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Abstract
Background: Colorectal cancer is one of the common tumors that seriously threaten human health
worldwide. Serum tumor markers, including CEA and CA19-9, have become the focus of research on
colorectal cancer in recent years. As one of the classic blood test results, RDW is related to the
pathological features, diagnosis and prognosis of various cancers in recent studies. We hope to search the
correlation between RDW and the pathological features of colorectal cancer through the following
studies, explore the potential relationship between RDW and the prognosis of colorectal cancer, and find
a more effective prognostic evaluation method by combining other blood markers.
Methods: We retrospectively analyzed 168 patients with colorectal cancer included in this study,
collected their clinical data, tumor pathological features and their preoperative blood test results
including RDW value and tumor markers, and grouped them. After 3 and 5 years of follow-up, the
recurrence and survival status were defined, and the above data were statistically analyzed.
Results: The distribution frequency/rate of abnormal RDW-CV in colorectal cancer patients was
significantly increased in the elderly (>62), colon cancer, serosal permeability, lymph node metastasis,
stage III and IV, peripheral adhesion (P < 0.05). Furthermore, RDW-CV was significantly positively
correlated with abnormal high values of tumor serum markers CEA and CA19-9 (P < 0.05). More
importantly, ROC curve analysis found that the abnormal increase in RDW-CV in colorectal cancer was
associated with the shortening of DFS and OS in patients who were followed up for 3 and 5 years (P <
0.05). Further combined with CEA, it was found that the prognosis and survival of patients with colorectal
cancer in 3 and 5 years were more accurate and effective than independent prediction (AUC of DFS in
3/5years=0.630/0.635, AUC of OS in 3/5 years=0.692/0.652).
Conclusion: RDW-CV is correlated with the pathological features of colorectal cancer, indicating a
worse malignant tendency of tumor. RDW-CV can independently evaluate the prognosis of colorectal
cancer patients, and combined with the high value of CEA, it can effectively indicate the adverse
recurrence and survival prognosis.
Key words: RDW, CEA, prognosis, colorectal cancer

Introduction
Blood routine is one of the commonly used test
methods in clinical practice, in which the red blood
cell distribution width (RDW-CV) is an important
classic item of blood routine examination, which

mainly reflects the evenness of the volume and size of
red blood cells. [1] The measurement of RDW is often
indicated by two indicators, RDW-CV (RBC
distribution width-variation coefficient) and RDW-SD
http://www.jcancer.org
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(RBC distribution width-standard deviation), which
can be applied to the testing of different diseases as
required. In the past, RDW was mainly used to
diagnose different types of anemia, hematopoietic
disorder, congenital erythrocyte abnormalities and
other blood system diseases. Meanwhile, it has been
gradually studied in other disease-related fields in
recent years. [2-5]
Colorectal cancer is one of the most common
malignant tumors in the world, which seriously
harms human health. Even with the continuous
exploration of its research, the disease has not been
fully understood. [6, 7] The evaluation of malignancy
degree and prognosis of colorectal cancer is of great
significance in clinical work. At present, the
evaluation of malignancy degree of colorectal cancer
mainly comes from TNM stage, which refers to some
pathologic indicators after surgery, including whether
to penetrate serosa, lymph node metastasis, other
organ metastasis and peripheral adhesion. [8, 9]
Although these evaluation indicators have the
advantages of definite stages and specific description,
most of them come from postoperative pathological
reports and require pathological examination after
tumor resection, which has the disadvantage of
judging lag. According to previous studies, malignant
tumors are diseases that can lead to changes in the
blood status of the whole body, rather than only local
lesions. [10-12] Classical tumor stage is more targeted at
the evaluation of the tumor lesion itself, and the
inability to evaluate the patient's systemic status is
also one of its defects.
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Tumor markers in the blood (such as CEA,
CA19-9, CA12-5, etc.) are also considered to play an
important role in diagnosis, malignant evaluation and
prognosis prediction. [13] Because of the advantages of
easy access to blood samples, low trauma, long-term
monitoring, and assessment of systemic status, they
are increasingly valued. By unceasingly exploring
new blood indicators, more accurate and
comprehensive assessment of the degree of
malignancy and prognosis of colorectal cancer is of
great guiding significance to clinical work. It has been
reported that the RDW level of many patients with
malignant tumors, including colorectal cancer, has
been widely discussed, proving that the level of RDW
in patients' blood is correlated with the diagnosis,
staging and prognosis. [14-17] Therefore, we hope to
analyze the relationship between RDW and tumor
malignancy in colorectal cancer through the following
retrospective study and explore its potential to be a
more effective new prognostic evaluation blood
indicator.

