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Abstract: Currently, the optimal therapy of primary liver cancer
(PLC) remains to be hepatic resection. For better management of the
patients, we evaluated the prognostic predicting value of red blood cell
(RBC) count, a routine laboratory parameter, on the long-term survival
of patients who underwent surgical treatment.

Clinical and laboratory data of 758 patients, who underwent
surgical hepatic resection, were retrospectively studied by x*
tests and logistic regression. All patients were enrolled at Henan
Cancer Hospital, Zhengzhou, China, from February 2009 to July
2013, and none of them received any other treatments before surgery.
Kaplan—Meier survival analysis and Cox proportional hazard models
were used to examine the influence of RBC counts on patients’
survival.

The Cox univariate and multivariate analyses showed that
preoperative RBC count was an independent risk factor of poor
prognosis after surgical treatment. The Kaplan—Meier curves
showed that the overall survival (OS) of patients without reduced
preoperative  RBC counts was significantly better than those
patients with reduced preoperative RBC counts (P < 0.001). Concor-
dantly, compared with the patients with either reduced preoperative
and/or postoperative RBC counts, patients without reduced RBC
counts preferred to be low Child—Pugh grades (P =0.0065), which
implies a better hepatic function. In addition, low RBC count was found
to be significantly associated with patients of female (P=0.003),
younger age (P= <0.001), and with higher AST/ALT ratio
(P=0.005).
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This study revealed that patients with preoperative RBC counts
lower than normal had worse OS rates than those without reduced
preoperative RBC counts, perhaps due to the significant correlation of
reduced preoperative RBC count to patients’ worse Child—Pugh grade
that reflect the loss of liver functions.

(Medicine 94(8):¢577)

Abbreviations: A/G = albumin/globulin, Alb = albumin, ALP =
alkaline phosphatase, ALT = alanine transaminase, AST = aspartate
transaminase, BCLC = barcelona Clinic Liver Cancer, GGT = vy-
glutamyl transpeptidase, PLC = primary liver cancer, PT =
prothrombin time, PVTT = tumor thrombi in the portal vein,
RBC = red blood cell, Tbil = total bilirubin.

INTRODUCTION

lobally, primary liver cancer (PLC) caused 754,000 deaths

in the year 2010, making it the third leading cause of
cancer death only after lung cancer and stomach cancer.! More
than 80% of annually diagnosed hepatocellular carcinoma cases
worldwide occur in sub-Saharan Africa or East Asia. China
alone accounts for >50% of the total cases due to endemic
hepatitis B virus infection.?

Although new therapeutic regimens have developed in
recent years, no noticeable improvement of the prognosis of
PLC has been archived. The 5-year survival rate after diagnosis
was approximately 10%.%* For those PLC patients who had the
applicable profile as defined by the Barcelona Clinic Liver
Cancer (BCLC) stage, the optimal therapy remains to be
surgical resection.”~” It is generally acknowledged that accurate
predicting of a patient’s prognosis before surgery is important
for the proper management of the patients. A mass of indepen-
dent prognostic factors, such as serum vy-glutamyl transpepti-
dase and neutrophil-to-lymphocyte ratio, had been reported as
of predicting values for the prognosis of PLC after hepatic
resection.®? Red blood cell (RBC) count is one of the eryth-
rocyte parameters, and a very limited number of studies have
reported that it can be used as a screening index or a treatment
effect predictor of certain diseases.'”!' One report has
suggested the relation of elevated red cell distribution width
with advanced liver fibrosis in nonalcoholic fatty liver dis-
ease.'? Unfortunately, no report has connected the alteration of
RBC count with human cancers, and the relation between
reduced RBC count and poor liver function has never been
investigated.

