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Prognostic value of red blood cell distribution width in
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Abstract: Red blood cell distribution width (RDW) is a simple, inexpensive, routinely measured and
automatically reported blood test parameter, which reflects the degree of anisocytosis of red blood cells in
peripheral blood. RDW was found to be associated with and retain clinical significance for assessing disease
severity and outcomes in a number of hematological and solid malignancies. Motley of interacting clinical
and biochemical factors have an impact on the red cell population biology. Malignancies per se can act as
a causative factor, or anisocytosis may develop as a result of chronic inflammation. RDW has also been
shown to be affected by nutritional status, which is typically deranged in malignancies. RDW is shown to
be a clinically useful marker of disease severity and level of fibrosis in liver cirrhosis of various causes such
as hepatitis B, hepatitis C and non-alcoholic fatty liver disease. Whether liver cirrhosis patients with higher
RDW are at increased risk of hepatocellular cancer is yet to be determined, but several lines of evidence
confirm that RDW has clinical significance in hepatocellular carcinoma (HCC). In this review, we specifically
discuss the current literature about the association between RDW and HCC. The available evidences were

summarized and the potential underlying mechanisms were analyzed.
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Hepatocellular carcinoma (HCC) is the 6th most common
form of cancer worldwide, and second leading cause of
cancer-related deaths (9% of all cancer deaths; 745,000
people) (https://www.cdc.gov/cancer/international/
statistics.htm. Accessed on 03/21/2017). According to
American Cancer Society, about 40,710 new cases of HCC
and intrahepatic bile duct cancers will be diagnosed in the
United States in 2017 and about 28,920 people will die of
these cancers (https://cancerstatisticscenter.cancer.org/#/.
Accessed on 03/21/2017). The incidence of HCC has
more than tripled since 1980 and related death rates have
increased by almost 3% per year since 2000. (https://www.
cancer.org/cancer/liver-cancer/about/what-is-key-statistics.
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html Accessed on 03/21/2017). For individual HCC
patients, prognostic estimation is crucial because it greatly
impact the selection of the most appropriate treatment.
During past years, accumulated prognostic factors for
HCC have been identified, but these, when used alone or
in combination, are not adequate enough for predicting the
prognosis of this type of cancer. Therefore, multi-marker
approach represents an effective way for HCC management,
and it is of great value for exploring innovative prognostic
factors.

Red blood cell distribution width (RDW) is a measure
of variability of erythrocyte size in peripheral blood (i.e.,
anisocytosis). It is an automatically generated parameter,
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which is typically reported as a part of the complete
blood count (CBC) (1). In recent past, RDW has gained
substantial attention as a prognostic marker of various
medical conditions such as sepsis (2), acute myocardial
infarction (3), heart failure (4), autoimmune (5) and
liver diseases (6). Besides, previous studies indicated that
increased RDW is also associated with enhanced all-cause
mortality in the general population (7).

Accumulated evidences also indicated that RDW may
be a prognostic factors for various malignancies (8), such as
gastric (9), lung (10) and ovarian cancers (11). Some studies
evaluated the role of RDW as a prognostic marker of poor
survival in HCC. However, no review has been published
to summarize the available evidences to the best of our
knowledge in this regard. In this review, we summarize the
published literature and the putative mechanisms involved
in this association.

Published studies on role of RDW in HCC

The first report assessing the prognostic role of RDW in
HCC was published in 2015 by Smirne et /. (12). The
authors retrospectively analyzed a training cohort of 208
patients with HCC and an independently prospectively
collected validated cohort of 106 patients with HCC. In
both cohorts, median survival time was significantly lower
in patients with RDW >14.6% at the time of diagnosis.
The median survival in training cohort was 1,026 days
in low RDW group (RDW <14.6%) vs. 282 days in high
RDW group (HR =0.43; 95% CI: 0.31-0.60, P<0.0001).
The HCC patients were then classified in four quartiles
according to their RDW value, and the median survival
decreased progressively with each increasing RDW quartile.
In the validation cohort, the median survival was 868 days
in patients with RDW <14.6% whereas it was 340 days with
RDW >14.6%. In the training cohort, the survival rates at
1-, 2- and 3-year were 79%, 57% and 42% in patients with
RDW <14.6% compared to 48%, 29% and 18% in patients
with RDW >14.6%, respectively. In both the training and
validation cohorts, increased RDW was independently
associated with higher mortality, with a hazard ratio (HR)
of 1.13 and 1.39 per 1% increase, respectively. It was
also observed that the Harrell’s C coefficient was 0.709
when using the Barcelona Clinic Liver Cancer (BCLC)
staging system as the only independent variable; however,
it increased to 0.754 when using both the RDW and
BCLC stage. These results suggest that RDW can provide
additional prognostic information beyond BCLC stage
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alone.

Wei er al. (6) carried out a retrospective analysis to
evaluate the association between RDW and the clinical
characteristic of HCC. They enrolled 110 treatment-naive
HCC patients and compared their RDW with 68 healthy
controls, observing that the admission value of RDW was
significantly higher in HCC patients. Furthermore, RDW
values significantly correlated with liver function tests such
as albumin, total bilirubin and prothrombin time (PT).
Their study also indicated that RDW increased in parallel
with the Child-Pugh stage. However, RDW was not
found to be correlated with HCC TNM stage at the time
of diagnosis. As albumin, total bilirubin and Child-Pugh
stage are well-recognized prognostic factors for HCC, they
hypothesized that RDW could be an additional prognostic
factor for this type of cancer.

