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Background: The prognostic value of the hemoglobin/red blood cell distribution width ratio in primary hepatocellular carci-
noma remains unknown. This study aimed to analyze the correlation between hemoglobin/red blood cell dis-
tribution width ratio and hepatocellular carcinoma prognosis.

Material/Methods: Medical records of hepatocellular carcinoma patients were analyzed retrospectively. The hemoglobin/red blood
cell distribution width ratio cut-off value was determined as 0.987 by receiver operating characteristic curve
analysis. Patients were divided into high- and low-level groups, and the clinical data were compared. The cor-
relation among the ratio levels, progression-free survival, and overall survival was measured with univariate
and multivariate Cox regression analyses. The prognostic utility of the ratio combined with alpha-fetoprotein
was analyzed using Kaplan-Meier survival curves and log-rank detection, and the correlation between the ra-
tio and tumor staging was studied using one-way analysis of variance.

Results: This study included 252 patients. Sex, smoking and alcohol consumption history, body mass index, surgery,
staging, platelet/lymphocyte ratio, and hemoglobin/red blood cell distribution width ratio were associated with
progression-free and overall survival (P<0.05). The ratio, alpha-fetoprotein, hemoglobin, staging, and surgery
were independent risk factors for progression-free survival (P<0.05), and the ratio, alpha-fetoprotein, hemoglo-
bin, body mass index, HBsAg, staging, and surgery were independent risk factors for overall survival (P<0.05).
Patients with low ratio levels and high alpha-fetoprotein levels had the worst prognosis.

Conclusions: Low hemoglobin/red blood cell distribution width ratio levels are associated with poor patient prognosis and
are potential tumor prognosis markers.
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Material and Methods

According to the 2020 Global Cancer Report, primary liver can-
cer is the sixth most common malignancy, with high morbidity
and mortality rates. Hepatocellular carcinoma (HCC), its most
common pathological type, accounts for about 75% of patient
diagnoses [1]. The initial symptoms of HCC are not obvious,
and progression is rapid. About 40% of patients are diagnosed
at an advanced stage when surgery is no longer a treatment
option. The current commonly used treatments are targeted
therapy and immunotherapy. However, despite being widely
used, their efficacy is affected by low target expression, sec-
ondary drug resistance, and other factors limiting the surviv-
al and quality of life of HCC patients [2].

Tumor-associated inflammation, one of the 10 characteristics
of malignancy [3], is defined by a large number of inflammato-
ry cells present in tumor tissue and peripheral blood and pro-
motes tumor development by disrupting homeostasis of the
immune microenvironment [4,5]. Since complete blood count
(CBQ) is a routine and easy detection method, it is widely used
as a predictor of tumor prognosis due to its high reproduc-
ibility and good clinical application value. System immune-
inflammation index, lymphocyte ratio, and neutrophil count-
to-lymphocyte ratio (NLR) are related to the survival rate of
patients with multiple malignant tumors [6-9]. Hemoglobin
(Hb) is a common indicator that can reflect the immunity of
patients. Hb is associated with the clinical stage and prog-
nosis of patients with nasopharyngeal carcinoma, non-small
cell lung cancer, gastric cancer, and other tumors [10-12]. Red
blood cell distribution width (RDW) is a quantitative measure
of the size variability of circulating red blood cells (RBCs).
Previous studies found that RDW is closely related to patient
prognosis in a variety of malignancies, including esophageal,
breast, and kidney cancer [13-16]. The Hb/RDW ratio (HRR)
is a novel biomarker that uses the composition of 2 hema-
tologic parameters — Hb and RDW — and has higher specific-
ity and sensitivity compared with Hb or RDW used individ-
ually; therefore, it can reflect patients’ inflammation levels
more accurately and assess the correlation with cancer pro-
gression [17]. The negative correlation among HRR, overall
survival (OS), and progression-free survival (PFS) in patients
with renal cancer, lung adenocarcinoma, small cell lung can-
cer, nasopharyngeal carcinoma, and head and neck squamous
cell carcinoma has been confirmed [18-24]. Recently, a study
confirmed that HRR was negatively correlated with the occur-
rence of liver metastases in patients with gastric cancer, and
its predictive value is higher than the platelet-to-lymphocyte
ratio (PLR), suggesting that HRR may have a better prognos-
tic predictive role in some tumors [25]. However, the utility of
HRR in HCC patient prognosis is unclear. This study retrospec-
tively analyzed the correlation between HRR and the progno-
sis of 252 patients with HCC.

