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Background: The Red cell distribution width (RDW) shows a significant increase both
in the hepatitis C virus (HCV) infection and hepatocellular carcinoma (HCC).
Treatment of HCV has changed following the introduction of direct-acting antivirals
(DAAs) with a higher sustained virological response rate (SVR). However, HCC is still
developed after DAAs therapy. Aim: The study aimed to assess the changes of RDW
in HCC patients with HCV viremia and after SVR12 to DAAs. Methods: This work is
based on a retrospective cohort study including 120 patients allocated into 3 groups,
40 / each. Group 1: patients with HCV-related liver cirrhosis without HCC and not
treated with DAAs, group 2: patients with liver cirrhosis and HCC without DAAs and
group 3: patients with liver cirrhosis and developed HCC following SVR12 to DAAs.
Liver profile, International Normalized Ratio (INR) and creatinine indices were
measured with an assessment of Child class CBC for measurement of RDW and
RDW/Platelet ratio (RPR) were done. Results: The red distribution width (RDW) was
mildly elevated in group 3 compared to group 2. The ratio of RDW/Platelet was
almost similar in group 2 and group 3. RDW increased in group 3 relative to group 2
in all Child classes with a significantly higher level in Child A and B. Conclusion:
Clearance of HCV following DAAs did not have a major impact on RDW in HCC
patients after DAAs therapy which is not different from viremic patients with HCC.
Keywords: Red cell distribution width; Red cell distribution width/platelet ratio;
Direct Acting-Antivirals; Hepatitis C virus
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INTRODUCTION
Chronic hepatitis C virus (HCV) is a major cause
of liver-related mortality worldwide since it is a
key risk factor for the progression of the liver
cirrhosis and hepatocellular carcinoma (HCC)
(European Association for Study of liver 2014).
Hepatocellular carcinoma (HCC) is ranked as the
6th most common cancer disease worldwide and
as the second principal cause of cancer-linked
deaths approximately 9% of cancer deaths
(Rawla., et al.2018). In HCC patients, prognostic
factors are influential in the treatment plan
selection of most patients with this type of
cancer. Therefore, a multi-marker approach
used in combinations represents an effective
way for HCC assessment and is of great value for

exploring management options (Goyal and Hu
2017).
Red blood cell distribution width (RDW) is a
simple, economical, automatically reported, yet
largely overlooked blood test parameter; it
reflects the degree of red blood cell size
heterogeneity "anisocytosis" in peripheral
blood (Salvagno., et al. 2015). Normal reference
range of RDW is 11.0% to 14.0% (Wang., et al.
2016) It is mainly used to help in identifying the
cause of anemia (Lippi and Plebani 2014).
Recent studies highlight its importance making
RDW assessment crucial far beyond just
differentiation of types of anemia (Salvagno., et
al. 2015). Accumulating evidence has shown
that RDW can be used as an inflammatory
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biomarker in various diseases including
cardiovascular diseases (Uyarel., et al. 2012),
acute and chronic kidney diseases (Ku., et al.
2012), chronic obstructive pulmonary diseases
(Balta., et al. 2014). and critically ill patients
(Purtle., et al. 2014). Additionally, RDW has a
clinical significance in cancer as assessment
disease severity in both liquid and solid
malignancies. This relation is based on the fact
that disease conditions cause an interacting
clinical, biochemical and nutritional imbalance
that impact the red cell population dynamics
and survival (e.g production, maturation, and
turnover). The RDW mirrors this deregulation of
erythrocyte homeostasis (Goyal and Hu 2017).
Concerning liver disease association to RDW, it
was found to be related to disease severity and
level of fibrosis in liver cirrhosis of hepatitis C
and in hepatocellular carcinoma (Goyal and Hu
2017). The ratio of RDW to platelet (RPR) as well
can be used as a predictor of fibrosis and
cirrhosis in patients with chronic hepatitis
(Wang., et al. 2016). Moreover, it has shown a
higher accuracy compared to the RDW and
MELD score (Taefi., et al. 2015).
The RPR values are considerably elevated in
chronic HCV patients and can be utilized to
predict advanced damage in liver histology
(Karagöz., et al. 2016). However, Thandassery
et al. reported that the PRP index showed low
predictive accuracy to fibrosis by liver biopsy in
chronic HCV (Thandassery., et al. 2016).
Inflammation in chronic HCV infection may
contribute to increased RDW by inhibiting the
response to erythropoietin or the production of
erythropoietin and reducing RBC survival. Thus,
higher RDW levels are related to increased RBC
destruction or ineffective production (Lou., et
al. 2012).
Treatment of HCV has been changed following
the introduction of direct-acting antivirals
(DAAs) with the achievement of high sustained
virological response (SVR) reaching 90 - 100%
(Falade-Nwulia.,
et al. 2017). Thus, the
hypothesis is that following DAAs therapy,
inflammatory reaction induced by HCV viremia
will improve following clearance of the virus and
obtaining higher SVR12. This would result in
lower RDW in patients with HCC who received
DAAs and cleared the viremia in a comparison
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with HCC who did not receive DAAs with
persistent viremia. However, the changes of
RDW and RPR values in case of HCC patients in
the presence and the absence of HCV following
antiviral therapy has not been well-defined i.e
whether RDW values changes in association
with persistent or absence of viral infection in
HCC.

