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Abstract

BACKGROUND

Previous studies have reported that low hematocrit levels indicate poor survival in
patients with ovarian cancer and cervical cancer, the prognostic value of hematocrit for
colorectal cancer (CRC) patients has not been determined. The prognostic value of red

blood cell distribution width (RDW) for CRC patients was controversial.

AIM
To investigate the impact of RDW and hematocrit on the short-term outcomes and long-

term prognosis of CRC patients who underwent radical surgery.

METHODS

Patients who were diagnosed with CRC and underwent radical CRC resection between
January 2011 and January 2020 at a single clinical center were included. The short-term
outcomes, overall survival (OS) and disease-free survival (DFS) were compared among

the different groups. Cox analysis was also conducted to identify independent risk

factors for OS and DFS.

RESULTS

There were 4258 CRC patients who underwent radical surgery included in our study. A
total of 1573 patients were in the lower RDW group and 2685 patients were in the
higher RDW group. There were 2166 and 2092 patients in the higher hematocrit group
and lower hematocrit group, respectively. Patients in the higher RDW group had more
intraoperative blood loss (P < 0.01) and more overall complications (P < 0.01) than did
those in the lower RDW group. Similarly, patients in the lower hematocrit group had
more intraoperative blood loss (P = 0.012), longer hospital stay (P = 0.016) and overall
complications (P < 0.01) than did those in the higher hematocrit group. The higher
RDW group had a worse OS and DFS than did the lower RDW group for tumor node
metastasis (TNM) stage I (OS, P < 0.05; DFS, P = 0.001) and stage II (OS, P = 0.004; DFS,
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P = 0.01) than the lower RDW group; the lower hematocrit group had worse OS and
DFS for TNM stage II (OS, P < 0.05; DFS, P = 0.001) and stage III (OS, P = 0.001; DFS, P =
0.001) than did the higher hematocrit group. Preoperative hematocrit was an
independent risk factor for OS [P = 0.017, hazard ratio (HR) = 1.256, 95% confidence
interval (CI): 1.041-1.515] and DFS (P = 0.035, HR =1.194, 95% CI: 1.013-1.408).

CONCLUSION
A higher preoperative RDW and lower hematocrit were associated with more
postoperative complications. However, only hematocrit was an independent risk factor

for OS and DFS in CRC patients who underwent radical surgery, while RDW was not.
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Core Tip: This was the first study to show that low hematocrit could predict worse
overall survival and disease-free survival in colorectal cancer (CRC) patients who
underwent radical surgery. This study investigated the association between red blood
cell distribution width (RDW) or hematocrit and short-term outcomes in CRC patients,
which has rarely been reported previously. In conclusion, a preoperative higher RDW

and lower hematocrit were associated with more postoperative complications.

INTRODUCTION

According to global cancer statistics(!], there were approximately 1.93 million new cases
and 0.94 million deaths from colorectal cancer (CRC) worldwide in 2020, and the

incidence of this disease was estimated to increase in the next decadel>®l; additionally,
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CRC will impose a heavy burden on the economyll. Radical surgery is the most
important treatment for CRC patientsl57;, however, many patients suffer from
postoperative complications and reoccurrence after surgery. To improve the prognosis
of CRC patients after surgery, various risk factors for postoperative complications and
long-term prognosis have been were identified!®°l. Many hematological indicators, such
as hemoglobin/'®1], platelet counts!'>13], and the neutrophil-to-lymphocyte ratiol'415],
have also been identified because of the convenience of easy access and low cost.

The red blood cell distribution width (RDW) reflects the degree of variation in
erythrocyte volume and is usually used to identify different types of anemiall617].
Several studies have demonstrated that RDW plays a diagnostic role in CRC patientsl1$-
2, moreover, many scholars have found that a high RDW is a negative predictor of
overall survival (OS) and disease-free survival (DFS) independentlyl?-%l. The
underlying mechanisms are mainly associated with tumor-related chronic inflammation
and malnutrition, which accelerate tumor progression while affecting iron metabolism
and suppressing the production of red blood cells, further leading to a high RDW.
However, a previous study showed the opposite results: RDW was not an independent
risk factorl26l. As a result, the prognostic value of RDW for CRC patients is
controversial. In addition, few studies have focused on the impact of RDW on the short-
term outcomes in CRC patients after radical surgery!?7..