In this study, we evaluated the prognosis predicting
value of reduced preoperative RBC count on the long-
term survival rate of PLC patients who underwent hepatic
resection. In addition, the correlation of reduced RBC counts
to patients’ clinical pathological characteristics was also ana-
lyzed.
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METHODS

Study Population and Their Clinical Data
Collection

A total of 758 patients who underwent surgical treatment in
Henan Cancer Hospital, Zhengzhou, China, from February
2009 to July 2013 were enrolled in this study. All of the enrolled
patients were diagnosed with PLC, which was confirmed by
pathological diagnosis, and none of them received any che-
motherapy or radiotherapy before surgery. This study was
approved by the Ethics Committee of Peking University Health
Science Center, Beijing, China. Written informed consents were
obtained from all the participants. For patients who were
children, written informed consents were obtained from
their guardians.

Follow-Up

We followed up the patients by telephoning or visiting the
patients or their relatives to consult their medical records. The
first follow-up was carried out 1 month after hospital discharge,
at the time the patients were advised to return to the hospital for
a routine postoperation examination. The second follow-up was
at the end of the third month after surgery. After that, the
patients were followed-up every 3 months for the first year, then
every 6 months for the second and the third year, and once a year
for the fourth and the fifth year. If a patient died during the
follow-up, we would ask for the exact date of death and cause.
The last instance of follow-up was in December 2014. The
patients who were alive at the end of the research period
were censored.

Variables

The following data of each patient were collected from the
Hospital Episodes Statistics with the permission of the hospi-
tal’s ethnic committee: sex, age at the surgery, cirrhotic status,
presence of tumor thrombi in the portal vein (PVTT), and tumor
size. The other laboratory data collected included RBC count,
total bilirubin (Tbil) value, alanine transaminase (ALT) value,
glutamic oxalacetic transaminase or aspartate transaminase
(AST) value, alkaline phosphatase (ALP) value, y-glutamyl
transpeptidase (GGT) value, albumin (Alb) value, albumin/
globulin (A/G) ratio, and prothrombin time (PT). Only the data
from the last examination before surgery were taken into
analysis if multiple laboratory tests were performed. The post-
operative RBC count was specified to the examination 1 month
after surgery. According to the diagnostic criteria of the hospi-
tal, the above biochemistry variables were divided into 3
groups: increased group (higher than the upper limitation of
the normal range), normal group (within normal ranges, if in
clinical practices there is a range for a laboratory parameter),
and decreased group (less than the lowest limitation of the
normal range).

In addition, the Child—Pugh grades A to C were deter-
mined by the following 5 assessments: bilirubin, Alb, the PT/
international normalized ratio, ascites, and hepatic encephalo-
pathy; the BCLC stages were determined by Child—Pugh
classification, performance status, and tumor status, and were
classified into classes A to D.

Patient Groups

Among the 758 patients, 724 had accessible preoperative
RBC counts. The RBC counts of the patients ranged from 0.38
to 6.91 x10'*/L (median 4.2 x 10'%/L). In clinical practice, the
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normative values of RBC counts range from 4 to 5.5 x 10'%/L for
male, and 3.5 to 5 x10'%/L for female, respectively. Accord-
ingly, the patients were divided into 2 groups based on each
patient’s preoperative RBC counts: the high preoperative RBC
count group (group 1), composed of 551 patients (434 male
and 117 female), all of them with normal or even increased
preoperative RBC count (RBC > 4 x10'%/L for male, or
>3.5 x10'?/L for female), and the low preoperative RBC count
group (group 2), composed of 173 patients (150 male and
23 female patients), all with decreased Preoperative RBC count
(RBC < 4 x10"%/L for male, <3.5 x 10'?/L for female). Of 724
patients, 718 also have available postoperative RBC counts
tested at the first returning to the hospital 1 month after surgery.
Therefore, the patients were further divided into 4 groups
according to each patient’s both preoperative and postoperative
RBC counts: subgroup 1 with both preoperative and postopera-
tive RBC counts not reduced (n=348); subgroup 2 with high
preoperative RBC count but decreased postoperative RBC count
(n=199); subgroup 3 with low preoperative RBC count but
increased to normal or higher postoperative RBC count
(n=48); and subgroup 4 with both low preoperative and post-
operative RBC counts (n=123).

