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Abstract. The association between the serum levels of cancer
antigen 125 (CA125; also termed MUCI16) and the prognosis
of patients with hepatocellular carcinoma (HCC) has not
been widely reported to date. The aim of the present study
was to determine the association between preoperative serum
CA125 levels and prognosis of patients with hepatitis B virus
(HBV)-related HCC after hepatectomy. The study included
306 patients with HBV-related HCC who underwent liver
resection and were classified into four subgroups based on
their baseline CA125 and a-fetoprotein (AFP) levels. The
perioperative clinical data were compared and analyzed.
Kaplan-Meier and Cox regression analyses were performed
to determine the associations between patient clinicopatho-
logical characteristics and survival. The results revealed that
the median follow-up time was 35 months. Patients with low
preoperative serum CA125 levels presented with improved
3-year disease-free survival (DFS) (79.3 vs. 75.7%; P=0.278)
and overall survival (OS) (84.4 vs. 77.1%; P=0.001) rates
compared with those among patients with high preoperative
serum CA125 levels. High preoperative serum CA125 levels
were a risk factor associated with short DFES and OS rates
in all patients. In patients with baseline AFP levels >100
ng/ml, low preoperative serum CA125 levels were signifi-
cantly associated with prolonged DFS and OS rates (log-rank
test P=0.002 and P=0.005, respectively). In patients with AFP
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levels <100 ng/ml, no significant differences were observed in
DEFS or OS rates between the high and low preoperative serum
CA125 groups. Patients with high preoperative serum CA125
and AFP levels exhibited the worst prognosis (low DFS and
OS rates). In conclusion, high baseline CA125 levels may be
associated with a poor prognosis in patients with HBV-related
HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies, and the third most common cause of cancer-
associated mortality worldwide (1). In 2018, the estimated
global incidence rate of liver cancer per 100,000 person-years
was 9.3, and the corresponding mortality rate was 8.5; HCC
accounts for 75-80% of liver cancer cases (2). In addition,
chronic hepatitis B virus (HBV) infections account for
75-80% of HCC cases worldwide (3); in China, HBV infections
account for >80% of all HCC cases (4). Radical resection of
liver cancer and liver transplantation are the current potential
curative treatments for selected patients with HCC based on
the Milan Criteria (5,6). However, long-term surgical outcomes
remain unsatisfactory due to high tumor recurrence rates (7,8).
Previous studies have reported that liver- and tumor-related
characteristics such as cirrhosis, tumor size, number and
vascular invasion are definitive risk factors associated with
long-term survival after curative resection of HCC (9,10).
Cancer antigen 125 (CA125) is a high-molecular-weight
glycoprotein identified with a murine monoclonal antibody
against epithelial ovarian cancer (11), and serum CA125 levels
have been proposed as a marker for monitoring the course of
disease in patients with epithelial ovarian cancer (12). In addi-
tion, CA125 is used for the diagnosis and prognosis of various
types of tumor, such as ovarian cancer, cholangiocarcinoma
and lung cancer (13-16). Previous studies have demonstrated
that CA125 levels are high in patients with acute and chronic
liver disease, particularly in those with cirrhotic ascites (17,18).
The expression levels of serum CA125 are elevated in HCC
compared with health subject and benign liver diseases, and
CA125 exhibits 92% sensitivity for the diagnosis of HCC;
however, the specificity is only 48.5%, which is significantly
lower compared with that of a-fetoprotein (AFP) (19). Despite


https://www.spandidos-publications.com/10.3892/ol.2021.12748
https://www.spandidos-publications.com/10.3892/ol.2021.12748
https://www.spandidos-publications.com/10.3892/ol.2021.12748