Since tumor-related chronic inflammation could lead to high RDWs, we suspected
that hematocrit, another indicator of anemia, might also be related to the prognosis of
CRC patients. Although previous studies have reported that low hematocrit levels
indicate poor survival in patients with ovarian cancer®l and cervical cancer®], the
prog&ostic value of hematocrit for CRC patients has not been determined. Therefore,
this study was to explore the effect of RDW and hematocrit on the outcomes of CRC

patients who underwent radical surgery.

MATERIALS AND METHODS

Patients
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Patients who were diagnosed with CRC and underwent radical CRC resection were
included from January 2011 to January 2020 in our single clinical center. The study was
approved by the ethics committee of the First Affiliated Hospital of Chongqing Medical
University (2022-K205), and all patients signed informed consent forms. This study was
conducted in accordance with the World Medical Association Declaration of Helsinki as

well.

Inclusion and exclusion criteria

CRC patients who underwent radical CRC surgery were included (n = 5473). The
exclusion criteria were as follows: (1) Non-R0 surgery (1 = 25); (2) Incomplete clinical
data (n = 849); (3) Incomplete RDW or hematocrit (n = 340); and (4) Patients with
preoperative chemotherapy or radiotherapy (n = 41). Finally, a total of 4258 CRC

patients were included in this study (Figure 1).

Data collection

The baseline characteristics collected were as follows: Age, sex, body mass index (BMI),
smoking, drinking, hypertension, type 2 diabetes mellitus (T2DM), coronary heart
disease (CHD), surgical method, tumor location, tumor node metastasis (TNM) stage
and tumor size. The short-term outcomes included operation time, intra-operative
blood loss, postoperative hospital stay, overall complications and major complications.
The long-term prognosis was estimated by OS and DFS. All the data were collected

from electronic medical record system, outpatient visit and telephone interviews.

Definitions

Based on the AJCC 8™ Edition, we identified the TNM stagel®l. The postoperative
complications were classified on the basis of the Clavien-Dindol3!! classification and
major complications were = grade III. OS was defined as the time from surgery to death
or lost follow-up and DFS was calculated from the date of surgery to the date of

recurrence or death.
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Treatment and follow-up
All patients underwent radical surgery according to standard principles and RO
resection was confirmed by pathology. Patients were regularly followed up every six

months in the first three years and every year in the next years.

Optimal cut-off and groups

The RDW and hematocrit were tested within a week before surgery. The value of RDW
and hematocrit was expressed as a percentage. We used X-tile software to identify the
optimal cut-offl32l. The optimal cut-off values for RDW and hematocrit were 14.4 and
37.7, respectively. Accordingly, patients were divided into the higher RDW group
(RDW > 14.4) and the lower RDW group (RDW < 14.4) as well as the higher hematocrit

group (hematocrit > 37.7) and the lower hematocrit group (hematocrit < 37.7).

Statistical analysis

An independent-sample t-test was used to compare the difference continuous variables
that were expressed as the mean + SD. y? tests or Fisher’s exact tests were used for
categorical variables that were expressed as absolute values and percentages. Based on
the Kaplan-Meier method, we estimated OS and DFS. In order to compare the OS and
DFS between the different groups at different tumor stages, we used log-rank test. To
determine independent risk factors for overall complications, logistic regression
analysis was conducted. Analysis of Cox regression was conducted to identify
independent risk factors for OS and DFS. Statistical significance was determined by a

bilateral P value less than 0.05 using SPSS (version 22.0).

RESULTS
Patients
There were 4258 CRC patients who underwent radical surgery included in our study.

