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Purpose: Inflammation factors affect the prognosis of hepatocellular carcinoma (HCC).
However, it is not clear if the preoperative neutrophil lymphocyte ratio to albumin ratio
(NLRAR) and white blood cell to hemoglobin ratio (WHR) affect the prognosis of HCC post
curative hepatectomy. We assessed the prognostic values of NLRAR and WHR in patients
suffering from HCC who underwent curative resection.

Materials and Methods: A total of 169 eligible HCC cases were reviewed. The optimal
cut-off values for NLRAR and WHR were selected using the X-tile software. The overall
survival (OS) rate was assessed following the Kaplan—Meier analysis method. The Log rank
test and Cox proportional hazard regression model were also used to analyze the data. The
prognostic values of NLRAR and WHR were calculated by analyzing the area under the
receiver operating characteristic curve (AUC). The decision curve analysis (DCA) was
performed for clinical benefits.

Results: The OS rate recorded for the high NLRAR group was poorer than the OS rate recorded
for the low NLRAR group. Similar trends were observed for WHR. The NLRAR and WHR were
the independent predictors of OS. The results were based on the multivariate Cox analyses
method. Results obtained by analyzing the subgroups revealed that NLRAR and WHR could be
used for the prognosis of HCC in tumor stage I-patients. The NLRAR-WHR scoring system
(NWS) could be used to classify HCC patients into two cohorts with different prognoses. This
scoring system was more efficient than NLRAR or WHR in predicting OS.

Conclusion: The preoperative NLRAR and WHR are effective prognostic indicators for
HCC in patients who underwent curative hepatectomy.

Keywords: hepatocellular carcinoma, neutrophil lymphocyte ratio to albumin ratio, white
blood cell to hemoglobin ratio, prognosis, overall survival, curative hepatectomy

Introduction

Liver cancer is the fourth leading cause of cancer-related deaths in the world. More
than 780,000 people in the world die of liver cancer annually.1 Hepatocellular
carcinoma (HCC) is the most common type of primary liver cancer and accounts
for 75-85% of the total liver cancer cases reported worldwide.! Curative hepatect-
omy remains the mainstay of treatment modality for patients suffering from HCC.?
Unfortunately, the outcome of HCC patients who underwent curative hepatectomy
remain unsatisfactory.”
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Systemic inflammation influences cancer development and
progression and is an independent predictor of oncological
prognosis.*> Some classical inflammation markers derived
from blood samples, such as the lymphocyte-to-monocyte
ratio (LMR), neutrophil-to-lymphocyte ratio (NLR), and pla-
telet-to-lymphocyte ratio (PLR), have been identified as prog-
nostic markers in several types of tumors, including HCC.%'?
It has been recently reported that the neutrophil lymphocyte
ratio to albumin ratio (NLRAR) and white blood cell to hemo-
globin ratio (WHR) are survival predictors of patients suffering
from esophageal squamous cell carcinoma and gastric adeno-
carcinoma, respectively.'>'* However, the prognostic values
of NLRAR and WHR in patients suffering from HCC and
subjected to curative resection are unclear. Therefore, the
purpose of this study was to investigate the ability of
NLRAR and WHR in predicting the survival rate of patients
suffering from HCC post curative hepatectomy.

Materials and Methods

Patients

We reviewed the consecutive primary HCC patients who
underwent curative hepatectomy between March 2012 and
June 2019 at the Yijishan Hospital of Wannan Medical

College. The exclusion criteria were determined: (1) not first
hepatectomy, (2) multiple primary malignancies, (3) distant
organ metastasis, (4) treatment with neoadjuvant therapy, (5)
diagnosed combination with acute inflammatory disease, auto-
immune disease, or haematopoietic system disease, (6) incom-
plete clinicopathological information, (7) survival time <1
month. A total of 169 eligible HCC patients were enrolled.
After the patients were discharged, blood tests and abdomen
image scan including abdominal ultrasonography, contrast-
enhanced computed tomography (CT) or magnetic resonance
imaging (MRI) were regularly performed every three to six
months during the first two years. Following this, patients were
followed up and received serum and imaging examination
every six months. The final follow-up time was
December 5th 2019. The overall survival (OS) time was
defined as the interval between the date of surgery and the
time of patient death (event) or the last follow-up time. All
patients suffering from HCC were staged following the
American Joint Committee on Cancer (AJCC) 8th staging
system. '

