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ABSTRACT
Objective: To investigate the prognostic effect of red distribution width (RDW) in patients with gastric cancer.
Study Design: Observational study.
Place and Duration of Study: Department of Surgical Oncology, Ankara University School of Medicine, between November
2010 and January 2020.
Methodology: Patients diagnosed with adenocarcinoma by biopsy, who underwent radical surgery and lymph node dissection,
and had preoperative RDW value,  were inducted.  Patients who had history of  active inflammation in the past  three months,
received treatment for hematology disorder, blood transfusion, malignancy other than gastric cancer, autoimmune disease,
venous thrombosis, or under 18 years of age, and those having cardiac and cerebrovascular diseases and distant metastases
were excluded from the study. Apart from diagnosis, preoperative blood values, clinicopathologial, demographic features, and
follow-up data were included in the study.
Results: RDW average value was 15.11 ± 2.87 and median value was 14.3%. For RDW cut off value, 13.4% was accepted as
reference from previous studies was divided into two groups as <13.4% and ≥13.4%. While it was <13.4% in 119
patients; in 292 patients, it was "≥13.4%". High RDW value showed poor survival (p<0.001).
Conclusion: RDW, the current hematological marker, can be used as an important indicator for monitoring the progression
and prognosis of gastric cancer.
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INTRODUCTION
Gastric cancer is still one of the most common cancers in the world
and is one of the leading causes of cancer-related death.1 Most
patients are diagnosed at an advanced stage and there is usually
distant metastasis at the time of diagnosis. The average 5-year
survival of these patients is around 10%. Improvement in survival is
observed due to improvement in diagnosis and treatment. Genetic
and environmental factors are important fisk factors in the develop-
ment of gastric cancer. In addition, inflammation has also been
shown to play a role in gastric cancer development. When it comes
to inflammation, factors such as cytokines, chronic irritation, infec-
tion, chemokines and epithelial dysfunction play a role.
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Although some of the most important prognostic factors in gastric
cancer are tumor stage and node status; in the early stages, there
may be patients with poor prognostic features. So, more parame-
ters  are  needed  for  prognosis.  Hematological  and  biochemical
parameters,  which  allow  the  prediction  of  prognosis  in  cancer
patients, have attracted attention in recent years. Some of these
are neutrophilic / lymphocyte ratio (NLR), CRP level, C-reactive
protein (CRP)-Albumin (Alb) ratio, albumin and globulin levels and
RDW.

RDW  is  one  of  the  routine  laboratory  parameters  along  the
complete blood count test, which shows the variability in the size
of circulating red blood cells.2 The size of the red blood cells is 6-8
micro meters in normal blood values, and their sizes vary in case of
inflammation and cancer. The increase in RDW had been previ-
ously  associated  with  anemia  (B12 deficiency,  iron  deficiency
anemia),3 and has been shown to be associated with inflamma-
tion, nutritional status, many types of cancer (gastrointestinal
tract, lung, breast, liver), and cardiovascular diseases in subse-
quent publications.4 The high RDW value has been shown to have
prognostic significance in many types of cancer.5 It has also been
shown that high RDW causes an increase in hospital mortality in
some studies.6
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The aim of this study was to investigate the prognostic effect of
RDW in patients with gastric cancer.

METHODOLOGY

Data of 411 patients, who underwent gastrectomy for gastric
cancer between November 2010 and January 2020 in Depart-
ment  of  Surgical  Oncology  Ankara  University  School  of
Medicine, were retrospectively analysed. All  patients under-
went  open/laparoscopic,  subtotal  or  total  gastrectomy  and
lymph node dissection. The inclusion criteria of the study were
patients who were diagnosed with adenocarcinoma by biopsy
and  underwent  radical  surgery  and  had  preoperative  RDW
value.

Patients  who had history of  active inflammation in  the past
three months, received treatment for hematology disorder, had
blood transfusion or malignancy other than gastric cancer or
autoimmune disease or venous thrombosis; under 18 years of
age,  had  cardiac  and  cerebrovascular  diseases  and  distant
metastases,  were  excluded  from the  study.  This  study  was
approved by the Ethical Committee of Ankara University School
of Medicine.