Statistical Analysis

All variables were expressed as classification variables.
The comparison of the variables between the high RBC count
group and the low RBC count group was conducted using x*
tests. In addition, a multivariate logistic regression analysis was
performed to identify the independent associational variables.
x> tests were also used to compare the relationship between
preoperative RBC counts to the Child—Pugh grades. Correlation
analysis was carried out to select the analysis variables, in order
to avoid multicollinearity. The survival curves of different
groups were generated using the Kaplan—Meier method. The
differences among the curves were analyzed using the log-rank
analysis. The Cox univariate and multivariate analyses were
performed to identify the independent factors relevant to
patients’ survival. We defined the hazard ratio (HR) as the ratio
of mortality between other groups (group 2and/or 3) and the
first group (group 1, control group). The assumptions for
calculating the HR have been checked by Wald tests. The
analyses were conducted using SPSS 21.0 (Xishu software
(Shanghai) company). Differences were significant when the
P value was <0.05.

RESULTS

Identification of the Independent Risk Factors of
Poor Prognosis in PLC Patients Who Underwent
Surgical Treatment

We collected the preoperative clinicopathologic data and
the follow-up information of 758 patients with PLC in Table 1.
During follow-up, 112 patients were lost; the remaining 646
patients were successfully followed up and enrolled for the
overall survival (OS) analysis. To investigate the risk factors for
poor prognosis after surgical treatment, the preoperative RBC
count, as well as other 17 potential clinical variables, was
analyzed by univariate analysis. As shown in Table 2, preo-
perative RBC count as well as PVTT, tumor size, Child—Pugh
grade, BCLC stage, Tbil value, ALT value, AST value, AST/
ALT ratio, ALP value, GGT value, Alb value, A/G ratio, and PT
were identified as the candidate risk factors for poor prognosis.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Preoperative Clinicopathologic Data and the Follow-Up Information in Patients With Primary Liver Cancer (n=758)

Number of Successful

Variable Mean + SE Number Follow-Up Percent (%)

Sex (male/female, n=758) 611/147 535/122 87.6/83.0
Cirrhosis (Yes/No, n= 746) 661/85 574/73 86.8/85.9
PVTT (Yes/No, n=742) 176/566 145/499 82.4/88.2
BCLC stage (A/B/(C+D), n=684) 399/98/187 351/82/152 88.0/83.7/81.3
Child—Pugh (A/(B+C), n=704) 601/103 516/86 85.9/83.5
Age (<60/>60, y, n=758) 53.29+0.38 549/209 470/187 85.6/89.5
Tumor size (<5/>5, cm, n=748) 8.78 £0.20 160/588 140 / 508 87.5/86.4
Tbil (1/2, pmol/L, n=753) 19.90 +1.30 266/487 232/420 87.2/86.2
ALT (1/2, U/L, n=751) 61.14+4.32 350/401 305/345 87.1/86.0
AST (1/2, U/L, n="753) 71.14 £4.50 438/315 377/275 86.1/87.3
AST/ALT (1/2/3, n=753) 1.47 +£0.04 123/381/248 107/331/213 87.0/86.9/85.9
ALP (1/2, U/L, n="745) 132.32 +3.60 178/567 155/489 87.1/86.2
GGT (1/2, U/L, n=753) 13.23 +6.06 547/206 470/182 85.9/88.3
RBC (1/2, 10"%/L, n=724) 4.23+0.02 551/173 458/154 83.1/89.0
Alb (1/2/3, g/L, n=752) 40.09+0.21 33/637/82 25/552/74 75.8/86.7/90.2
Globulin (1/2/3, g/L, n=724) 29.11+0.22 28/674/22 27/578/18 96.4/85.8/81.8
A/G (1/2/3, n=723) 1.43+0.01 3/310/410 2/263/356 66.7/84.8/86.8
PT (1/2/3, s, n=742) 13.274+0.08 146/580/16 130/499/12 89.0/86.0/75.0

Note: The numbers in some groups are <758 due to the lack of original data. The increased group is marked 1, normal group marked 2, and
decreased group marked 3 in each group. A/G=albumin/globulin, Alb=albumin, ALP = alkaline phosphatase, ALT =alanine transaminase,
AST = aspartate transaminase, BCLC = Barcelona Clinic Liver Cancer, GGT = y-glutamyl transpeptidase, PT = prothrombin time, PVTT = tumor
thrombi in the portal vein, RBC =red blood cell, Tbil =total bilirubin.