Patients were divided into different groups according to the optimal cutoff values for
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RDW and hematocrit. There were 1573 patients in the lower RDW group and 2685
patients in the higher RDW group. The higher RDW group was older (P < 0.01), more
likely to be felyle (P < 0.01), had a lower BMI (P < 0.01), a lower percentage of alcohol
consumption (P < 0.01), a higher incidence of T2DM (P = 0.035) and CHD (P <0.01), and
a greater incidence of open surgery (P < 0.01), colon cancer (P < 0.01), TNM stage II (P <
0.01), TNM stage IV (P < 0.01), and tumor size =5 cm (P < 0.01) (Table 1).

After grouping patients according to hematocrit, there were respectively 2166 and
2092 patients in the higher hematocrit group and lower hematocrit group, respectively.
The lower hematocrit up was older (P < 0.01); was more likely to be female (P <
0.01); had a lower BMI (P < 0.01); had a lower rate of smoking (P < 0.01) and drinking (P
< 0.01), and had a higher incidence of T2DM (P < 0.01), CHD (P < 0.01), open surgery (P
< 0.01), colon cancer (P < 0.01), or TNM stage II-IV (P < 0.01) (Table 2).

Short-term outcomes

Patients in the higher RDW group had greater intraoperative blood loss (P < 0.01) and
more overall complications (P < 0.01) than did those in the lower W group.
Similarly, patients in the lower hematocrit group had more intraoperative blood loss (P
= 0.012), longer hospital stays (P = 0.016) and more overall complications (P < 0.01) than
did those in the higher hematocrit group (Tables 1 and 2).

Multivariate logistic regression analysis of the overall complications showed that age
[P < 0.01, odds ratio (OR) = 1.018, 95% confidence interval (CI): 1.011-1.025], T2DM (P =
0.018, OR = 1.297, 95%CI: 1.045-1.610), smoking (P = 0.004, OR = 1.255, 95%CI: 1.075-
1.464), and open surgery (P < 0.01, OR = 2.056, 95%CI: 1.691-2.500) were independent
risk factors. However, RDW (P > 0.05) and hematocrit (P > 0.05) were not identified as

independent indicators of overall complications (Table 3).
Kaplan-Meier curves for patients in different tumor stages

By observing OS and DFS, the median follow-up time was 35 (1-114) months.
Comparing OS and DFS between the higher RDW group and the lower RDW group as
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well as between the higher hematocrit group and the lower hematocrit group at
different TNM stages. The results showed that the higher RDW group_had worse OS
(Figure 2) and DFS (Figure 3) than did the lower RDW group for TNM stage I (OS, P <
0.05; DES, P = 0.001) and stage II (OS, P = 0.004; DES, P = 0.01); moreover, the lower
RDW group; the logwer hematocrit group had worse OS (Figure 4) and DFS (Figure 5)
for TNM stage II (OS, P < 0.05; DFS, P = 0.001) and stage III (OS, P = 0.001; DFS, P =
0.001) than did the higher hematocrit group.

Analysis of Cox regression for OS and DFS

o determine independent risk factors for OS and DFS, Cox analysis was conducted.
Independent risk factors for OS included age [P < 0.01, hazard ratio (HR) = 1.038,

%CI: 1.030-1.046], tumor stage (P < 0.01, HR = 2167, 95%CI: 1.943-2.416), tumor size
(P = 0.014, HR = 1.235, 95%CI: 1.044-1.459), preoperative hematocrit (P = 0.017, HR =
1.256, 95% CI: 1.041-1.515) and overall complications (P < 0.01, HR =1.608, 95%CI: 1.357-
1.904) ; Independent risk factors for DFS included age (P < 0.01, HR = 1.027, 95%CI:
1.020-1.033), _tumor stage (P < 0.01, HR = 2.093, 95%CIL: 1.900-2.307), preoperative
hematocrit (P = 0.035, HR = 1.194, 95%CI: 1.013-1.408) and overall complications (P <
0.01, HR = 1.510, 95%CI: 1.293-1.763). However, RDW was not an independent risk
factor for OS (P = 0.396) or DFS (P = 0.308) (Tables 4 and 5).