PATIENTS AND METHODS
Patients

In this cross-sectional study, patients were
recruited from Tropical Medicine and
Gastroenterology Department, at Al-Rajhi Liver
University Hospital and Medical Oncology
department South Egypt Cancer Institute during
the period from January 2019 to January 2020.
They were divided into three groups; the first
group included patients with HCV-related liver
cirrhosis not treated with DAAs and did not have
HCC. The second group; patients with HCVrelated liver cirrhosis and HCC but did not
receive DAAs (HCC with viremia). The third
group included patients with HCV-related liver
cirrhosis and developed de novo HCC following
treatment with DAAs with SVR12 (HCC without
viremia).
Patient's exclusion criteria included factors that
may affect RDW level; autoimmune, renal,
hematological disorders, chronic obstructive
lung diseases, Diabetes mellitus, chronic
infections and hypertension. Patients with
active bleeding or received blood transfusion
four months prior to admission were also
excluded.
Methods
Full clinical history and clinical examination
were done for all patients. Hematological
parameters were obtained for complete blood
picture "CBC" using automatic cell counter
"ADVIA® 2120i hematology System". The
evaluated parameters included; white blood
cell count (WBC), hemoglobin (Hb), platelet
count (PLT), RDW and RDW/PLT ratio. The INR
levels were also estimated. Biochemical
parameters were done and included complete
liver profile and serum creatinine indices.
Assessment for the severity of liver disease was
done by Child-Pugh and MELD scores. The
diagnosis of HCC was based on abdominal
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ultrasound and typical criteria on multislice
triphasic CT (MSCT) abdomen. Written
informed consent was obtained from all
patients before the participation of any
investigation.
Ethical consideration
Written informed consent was obtained from all
patients before the beginning of the study. The
study was conducted following the provisions of
the Declaration of Helsinki and was approved by
the Ethical Committee of Faculty of Medicine,
Assiut University.
Statistical analysis
Data entry and analysis were done using
computerized SPSS version 21 (Statistical
Package for Social Science). Data were
presented as a number, mean and standard
deviation. A chi-square test was used to
compare qualitative variables such as sex and
Child class. Mann-Whitney test was used to
compare quantitative variables between
groups. Correlation between RDW and
RDW/PLT ratio with Child and MELD scores was
done using the Pearson coefficient. P-value was
considered statistically significant when P <
0.05.