2 QIN et al: EFFECTS OF CA125 LEVELS ON HEPATOCELLULAR CARCINOMA

the numerous biomarkers proposed for HCC, such as AFP-L3,
des-y-carboxy prothrombin and osteopontin (20), the first one
that was identified, AFP, remains the most utilized. Previous
studies have demonstrated that CA125 provides a reference
value for the prognostic evaluation of patients with various
types of tumor, such as pancreatic, epithelial ovarian and lung
cancer (21-23). Zhou et al (24) have reported that high preop-
erative serum CA125 levels predict a large tumor diameter and
poor prognosis following liver resection in patients with HCC
with AFP levels <200 ng/ml. To date, the association between
CA125 levels and prognosis of patients with HBV-related HCC
has not been reported in detail; although certain retrospective
reports have identified an association between them (13,24),
further studies are needed to confirm this. Based on the
worldwide predominance of HBV-related HCC, it is essential
to investigate the association between CA125 and prognosis in
HBV-related HCC.

To address this question, the present study retrospectively
analyzed the records of 306 patients with HBV-related HCC
treated by curative resection and assessed the potential
associations between CA125 levels prior to tumor resection
and post-operative disease-free survival (DFS) and overall
survival (OS).

Materials and methods

Patients. Between April 2013 and October 2018, a retrospec-
tive study was conducted using the data from 466 consecutive
patients (392 men, 74 women; median age, 54.4 years) with
HBV-related HCC who underwent hepatic resection at Liuzhou
People's Hospital Affiliated to Guangxi Medical University
(Liuzhou, China). The inclusion criteria were as follows:
1) Patients =18 years; ii) HCC was confirmed by postoperative
pathologic examination; iii) hepatitis B surface antigen was
positive; iv) patient agreed to liver resection; v) curative treat-
ment (pathological confirmation of negative resection margin);
and vi) no local recurrence within 2 months after surgery. The
exclusion criteria were as follows: i) Metastatic or recurrent
liver cancer was confirmed by postoperative pathological
examination; ii) hepatitis C virus or human immunodeficiency
virus; iii) significant lesions of the heart, lung or kidney;
iv) patient received transarterial chemoembolization or other
antitumor therapy before surgery; and v) severe complica-
tions or adverse events (including postoperative mortality)
within 2 months following surgery. Based on these criteria,
160 patients were excluded, and the remaining 306 patients
were enrolled. The patient selection flow diagram is presented
in Fig. 1. The Clinical Research Ethics Committee of Liuzhou
People's Hospital Affiliated to Guangxi Medical University
approved the study, and written informed consent was obtained
from each patient before surgery.

All patients received conventional perioperative prophy-
lactic antibiotics, drugs inhibiting gastric acid secretion,
liver protection therapy and nutritional support. The primary
outcome of the study was DFS and OS after hepatectomy.
Secondary outcomes included tumor characteristics, intraop-
erative blood loss and intraoperative transfusion.

Based on a previous study, an AFP level of 100 ng/ml
was selected as the stratification cutoff point (25). According
to the stratification of preoperative serum CA125 and AFP

levels, the patients were classified into four subgroups:
i) Subgroup 1, CA125 <15 U/ml and AFP <100 ng/ml (n=95);
ii) subgroup 2, CA125 <15 U/ml and AFP >100 ng/ml (n=75);
iii) subgroup 3, CA125>15 U/ml and AFP <100 ng/ml (n=57);
and iv) subgroup 4, CA125 >15 U/ml and AFP >100 ng/ml
(n=79). Patients received antiviral therapy conforming to
the Chronic Hepatitis B Practice Guidelines of the Asian
Pacific Association for the Study of the Liver (26). Antiviral
therapy was administered before or after surgery (oral
100 mg lamivudine, 10 mg adefovir dipivoxil or 0.5 mg
entecavir daily).

Clinical diagnosis and definitions. Diagnosis of HCC was
confirmed by pathology. OS was calculated from the day of
surgery until the day of mortality or last contact. The DFS
was defined as the time from the day of surgery to the day
of confirmed tumor recurrence, or from the day of surgery to
the day of mortality or last contact for patients who did not
experience recurrent disease.