Materials and Methods
Ethics statement
The First Hospital of China Medical University
and the Medical Ethics Committee of China Medical
University approved this study. Due to the
retrospective nature of the study, the First Hospital of
China Medical University and the Medical Ethics
Committee of China Medical University waived the
need of written informed consent by the patients. All
the samples were anonymous.

Patients and Methods

Figure 1. Screening process of sample patients

Study Population: From October 2012 to July
2013, 271 patients received surgical treatment for
colorectal cancer in the anorectal surgery department
of the First Affiliated Hospital of China Medical
University were collected, and 168 patients required
for the study were obtained after the following
standard screening as discovery phase samples
(Figure 1). The exclusion criteria: 1) Incomplete
patients information and/or loss of follow-up, 2)
Patients
with
severe
cardiovascular
and
cerebrovascular diseases, pulmonary diseases, blood
diseases, infectious diseases and other malignant
tumors that may affect survival rate, such as cerebral
infarction, pulmonary infarction, high risk of
hypertension or HIV infection, etc, 3)Blood
transfusion was performed half a year before the
operation, 4)Patients who did not received
appropriate adjuvant therapy based on NCCN
guideline [18, 19]. Final patients sample include 54 colon
cancers and 114 rectal cancers.
http://www.jcancer.org
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Blood Biochemistry: All blood samples were
collected one week before the operation and
examined by laboratory department of the First
Affiliated Hospital of China Medical University
through blood cell analyzer (Sysmex XE-5000, Japan)
and Automatic chemiluminescence immunoanalyzer
(Roche, Cobas E601, Switzerland). The report results
of blood routine test and tumor marker test included:
RDW-CV, RDW-SD, CEA, CA12-5, CA19-9 and other
relevant indicators. According to the normal range of
each indicator, the patients were divided into two
groups: “Normal group” and “Abnormal group”. The
abnormal levels of RDW, CEA, CA19-9 and CA12-5
were all higher than the normal value.
Tissue Pathology: Postoperative complete
resection of tumor specimens was sent to the second
tumor institute of the First Affiliated Hospital of
China
Medical
University
for
Pathological
Examination. The tumor growth pattern, lymph node
metastasis, infiltration depth, pathological type and
differentiation degree were reported by qualified
professional pathologists. According to the latest
AJCC cancer manual[20], TNM was re-staged and
grouped.
Methods: Complete clinical and pathological
characteristics of the sample patients were collected
for collation and statistical analysis, including gender,
age, family history, smoking history, alcoholism
history, blood biochemical results and pathological
description. All patients were required to follow-up
and review strictly after treatment. Followed-up with
3 years and 5 years after surgery for tumor recurrence
and survival were acquired.

Statistical analysis
Statistical analysis was conducted by SPSS 24.0
(Chicago, IL, USA) and Graphpad Prism 7.0
(Graphpad Software, CA, USA). The classification
data were analyzed using the Pearson chi-square test,
continuous variables were tested by spearman
two-variable correlation test and the linearity was
analyzed by the log-rank test. ROC curve was used to
evaluate the sensitivity, specificity and the area of
AUC. A P value of less than 0.05 (P <0.05) was
considered statistically significant.