Zhao et al. studied the significance of preoperative
RDW in patients undergoing curative radical resection of
HCC (13). They retrospectively reviewed the medical
records of 106 patients with HCC who received curative
radical resection. Patients were categorized in high (>14.5%,
n=28) and low RDW (<14.5%, n=78) groups. RDW was
found to be associated with many clinical characteristics,
including vascular invasion, tumor stage and size. Using
Kaplan-Meier curve analysis, patients with higher RDW
were found to have significantly lower disease free survival
(DFS) and overall survival (OS). In a multivariable Cox
regression model, in which common prognostic factors
(tumor size, TNM stage, vascular invasion, tumor number)
were added as covariables, RDW was independently
associated with OS of HCC, with a HR of 1.89 (95% CI:
1.41-2.83) per 1% increase, so underscoring that the risk of
death may increase by 89% with each 1% increase in RDW.

In a prospective, multicenter cohort study, Howell
et al. investigated the role of RDW in predicting the
survival of patients with HCC treated with sorafenib (14). A
total number of 442 subjects were enrolled, with OS as the
primary study end point and a median follow-up time of 7.1
months. The baseline RDW was found to be significantly
associated with OS, with a HR of 1.23 (95% CI: 1.12-1.29).
More importantly, using c-statistics, the authors found that
the area under receiver operating characteristic (ROC)
curve (AUC) was markedly increased from 0.669 to 0.787
after RDW and no treatment-related diarrhea was added to
CLIP score (Cancer of Liver Italian Program score) (15) for
predicting 12-month survival. Thus, author concluded that
addition of RDW and sorafenib side effects (i.e., diarrhea)
improves the survival predictability of CLIP score in
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Figure 1 Possible mechanisms of elevated red blood cell distribution width in hepatocellular carcinoma.

patients with HCC.

Proposed mechanisms in role of RDW in HCC

Although many studies indicated that increased RDW is
associated with poorer outcomes of HCC, the underlying
mechanisms of this association remains largely unknown.
We, hence, hypothesize that the prognostic value of RDW
in HCC can be partially attributed to inflammation and
oxidative stress.

It is well-accepted that chronic inflammation is an innate
characteristics of HCC (15). Chronically inflamed liver
parenchyma due to various viral infections, deposition of
substances such as copper and iron and chronic alcoholism,
represents a precancerous environment (16). There is
increasing evidence that the role of chronic systemic
inflammation may be a significant predictor of outcome in
various human malignancies, thus including HCC. Multiple
studies showed that elevated values of C reactive protein
(CRP) predict survival (16,17) and recurrence (18) in HCC.
Neutrophil-lymphocyte ratio (NLR), an easily obtainable
inflammatory marker, is also proved to be associated with
the prognosis of HCC (19). Previous studies indicated
that RDW is positively correlated with inflammatory
biomarkers, such as CRP and erythrocyte sedimentation
rate (ESR) in unselected outpatient (20) and healthy
population (21). It can, hence, be hypothesized that RDW
may be indicator of inflammation. This is biologically
plausible, because chronic inflammation response can
suppress erythropoiesis and shorten erythrocyte survival in
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blood (22).

Oxidative stress has been known to have an important
role in development and progression of HCC. Continued
oxidative stress triggers to generation of free radical
oxidative species, which directly cause lipid peroxidation
and DNA damage. Molecular markers of DNA damage
and lipid peroxidation such 8-hydroxydeoxyguanosine
(8-OHdG), and 4-hydroxynonenal (HNE) have been
found elevated in patients with HCC, and were associated
with poor clinical outcome (23). Studies are underway
to evaluate the role of antioxidant treatment targets in
HCC therapy such as the use of metformin, vitamin E
and L-carnitine (24,25). Nutritional abnormalities due to
direct effect of cancer causing loss of appetite and weight
loss can lead to deficiency of various minerals and vitamins
such as iron, folate and vitamin B12. It is a well-known
fact that RDW is affected by deficiencies of these minerals
and vitamins (26). Continued injury to liver parenchyma is
also associated with release of pro-inflammatory cytokines
such as interleukin-6 (IL-6) and tumour necrosis factor-
alpha (TNF-a). IL-6 inhibits erythropoietin (EPO)
production and downregulates the EPO receptor, thus
ultimately impairing efficient erythropoiesis and causing
anisocytosis (7) (Figure I).

Conclusions

Taken together, the available studies point out that RDW
may represent an easily obtainable and inexpensive
prognostic marker in patients with HCC. The association
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between RDW and HCC is probably mediated by
inflammatory response and oxidative stress. Currently,
inflammatory markers have not been included in the
prognostic model of HCC, and we, thus, propose that
incorporation of RDW into prognostic model of HCC may
improve the efficiency of prognostication. Notably, RDW
is affected by many factors, such as renal function (27),
diabetes (28) and liver function (6,29). Therefore, these
factors should be also considered when interpreting
the value of RDW in HCC. Although it remains to be
established whether liver cirrhosis patients with high RDW
are at increased risk of developing HCC, current evidence
suggests that RDW may have clinical significance in
predicting outcomes after surgery, disease-free survival and
OS in HCC.
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