Research Subjects

This retrospective study analyzed HCC patients who visited
the First Affiliated Hospital of Anhui Medical University be-
tween June 1, 2017 and June 30, 2021. The inclusion criteria
were: (a) »18 years old, (b) complete clinical data and histo-
pathologically confirmed primary HCG, (c) no previous anti-tu-
mor treatment, and (d) no severe liver or kidney dysfunction
nor bone marrow hematopoietic abnormalities. The exclusion
criteria were: (a) a second primary carcinoma, (b) complicat-
ed by severe infection, and (c) complicated by severe anemia
or other blood diseases. This study obtained informed con-
sent from all patients and their families and was approved by
the Ethics Review Committee of the First Affiliated Hospital
of Anhui Medical University (Ethics Approval number: Quick-
PJ 2022-05-34).

Research Method

This retrospective study collected general clinical features of
patients, including sex, age, smoking and drinking history,
body mass index (BMI), and whether surgery was performed.
Routine measurements of peripheral blood within 3 weeks of
the first diagnosis and before receiving antineoplastic thera-
py were also collected, including white blood cell (WBC) count,
neutrophil count, lymphocyte count, platelet count (BPC), Hb,
and RDW. Two oncologists were in charge of blood collection
and all study participants had peripheral vein blood samples
taken from the upper limb, which were collected between 6
am and 8 am. The blood samples were then handed over to
the 2 laboratory physicians for sorting and counting, using an
Automatic Blood Cell Counter Plus Crp (HORIBA, Japan). Alpha-
fetoprotein (AFP) level was tested using an enzyme-linked im-
munosorbent assay kit (Abcam, USA).

Clinical staging was done according to the China liver can-
cer staging (CNLC) guidelines (Supplementary Table 1) [26].
HRR is the ratio of Hb to RDW, with 0.987 as the cut-off val-
ue obtained by receiver operating characteristic curve analy-
sis (Supplementary Figure 1). NLR is the ratio of the neutro-
phil value to the lymphocyte value, with 3.85 as the cut-off
value, and PLR is the ratio of BPC to the lymphocyte value,
with 171.09 as the cut-off value (Supplementary Figure 1).
For HRR, NLR, and PLR, all patients were divided into high-
and low-level groups.

Follow-Up
Outpatient, inpatient, or telephone follow-ups were used to

obtain survival data until the patient’s death or follow-up
deadline (November 30, 2021). Patients who survived at the
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follow-up endpoint were recorded as survival, and those who
died were recorded as death. The median follow-up period
was 24.73 (1.0-48.9) months. PFS refers to the time between
first diagnosis and the time of tumor progression, death, or
follow-up. Progression is defined as an increase of approx-
imately 25% in the vertical diameter of a tumor, the emer-
gence of a new tumor, or a significant progression of the dis-
ease. OS refers to the time between first diagnosis and the
time of death due to any reason.

Statistical Analysis

SPSS 22.0 statistical software was used to perform data anal-
yses. Data involving 2 groups were compared using the chi-
square test or Fisher’s precision test and multi-group data were
compared using one-way analysis of variance. Independent
risk factors for PFS and OS were assessed using the Cox pro-
portional risk regression model. Survival curves were plotted
according to the Kaplan-Meier (K-M) curve, and the log-rank
test was used for inter-group comparisons. P<0.05 was set as
the level of statistical significance.