Results
Baseline characteristics
According to statistics, a total of 168 patients
were studied, with an average age of 61.92 years.
Including 94 males and 74 females, 54 cases of colon
cancer and 114 cases of rectal cancer, only 23 patients
had a family history of malignant tumors. 41 patients
had the habit of smoking for a long time. 19 patients
had light drunk daily, and 8 patients had alcohol
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abuse all year round. According to pathological
characteristics: There were 81 cases of nests growth
and 87 cases of infiltrating growth in the tumor
growth pattern, meanwhile there were 26, 96 and 46
cases of poor, moderate and high differentiation.141
cases of adenocarcinoma accounted for most samples.
Most of the samples were pathologically penetrating
serosa (109 cases), without lymph node metastasis
(100 cases), and no other viscera metastases (164
cases) and adjacent viscera adhesion (141 cases) were
detected in surgery. TNM Ⅰ, Ⅱ, Ⅲ, Ⅳ stage
respectively had 28, 67, 69, 4 cases (Table S1). The
results of the blood test showed: The average
RDW-CV was 87.7 [61.8-99.2] %, of which 122 cases
were in the normal range and the remaining 46 cases
were higher than the normal high value. The RDW-SD
average was 43.7 [36.0-77.0] fL, of which 116 were in
the normal range and the remaining 52 cases were
above the normal range. The mean levels of tumor
markers in test of CEA, AFP, CA12-5 and CA19-9
were 6.90 [0.12-59.53]ng/ml, 3.40 [0.96-11.13]ng/ml,
13.41 [0.81-81.68] U/ml and 28.33 [0.60-736.70] U/ml.
According to the range of normal values, 85, 9, 7, 34
cases were higher than normal maximum
respectively. After follow-up, tumor progression was
found in 33 patients and 17 patients died 3 years after
surgery. Five years after surgery, 51 patients
developed tumors progression and 41 died (Table 1).
Table 1. Blood biochemical examination results of colorectal
cancer patients
Groups
RDW-CV [average, range](%)
Normal
Abnormal
RDW-SD [average, range](fL)
Normal
Abnormal
CEA [average, range](ng/ml)
Normal
Abnormal
AFP [average, range](ng/ml)
Normal
Abnormal
CA12-5 [average, range](U/ml)
Normal
Abnormal
CA19-9 [average, range](U/ml)
Normal
Abnormal
3 years DFS
No-Progress
Progress
5 years DFS
No-Progress
Progress
3 years OS
Survive
Dead
5 years OS
Survive
Dead

Normal range
[10.8-14.5]

[36.0-46.0]

[0.00-4.30]

[0.00-7.00]

[0.00-35.00]

[0.00-27.00]

Data
[87.7, 61.8-99.2]
122
46
[43.7, 36.0-77.0]
116
52
[6.90, 0.12-59.53]
83
85
[3.40, 0.96-11.13]
159
9
[13.41, 0.81-81.68]
161
7
[28.33, 0.60-736.70]
134
34
135
33
117
51
151
17
127
41
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Correlation between RDW-CV/SD and
characteristics
According to different characteristics, we
divided the sample patients into groups and analyzed
the correlation between RDW-CV and them in turn
(Figure 2). Chi-square test and logistic regression
analysis using age, gender and family history as
covariate reference factors to analyze the correlation
between RDW-CV/SD and various clinical and
pathological indicators: In the blood biochemical tests,
RDW-CV was positively correlated with the results of
CEA and CA19-9 classification variables (P < 0.05),
and only the continuous variables of CEA were
linearly correlated (P<0.01) (Figure 3).
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In the results of analyzing the survival status,
RDW-CV has a clear linear correlation with DFS and
OS at both time points of 3 and 5 years and the sample
population with high RDW-CV is more likely to have
poor prognosis of disease progression or death at both
time points of follow-up (P < 0.05). RDW-SD also
conducted correlation analysis of the above
indicators, and the results showed that there was no
clear correlation between RDW-SD and DFS in terms
of prognosis, but in OS prognosis analysis of 3 and 5
years, abnormal high RDW-SD indicated poor OS
prognosis (P < 0.05) (Table 2).

Figure 2. Distribution of RDW-CV in different biochemical indexes and prognosis. (a) Blood biochemical indexes results (b) Prognosis results

Figure 3. RDW-CV and blood biochemical indexes analyzed by linear regression analysis. (a) Classified data for CEA and CA19-9 with RDW-CV (b) Continuous
data for CEA with RDW-CV

http://www.jcancer.org
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Table 2. Correlation of RDW-CV and RDW-SD with blood biochemical indexes and prognosis of colorectal cancer patients.
Characteristics
CEA
Normal
Abnormal
AFP
Normal
Abnormal
CA12-5
Normal
Abnormal
CA19-9
Normal
Abnormal
3 years DFS
No-Progress
Progress
5 years DFS
No-Progress
Progress
3 years OS
Survive
Dead
5 years OS
Survive
Dead

RDW-CV
Normal

High

P†‡

Adjusted OR(95%CI) §

RDW-SD
Normal

High

P†‡

Adjusted OR(95%CI) §

68
54

15
31

0.008†
0.016‡

1.000
2.475 (1.187-5.159)

