0(0)   14(2.63) 7(1.32)  

CEA     0.13     0.001

Normal 340(63.91) 31(5.83)   302(56.77) 69(12.97)  

High 109(20.49) 16(3.01)   95(17.86) 30(5.61)  

CA19-9     0.725     0.001

Normal 95(17.86) 9(1.69)   96(18.05) 8(1.50)  

High 378(71.05) 41(7.71)   325(61.09) 94(17.67)  

BMI: Body Mass Index HBG: hemoglobin HCT: red blood cell specific volume MCV: mean corpuscular volume
MCHC: mean corpuscular hemoglobin concerntration RDW: Red Cell Distribution Width CEA: carcinoma-
embryonic antigen CA19-9: Carbohydrate antigen19-9

Figures
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Figure 1

Kaplan-Meier survival curves strati�ed by MCHC and RDW in 532 PC patients underwent radical
pancreatomy. A. Kaplan-Meier curves for OS by MCHC, P = 0.02. B. Kaplan-Meier curves for OS by RDW,
P< 0.001. C. Kaplan-Meier curves for PFS by MCHC. D. Kaplan-Meier curves for PFS by RDW. P values
were determined using the log-rank test