Results

Baseline Clinical Features of Patients

A total of 252 patients with HCC were retrospectively included in
this study, with a mean age of 64.67+10.38 years, including 62
females and 190 males. The proportion of patients with a history
of smoking, and drinking, and those who were overweight (BMI
>25) was 24.6%, 23.01%, and 21.43%, respectively. In terms of
staging, CNLC stages la, Ib, lla, IIb, Illa, lllb, and IV accounted for
7.14%, 7.94%, 12.70%, 35.32%, 17.46%, 7.54%, and 11.9% of
patients, respectively, and 80.16% of patients underwent surgi-
cal treatment. The percentage of patients that had AFP >25 ng/
mL was 70.20%, and 81.75% of patients were HBsAg-positive.
The CBC of 252 patients with HCC was analyzed, and the results
showed that 84.92% of patients had a WBC count <8.65x10%/L,
92.06% had BPC count £92.06x10%/L, 9.56% had Hb <11.4 g/d|,
80.16% had NLR <3.85, and 92.06% had PLR <171.09. According
to the HRR cut-off value (0.987), 106 patients were in the high-
level HRR group and 146 patients were in low-level HRR group.
All clinical features of the 2 groups were compared, and there
were significant differences in the drinking history, BMI, CNLC
staging, surgery, and Hb levels between the high- and low-lev-
el HRR groups (P<0.05). The clinical features and laboratory in-
dicators of the 2 groups are listed in Table 1.

Correlation Analysis of HRR with Survival Time

Univariate Cox survival analysis showed that drinking history,
BMI, CNLC staging, surgical treatment, BPC, Hb, AFP, NLR, and
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HRR (HR=3.979, 95% Cl: 2.955-5.358, P<0.001) were associat-
ed with PFS (Table 2). In addition, BMI, CNLC staging, surgical
treatment, Hb, AFP, HBsAg-positive, and HRR (HR=4.613, 95%
Cl: 3.236-6.575) were correlated with OS (P<0.001, Table 2).

The multifactor Cox analysis results showed that CNLC staging,
surgical treatment, AFP, Hb, and HRR (HR=0.407, 95% Cl: 0.280-
0.593, P<0.001) were independent factors influencing PFS in pa-
tients with HCC (Table 3). BMI, CNLC staging, surgical treatment,
Hb, and HRR (HR=0.433, 95% Cl: 0.281-0.665, P<0.001) were in-
dependent factors influencing OS in patients with HCC (Table 3).

Survival Analysis

The median follow-up period was 24.73 (1.0-48.9) months for
the entire group, and 156 patients died during follow-up. For
all patients, the median OS was 18.2 (3-48.3) months and the
median PFS was 12.7 (0.8-42.5) months.

The median PFS in the high-level HRR group was 7.1 months
longer than in the low-level group (10.7 [9.17-12.22] months vs
17.80[16.18-19.41] months) (Figure 1A, P<0.001). In addition,
AFP levels, CNLC staging, and surgical treatment also had a sig-
nificant effect on PFS in HCC patients (Supplementary Figure 2).

HRR, AFP, Hb, patient CNLC staging, whether surgery was per-
formed, and BMI were all associated with OS in HCC patients
(Figure 1B and Supplementary Figure 3). Among them, the me-
dian OS of patients with high HRR levels was 10 months lon-
ger than that of the low-level group (13 [10.31-15.68] months
vs 23 [17.37-26.19] months, P<0.001).