62
54

21
31

0.117†
0.194‡

1.000
1.568 (0.795-3.091)

114
8

45
1

0.261†
0.496‡

1.000
0.474 (0.055-4.079)

109
7

50
2

0.560†
0.646‡

1.000
0.679 (0.131-3.534)

118
4

43
3

0.348†
0.301‡

1.000
2.347 (0.466-11.820)

110
6

51
1

0.330†
0.260‡

1.000
0.288 (0.033-2.520)

102
20

32
14

0.043†
0.048‡

1.000
2.219 (1.006-4.894)

96
20

38
14

0.149†
0.208‡

1.000
1.665 (0.753-3.684)

104
18

31
15

0.009†
0.015‡

1.000
2.800 (1.219-6.433)

96
20

39
13

0.242†
0.358‡

1.000
1.460 (0.652-3.270)

94
28

23
23

0.001†
0.001‡

1.000
3.586 (1.660-7.748)

85
31

32
20

0.126†
0.224‡

1.000
1.565 (0.761-3.221)

115
7

36
10

0.002†
0.002‡

1.000
5.898 (1.951-17.828)

108
8

43
9

0.039†
0.036‡

1.000
3.066 (1.074-8.757)

101
21

26
20

0.000†
0.000‡

1.000
4.433 (1.923-10.219)

94
22

33
19

0.014†
0.029‡

1.000
2.353 (1.092-5.069)

P values were calculated from 2-sided chi-square tests.
P values were calculated by unconditional logistic regression adjusted for age, gender and family history.
§OR and 95%CI values were calculated by unconditional logistic regression adjusted for age, gender and family history.
†
‡

In addition, we found that high RDW-CV were
more likely to be obtained in older age, colon cancer
and non-adenocarcinoma patients. The distribution of
patients with high RDW-CV increased in patients
with the following characteristics: serosa infiltration,
lymph node metastasis and adhesion with
surrounding tissues or organs. No linear correlation
was found with TNM stage, but according to the
period of stage Ⅰ + Ⅱ, Ⅲ + Ⅳ groups, we found that
higher RDW-CV was more likely to be detected in
patients with advanced stages (P<0.05). Patients with
high RDW-SD were only more likely to develop
non-adenocarcinoma colon tumors, including
mucinous adenocarcinoma or signet ring cell
carcinoma (Table S2).

Comparison between RDW-CV, RDW-CV
combined with CEA/CA19-9 and other
indicators in prediction of cancer prognosis
According to the above results, we believe that
RDW-CV is a potential indicator to describe the
malignancy of colorectal cancer, so we conducted the
following statistical analysis by the ROC curve of
follow-up prognosis in the discovery phase samples:
TNM stages showed the highest correlation in 3 and 5
years DFS/OS poor prognosis (AUC=0.768, 0.719,
0.748, 0.673, P<0.05) and older people were more
likely to have a dismal 5 years DFS and OS prognosis
(AUC=0.603, 0.605, P<0.05). RDW-CV might not only
be used as an independent predictor to evaluate the
prognosis of DFS and OS in 3 and 5 years

(AUC=0.612, 0.627, 0.675, 0.642, P<0.05), but also
patients with abnormal high value of both RDW-CV
and CEA can obtain poor prognosis results (P<0.05).
The AUC area of DFS-related ROC curves in 3 and 5
years were 0.630 and 0.635, and that of OS-related
ROC curves were 0.692 and 0.652, indicating higher
sensitivity and specificity of adverse prognosis.
However, the abnormal expression of RDW-CV
combined with CA19-9, gender, differentiation and
pathological pattern had no ideal statistical result
(Figure 4, Table 3, Table S3).
Based on the main finding above, then we
collected and followed 49 patients’ information in
August, September and October 2013 as replication
phase samples through the same exclusion criteria to
verify the main findings of previous study. The
similar results were found in ROC curve: In the
replication phase samples, RDW-CV, RDW-CV
combined with CEA and TNM all showed definite
correlation with poor DFS/OS prognosis. The AUC
area of TNM staging was the largest (AUC=0.892,
0.794, 0.832, 0.784, P<0.05), and compared with
RDW-CV as an independent factor (AUC=0.723,
0.718, 0.774, 0.724, P<0.05), RDW-CV combined with
CEA had a larger AUC area in ROC curve associated
with poor prognosis (AUC=0.762, 0.720, 0.810, 0.765,
P<0.05), which confirmed the finding of previous
studies: RDW-CV combined with CEA was more
effective in warning of tumor recurrence and death
after surgery. Such indicators as RDW-CV combined
with CA19-9, differentiation, and pathological type
http://www.jcancer.org
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still had no statistical significance in the evaluation of
prognosis. The higher age only showed a correlation
with OS at the time point of 5 years in replication
phase samples (AUC=0.742, P<0.05) (Figure 4, Table
3, Table S3).