Furthermore, through Cox proportional hazards model for grade, increased AST/ALT ratio, and GGT value were the
multivariable analysis, we identified that decreased preopera- independent risk factors for poor prognosis in patients with
tive RBC count, advanced BCLC stage, worse Child—Pugh PLC after surgical treatment (Table 3).

TABLE 2. Univariate Cox Proportional Hazard Model for Predictors of Death (n=646)

Hazard 95% Confidence Median
Variable B Wald Ratio Interval Survival P Value
Sex (male/female, n= 646) 0.083 0.454 1.086 0.854-1.381 21.500/18.567 0.500
Age (<60/>60, y, n=646) —0.044 0.162 0.957 0.773—1.185 19.867/24.267 0.687
Cirrhosis (Yes/No, n=637) 0.197 1.707 1.218 0.906—-1.638 21.633/15.633 0.191
PVTT (Yes/No, n=633) —1.089 98.550 0.337 0.271-0.417 7.300/32.567 <0.001
Tumor size (<5/>5, cm, n=637) 0.573 18.709 1.773 1.368-2.298 45.133/16.933 <0.001
Child—Pugh (A/(B4+C), n=591) 0.349 6.378 1.417 1.081-1.858 22.867/14.600 0.012
BCLC (A/B/(C+D), n=585) 0.663 131.046 1.940 1.732-2.173 43.067/10.933/7.300 <0.001
Thil (2/3, wmol/L, n=641) —0.301 9.006 0.740 0.608-0.901 15.267/23.533 0.003
ALT (2/3, U/L, n=639) —0.250 6.457 0.779 0.643-0.945 16.167/27.667 0.011
AST (2/3, U/L, n=1641) —0.733 48.428 0.481 0.391-0.591 13.633/44.633 <0.001
AST/ALT (1/2/3, n=639) —0.447 37.945 0.640 0.555-0.737 9.700/18.567/40.833 <0.001
ALP (1/2, U/L, n=633) —0.508 21.809 0.602 0.486—0.754 10.367/25.067 <0.001
GGT (1/2, U/L, n=1641) —0.795 41.428 0.451 0.354-0.575 14.767/49.733 <0.001
Alb (1/2/3, g/L, n=640) 0.509 17.144 1.664 1.308-2.118 65.967/21.833/12.633 <0.001
Globulin (1/2/3, g/L, n=612) —0.209 1.222 0.811 0.560-1.175 11.600/21.400/21.500 0.269
A/G (2/3, n=611) 0.637 36.562 1.891 1.538-2.325 40.833/13.967 <0.001
RBC (1/2, 10"%/L, n=612) 0.441 16.037 1.555 1.253-1.929 27.167/12.633 <0.001
PT (1/2/3, s, n=1631) —0.339 9.119 0.713 0.572-0.888 12.300/23.533/12.667 0.003

Note: The numbers in some groups are <646 due to the lack of original data. The increased group is marked 1, normal group marked 2, and
decreased group marked 3 in each group. A/G=albumin/globulin, Alb=albumin, ALP = alkaline phosphatase, ALT =alanine transaminase,
AST = aspartate transaminase, BCLC = Barcelona Clinic Liver Cancer, GGT =y-glutamyl transpeptidase, PT = prothrombin time, PVTT = tumor
thrombi in the portal vein, RBC =red blood cell, Tbil =total bilirubin.