Apart from diagnosis, preoperative blood values, clinicopatholog-
ical demographic features, and follow-up data were evaluated for
the study. TNM stage was assessed according to the 8th edition,
American Joint Committee on Cancer TNM staging. Follow-up was
performed every three months for the first two years, every six
months for the next three years and every year for five years after
surgery. Workup included hematological and biochemical tests,
tumor markers, thoracoabdominopelvic computed tomography
(CT) or magnetic resonance imaging (MRI) and endoscopy. CT /
MRI was performed every six months in the first two years, and
every 12 months after two years and, endoscopy was performed
once a year. RDW results were obtained by using an automatic
hematological analyser within one hour after puncture from the
vein in the hospital (Beckman Coulter LH 750; USA). The reference
range of RDW in the hospital laboratory is 10 to 14%. RDW cut-off
value was divided into two groups as <13.4%, and >13.4% based
on the previous studies.7,8

SPSS 25.0 programme was used in the analysis of the data. As
descriptive,  mean  ±  standard  deviation  and  median  (25th

percentile-75th  percentile)  for  quantitative  variables  and
number  of  patients  (percent)  for  qualitative  variables  were
used. In the examination of a statistically significant difference
between the categories of a qualitative variable with two cate-
gories in terms of a quantitative variable, the Mann Whitney U-
test was used if the normal distribution assumption was not
met. In the examination of a statistically significant difference
between the categories of a qualitative variable with more than
two categories in terms of a quantitative variable, the Kruskal
Wallis H test used if the normal distribution assumption was not
met. The relationship between two quantitative variables was
analysed  using  the  Spearmen  correlation  coefficient  if  the
normal distribution assumption was not met. Kaplan-Meier anal-

ysis was used for calculating the overall survival and the log-
rank test to compare the survival rate curves. Statistical signifi-
cance level was taken as p <0.05.

RESULTS

All the 411 patients underwent gastrectomy for gastric cancer.
Two hundred and sixty-one (63.5%) patients were males and
150 (36.5%) were females. The mean and median values of the
patients' age were found to be 61.50 ± 12.98 and 62 years
(54.00-71.00),  respectively.  Patients  were  divided  into  two
groups as age groups ≤60 and >60. One hundred and eigh-
ty-five (45.0%) of the patients were ≤60, while 226 (54.9%) of
them were >60 years. A statistically significant borderline rela-
tionship was found between the two groups in terms of survival
(p=0.050). The tumor was located in the cardia in 117 patients,
in the corpus in 88 and in the antrum in 206. There was no signifi-
cant correlation between survival, according to tumor localisa-
tion (p=0.976). The average survival time of the patients is
28.03 (10.00-42.00) months and 205 of these patients survive.

One hundred and thirty-one (31.9%) patients had total open,
134  (32.6%)  had  subtotal  103  (25.1%)  had  laparoscopic
subtotal, and 43 (10.5%) had laparoscopic total gastrectomy.
The  relationship  between  type  of  surgical  procedure  and
survival  was  statistically  significant  (p=0.004).  The  worst
survival was found in laparoscopic total gastrectomy (38.95
months),  while  the  best  survival  was  seen  in  laparoscopic
subtotal gastrectomy (47.41 months). Sixty- four (15.6%) of
them were T1, 43 (10.5%) of them were T2, 130 (31.6%) of them
were T3, 174 (42.3%) of them were T4. There was statistically
significant difference between the groups in terms of survival
(p<0.001). Likewise, 148 of the patients were node negative
while 263 of them were node positive. Survival was statistically
significantly higher in patients with negative node (p <0.001).
According to stage grouping IA, IB, IIA, IIB, IIIA, IIIB, IIIC were 57,
36, 55, 45, 58, 71 and 89 patients, respectively, with a statisti-
cally significant relationship between the stage and survival (p
<0.001, Figure 1).