Discussion
RDW, as one of the classical evaluation indexes
for the degree of erythrocyte morphology imbalance
in blood, can effectively reflect the heterogeneity of
erythrocyte volume, and is usually used for the
evaluation of blood diseases, cardiovascular diseases
and infectious diseases. [21-24] In recent years, it has
been found that its value is related to the early
diagnosis of tumor, but whether it can be used as a
new molecular marker for early warning and
prognosis evaluation of cancer remains to be studied.
RDW-CV can independently evaluate the prognosis
of colorectal cancer patients, and combined with the
high value of CEA, it can effectively indicate the
adverse recurrence and survival prognosis.

RDW values can be reflected by RDW-CV and
RDW-SD values that could indicate the existence of
mixed cell groups with unequal RBC size. The results
of our study showed that RDW-CV was significantly
correlated with the pathological features and
prognosis of cancers, while the suggestive effect of
RDW-SD was not obvious, so we focused on
RDW-CV. We found that high RDW-CV was more
common in colorectal cancer patients with
non-adenocarcinoma pathology types such as
mucinous adenocarcinoma or signet ring cell
carcinoma. Pathologic prognostic survival analysis
generally considers that non-adenocarcinoma
colorectal cancer has higher grade of malignancy and
lower survival rate than adenocarcinoma, therefore,
we conclude that RDW-CV may be associated with
poor prognosis. [25-28] Then we studied the relationship
between RDW-CV and cancer pathological indicators
and found that patients with high RDW-CV were
more likely to have malignant features of infiltration
of serosa, lymph node metastasis and adhesion to
surrounding tissues and organs.

Figure 4. Prognosis survival ROC curve of RDW-CV, RDW-CV with CEA/CA19-9 and other indicators. The sensitivity and specificity for each outcome were
calculated. (a) 3 and 5 years follow-up of DFS/OS in discovery phase samples (b) 3 and 5 years follow-up of DFS/OS in replication phase samples.

Table 3. The AUC area and P value of DFS/OS at 3 years and 5 years by different indicators
Groups

RDW-CV
RDW-CV+CEA
RDW-CV+CA19-9
TNM
Age
†

Discovery phase samples
3 years DFS
5 years DFS
AUC
AUC
P†
P†
0.612
0.045
0.627
0.009
0.630
0.020
0.635
0.005
0.580
0.154
0.539
0.426
0.768
0.000
0.719
0.000
0.603
0.035
0.570
0.213

3 years OS
AUC
P†
0.675
0.018
0.692
0.010
0.617
0.113
0.748
0.001
0.503
0.966

5 years OS
AUC
P†
0.642
0.006
0.652
0.003
0.558
0.266
0.673
0.001
0.605
0.043

Replication phase samples
3 years DFS
5 years DFS
AUC
AUC
P†
P†
0.723
0.031
0.718
0.013
0.762
0.011
0.720
0.012
0.537
0.719
0.514
0.875
0.892
0.000
0.794
0.001
0.656
0.130
0.574
0.401