For bold P values, P < 0.05. They were statistically significant in the analyses.
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TABLE 3. Multivariate Cox Proportional Hazard Model for Predictors of Death (n=646)

Variable B Wald Hazard Ratio 95% Confidence Interval P Value
BCLC (A/B/(C+D), n=585) 0.576 86.020 1.779 1.575-2.009 <0.001
Child—Pugh (A/(B4C), n=591) 0.308 4.528 1.360 1.025-1.806 0.033
AST/ALT (1/2, n=639) —0.304 15.093 0.738 0.633-0.860 <0.001
GGT (1/2, n=0641) —0.597 18.151 0.550 0.418-0.724 <0.001
RBC (1/2, n=612) 0.290 6.042 1.337 1.061-1.685 0.007

Note: The numbers in some groups are <646 due to the lack of original data. Variables initially included in the multivariate analysis were PVTT,
diameter of tumor, Child—Pugh grade, BCLC stage, AST/ALT ratio, ALP value, GGT value, and RBC count. Variables including Tbil, Alb, A/G, and
PT were not included in the multivariate analysis to avoid colinearity with Child—Pugh grade. When the variables had linear association, we selected
the variables that had a stronger correlation with the survival status. A/G = albumin/globulin, Alb = albumin, ALP = alkaline phosphatase, ALT =
alanine transaminase, AST = aspartate transaminase, BCLC = Barcelona Clinic Liver Cancer, GGT = y-glutamyl transpeptidase, PT = prothrombin
time, PVTT = tumor thrombi in the portal vein, RBC =red blood cell, Tbil = total bilirubin.

For bold P values, P < 0.05. They were statistically significant in the analyses.

Lower Preoperative RBC Count Implicated Poor
Postoperative Survival

To the best of our knowledge, this is the first study to report
that decreased preoperative RBC count is an independent risk
factor of poor prognosis in PLC patients who underwent
surgical treatment. This discovery promoted us to evaluate
its prognostic predicating value of postoperative survival in
PLC patients. Of the 724 patients with available preoperative
RBC counts, 612 of them were successfully followed up and
enrolled for the OS analysis. Kaplan—Meier curves for OS rate
of patients with and without decreased preoperative RBC count
were plotted in Figure 1A. The OS of the group 2 patients with
decreased preoperative RBC counts was significantly poorer
than that of the patients in group 1 (HR: 1.374; 95% confidence
interval [CI]: 1.092—-1.728; P =0.007). The 1, 3, and 5-year OS
rates of group 2 patients were 31%, 22%, and 19%, respectively.
In contrast, the respective OS rates in the group 1 were 52%,
36%, and 26%. In concordance, the median survival time in the
group 2 patients was 12.6 months (95% CI: 8.9—16.4), which
was significantly <26.6 months (95% CI: 21.2-33.2) of the
group 1 patients (P < 0.001).

Next, to prove the universal applicability of RBC count as
a valuable prognostic parameter, the cohort was adjusted by sex
and age. Kaplan—Meier curves analysis conformed that among
male patients, the 12.7 months of median OS in patients with
decreased preoperative RBC counts was statistically shorter
than the 27.1 months of median OS in those without decreased
preoperative RBC count (HR: 1.518; 95% CI: 1.198-1.925;
P=0.001). Similar results were also obtained in female
patients; the median OS of patients with and without decreased
preoperative RBC counts for females were 8.4 and 28.3 months,
respectively (HR: 1.867; 95% CI: 1.097-3.176; P=0.019). In
China, the mean age of diagnosis with hepatocellular carcinoma
was 55 to 59 years.> According to their age at the moment of
surgery, the patients were divided into 2 groups using age of 60
year as a cutoff set, while among a subfraction of patients under
60 year old, the median OS of patients with decreased pre-
operative RBC were 11.6 months, which is statistically shorter
than 25.0 months for patients without decreased RBC. (HR:
1.570; 95% CI: 1.205-2.047; P =0.001). Meanwhile, for those
patients >60 years old, the tendency remained and the median
OS were 15.0 and 32.6 months, respectively (HR: 1.657; 95%
CI: 1.123-2.445; P=0.011) (Figure 1B—E). All these data
indicated that the OS was significantly poorer in the patients
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with decreased preoperative RBC counts, as compared with
those patients without.