Prognosis of HRR Combined with AFP in Patients with HCC

HRR and AFP were independent risk factors for prognosis in
patients with HCC. To further explore the effects of differ-
ent HRR combined with AFP on the prognosis of patients, ac-
cording to the cut-off values of HRR and AFP, patients were
divided into the high HRR+low AFP level group (H, . +A,),
low HRR+low AFP level group (H_+A_,), low HRR+high AFP
level group (H,,+A, ), and high HRR+high AFP level group
(Hhigh+Ahigh)' The median PFS and OS were 10 (3-20.2) months
and 14.7 (2.1-15.8) months, 22.25 (6.3-42.5) months and 23
(7-48.3) months, 9.7 (1.1-15.9) months and 13.5 (3.2-32.7)
months, and 13.7 (6-22.6) months and 18 (7-32) months, in
the H +A,, H A, Ho +A,, and H +A . groups, re-
spectively. PFS and OS in the H, +A, ., group were the worst,
while the PFS and OS in the H,_ +A  group were the best.
The K-M curve and log-rank test found that the patients in the
How Ay 8roup had the worst prognosis, while the patients
inthe H,_ +A,, group had the best prognosis (Figure 2, both
P<0.001). All results suggest that the prognosis is poor when

HCC patients have HRR >0.987 and AFP >25 pg/mL.
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Table 1. HCC patients (N=252) categorized by HRR and their clinical baseline characteristics.

All Patients (N 252) HRR <0.987 (N=146) HRR 50.987 (N=106)

Variables

Age (mean+SD) 64.67+10.38 64.53+10.17 64.87+10.78 0.276 0.006
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Table 1 continued. HCC patients (N=252) categorized by HRR and their clinical baseline characteristics.

All Patients (N 252) HRR <0.987 (N=146) HRR 50.987 (N=106)

Variables

AFP (ng/mL) 26.797 <0.001*
s 75 2980 13 1226 o2 a4
"""" 25 a7 7020 %2 884 8 sisa
CHBsAE 0064 0801
"""" Negatve 46 1825 19 1792 27 1850
"""" Postve 206 8L75 & 808 119  8sl
CNR
o8 202 8016 9% 9057 106 7260 12460  <0001*
"""" 385 50 198 10 9 40 2740
PR
- anoee 232 9206 9% 9057 136 9315 0561 0454
”””” 7100 20 794 10 943 10 ess

Overall survival
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Table 2 continued. Comparative univariate survival analyses of 252 patients with HCC.

Progression-free survival Overall survival

>0.987 3.979 (2.955, 5.358)

4.613 (3.236, 6.575)

Correlation of HRR with Tumor Staging in Patients with
HCC

Multivariate analysis showed that HRR and tumor staging
were independent risk factors affecting the prognosis of pa-
tients with HCC. To explore the potential link between the
2, this study analyzed HRR in patients at different stages.
The results showed that the average HRR of HCC patients in

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

stages la and Ib, lla and llb, Illa, and lllb, as well as IV, was
1.824+1.899 and 1.689+0.373, 1.286+0.124 and 1.01+0.151,
0.947+0.149 and 0.892+0.128, and 0.838+0.109, respectively,
suggesting that HRR is inversely correlated with tumor stag-
ing (Figure 3, P<0.001).
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Table 3. Comparative multivariate survival analyses of 252 patients with HCC.

Progression-free survival Overall survival

HR (95% CI)

>0.987 2.457 (0.280, 0.593) 2.31 (0.281, 0.665)
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Figure 1. K-M curve for PFS and OS in high- and low-level HRR patients with HCC. (A) K-M curve for PFS in high- and low-level HRR
patients with HCC; (B) K-M curve for OS in high- and low-level HRR patients with HCC.
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Figure 2. Effect of combined hemoglobin/red blood cell distribution width ratio (HRR) and alpha-fetoprotein (AFP) on progression-free
survival (PFS) and overall survival (0S) in hepatocellular carcinoma (HCC) patients. (A) K-M curve for the PFS of combined
HRR and AFP in HCC patients; (B) K-M curve for the OS of combined HRR and AFP in HCC patients.