Biochemical tests and follow-up. Patient blood tests were
performed in the morning of the second day after hospital
admission. Baseline examinations (within 7 days prior to
surgery) included regular routine blood, liver function, blood
coagulation function, hepatitis B surface antigen (HBsAg),
HBsAg antibody (anti-HBs), hepatitis B e antigen (HBeAg),
HBeAg antibody (anti-HBe), antibody to hepatitis core
antigen (anti-HBc), AFP and CA125 concentration, and HBV
DNA level tests. Serum HBV viral loads were measured
using a PCR HBV monitoring kit (Roche Diagnostics K.K)
with a lower detection limit of 200 IU/ml. The concentra-
tion of serum CA125 and AFP was detected by ELISA (cat.
nos. Q8WX17 and E-EL-H0070c; Wuhan Huamei Biotech
Co., Ltd) according to the manufacturer's instructions.

Patients were followed up at Liuzhou People's Hospital
every 3 months during the first postoperative year and
every 3-6 months thereafter. The follow-up period ended
on August 12, 2019. Blood tests and liver ultrasonography
were performed during each visit by independent doctors.
A computed tomography (CT) scan of the abdomen was
performed every 6 months. If recurrence was suspected, CT
or magnetic resonance imaging was immediately performed
to confirm the diagnosis. Patients with confirmed recurrence
were subjected to further treatment. If the recurrent tumor
was localized, a second liver resection, radiofrequency abla-
tion or percutaneous ethanol injection was suggested. If the
recurrent tumor was multiple or diffuse, transcatheter arte-
rial chemoembolization (TACE) was performed. Treatment
decisions were based on the pattern of recurrence and liver
function reserve.

Statistical analysis. For the demographic data, normally
distributed continuous data are presented as the mean + SD,
and non-normally distributed continuous data are presented
as the median and interquartile range. Categorical variables
are presented as percentages. Statistical analyses were
conducted using the independent samples Student's t-test (or
Mann-Whitney U test for non-normally distributed data),
one-way analysis of variance (or Kruskal-Wallis test for
non-normally distributed data) and the %> test, as appropriate.
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Patients with hepatocellular
carcinoma by postoperative
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months

1 with preoperative/intraoperative
tumor rupture

Y

Patients with HBV-related HCC

(n=3086)

underwent curative hepatectomy
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CA125 levels

3 with undetected preoperative

Y

306 enrolled in this study

170 preoperative serum CA125 <15 U/ml
95 with AFP < 100 ng/ml (subgroup 1)
75 with AFP > 100 ng/ml (subgroup 2)

136 preoperative serum CA125 >15 U/ml
57 with AFP <100 ng/ml (subgroup 3)
79 with AFP > 100 ng/ml (subgroup 4)

Figure 1. Selection of patients with HBV-related HCC undergoing curative resection. HCC, hepatocellular carcinoma; CA125, cancer antigen 125; HBsAg,
hepatitis B surface antigen; HCV-Ab, hepatitis C virus antibody; HBV, hepatitis B virus; AFP, a-fetoprotein.

DFS and OS were assessed using Kaplan-Meier analysis,
and log-rank tests were used to evaluate differences between
groups. The Bonferroni post hoc test was used for multiple
comparisons. For the laboratory parameters, the cutoff values
were the upper limit of the normal values. Univariate and
multivariate analyses were performed by the Cox proportional
hazards regression model. Following the univariate analysis,
multivariate analysis of survival was performed. All analyses
were conducted with SPSS 23.0 software for windows
(IBM Corp.). P<0.05 was considered to indicate a statistically
significant difference.

Results

Basis patient characteristics. The median follow-up time of
the patients included in the present study was 35.0 months.
Table I summarizes the characteristics of the patients in the
high (>15 U/ml) and low (<15 U/ml) preoperative serum
CAI125 groups. The majority of the assessed variables were
similar between the two groups. However, significant differ-
ences were noted in the platelet count, bilirubin, AFP and
serum total bilirubin levels, which may be due to the patients

with high AFP levels or severe liver damage having a tendency
for long-term chronic liver disease and high serum CA125
levels. As presented in Table II, patients with high preopera-
tive serum AFP levels were younger compared with those with
low preoperative serum AFP levels (subgroup 1 vs. 2, P=0.001;
subgroup 3 vs. 4, P<0.001). Patients with the same baseline
AFP levels but with high serum CA125 levels presented with
poorer liver function compared with that in patients with low
serum CA125 levels. There were no significant differences in
the preoperative liver function between the preoperative high
and low serum AFP level groups when the baseline CA125
levels were the same.

