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Abstract: Background: Red blood cell distribution width (RDW), a parameter that has been generallypointed to differentiate the type of
anemia for several decades, which was also found to be a prognostic factor in various types of cancer patients, recent studies found.
However, the prognostic value of RDW in cancer patients remains controversial. Here, we performed the study to define the role of
RDW as prognostic factor in patients with solid malignancies. Methods: Complete blood count (CBC) were measured in 62 patients with
solid malignancies. In this cohort study, subjects was gathered from the period of January to December 2017 to define the subjects’
mortality. ROC curve was used to distinguish the cut off of RDW and analyses with Pearson’s χ2 test and Cox regression test. Results:
An amount of 13 (21%) male and 49 (79%) female patients was included into our study. Subjects’ mean age was 49.75±12.3 years old
andmean of RDW was 17.09±2.74%. Cervical cancer (19.4%), Nasopharyngeal cancer (17.7%) and Breast cancer (14.5%) were the
most types of solid malignancies were recorded. Of 62 patients, 37 (59.7%) patients died during the follow-up. Seen from theROC curve,
we found the cut off of RDW was 16.5% with area under the curve 0.94, RR value was 4.24 (p<0.001; 95%CI= 2.07-8.69) and Hazard
Ratio was 7.94(p<0.001; 95%CI= 3.24-9.45). Conclusions: RDW may predict the risk of mortality in patients with solid malignancies
and patients with higher RDW are more likely to have worse prognosis than those with lower RDW.
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1. Introduction
Canceris characterized by rapid progress and has became a
major cause of morbidity and mortality in most regions
worldwide. Over the past decades, the incidence of cancers
has been increasing worldwide. The absence of diagnostic
marker, along with increasing cancer incidence, altogether
making impact toward socio-economic matter. Because of
this, many study towards biomarkers was carried out to help
with prognosis of cancer.1-3
Red blood cell distribution width (RDW) is a parameter that
usually reported in a complete blood cell count panels that
contains RDW-SD (RDW standard deviation) and RDW-CV
(RDW coefficient of variation) value, and it reflects the size
heterogeneity of red blood cells. Its main clinical application
has been limited to the differential diagnosis of anemia. In
our study before, we investigated the role of RDW in
diagnosis of iron deficiency anemia.4
Recently, RDW has been considered as a inflammatory
associated marker, and emerging studies suggest its potential
factor for predicting overall mortality of various human
inflammatory diseases. Many studies have reported the
association between high RDW levels and increased
mortality in patients with cardiovascular disease,5 brain
vascular disease,6 strokes,7 septicemia,8 chronic obstructive
pulmonary disease,9 and hepatitis B.10 Elevated RDW values
were also shown to be associated with increased risk of
mortality in the general population.11
It is well known that cancer is both a cause and a result of
chronic inflammation. And it has been reported that the
RDW level of many patients with malignant tumors,
including solid malignancy, has been widely discussed,

proving that the RDW is correlated with the diagnosis,
staging and prognosis.12 Therefore, we hope to analyze the
relationship between RDW and solid malignancy through
the following this study and explore its potency for
becoming an effective, nouveau prognostic indicator in
patients with solid malignancy.

2. Materials and Methods
Our cohort study was consisted of population of patients
presenting to Sanglah Hospital (Denpasar, Bali, Indonesia)
between January 2017 and December 2017 for the
evaluation and management of solid malignancy in internal
medicine department. Patients with a histologically
confirmed diagnosis of solid malignancy were included. We
excluded were patients with inflammatory conditions such
as infections or immune disease, cardiovascular disease,
cerebrovascular disease, or COPD.
Blood samples were collected from all patients using routine
methods at the time we found the eligible patient. This study
was conducted in conformity with the Declaration of
Helsinki on medical protocol and ethics, and the regional
Ethical Review Board of Sanglah Hospital approved the
study.Written informed consent was obtained from all
participants.
Blood parameters from the CBC including white blood cells
(WBCs), platelets (Plts), hemoglobin, mean cell volume
(MCV), and RDW were analyzed with an automated
hematology analyzer XE-2100 (Sysmex Corp, Kobe, Japan).
The normal range of RDW obtained from the CBC in
general and in our laboratory was 11.5%–15%. All included
patients were followed at 3-month intervals after the last
therapy or until death. Overall survival (OS) was defined as
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the intervals from the date of diagnosis was declared to the
date of disease recurrence, death, or last follow-up.
The data are reported as number (%) and mean±standard
deviation. Shapiro–Wilk goodness of t tests used to assessed
the normality. We used ROC curve to define the cut-off of
RDW and The Pearson’s χ2 test was utilized to calculate the
associations between RDW and clinical parameters. Value
of P<0.05 was considered statistically significant.