3 years OS
AUC
P†
0.774
0.021
0.810
0.009
0.476
0.841
0.832
0.005
0.679
0.134

5 years OS
AUC
P†
0.724
0.021
0.765
0.006
0.528
0.771
0.784
0.003
0.742
0.012

P values were calculated from ROC curve.
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Above these malignant characteristics were
important parts of TNM staging, comprehensive
analysis and judgment found that stage Ⅲ and Ⅳ
RDW - CV of colorectal cancer was higher than Ⅰ and
Ⅱ stage, and this result was supported by study from
Yang D, et al. [29] Adhesion is also an important
indication of malignancy in colorectal cancer. Similar
findings are showed in other cancers. Kemal Y et al
tested RDW levels in the blood of patients with
endometrial cancer and found that their values were
correlated with pathological characteristics. [30]
Therefore, we concluded that RDW-CV might be an
effective indicator to reflect the malignant degree of
colorectal cancer.
As classic evaluation factors, tumor markers
such as CEA and CA19-9 were not only related to the
development degree of colorectal cancer, but also
directly related to tumor recurrence and prognosis.
They were clinical indicators that could well reflect
tumor activity and invasion ability. [31-35] Then our
study further analyzed the correlation between RDW
and tumor serum markers including CEA and CA19-9
and found that RDW-CV was correlated with CEA
and CA19-9 in abnormal status. CEA obtained clear
linear positive correlation in the analysis of
continuous variables with RDW-CV particularly.
When cancer cells were active in reproduction,
changes in the inflammatory microenvironment could
lead to abnormal status in blood. [36, 37] When tumor
progression or cell proliferation was active, not only
CEA and CA19-9 and other indicators were abnormal,
but RDW values beyond the normal range was also
reflected in the blood test results, so patients with
colorectal cancer were prone to both abnormal high
values of tumor markers and RDW-CV in blood.
Previous reports by Wei T, et al [17] had also found that
RDW was significantly correlated with the levels of
CEA and CA19-9 in gastric cancer. Through our
study, we found that the correlation of RDW-CV with
these tumor markers could be one of the evidences to
evaluate the degree of malignancy.
Studies in lung cancer have shown that RDW
was associated with various indicators of
inflammatory and nutritional status in patients with
lung cancer and was an indicator of prognostic risk in
lung cancer patients. [15, 16] According to our study's
follow-up on the samples, RDW-CV was associated
with DFS and OS at both three-year and 5-year
follow-up points, and patients with high values were
more likely to have adverse outcomes of recurrence or
death. At the same time, we found that although
RDW-SD was not clearly associated with DFS, but its
relevance to OS had been found in our study. The
above results suggest that RDW-CV has an
independent role in assessing the risk of colorectal
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cancer recurrence and death, and other studies have
also supported this conclusion. [38, 39] Interestingly, it
had been reported that the high value of RDW-CV
combined with CEA can be used as an effective
diagnostic indicator to screen the incidence of
colorectal cancer, [29] which suggested that we could
find more accurate evaluation factors for prognosis
through the combination of multiple indicators. By
drawing ROC curve, we found that when RDW-CV
and CEA jointly serve as evaluation indicators, their
common high value indicates that AUC area with
poor prognosis is larger, which meant the sensitivity
and specificity were more satisfactory. Although the
independent predictive ability of TNM staging was
stronger in the results, it could only be obtained by
experimental observation of the tumor after surgery.
But blood indicators such as RDW and CEA are easier
to obtain, cost less and can be monitored. Due to the
above analysis results, we believe that RDW-CV
combined with CEA was a more effective early
warning indicator for adverse prognosis.
Blood indicators can reflect the changes of
patients' whole body status, which is of great
significance to diagnosis, treatment and prognosis. In
addition, due to the convenience of testing,
preoperative detection and low cost, more and more
attention has been paid to blood markers for
colorectal cancer in recent years. [13, 40-42] There have
been a great number of previous studies on RDW in
colorectal cancers, however, their conclusions are
more inclined to the role of RDW in early cancer
screening or independent effect in prognosis. In our
current study, it had been found that the combined
evaluation of RDW and tumor marker CEA was a
more significant warning factor of prognosis. [29, 38, 39,
43-46] Although our study had reached certain
conclusions, there were still some defects, such as
small sample size, no survival time curve, and the
detection indicators were limited to the tumor
markers that have been applied in clinical practice. In
another later study, we hope to conduct a more
detailed analysis and proof by combining the data of
molecular
markers
in
tumor
tissues
by
immunohistochemistry and more indicators in serum.
In conclusion, according to the findings of our
report, we believe that RDW-CV has a suggestive
effect on the malignant degree of colorectal cancer and
the potential function to effectively predict the
prognostic risk is worthy of attention combined with
CEA. The changes in RDW-CV need to be noted in
clinical work, because they can be helpful for early
warning and follow-up monitoring of colorectal
cancers.
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Conclusion
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