DFS and OS analysis

DFS. Patients in the low preoperative CA125 group presented
with higher DFS rates compared with those in the high
preoperative CA125 group (P=0.002; Fig. 2). The 1-, 2- and
3-year DFS rates in the low preoperative CA125 group were
93.5, 87.0 and 79.3%, respectively, whereas the corresponding
rates in the high preoperative CA125 group were 100.0,
84.6 and 75.7%, respectively. Univariate analysis results
demonstrated that male sex, platelet count <100x10°/1, TNM
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Table I. Comparison of clinicopathological characteristics between two groups of patients stratified by the CA125 levels.

Variable Total, n=306 CA125 >15 U/ml, n=136 CA125 <15 U/ml, n=170 P-value
Age, years, mean + SD 51.9+11.7 50.7+12.1 52.8+114 0.116
Sex, male, n (%) 261 (85.3%) 114 (83.8%) 147 (86.5%) 0.516
Diabetes, n (%) 68 (22.2%) 37 (27 .2%) 31 (18.2%) 0.061
Hypertension, n (%) 45 (14.7%) 22 (16.2%) 23 (13.5%) 0.516
Platelet count, x10%/1 178 (135-235) 199 (149-257) 171 (129-216) 0.004°
TBIL, gmol/l 12.7 (9.8-18.0) 13.7 (10.6-20.9) 11.8 (9.2-16.0) 0.001°
ALT, U/ 54 (30-95) 56 (33-94) 45 (27-96) 0.440°
AST, IU/ 80 (37-130) 82 (42-132) 72 (32-125) 0.503*
ALB, g/l, mean + SD 37.9+4.47 36.8+4.38 38.8+4.33 <0.001*
PT, sec, mean + SD 14.9+1.67 15.0+1.69 14.9+1.66 0.507*
HBV DNA, IU/ml (%) 0.085
<2,000 193 (63.1%) 93 (68.4%) 100 (58.8%)
>2.000 113 (36.9%) 43 (31.6%) 70 (41.2%)
AFP, ng/ml 0015
<100 152 (49.7%) 57 (41.9%) 95 (55.9%)
>100 154 (50.3%) 79 (58.1%) 75 (44.1%)
ASA 0.286
I 189 (61.8%) 82 (60.3%) 107 (62.9%)
1I 105 (34.3%) 46 (33.8%) 59 (56.2%)
11T 12 (3.9%) 8 (5.9%) 4 (2.4%)
Child-Pugh grade 0.088
A 243 (79.4%) 114 (83.8%) 129 (75.9%)
B 63 (20.6%) 22 (16.2%) 41 (24.1%)
Cirrhosis, n (%) 259 (84.6%) 113 (83.1%) 146 (85.9%) 0.501
Ascites, n (%) 80 (26.1%) 41 (31.1%) 39 (22.9%) 0.154
Tumor diameter, cm 5.5(3.7-9.0) 70 (4.4-11.1) 5.0 (3.5-7.5) <0.001
Tumor number, n (%) 0.186
Solitary 238 (77.8%) 101 (74.3%) 137 (80.6%)
Multiple 68 (22.2%) 35 (25.7%) 33 (19.4%)
TNM stage, n (%) <0.001
I 152 (49.7%) 55 (40.4%) 97 (57.1%)
1I 50 (16.3%) 18 (13.2%) 32 (18.8%)
11T 104 (34.0%) 63 (46.3%) 41 (24.1%)
Venous invasion (n,%) 114 (36.3%) 80 (37.6%) 34 (33.7%) 0.503
Tumor differentiation (n,%) 0.352
Well differentiated 31 (10.1%) 10 (7.4%) 21 (12.4%)
Moderately differentiated 258 (84.3%) 118 (86.8%) 140 (82.4%)
Poorly differentiated 17 (5.6%) 8 (5.9%) 9 (5.3%)
Intraoperative blood loss, ml 500 (200-825) 500 (200-1,000) 450 (200-800) 0.058°
Intraoperative transfusion (n,%) 118 (38.6%) 65 (47.8%) 53 (31.2%) 0.003
Surgery time, min 180 (144-210) 180 (150-235) 180 (140-206) 0.162°
TACE, n (%) 0.175
<3 268 (87.6%) 123 (90.4%) 145 (85.3%)
>3 38 (12.4%) 13 (9.6%) 25 (14.7%)