Data Collection
Blood samples were obtained prior to surgery within
one week. Clinicopathological data such as age at
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diagnosis, gender, surgical procedure, tumor size, and
number of tumor nodules were also collected. The NLR
was defined as the absolute neutrophil count divided by
the absolute lymphocyte count. NLRAR was defined as
the NLR divided by the albumin (Alb). The WHR was
calculated as the white blood cell (WBC) count divided
by the hemoglobin (HB) level. The optimal cut-off
values of NLRAR and WHR were determined using
the X-tile software.'® The patients with values above
the cut-off values were considered to be in the high
group, while the patients with values below the cut-off
values were considered to be in the low group. An
NLRAR-WHR scoring system (NWS) was constructed
to understand the combined predictive effects of
NLRAR and WHR on the prognosis of patients suffer-
ing from HCC: patients with low NLRAR and low
WHR were assigned a score of 0. Those with high
NLRAR and high WHR were assigned a score of 2.
The patients with a high NLRAR or a high WHR were
assigned a score of 1. The patients with a score of 0 or
1 (low NWS) were assigned to the low-risk group, and
the patients with a score of 2 (high NWS) were assigned
to the high-risk group.

Statistical Analysis

Categorical and continuous variables were indicated as
frequency (percentage) and median (range), respec-
tively. The OS rates were analyzed using the Kaplan—
Meier (KM) method, and compared using the Log rank
test. The independent risk factors associated with HCC
survival were determined using the multivariate Cox
regression analysis. The predictive powers of
NLRAR, WHR, and NWS were determined by analyz-
ing the area under the receiver operating characteristic
(AUC) curve (ROC). The net benefits of using
NLRAR, WHR, and NWS were determined following
the decision curve analyses (DCA). The statistical ana-
lyses were performed using the R (version 3.6.1).
A P-value of <0.05
a statistically significant difference.

in two-tailed tests indicated

Results

Patient Characteristics

The median age of the enrolled patients was 61 (26—-85)
years, and the median follow-up time was 23.5 (1-85)
months. The 1-, 2- and 3-year OS rates for patients
from HCC who curative

suffering underwent

Table | Clinicopathological Variables of the Enrolled Patients

Variables N =169

Sex (Male/Female)

Age (years, £60/>60)
AFP (ng/mL, <400/2400)
PLT (x10°/L)

ALB (g/L, <35/235)

ALT (U/L, <40/240)
TBIL(umol/L, <35/235)
Tumor size (cm, <5/25)

139/30 (82.2/17.8)
80/89 (47.3/52.7)
| 15/54 (68.0/42.0)

(127, 7-355)

36/133 (21.3/78.7)
111/58 (65.7/34.3)
157/12 (92.9/7.1)
78/91 (46.2/53.8)
139/30 (82.2/17.8)
106/63 (62.7/37.3)
112/57 (66.3/33.7)

(0.0600, 0.0095—1.2043)
(4.07, 1.59-12.07)
124/45 (73.4/26.6)

Tumor number (solitary/multiple)
Tumor stage (I/II-11)

Surgical procedure (AR/NAR)
NLRAR

WHR

NWS (low risk/high risk)

Note: Values are presented as the median (range) or n (%).

Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; PLT, platelet; ALT, alanine
aminotransferase; TBIL, total bilirubin; AR, Anatomic resection; NAR, non-
anatomic resection; NLRAR, neutrophil lymphocyte ratio to albumin ratio; WHR,
white blood cell to hemoglobin ratio; NWS: NLRAR-WHR scoring system.

hepatectomy were 91.5%, 82.1%, and 73.8%, respec-
tively. They were predominantly males, were subjected
to anatomic resection, in tumor stage I, with a tumor
size >5 cm and had single tumor nodule. The alpha
fetoprotein (AFP) level in less than half of them
(41.6%) was <400 ng/mL. The detailed baseline infor-
mation is presented in Table 1.