Discussion

In this study, we investigated the correlation between HRR
in peripheral blood and prognosis of 252 patients with HCC.
The cut-off value of HRR was used to divide the 252 patients
into low- and high-level groups. Patients with low-level HRR
often had a history of alcohol consumption and hepatitis B,
an overweight BMI (>25), elevated AFP, anemia, and stage Il
or Ill cancer. Univariate and multivariate analysis found that
patients with high AFP levels and low HRR levels had a sig-
nificantly worse prognosis than those in the high-level HRR
group. Analysis of patient prognosis by combining HRR and
AFP showed that patients with HCC had the worst progno-
sis when they had both low and high levels of AFP. In addi-
tion, the study demonstrated that HRR is inversely correlat-
ed with CNLC staging in HCC patients, which may be one of
the potential mechanisms by which HRR affects patient prog-
nosis. The results of this study suggest that the prognosis of
patients with a variety of malignancies, including HCC, is as-
sociated with HRR, a potential marker of tumor prognosis.

The combination of HRR and AFP more accurately reflects
patient prognosis.

Anemia is one of the common complications in tumor patients.
Bi et al [27] compared the Hb levels in peripheral blood before
treatment in 152 patients with bladder cancer and showed that
52% had varying degrees of anemia and poor OS. In another re-
gression analysis study, the analysis of Hb levels in 2163 patients
with preoperative gastric cancer found that preoperative ane-
mia was an independent risk factor for gastric cancer progno-
sis [28]. Consistent with previous studies, our study found poor
prognosis in patients with Hb <11.4 ug/mL. The effect of anemia
on the prognosis of patients with tumors is regulated by numer-
ous factors. First, Hb reflects the nutritional status of patients,
and good nutrition helps to activate the immune system and re-
duce adverse reactions caused by drug treatment. Second, ane-
mia leads to a decrease in blood oxygen saturation, resulting in
“hypoxia in the body”. Under hypoxic conditions, the expression
of angiogenesis factors, such as HIF1 and ANGPTL4, is elevated
to promote neovascularization, and the rich vascular network
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provides a metastatic pathway for tumor cells [29,30]. Due to
the many factors affecting Hb levels, such as chronic inflamma-
tion, aging, and menstruation, the sensitivity and specificity of
prognosis in patients with Hb-responsive tumors are not high.

RDW is another common indicator of CBC that reflects RBC het-
erogeneity [31]. In previous studies, RDW levels were found to
be increased in the peripheral blood of patients with chronic dis-
eases such as cardiovascular disease, COPD, diabetes, and can-
cers [32]. In HCC, Smirne et al [33] confirmed that median sur-
vival was significantly shortened and positively correlated with
mortality when patients had an RDW >14.6%. Howell et al found
that high RDW was inversely associated with prognosis in 442
HCC patients treated with sorafenib by measuring their pretreat-
ment RDW levels [34]. Although RDW may be associated with
prognosis in patients with HCC, the specific mechanism remains
unclear. Goyal et al [35] believe it may be related to inflammation
and oxidative stress. Inflammatory factors, such as interleukin-6
(IL-6), are highly expressed in the tumor microenvironment, and
increase erythrocyte heterogeneity by inhibiting erythropoietin
and inducing immature RBC release from the bone marrow into
the peripheral blood [36]. However, studies have found that RDW
varies greatly between people with long-term exercise vs those
who are inactive [37], which may affect the specificity of RDW
in predicting prognosis levels in patients with tumors.

HRR — the ratio of Hb to RDW - is a novel inflammatory marker
that more stably reflects the body’s oxidative stress and the de-
gree of the systemic inflammatory response [38]. In 2016, Sun et
al first found that patients with high levels of HRR had a better
prognosis by calculating peripheral blood HRR in patients with
esophageal squamous carcinoma. This finding was subsequently
confirmed in patients with head and neck cancer, NSCLC, blad-
der cancer, and other malignancies [18-24]. In the meta-analy-
sis by Chi et al, a total of 2985 patients with malignancies from
11 retrospective analyses were included. This study found that

patients with malignancies in the low-HRR group were twice as
likely to have malignant events such as recurrence and metasta-
sis when compared to those in the high-HRR group. In addition,
Zhai et al confirmed that HRR was a good predictor of progno-
sis for patients with liver metastases from gastric cancer, and
its predictive power was further improved when combined with
PLR [25]. In our study, we found that the patients with HCC in
the high-HRR group had a better prognosis, and combined de-
tection of HRR and AFP improved the ability to predict prognosis
in HCC patients. These results suggest that HRR is a valid prog-
nostic marker, and its use in combination with other valid bio-
markers may further enhance the predictive validity.