Impact of Preoperative and Postoperative RBC
Counts on the Prognosis of PLC After Surgical
Treatment

As preoperative RBC count could potentially be used as a
predictor of the OS in PLC patients who underwent surgery, it
was worthwhile to take the influence of postoperative RBC
count into consideration too. Among the 718 patients with both
preoperative and postoperative RBC counts data, 606 of them
were successfully followed up. These patients were divided into
4 subgroups according to their preoperative and postoperative
levels of RBC counts. Then Kaplan—Meier curve was carried
out for OS of each group and the results were plotted in Figure 2.
The median OS of the subgroups 1, 2, 3, and 4 were 32.4, 19.2,
17.8, and 11.6 months, respectively. Such differences suggested
that patients with both normal preoperative and postoperative
RBC counts could expect the best OS, whereas those patients
with both decreased preoperative and postoperative RBC counts
exhibit the poorest prognosis (P < 0.001). However, no statisti-
cally significant difference was found among the subgroups 2,
3, and 4.

Reduced Preoperative RBC Count Was
Associated With Worse Child-Pugh Scores and
Higher AST/ALT Ratio in PLC Patients

Several previous studies have revealed that certain clin-
icopathologic variables could impact the OS rate of PLC
patients who underwent surgical treatment. Therefore, a variety
of clinicopathologic variables were compared between the
patients with reduced preoperative RBC count to those without
reduced preoperative RBC count. As shown in Table 4, we
observed that the following demographic and clinical features
were associated with decreased preoperative RBC count
according to a univariate analysis: sex, age, cirrhosis, Child—
Pugh grade, AST value, AST/ALT ratio, Alb value, A/G ratio,
and PT value. In other words, decreased preoperative RBC was
more frequently observed in patients who were female, elderly,
with hepatic cirrhosis, higher Child—Pugh score, higher AST
value and AST/ALT ratio, higher PT value, or lower Alb value
and A/G value. We noticed that there was no statistical sig-
nificance of the association between preoperative RBC count
and BCLC grade.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. Comparison of overall survival between patients with high RBC counts and patients with low RBC counts. (A) Patients with high
RBC counts (group 1, RBC > 4 x10"?/L for male, >3.5 x10'?/L for female, n=458) and patients with low RBC counts (group 2, RBC
< 4 x10"?/L for male, <3.5 x10'2/L for female, n=154). Log-rank test: P<0.001. (B) Male patients with high RBC counts (group 1,
n=367) and patients with low RBC counts (group 2, n=132). Log-rank test: P=0.001. (C) Female patients with high RBC counts (group
1, n=91) and patients with low RBC counts (group 2, n=22). Log-rank test: P=0.019. (D) Younger patients with high RBC counts
(group 1, n=347) and patients with low RBC counts (group 2, n=95). Log-rank test: P=0.001. (E) Older patients with high RBC counts
(group 1, n=111) and patients with low RBC counts (group 2, n=>59). Log-rank test: P=0.010. RBC = red blood cell.
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FIGURE 2. Comparison of overall survival among 4 subgroups
(1, 2, 3, 4) of patients. Log-rank test: P<0.001. Subgroup 1:
preoperative and postoperative RBC counts were both high
(n=297). Subgroup 2: preoperative RBC count was high but
low postoperation (n =157). Subgroup 3: preoperative RBC count
was low but high postoperation (n=43). Subgroup 4: preopera-
tive and postoperative RBC counts were both low (n=109).

To validate the associations between the patients’ reduced
preoperative RBC count and other demographic and clinical
features mentioned earlier, multivariate analysis was performed
using logistic regression. As shown in Table 5, the following
variables were confirmed as being independently associated
with reduced RBC: sex (odds ratio [OR]: 0.447), age (OR:
2.024), Child—Pugh grade (OR: 1.643), and AST/ALT ratio
(OR: 0.679). In other words, decreased preoperative RBC was
more frequently observed in patients who were female,

younger, with a higher Child—Pugh score, or a higher AST/
ALT ratio. Although Child—Pugh grade reflects a patient’s liver
function, as expected, x> tests revealed an obvious linear
trend in the Child—Pugh grade among these 4 subgroups
(P =0.0065). In line with this, the proportions of patients scored
as Child—Pugh grade A in subgroups 1, 2, 3, and 4 were 88.4%,
83.3%, 71.4%, and 68.8%, respectively.