Determination of Cut-Off Values for the

Inflammation Markers

The results obtained using the X-tile software revealed that
the optimal cut-off values for preoperative NLRAR and
WHR were 0.056 and 4.8, respectively (Figure 1). Based
on the cut-off values, the patients were assigned an NWS
score and categorized into the low- and high-risk groups.
Results from the KM analyses revealed that the 3-year OS
rates recorded for patients with high NLRAR were signif-
icantly lower than the 3-year OS rate recorded for patients
with low NLRAR (68.7% and 83.9%, respectively; P <
0.005) (Figure 2A). Similarly, the 3-year OS rates
recorded for patients with high WHR were significantly
lower than the 3-year OS rates recorded for patients with
low WHR (65.0% and 80.9%, respectively; P < 0.005)
(Figure 2B). Furthermore, the 3-year OS rates recorded for
the low-risk patients (82.5%) were better than that
recorded for the high-risk patients (54.2%; P < 0.001)
(Figure 2C).
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Figure 2 Kaplan—Meier survival curves plotted using data collected from HCC patients undergoing hepatectomy for overall survival. (A) Overall survival rates stratified by
NLRAR. (B) Overall survival rates stratified by WHR. (C) Overall survival rates stratified by NWS.
Abbreviations: HCC, hepatocellular carcinoma; NLRAR, neutrophil lymphocyte ratio to albumin ratio; WHR, white blood cell to hemoglobin ratio; NWS: NLRAR-WHR

scoring system.

Univariate and Multivariate Cox Analyses
of Potential OS Predictors

The results from univariate analyses revealed that
NLRAR, WHR, and NWS significantly influenced the
OS rates of patients suffering from HCC. Furthermore,
the results from multivariate analyses revealed that
NLRAR, WHR, and NWS were independent prognostic

predictors after adjusting for clinicopathological and blood
biochemical variables (Table 2). The AUC values for pre-
dicting the 1-, 2- and 3-year OS rates of NWS were 0.705,
0.690, and 0.632, respectively; of NLRAR were 0.626,
0.658, and 0.620, respectively; and of WHR were 0.657,
0.652, and 0.570, respectively (Figure 3A—C). In addition,
results obtained using the DCA revealed that the net
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Table 2 Univariate and Multivariate Cox Analyses of Inflammation Markers for Overall Survival
Inflammation Based Markers Univariate Analyses Multivariate Analyses
HR 95% ClI P HR 95% CI P
NLRAR (elevated/decreased) 3.05 1.43-6.50 0.004 3.01%* 1.36-6.65 <0.01
WHR (elevated/decreased) 2.06 1.07-3.96 0.03 2.40% 1.17-4.93 <0.05
NWS (high risk/low risk) 335 1.74-6.45 <0.00! 3.66* 1.77-7.59 <0.001

Notes: *HR and 95% CI from multivariate Cox analysis after adjusting for Age, Sex, AFP, PLT, ALT, TBIL, Tumor size, Tumor number, Tumor stage and Surgical procedure.
#HR and 95% CI from multivariate Cox analysis after adjusting for Age, Sex, AFP, PLT, ALB, ALT, TBIL, Tumor size, Tumor number, Tumor stage and Surgical procedure.
Abbreviations: NLRAR, neutrophil lymphocyte ratio to albumin ratio; WHR, white blood cell to hemoglobin ratio; NWS, NLRAR-WHR scoring system.

benefits obtained using NWS were better than those
obtained using NLRAR or WHR (Figure 3D). These
results revealed that these inflammation indicators could

A

function as predictors of OS rates in patients suffering
from HCC. It was hypothesized that NWS was the best
indicator as it exhibited a good discrimination ability and
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Figure 3 The predictive power of inflammation markers in overall survival rates for HCC patients undergoing hepatectomy. (A—C) Receiver operating characteristic curve
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a comprehensive and actual range of threshold In the tumor stage I cohort, the ROC values of NLRAR
possibilities. at 1-, 2- and 3-year OS were 0.685, 0.700, and 0.627,

Subgroup Analysis

We conducted the subgroup analyses to investigate the
NLRAR, WHR, and NWS performances for the prog-
nosis in distinct tumor stage cohorts based on stratifi-
cation of the total cohort according to different tumor
Results
revealed that the OS rates recorded for patients with
high NLRAR, WHR, and NWS were lower than the OS
rates recorded for patients with low NLRAR, WHR,
and NWS (tumor stage I-patients; Figure 4A-C).
Significant differences in the OS rates were not

stages. obtained using the KM analyses

observed between patients with high and low inflam-
mation markers in tumor stages II-III (Figure 4D-F).

respectively. The WHR at 1-, 2- and 3-year OS were
0.717, 0.738, and 0.612, respectively, and the NWS at
1-, 2- and 3-year OS were 0.764, 0.763, and 0.672,
respectively  (Figure  4G-I). These  findings
suggested that NLRAR, WHR, and NWS could be
used for the effective prognosis of early tumor stage-
patients suffering from HCC who underwent curative

resection.