RESULTS
The demographic data of the 3 groups of
patients (120 patients) are shown in Table 1 and
the majority of them were males (p= 0.009). The
laboratory data of the biochemical analysis of
the liver profile tests, creatinine, INR, child class
and MELD score were not significantly different
except for child class (p<0.000) and albumin
(p<0.000) level, which was elevated in group 3
who received DAAs. In addition, patients in
group 3 showed not only elevated ALT and AST
serum levels but also RBCs count (p=0.004)
compared to group 2 (Table 2).
RDW was relatively elevated in group 3 with
HCC who received DAAs compared to group 1
and group 2 who did not receive DAAs (13.8 ±
2.5 vs 13.6 ± 2.3 and 12.7 ± 1.8), respectively
(p=0.020) but this measure is still within the
normal value. On the other side, RPR was
decreased in group 1 (0.12 ± 0.04) but did not
show a significant difference versus group 2 and
group 3 (0.14 ± 0.07 vs 0.13 ± 0.09).
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The relation between RDW and the severity of
cirrhosis in terms of Child-Pugh scores showed
that RDW was increased in patients with HCC
with viremia relative to HCC without viremia.
This increase was shown in all Child classes with
statistical significance in Child class A and B (p=
0.012 and 0.009, respectively). In contradictory,
RPR did not show significant changes in Child
class A and B in both groups of HCC with a more
elevated level in Child C in HCC without viremia
(Table 3). Meanwhile, elevated RPR level in
Child C was observed in HCC group with SVR to
DAAs (Table 3). Correlation between both RDW
and RPR with other variables in groups 2 and 3
as shown in Tables 4 and 5 revealed that they
were negatively correlated with hemoglobin
level in group 3 (p=0.046). In group 2, RDW was
positively correlated with bilirubin level, AST
and MELD score but negatively correlated with
albumin level. However, in group 3, there was a
negative correlation with albumin.

DISCUSSION
The RDW value elevated when there is an
increased RBC destruction or more commonly,
ineffective production. These conditions are
often present in patients with liver diseases, and
correlated to the severity of the disease, and are
associated with a worse prognosis (Lippi., et al.
2017). In a recent study, it was found that there
is a significant increase in the RDW values of
patients with anti-HCV positive. However, there
was no comparison with patients treated with
DAAs (Karabulut., et al.2019).
Persistence of HCV induces different innate and
adaptive immune responses including a varied
range of inflammatory cells and cytokines
resulting in sustained inflammation and
consequent liver injury and HCC (Baskic., et al.
2017). These inflammatory cytokines can cause
impairment in RBC maturation, thus an increase
in the heterogeneity of RBCs and a decrease in
their half-life time (Chen., et al. 2013). As well
established now, continuous injury to the liver
parenchyma by chronic HCV is accompanied by
the release of pro-inflammatory cytokines as
interleukin-6 (IL-6) and tumor necrosis factoralpha (TNF-α). IL-6 constrains erythropoietin
(EPO) production and downregulates its
receptor, eventually impairing erythropoiesis
and producing anisocytosis (Perlstein., et al.
2009).
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Table 1. The demographic data, biochemical parameters, child class and MELD score
Item
Age “yrs.”
Mean ± SD
(Range)
Sex (n, %):
• Male
• Female
Liver profile tests:
Bilirubin (µmol/l)
ALB (g/l)
ALT (IU/L)
AST (IU/L)
S. Creat. (µmol/l)

Group 1, (n=40)

Group 2, (n=40)

Group 3, (n=40)

p-value

60.35 ± 12.023
(22.0 - 85.0)

59.58 ± 7.615
(36.0 - 74.0)

61.05 ± 7.130
(40.0 - 76.0)

P=0.776

19 (47.5%)
21 (52.5%)

23 (57.5%)
17 (42.5%)

32 (80%)
8 (20%)

P=0.009*

73.15 ± 16.7
23.68 ± 0.92
75.29 ± 20.75
113.53 ± 32.52
99.21 ± 10.39

70.06 ± 17.4
27.12 ± 1.06
45.59 ± 4.22
85.88 ± 6.68
102.60 ± 15.44

63.77 ± 16.73
32.12 ±1.33
96.95 ± 42.45
113.21 ± 34.68
107.69 ± 13.21

MELD score

16.2±1.02

15.45±0.755

13.98±1.21

Child class (n, %):
Child A
Child B
Child C

3 (7.5%)
17 (42.5%)
20 (50%)

7 (17.5%)
20 (50%)
13 (32.5%)

19 (47.5%)
10 (25%)
11 (27.5%)

P=0.924
P<0.000*
P=0.414
P=0.724
P=0.90
P=0.293

P<0.000*

Group 1: Liver cirrhosis without HCC or DAAs; Group 2: Liver cirrhosis and HCC with viremia and Group
3: Liver cirrhosis and HCC without viremia,
Group 1: Liver cirrhosis without HCC or DAAs; Group 2: Liver cirrhosis and HCC with viremia and Group
3: Liver cirrhosis and HCC without viremia;
ALB: Albumin, ALT: Alanine aminotransferase, AST: Aspartate amiotransferase.
Data are presented as numbers(percent) and mean ± standard deviation.
* Significant p value < 0.05.