sStudent's t-test; "Mann-Whitney test. All other data were compared by the ¥ test. CA125, cancer antigen 125; HBV, hepatitis B virus; ASA,
American Society of Anesthesiologists; TNM, Tumor-Node-Metastasis; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT,
prothrombin time; TBIL, serum total bilirubin; AFP, a-fetoprotein; TACE, transcatheter arterial chemoembolization; ALB, serum albumin.

stage III, tumor diameter >5 cm, multiple tumors, venous
invasion, tumor differentiation, intraoperative blood loss
>1,000 ml, intraoperative transfusion and high serum CA125
levels were independent risk factors associated with DFS

(Table IIT). Multivariate analysis revealed that tumor diameter
>5 cm, multiple tumors and vascular invasion at the time of
resection were independent risk factors associated with short
DFS (Table III).
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Table II. Comparison of clinicopathologic characteristics among the patient subgroups stratified by CA125 and AFP levels.

Subgroup 1, Subgroup 2, Subgroup 3, Subgroup 4,

Variables n=95 n=75 n=57 n=79 P, P, P, P,
Age, years, mean + SD 55.3+10.2 49.7+12.0 56.4+11.7 46.6£10.8 0.001* 0.577* 0.104* <0.001*
Sex, male, n (%) 79 (83.2%) 68 (90.7%) 51 (89.5%) 63 (79.7%) 0.155 0.284 0.057 0.129
Hypertension, n (%) 16 (16.8%) 4 (5.3%) 7 (12.3%) 5 (6.3%) 0.021 0447 - 0.227
Diabetes, n (%) 19 (10.0%) 12 (16.0%) 16 (28.1%) 21 (26.6%) 0.502 0.253 0.110 0.847
Platelet count, x10%/1 177.6£62.2 178.7+66.8 178.0+£74.2 221.0+£93.8 0.912* 0.970* 0.002* 0.005
TBIL, gmol/l 11.6 (9.4-154) 11.9(8.8-16.6) 16.1 (11.6-21.8) 12.8 (9.9-20.8) 0.787° 0.001° 0.097° 0.083°
ALT, U/ 40 (25-84) 66 (36-114) 49 (29-94) 58 (37-85)  0.008° 0.245° 0.548> 0.457°
AST, IU/1 71 (31-145) 87 (43-126) 80 (41-119) 84 (48-132) 0.350° 0.812° 0.622° 0.260°
PT, sec 14.8+1.6 15+1.6 15.3x1.7 14.8+1.6  0.520* 0.086* 0.510* 0.088*
HBV DNA IU/ml , n (%) 0971 0.085 0.078 0.266
<2,000 39 (41.1%) 31 (41.3%) 21 (36.8%) 22 (27.8%)
>2,000 56 (58.9%) 44 (58.7%) 36 (63.2%) 57 (72.2%)
Albumin, g/l 39.3 (36.6-40.7) 38.8 (36.5-42.0) 36.4 (33.5-39.3) 37.5 (33.3-40.4) 0.651°<0.001° 0.006° 0.225°
ASA,n (%) 0.202 0.326 0.213 0.231
I 60 (63.2%) 47 (62.7%) 30 (52.6%) 52 (65.8%)
I 31 (32.6%) 28 (37.3%) 22 (38.6%) 24 (30.4%)
1T 4 (4.2%) 0 5 (8.8%) 3 (3.8%)
Child-Pugh grade, n (%) 0293 0424 0.084 0917
A 75 (78.9%) 54 (72.0%) 48 (84.2%) 66 (83.5%)
B 20 (21.1%) 21 (28.0%) 9 (15.8%) 13 (16.5%)