RDW average value was 15.11 ± 2.87 and median value was
14.3%. For RDW cut-off value, 13.4% was accepted as reference
from previous studies and it was divided into two groups as
<13.4% and ≥13.4%. While it was <13.4% in 119 patients; it
was  >13.4%  in  292  patients.  High  RDW  value  shows  poor
survival (p <0.001, Table I). Albumin value was examined in two
categories. There were 173 patients with ≤3.5g / dl and 238
patients with >3.5g/dl. It was found statistically significant that
hypoalbuminemia shows poor survival (p <0.001, Figure 2)

A statistically significant relationship was found between operation
type and RDW. RDW value (14.60) was found to be the highest in
patients  who  underwent  open  subtotal  gastrectomy,  while  the
RDW value was lowest in patients who underwent laparoscopic
total  gastrectomy  (14.00)  (p=0.001).  A  statistically  significant
difference was found between laparoscopic  subtotal-open total
gastrectomy (p=0.016) and laparoscopic subtotal-open subtotal
gastrectomy (p=0.002) in terms of RDW.
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Table I: Kaplan-Meier analysis results.

 
Variables

Survival  
3 years

(%) 5 years (%) 9 years
(%)

Survival time
p-valueMean

(months, 95% C.I)
Median

(months, 95% C.I)
Overall survival 88.8 65.7 25.9 54.30 (48.62-59.98) 33 (25.78-40.22) -

Gender
Male 48.9 41.7 31.3 54.82 (47.78-61.86) 35 (24.61-45.39)

0.640
Female 46.4 38.8 - 51.91 (44.06-59.76) 31 (21-41)

Location
Cardia 49.3 42.3 33.8 54.91 (45.38-64.45 35.00 (15.26-54.75

0.976Corpus 49.4 38.8 - 44.33 (36.45-52.21) 35.00 (19.34-50.66)
Antrum 46.5 40.3 - 46.66 (41.30-52.02 31.00 (23.33-38.67)

Surgical procedure

Open Total 40.6 36.4 25.9 46.41 (38.41-54.41) 23.00 (15.26-30.74)

0.004
Open Subtotal 43.9 37.2 - 44.49 (38.40-50.58) 29.00 (22.51-35.49)
Lap. Total 67.9 - - 38.95 (32.41-45.50) -
Lap. Subtotal 62.1 58.2 - 47.41 (40.93-53.88) -

T stage

1 76.4 65.3 - 76.88 (65.20-88.56) -

<0.001
2 64.2 51.4 51.4 69.53 (52.67-86.40) -
3 58.8 53.2 - 51.97 (45.74-58.20) -
4 28.4 22.3 - 34.08 (28.60-39.56) 20.00 (16.51-23.50)

N stage
Negative 74.4 65.0 65.0 79.74 (71.45-88.04) -

<0.001
Positive 34.5 28.3 - 39.27 (34.37-44.18) 22.00 (17.99-26.01)

Stage

1A 81.2 68.1 - 80.30 (68.15-92.44) -

<0.001

1B 75.6 64.8 64.8 79.89 (62.22-97.56)  
2A 61.3 58.2 - 51.27 (43.23-59.30) -
2B 49.8 46.0 - 42.32 (33.31-51.32) 35.00 (-)
3A 45.1 31.5 - 39.99 (30.97-49.00) 28.00 (14.38-41.62)
3B 29.0 24.7 - 34.64 (25.77-43.51) 16.00 (9.98-22.02)
3C 26.6 22.0 - 34.33 (26.70-41.97) 21.00 (15.30-26.70)

RDW
<13.4 78.4 74.7 - 83.71 (76.01-91.42) -

<0.001
≥13.4 36.7 28.4 14.2 41.20 (34.77-47.62) 22.00 (17.73-26.27)

Albumin
≤3.5 27.7 19.0 - 33.72 (28.08-39.36) 19.00 (15.77-22.27)

<0.001
>3.5 65.4 61.5 41.0 71.11 (61.86-80.36) 90.00 (20.40-159.60)

Age
≤60 53.1 44.7 29.8 57.82 (49.24-66.40) 38.00 (18.69-57.32)

0.050
>60 44.1 37.5 - 49.93 (43.58-56.29) 29.00 (20.27-37.73)

Yr: Year, Lap: Laparoscopic.