DISCUSSION

In this study, through Cox univariate and multivariate
analyses, we identified that decreased preoperative RBC count,
presence of portal vein tumor thrombosis, worse Child—Pugh
grade, increased AST/ALT ratio, and GGT value were the
independent risk factors for poor prognosis in patients with
PLC after surgical treatment (Table 3). Some factors among
them were in accordance with other studies,'*!7 which
suggested the quality of our current follow-up study cohort.
Interestingly, we identified for the first time that reduced
preoperative RBC count as an independent risk factor contrib-
uted to poor prognosis of PLC patients who underwent surgical
treatment. More than that, our data clearly demonstrated that the
RBC counts were negatively associated with patients’ Child—
Pugh grade, which is a well-known prognostic measure to
predict the outcome of PLC patients who underwent surgical
resection. Therefore, it was not surprising to find that patients
with reduced preoperative RBC counts had shorter survival, just
like those with a higher Child—Pugh grade. Moreover, because
RBC counts can be examined by routine blood examination, it
might be a new and conditional marker to estimate the patients’
general condition and predict the mortality risk of a PLC patent
who would undergo surgery.

Because of the difference in the normal RBC counts
between male and female, sex was adjusted to observe the
OS. As shown in Figure 1B and C, no matter male or female
patients, the OS of the patients with decreased preoperative

TABLE 4. Comparisons of Clinicopathologic Data Between Patients With and Without Decreased RBC (n = 724)

Variable High RBC Count (n) Low RBC Count (n) Pirena
Sex (male/female, n =724) 434/117 150/23 0.021
Cirrhosis (Yes/No, n=715) 477/69 108/61 <0.001
PVTT (Yes/No, n=710) 120/419 45/126 0.275
BCLC stage (A/B/(C+D), n=658) 295/76/128 93/21/47 0.533
Child—Pugh (A/(B4+C), n=675) 444/66 132/33 <0.001
Age (<60/>60, y, n=724) 422/129 107/66 <0.001
Tumor size (<5/>5, cm, n=716) 116/429 38/133 0.795
Thil (1/2, pmol/L, n="724) 191/360 63/110 0.674
ALT (1/2, U/L, n=723) 251/299 82/91 0.685
AST (1/2, U/L, n="724) 308/243 112/61 0.040
AST/ALT (1/2, n="724) 350/201 132/41 0.002
ALP (1/2, U/L, n=1716) 122/422 45/127 0313
GGT (1/2, U/L, n="724) 394/157 132/41 0.218
Alb (1/2/3, g/L, n="723) 29/487/34 2/126/45 <0.001
Globulin (1/2/3, g/L, n=723) 19/513/18 9/160/4 0.238
A/G (1/2/3, n=1722) 3/261/287 0/50/123 <0.001
PT (1/2/3, s, n=713) 94/432/14 45/126/2 0.008

Note: The numbers in some groups are <724 due to the lack of original data. The increased group is marked 1, normal group marked 2, and
decreased group marked 3 in each group. A/G=albumin/globulin, Alb=albumin, ALP = alkaline phosphatase, ALT = alanine transaminase,
AST = aspartate transaminase, BCLC = Barcelona Clinic Liver Cancer, GGT =y-glutamyl transpeptidase, PT = prothrombin time, PVTT = tumor

thrombi in the portal vein, RBC =red blood cell, Tbil =total bilirubin.

For bold P values, P < 0.05. They were statistically significant in the analyses.
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TABLE 5. Predictive Variables for Decreased Red Blood Count by Multivariate Analysis Using Logistic Regression Model (n =724)

Variable Odds Ratio 95% Confidence Interval P Value
Sex (male/female, n=724) 0.447 0.262-0.763 0.003
Age (<60/>60, y, n=724) 2.024 1.372-2.985 <0.001
Child—Pugh (A/(B4+C), n=673) 1.643 1.012-2.668 0.045
AST/ALT (1/2, n=724) 0.679 0.519-0.890 0.005

Note: The numbers in some groups are <724 due to the lack of original data. Variables initially included in the multivariate analysis were sex, age,
Child—Pugh, cirrhosis, and AST/ALT value. Variables including Alb, A/G ratio, and PT were not included in the multivariate analysis to avoid
multicollinearity with Child—Pugh grade. A/G =albumin/globulin, Alb=albumin, ALT =alanine transaminase, AST =aspartate transaminase,

PT = prothrombin time.