Table 2. The CBC, RDW % and other hematological parameters of the included patient groups (n=40/each) in the study.
Item
(10x/mm3)
WBCs (103)
RBCs (106)
Hb (g/l)
Platelets (103)
RDW (%)
RPR
INR

Group 1
(X ± SD)
6.8 ± 2.5
3.8 ± 0.7
11.0 ± 1.1
129 ± 51.4
13.6 ± 2.3
0.12 ± 0.04
1.58 ± 0.07

Group 2
(X ± SD)
6.3 ± 3.3
3.7 ± 0.7
11.1 ± 1.8
138 ± 95.2
12.7 ± 1.8
0.13 ± 0.09
1.47 ± 0.04

Group 3
(X ± SD)
8.4 ± 15.2
4.5 ± 1.9
11.9 ± 2.3
135.4 ± 79.1
13.8 ± 2.5
0.14 ± 0.07
1.46 ± 0.09

P1-value

P2- value

P3- value

P=0.172
P=0.447
P=0.7
P=0.497
P=0.07
P=0.736
P=0.343

P=0.166
P=0.037*
P=0.124
P=0.836
P=0.725
P=0.855
P=0.005*

P=0.866
P=0.004*
P=0.182
P=0.690
P=0.020*
P=0.900
P=0.020*

WBCs: White blood cells, RBCs: Red blood cells, Hb: Hemoglobin concentration, RDW: Red cell distribution
width, RPR: the ratio of Red cell distribution width/platelets and (International Normalized Ratio) INR indices.
P1-value: Probability of difference between group 1 and group 2,
P2-value: Probability of difference between group 1 and group 3 ,
P3-value: Probability of difference between group 2 and group 3.
* Significant at p< 0.05.

Table 3. The relationship between red blood distribution width (RDW), RDW/platelets ratio (RPR) with respect to the severity
of the liver cirrhosis in children with hepatocellular carcinoma (HCC).
RDW
Child class
Child A
Child B
Child C

RPR

HCC with viremia

HCC without viremia

P-value

HCC with viremia

HCC without viremia

P-value

11.7 ± 0.31
12.4 ± 0.38
13.7 ± 0.53

12.89 ± 0.25
15.21 ± 0.93
14 ± 1.01

0.012*
0.009*
0.794

0.123 ± 0.02
0.140 ± 0.03
0.129 ± 0.02

0.116 ± 0.02
0.157 ± 0.04
0.163 ± 0.03

0.34
0.660
0.622

Data are presented as mean ± standard deviation, Mann-Whitney test was used to compare quantitative variables between groups, *
Significant at p< 0.05
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Table 4. Correlation between RDW and RPR with reference to other variables in HCC patients with viremia.
Variables
RBCs
HB
Bilirubin
Albumin
ALT
AST
INR
MELD score

Correlation factor
(r) / P-value
r
p
r
p
r
p
r
p
r
p
r
p
r
p
r
p

RDW

RPR

0.114
0.484
-0.199
0.219
0.248
0.122
- 0.268
0.094
0.228
0.157
0.476
0.921
0.026
0.875
0.294
0.066

- 0.070
0.666
- 0.138
0.395
- 0.036
0.824
- 0.071
0.665
- 0.045
0.782
- 0.048
0.770
- 0.019
0.906
0.046
0.778

Correlation was done using the Pearson coefficient, Significant at p< 0.05.