3. Results
A total of 62 eligible solid malignancies patients were
enrolled. Thecharacteristics of the patients are outlined in
table 1. The mean age was 49.75±12.3 (range: 19–79) years
at the time of diagnosis. We found 13 (21%) male patients
and 49 (79%) female patients.
Table 1: Characteristics of the patients
Variable
Age (year) mean±SD
Gender
Male (%)
Female (%)
Type of Malignancies
Cervical Ca (%)
Nasopharyngeal Ca (%)
Breast Ca (%)
Colon Ca (%)
Ovarium Ca (%)
Lung Ca (%)
Others (%)
Karnofsky Score
50 (%)
60 (%)
70 (%)
80 (%)
Stadium of Cancer
I
II
III
IV
Complete Blood Count
Hb (g/dL) mean±SD
MCV (fL) mean±SD
MCH (Pg) mean±SD
MCHC (g/dL) mean±SD
RDW-CV (%) mean±SD
WBCs (103/μl) mean±SD
Plts (103/μl) mean±SD

Total Patient (n=62)
49.75±12.3
13(21%)
49(79%)
12 (19,4%)
11 (17,7%)
9 (14,5%)
8 (12,9%)
8 (12,9%)
5 (8,06%)
9 (14,5%)
4 (6,5%)
24 (38,7%)
30 (48,4%)
4 (6,5%)
1 (1,6%)
6 (9,7%)
16 (25,8%)
39 (62,9%)
7.66±1.49
85.94±10.21
27.20±3.90
31.58±1.73
17.08±2.74
12.87±14.17
330.55±168.59

Abbreviations: Ca, cancer; Hb, hemoglobin; MCV, mean
cell volume; MCH, mean cell hemoglobin; MCHC, mean
corpuscular hemoglobin concentration; RDW-CV, Red
blood cell distribution width coefficient of variation; WBCs,
white blood cells; Plts, platelets.
During the follow-up, maximum until 3 month after last
therapy (chemotherapy or radiotherapy), we found from 62
patients, 37 (59.7%) patients were died. From the ROC
curve (fig. 1), we found that area under the curve was 0.94
(95%CI 0.88-0.99) with cut offof RDW was 16.5%. With
this cut off, we made 2 by 2 table (table 2) and found RR
value was 4.24 (p<0.001; 95%CI= 2.07-8.69).

Figure 1: ROC Curve
Table 2: Two by two table
Cut off RDW
RDW > 16.5%
RDW ≤ 16.5%
Total

Patient Condition
Died
Alive
30
3
7
22
37
25

Total
33
29
62

From the Cox regression test, we found the Hazard Ratio
was 7.94 (p<0.001; 95%CI= 3.24-9.45).

4. Discussion
Red cell distribution width (RDW) is a widely available by
the vast majority of automated analysts. Reflecting the size
heterogeneity of the circuiting erythrocytes, higher RDW
values are suggestive of increased variation of red cell
volumes (anisocytosis). Until recently, RDW had been a
typically overlooked erythrocyte parameter, however, recent
studies have clearly demonstrated that RDW is a reliable
biomarker of cardiovascular morbidity and mortality, as well
as an indicator of active, acute or chronic inflammatory
conditions, such as infections and auto-immune diseases,
since RDW is an early detector of iron deficiency anemia,
impaired iron mobilization, increased oxidative stress status
and its elevation has been firmly associated with elevation of
other inflammation markers, such as C-reactive protein,
Interleukin-6 and Tumor Necrosis Factor-a.13,14
Despite the great number of published studies evaluated the
clinical significance of RDW as a prognostic factor in
patients with impaired cardio metabolic function and active
inflammation, extremely limited data exists concerning the
capability of RDW as a biomarker of prognostic factor in
solid malignancies. Our preliminary results demonstrated
that elevated RDW could be helpful in the differential
diagnosis of iron deficiency anemia and anemia on chronic
disease, being significantly higher in the group of patients
with iron deficiency anemia.15
In this study, we found a positive correlation between RDW
and solid malignancies mortality, with higher RDW
associated with increased risk of solid malignancies
mortality, showed RDW may be used to predict the
mortality of tumor and the risk assessment of tumor patients.
Analysis suggested that higher RDW correlated with
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increased risk of hospital mortality. Similar trends could also
be observed in the model adjusted for a greater number of
characteristics, suggesting that RDW may be an effective
tumor prognostic factor. Although several previous studies
suggested that RDW was associated with mortality in
various cancers,14-18 evidence to solidify the relationship
remains uncommon. Moreover, most studies only
demonstrated associations between the RDW and a single
type of cancer; the relationship between RDW and allcombined cancer mortality remains unclear, and the role of
RDW in tumor short-term prognosis is also very vague.
Therefore, we evaluated the relationship between RDW and
all-solid tumor mortality and proved the effect of RDW in
tumor short-term prognosis.19
In this study, we found the cut off RDW was 16.5%. This
cut off was near similar with the study by Julia Riedl et al.
(2014), which is the cut off RDW was 16% to predict the
mortality of cancer. In this study, the AUC of ROC was
0.94, which may be considered a high value. The AUC can
be thought of as an indicator of overall ‘accuracy.’ A major
practical fault of the AUC as an index of diagnostic
performance is that it summarises the entire ROC curve,
including regions that are frequently irrelevant to practical
applications.20-21
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Nonetheless, there were several limitations of present study.
Firstly, the sample size is relatively small and the findings
could be from chance. Secondly, this is an observational
study and so still there could be residual confounding
factors. Further study is needed to examine the role of the
RDW in predicting the clinical outcomes in a large sample
size and long-term follow-up.

[10]

5. Conclusions
In summary, our study revealed a potential RDW value to
predict the risk of mortality in patients with solid
malignancies and patients with higher RDW are more likely
to have poorer prognosis than those with lower RDW.
Because CBC can routinely examine RDW values, this
relatively inexpensive and easily available parameter may be
used as a new marker to aid in the treatment and prognosis
of solid malignancies. Better-designed studies in the future
should be performed to further confirm the value of
monitoring RDW.
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