Our study found that HRR is inversely correlated with CNLC
staging, suggesting that HRR may affect patient outcomes by
promoting tumor progression, but its specific mechanism is
not well understood. Anemia is a common symptom in pa-
tients with malignant tumors, which can be caused by a vari-
ety of factors such as tumor rupture, bleeding, and treatment
adverse effects [39]. Anemia occurs with increased neovascu-
larization and elevated levels of tumor invasion metastasis,
which may be one of the potential mechanisms by which HRR
promotes tumor progression in HCC. Some studies proposed
that this phenomenon may be used to improve the effective-
ness of chemotherapy by entering the systemic circulation
through Hb-based oxygen carriers to alleviate solid tumor hy-
poxia [40], and this may be a potential way to use HRR to im-
prove patient treatment efficiency. Perhaps in future studies,
we can use this finding to further investigate whether mod-
ulating HRR in peripheral blood can promote the treatment
outcome and survival of cancer patients.

The effect of HRR on tumor prognosis may be related to RBC lev-
els and variability. Yin et al [41] found that RBCs and Hb can act
as endogenous signals to activate the ROS-NFyB pathway in tu-
mor cells, thereby regulating ABCB1 gene expression, inducing
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cytokine release, promoting macrophage recruitment and po-
larization, and then promoting tumor cell proliferation and tu-
mor resistance.

Tham et al [42] showed that BMI is positively correlated with
prognosis of cancer patients, while this study found that in
overweight patients with a BMI of 25, HRR levels were low and
patients had a poor prognosis. This may be because the liver,
as the central organ of metabolism, secretes large amounts of
lipid metabolism regulator proteins, such as bile and ANGPTLs
to promote lipid metabolism [43]. In overweight people, the in-
cidence of nonalcoholic fatty liver disease increases, and liver
function is impaired, which is positively associated with the
incidence of liver cancer [44]. In these patients, those with-
out fatty liver function impairment are more likely to a have
poor prognosis. Second, 19.44% of the patients in this study
were already in stage lllb or IV at the time of initial diagnosis,
and ascites caused by distant metastasis of the peritoneum
and other parts may also cause patients to have a BMI >25.

Conclusions

This study is the first to confirm the relevance of HRR in the
prognosis of patients with liver cancer. HRR will be an impor-
tant biomarker in predicting the prognosis of patients with HCC.

Supplementary Material

Supplementary Table 1. CNLC grading method for patients with HCC.
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However, our study has some limitations. First, it was a sin-
gle-center study with a small sample size, so there may be
some bias. Second, it was also a retrospective study, which
did not distinguish between patients treated with different
drugs and did not explore the effect of different treatment
regimens on patient prognosis in HCC patients with high and
low levels of HRR.
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Supplementary Figure 1. ROC curve of NLR, PLR
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Supplementary Figure 2. Different factors affecting PFS in patients with HCC. (A) K-M curve for PFS in high-and low-level Hb patients
with HCC; (B) K-M curve for PFS in high-and low-level AFP patients with HCC; (C) K-M curve for OS in
patients with HCC who have undergone surgery or not; (D) K-M curve for PFS in different CNLC stage

patients with HCC.
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Supplementary Figure 3. Different factors affecting OS in patients with HCC. (A) K-M curve for OS in high- and low-level AFP patients
with HCG; (B) K-M curve for OS in high-and low-level Hb patients with HCC; (C) K-M curve for OS in different
CNLC stage patients with HCC; (D) K-M curve for OS in patients with HCC who have undergone surgery or
not; (E) K-M curve for OS in patient who have different BMI. Normal weight: BMI <25, Overweight: BMI >25
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