Table II: Mann-Whitney U-test and Kruskal-Wallis H-test analysis results.

Variables
RDW

p-value
Mean ±SD Median (25th percentile-75th percentile)

Location
Cardia 14.90±2.62 14.30 (13.20-15.60)

0.905bCorpus 15.27±3.19 14.30 (13.30-16.10)
Antrum 15.16±2.86 14.35 (13.20-16.10)

Surgical procedure

Open Total 15.35±2.93 14.60 (13.40-16.40)

0.001bOpen Subtotal 15.78±3.54 14.60 (13.40-17.45)
Lap. Total 14.22±1.35 14.00 (13.10-15.10)
Lap. Subtotal 14.32±1.87 13.70 (13.00-14.83)

T Stage

T1 14.81±3.14 13.85 (13.13-14.78)

0.038bT2 14.55±1.85 14.20 (13.20-15.10)
T3 14.96±2.89 14.25 (13.03-15.70)
T4 15.48±2.93 14.60 (13.30-16.50)

N status
Negative 14.61±2.31 14.00 (13.03-15.10)

0.006a

Positive 15.35±3.01 14.60 (13.30-16.20)

Stage

1A 14.39±2.42 13.70 (13.05-14.60)

0.032b

1B 15.13±3.22 14.25 (13.40-15.48)
2A 14.70±2.20 14.00 (13.00-16.00)
2B 15.27±2.56 14.70 (13.30-16.50)
3A 15.49±3.40 14.45 (13.00-16.48)
3B 15.97±3.53 15.00 (13.68-16.68)
3C 14.82±2.37 14.40 (13.13-15.90)

Albumin
≤3.5 16.20±3.26 15.30 (14.05-17.45)

<0.001a

>3.5 14.32±2.23 13.70 (13.00-14.90)

Age
≤60 14.71±2.68 14.00 (13.00-15.45)

<0.001a

>60 15.45±2.98 14.60 (13.60-16.30)

Stage
Early stage 14.82±2.56 14.00 (13.20-15.35)

0.042a

Advanced stage 15.37±3.10 14.60 (13.20-16.20)
a: Mann-whitney U-test, b: Kruskal-Wallis H-test.
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Figure 1: The KaplaN-Meier survival curve, according to procedure, T
stage, stage group, n stage.

Figure 2:  The Kaplan-Meier survival  curve according to RDW and
Albumin values.

It  was statistically shown that RDW increases as T stage
increases  (p=0.038).  Likewise,  RDW  in  node  negative
patients was shown to be statistically lower (p=0.006). As a
result,  the relation of RDW increase with advanced stage
was found to be statistically significant (p=0.032).

RDW value in patients with hypoalbuminemia was statistically
significantly  high  (p  <0.001).  According  to  the  age  group,
RDW value was significantly lower in the 60 years and under
groups (p <0.001). RDW value was found to increase with the
number of metastatic lymph nodes increases (r = 0.101 p =
0.040, Table II).

DISCUSSION

The issue that  draws attention in  recent  years  related to
cancer  is  the  cause  and  result  of  chronic  inflammation,  and
the  relationship  between  cancer  and  inflammation  has  been
examined. The relationship between cancer and inflammation
may be related to malnutrition, immune disorder, angiogen-
esis, platelet and cytokine activation. The carcinogenesis has
been  explained  by  the  inflammatory  response  and  was  first
introduced by Virchow in many articles.9 Studies show that
tumor-related inflammation and tumor-induced microenviron--