DISCUSSION
In this retrospective study, 4258 CRC patients who underwent radical surgery were
divided into different groups according to the optimal cutoff values for RDW and
hematocrit. The prognostic value of the RDM and hematocrit for the short-term
outcomes and prognosis (including OS and DFS) was investigated.

In terms of short-term outcomes, previous studies have reported that RDW and
hematocrit could predict postoperative complications in brain surgery!®l, cardiac
surgeryl335] and so on, but few studies have focused on CRC patients. In our study, we

found that a higher RDW and lower hematocrit were associated with greater
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intraoperative blood loss and more postoperative complications. Nevertheless, neither
RDW nor hematocrit was an independent risk factor for overall complications.
However, further studies are needed to validate the roles of RDW and hematocrit in
determining surgical complications in CRC patients.

Many studies have shown that RDW is a predictor of the long-term prognosis of CRC
patients. Several researchers have conducted a propensity matching score of 5135 CRC
patients and found that patients with higher RDWs had worse OS and DFSI21l.
However, the study enrolled only patients with TNM stage I-II disease, and
multivariate analysis was lacking. One study reported that RDW was a negative
predictor of OS and DFS in patients with TNM stage I-1II diseasel??], and another study
reported that found preoperative RDW could predict the OS24, however, the sample
sizes of these studies were relatively small, and many confounding factors, such as
T2DM and CHD, were missed, which might cause bias. Furthermore, a study of 591
patients revealed that a higher RDW was associated with worse OS in patients with
TNM stage I disease; however, RDW was not an independent risk factor(23.

Most studies have attributed the prognostic value of RDW to tumor-related chronic
inflammationl?367]. Tumor development of tumor, reoccurrence, and metastasis have
been shown to interact with the systemic inflammatory responsel®!, and the latter is
associated with overproduction of cytokines such as interleukins and tumor necrosis
factor, which might influence iron metabolism and suppress the production of red
blood cellsP9l. Thus, RDW might represent systemic inflammation and tumor burden. In
our study, although the higher RDW group had significantly worse OS and DFS than
did the lower RDW group for TNM stage I and stage II disease, RDW could not predict
the OS or DFS independently, which was similar to the conclusion conclusions of
previous studiesl26l,

In contrast, we found that low hematocrit could predict worse OS and DFS in CRC
patients after radical surgery. In our study, patients with stage II-1II disease were more
likely to have worse OS and DFS. The predictive value of hematocrit has been reported

for gynaecological tumours(?$2°l and renal carcinomal®l, but the underlying mechanism
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has remained unclear. The hematocrit was used to measure the volume of red blood
cells in whole blood and estimate the oxygen-carrying ability of blood, and a lower
hematocrit often indicated anemia. It was also demonstrated that anemia was
associated with worse survival in CRC patients after surgeryl4!42l because anemia could
cause hypoxia, which might promote tumor development!*3l. Moreover, the relationship
between anemia and tumor-related chronic inflammation, as mentioned above, might
further explain the prognostic value of hematocrit.

Interestingly, although both RDW and hematocrit are hematocrit were erythrocyte-
related parameters and reflect the status of anemia, we found that hematocrit was an
independent risk factor for OS and DFS, while RDW was not. In addition to the bias
caused by our research design, there might be several unknown mechanisms that need
to be further investigated.

To our knowledge, this was the first study to show that low hematocrit could predict
worse OS and DFS in CRC patients after radical surgery. A relatively large sample size
of 4258 patients were included in this study. Moreover, we investigated the association
between RDW or hematocrit and short-term outcomes in CRC patients, which has
rarely been reported previously. This study has several limitations. First, the
retrospective nature of this single-center study might cause inaccurate baseline
information and bias. Second, chemotherapy information was lacking for TNM III-IV
patients, which might affect the analysis of the survival. Therefore, there is a need for
multicenter prospective studies to further examine the prognostic role of RDW and

hematocrit.

CONCLUSION

In conclusion, a preoperative higher RDW and lower hematocrit were associated with
more postoperative complications. However, only hematocrit was an independent risk
factor for OS and DFS in CRC patients who underwent radical surgery, while RDW was

not.
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