Correlations Between Inflammation

Markers and Clinicopathological Features
Following this, we investigated the relationship between
the inflammation markers and the clinicopathological
features. The results revealed that a low NLRAR level
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was significantly associated with small tumor size (P <
0.001) and a low total bilirubin (TBIL) level (P < 0.05)
(Figure 5). However, the WHR level could not be cor-
related with any clinicopathological or blood biochem-
ical variables (data not shown). These results suggested
that NLRAR could help identify the aggressive pheno-
type of the disease.

Pearson Correlation
Results
a significant negative correlation between Alb and NLR

from Pearson correlation analyses revealed

(r=-0.22, P < 0.01, Figure 6A) and a positive correlation
between WHR and NLRAR (r = 0.57, P < 0.001,
Figure 6B). However, no significant correlation was
observed between WBC and HB (Figure 6C).

Discussion

It has been reported that chronic inflammation plays
a crucial role in the initiation, development, and progres-
sion of HCC."” The predictive role of inflammation mar-
kers has been explored in recent years, and they have been
used for the prognosis of patients suffering from HCC. To
the best of our knowledge, we are the first to determine the
abilities of preoperative NLRAR and WHR in predicting
the prognosis for HCC patients who underwent curative
hepatectomy.

We determined the optimal cut-off values for
NLRAR and WHR using the X-tile analysis. The
values were determined to be 0.056 and 4.8, respec-
tively. We observed that high levels of NLRAR and
WHR were associated with poor OS. We also found
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WHR scoring system.

that preoperative NLRAR, WHR, and NWS were the
OS in HCC.
Furthermore, we also observed that these inflammation

independent prognostic factors for
markers significantly influenced the OS rates in the
subgroup consisting of patients in whom the tumor(s)
are in their early stages of development. The results
from ROC analyses revealed that NLRAR and WHR
could effectively predict the OS rates in patients suf-
fering from HCC. Moreover, the predictive power of
NWS was better than the predictive powers of NLRAR
and WHR.

Zhao et al were the first to report that NLRAR was
a useful predictive and prognosis factor for patients
suffering from esophageal squamous cell carcinoma.'?
It has been previously reported that NLR is an inde-
pendent indicator of OS in patients suffering from
HCC."® 2% High Alb levels reflected better outcomes
in some liver diseases.”’ ?* In clinical practice, both
NLR and Alb are influenced by various conditions.
Therefore, the ratio of NLR to Alb could impair the
potential basis to some extent.'®> Based on these find-
ings, we hypothesized that NLRAR could predict the
prognosis of patients with HCC because it can poten-
tially reflect the balance between systemic inflamma-
tion and trophic status.

Generally, elevated WBC and decreased HB levels indi-
cate a compromised immune system. It has been previously
reported that a low HB level was related to poor prognosis
in various types of malignancies.”*?’ In addition, results
from an epidemiological study revealed that an increased
WBC

level was positively associated with cancer

mortality.”® WHR exhibited a good prognostic value for
patients suffering from gastric adenocarcinoma.'® Our
results support the notion that WHR can independently
predict the prognosis of HCC patients.

However, there are several drawbacks in this study.
Firstly, it is a retrospective analysis conducted using data
obtained from a single institution. This could result in
selection bias. Therefore, the prognostic values of
NLRAR and WHR need to be validated by analyzing
a well-designed and large cohort. Secondly, we did not
put some affecting factors for prognosis of HCC into
consideration in this study, such as the effectiveness of
surgery, the complications after surgery and adjuvant
treatment.

Conclusion

In short, we supplied evidence that WHR and NLRAR
could provide prognostic information for patients with
HCC post hepatectomy. This could be valuable in guiding
active individual intervention and follow-up.

Ethical Approval

This study was approved by Scientific research and
New technology Institutional Review Board of
Wannan Medical College Yijishan Hospital [2020-10].
Given the retrospective nature of the study without any
additional interventions, the need for consent was
waived by the ethics committee. All personally identi-
fiable records were kept confidential. The guidelines
outlined in the Declaration of Helsinki were followed
in this study.
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