ment  plays  a  more  important  role  in  the  progression  of
cancer,  metastasis  and  clinical  prognosis.10  Inflammation
plays an important role in tumor pathogenesis. In addition,
hepatitis  is  associated  with  many  inflammatory  diseases
along with pancreatitis.11 RDW has gained increasing atten-
tion in recent years, for many malignancies. Especially, high
RDW value has been reported to be associated with survival
in many types of cancer (lung, gastric, esophagus, hepatocel-
lular, colorectal, breast).12-15 RDW shows the variability of red
blood cells (erythrocytes) and has been used in diagnosis and
differential  diagnosis  in  anemia,  infectious,  cardiovascular
diseases, trauma and many types of cancer.16 The high RDW
in cancer may be due to inflammation caused by cancer cells,
inhibition against erythropoietin, reduced iron release from
macrophages, shortening the life of the red blood cell, inac-
tive  red  cell  production  and  the  tumoral  microenviron-
ment.17,18  Apart  from  inflammation,  oxidative  stress  has  also
been  shown  to  disrupt  DNA  repair  and  increase  RDW.
However,  it  is  still  unclear  whether  RDW is  still  linked to
cancer-induced  inflammation,  tumor  size,  volume,  or  other
factors. RDW is not affected by gender, age, and hemoglobin
level. There was no statistical relationship between gender
and RDW (p=0.064), and it was found to be borderline signifi-
cant with age in the present study (p=0.05). According to
these  results,  when eliminating  other  factors  affecting  RDW,
the accuracy of the results of the study increases even more.
Being  an  easily  accessible  and  inexpensive  method  also
increases its applicability.

This study showed that preoperative high RDW value is associ-
ated with poor survival; and patients with high RDW values
should be paid more attention (p<0.001). In addition to these
findings,  RDW  value  was  high  in  patients  with  advanced  T
stage, node-positive status, advanced TNM stage, hypoalbu-
minemia,  over  60  years  old,  and  more  metastatic  lymph
nodes. These showed that RDW elevation can be used as an
indicator of malignant progression in gastric cancer and to
predict the survival rates of patients with gastric cancer.

There are studies in the literature that support the present
study and show that RDW value is a poor prognostic factor.12

The results similar to this study have been obtained in recent
studies. Hirahara et al. and Pan et al. showed that preopera-
tive RDW value is a poor prognostic factor in gastric cancer
patients.19,20  Preoperative  RDW  value  can  help  in  differenti-
ating  between gastric  cancers  and  intestinal  metaplasia.21

Shota et al. showed that postoperative RDW value is associ-
ated with survival.22 The postoperative RDW value was not
evaluated in this study. With new studies, correct predictions
can be made about the prognosis by looking at the postopera-
tive RDW value and other markers.

The RDW value can be used safely in predicting the prog-
nosis because it is cheap, fast and easily accessible. At the
same time, RDW elevation may also cause cardiovascular
disease  due  to  inflammation,  atherosclerosis  and  coagula-
tion. This should keep alert for postoperative complications.23
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It is known that preoperative nutritional status has an impor-
tant effect on the prognosis of the disease in gastric cancer.
It  was  revealed  that  preoperative  albumin  values  were
closely  related  to  prognosis  in  esophagogastric  junction
tumors in a study conducted by Han et al. 24 It was again
shown that preoperative nutritional status was associated
with survival in patients with gastric cancer in another study
and preoperative nutritional support should be given to the
patients who are required.25 It was statistically revealed that
low  preoperative  albumin  is  a  poor  prognostic  factor  in
patients with gastric cancer in this study (p <0.001). Since
RDW is known to be related to nutritional status, poor prog-
nostic relationship with RDW in present study may be due to
this situation.

The  fact  that  factors  such  as  sample  size,  exclusion  of
reasons that may increase the RDW value, age and gender
do  not  have  a  significant  relationship  with  the  RDW  value
increase the strength of this study.

There  are  some limitations  regarding  to  the  study.  It  is
primarily  a  retrospective  cohort  and  single-center  study.
Secondly, only the preoperative RDW value was used and
postoperative  RDW  value  could  be  included  in  the
study.  However,  the  RDW  cut-off  value  was  selected  as
13.4% for  some previous  studies,  and  there  is  no  stan-
dardization for all studies.

CONCLUSION

This study shows the prognostic value of preoperative RDW
level in patients with non-metastatic gastric cancer and it
has been proven that high RDW value is a poor prognostic
factor in gastric cancer. Thus, RDW will assist us in making
clinical  decisions  regarding gastric  cancer  outcomes.  The
fact that RDW is cheap, fast and easily accessible will also
provide convenience to the clinician. RDW value should be
supported by other markers in predicting prognosis and new
studies should focus on long-term results.
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