Table 5 Correlation between RDW and RPR with reference to other

variables in patients with viremia and HCC received DAAs with SVR12.
Variables
RBCs
HB
Bilirubin
Albumin
ALT
AST
INR
MELD score

Correlation factor
(r) / P-value
r
p
r
p
r
p
r
p
r
p
r
p
r
p
r
p

RDW

RPR

0.134
0.409
-0.317
0.046*
-0.036
0.827
-0.217
0.185
-0.136
0.404
-0.107
0.513
0.197
0.224
-0.028
0.862

0.142
0.384
-0.023
0.169
0.111
0.497
-0.221
0.176
-0.020
0.903
0.028
0.865
0.311
0.051
0.155
0.339

Correlation was done using the Pearson coefficient, * Significant p-value < 0.05.

In the current study, RDW was relatively
elevated in patients with HCC who had DAAs
therapy than patients with HCC without DAAs
therapy (P=0.020). Additionally, these values
are still within the normal values of RDW. This
change cannot be attributed to anemia alone as
the means of Hb level were almost similar in
both groups. The elevated levels of ALT and AST
in patients who received DAAs than those who
did not receive DAAs could reflect an ongoing
inflammatory reaction in both liver and bone
marrow, which are involved in erythropoiesis
process that maintained the RDW.
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A study (Hengst., et al. 2016) showed that
chronic HCV infection disturbs the setting of
inflammatory mediators even after SVR with
DAAs, suggesting that the inflammatory
alterations induced by HCV are not fully
reversible after clearance of the virus.
Moreover, this relatively maintained level of
RDW in HCC in the presence and absence of HCV
viremia could be related to the mere presence
of HCC.
The exact mechanisms between increased RDW
and cancer remain unclear. It seems that the
increased RDW is related to the chronic
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inflammatory response, which plays an
important role in the pathogenesis of cancer
(Coussens and Werb 2002). The elevated RDW
in HCC patients may be explained by other
mechanisms such as malnutrition, which is
generally a common occurrence in patients with
cancer (Nicolini., et al. 2013). For example, low
serum folate and vitamin B12 were observed in
HCC patients (Kuo., et al. 2008) and it is wellrecognized that their deficiencies can affect RBC
heterogeneity (Toprak., et al. 2014).
AS RDW and RPR could predict the presence of
cirrhosis, they also could be considered along
with other biomarkers to estimate the severity
of HCV infection (He., et al. 2016). In this study,
RDW was higher in patients who had HCC and
received DAAs therapy in all Child classes with
statistical significance in Child class A and B with
a higher RDW in child class B (15.2 ± 0.93).
Similarly, (Luo, Rong et al. 2019) reported that
RDW was higher inpatient Child class B and C
with HCC (15.3 + 2.98) than Child class A (14.4 +
2.7).
In this study the RDW is positively correlated
with bilirubin level, AST and MELD score but
negatively correlated with albumin level in
patients with HCC without DAAs. This is in
accordance with (Wei., et al. 2016) who
reported, in a retrospective analysis, that RDW
was negatively correlated with albumin and
positively correlated with serum bilirubin and
prothrombin time with RDW significantly
elevated with the advance of Child-Pugh stage.
In this respect, they concluded that RDW is
elevated in HCC patients and it is a useful index
to assess the liver functions.
On the other hand, RPR obtained from this
study was not significantly different among
patient groups with HCC and was not correlated
with Child class. The value of RPR could be
influenced by changes in platelets count which
could be increased in HCC as platelet counts can
be elevated in HCC patients with cirrhosis,
compared to HCC-free cirrhotic controls
(Zanetto., et al. 2017).
To the best of our knowledge, this is the first
study to assess possible changes in RDW in
patients with HCC in the presence and absence
of HCV viremia. Nevertheless, limitations of this
study include the relatively small sample size
54

and lack of measurement of serum folate,
vitamin B12 or iron which are involved in
erythropoiesis and could reflect malnutrition
that increases RDW.

CONCLUSION
Clearance of HCV following DAAs did not have a
major impact on the level of RDW in patients
who developed HCC after DAAs therapy. The
clinical value of RDW in these patients was not
different from patients with HCC with viremia.
Moreover, RDW changes were related to the
severity of liver disease. Further prospective
multicenter studies on a larger sample size
should be carried out to confirm the clinical
value of RDW in patients receiving DAAs.
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