For bold P values, P < 0.05. They were statistically significant in the analyses.

RBC counts was significantly poorer, as compared with that of
the patients without decreased preoperative RBC counts.
Because the research is about the survival rate after surgery,
so age is an indispensable factor, too. Therefore, age of the
patients when they underwent surgery was also subjected to
adjusting as sex. It demonstrated that no matter among younger
or older patients, the OS of the patients with decreased pre-
operative RBC counts was significantly poorer, as compared
with that of the patients without decreased preoperative RBC
counts. To further confirm the above observation, the patients
were then divided into 4 subgroups with postoperative RBC
counts taken into consideration. As expected, a patient with
constant normal preoperative and postoperative RBC counts
was expected to have a longest survival time after surgery
(Figure 2).

It is commonly recognized that certain clinicopathologic
variables could impact the OS rate of PLC patients who under-
went surgical treatment. At the moment, we cannot provide a
mechanistic explanation why a patient’s preoperative RBC
count linked to his/her postsurgery survival chance. To try to
get some clues, we explored the relationship between the
reduced preoperative RBC counts with those demographic
and clinical features known to be of impact on patients’ post-
operative survival rate. As expected, several features were
statistically associated with patient’s reduced preoperative
RBC counts, particularly the patients’ Child—Pugh grade.
The significant association between reduced RBC counts with
patients’ worse Child—Pugh grades might support the idea that
reduced preoperative RBC count might reflect worse liver
function. In line with this, we found that there was a strong
linear trend of Child—Pugh grades among the 4 subgroups. In
addition, AST/ALT ratio, which might be associated with the
damage of liver cells, was also associated with reduced pre-
operative RBC count.

Although it is well known that liver function impacts
patients’ survival,'¥2% it is reasonable to postulate that low
levels of preoperative RBC count might reflect poor liver
function; it is the latter that attribute to the poor survival of
PLC patients. However, the exact mechanisms relevant to the
impact between liver functions and RBC counts are not clear.
Some studies have suggested that they are interdependent and
mutually promotive; therefore, it is possible that they may
interplay to prompt the worsening outcome of a patient. Most
of'the PLC patients accompanied with cirrhosis. As described in
1 report, the hemolytic anemia in cirrhosis may be associated
with spherocyte formation, and the mechanism of the hemolysis
appears to have consisted in local destruction of red cells, might
through their sequestration in the spleen.>' Besides, as we know,
approximately 25% of the iron required for erythropoiesis was

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

synthesized in the liver in the form of ferritin,>* a damage of
liver function may lead to the decrease of ferritin, which
sequentially impaired the erythropoiesis, primarily in the micro-
cytic anemia.

In addition, we identified that there was no association
between RBC count and BCLC stage, and the latter was found
to be an independent risk factor for prognosis in patients with
PLC after surgical treatment. As we know, BCLC stage system
is the preferred tool to evaluate patients with hepatocellular
carcinoma and links prognosis assessment with treatment
recommendation.>*** However, the prognosis predictive capa-
bility of BCLC stage system was limited.?® Using RBC count in
parallel with BCLC stage system might be helpful to make
treatment option recommendations for PLC patients.

We must acknowledge that there are some limitations in
this study. For instance, the underlying mechanism attributing
to the interdependence between RBC counts and Child—Pugh
grade was not solved. We were unable to ascertain if reduced
RBC counts worsen liver function, or vice versa. In addition,
because we considered a large number of variables in our
analysis, it is necessary to make multiple comparisons in a
confirmatory study in the future.

In conclusion, this study revealed that reduced preopera-
tive RBC count predicted poor OS rate after surgical resection
in patients with PLC. Such prognostic predicting value of
preoperative RBC counts was supported by the significant
association between decreased preoperative RBC counts and
worse liver functions. However, it will be important to validate
the prognostic predicting value of preoperative RBC count in
the future confirmatory studies.
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