Cirrhosis 78 (82.1%) 68 (90.7%) 48 (84.2%) 65 (823%) 0.111 0.739 0.129 0.767
Ascites 23 (24 .2%) 16 (21.3%) 17 (29.8%) 24 (304%) 0.658 0.447 0.201 0.944
TNM stage, n (%) 0.027 0.162 0.007 0.005
I 57 (60.0%) 40 (53.3%) 30 (52.7%) 25 (31.6%)
II 22 (23.2%) 10 (13.3%) 10 (17.5%) 8 (10.2%)
11T 16 (16.8%) 25 (33.3%) 17 (29.8%) 46 (58.2%)
Tumor diameter, cm 5.5+34 6.2+3.8 6.2+4.0 8.9+4 4 0.247 0.302 <0.001 <0.001
Tumor number, n (%) 0.010 0464 0.004 0.289
Solitary 70 (73.7%) 67 (89.3%) 45 (78.9%) 56 (70.9%)
Multiple 25 (26.3%) 8 (10.7%) 12 (21.1%) 23 (29.1%)
Venous invasion, n (%) 27 (28.4%) 28 (37.3%) 18 (31.6%) 39(494%) 0217 0.680 0.132 0.038
Tumor differentiation, n (%) 0.083 0945 0.185 0.004
Well differentiated 16 (16.8%) 5 (6.7%) 9 (15.8%) 1 (1.3%)
Moderately differentiated 73 (76.8%) 67 (89.3%) 45 (78.9%) 73 (92.4%)
Poorly differentiated 6(6.3) 3(4.0%) 3(5.3%) 5(6.3)
Intraoperative blood loss 400 (200-700) 400 (200-900) 400 (200-1,000) 600 (300-1,200) 0.308> 0.906" 0.045°> 0.020°
Intraoperative 24 (25.3%) 29 (38.7%) 22 (38.6%) 43 (544%) 0.061 0.083 0.050 0.068
Surgery time 180 (135-210) 180 (140-202) 180 (125-194) 180 (150-240) 0.786° 0.825* 0.069° 0.034°
transfusion, n (%)
TACE, n (%) 0.009 0.009 0210 0.148
<3 75 (78.9%) 70 (93.3%) 54 (94.7%) 69 (87.3%)
>3 20 (21.1%) 5 (6.7%) 3(5.3%) 10 (12.7%)

sStudent's t-test; "Mann-Whitney test. All other data were compared by the ¥ test. Subgroup 1, preoperative serum CA125 <15 U/ml and
preoperative serum AFP <100 ng/ml; subgroup 2, preoperative serum CA125 <15 U/ml and preoperative serum AFP >100 ng/ml; subgroup 3,
preoperative serum CA125 >15 U/ml and preoperative serum AFP <100 ng/ml; subgroup 4, preoperative serum CA125 >15 U/ml and preop-
erative serum AFP >100 ng/ml. P1_P-value of subgroup 1 vs. 2; P2, P-value of subgroup 1 vs. 3; P3, P-value of subgroup 2 vs. 4; P4,
P-value of subgroup 3 vs. 4. CA125, cancer antigen 125; HBV, hepatitis B virus; ASA, American Society of Anesthesiologists; TNM,
Tumor-Node-Metastasis; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT, prothrombin time; TBIL, serum total bilirubin;
AFP, a-fetoprotein; TACE, transcatheter arterial chemoembolization; ALB, serum albumin.
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Figure 2. Kaplan-Meier curves for disease-free survival in patients with hepatitis B virus-related hepatocellular carcinoma (n=306). CA125, cancer antigen 125;

CI, confidence interval.

CA125 <15U/ml
—— CA125>15U/ml

P<0.001

100=y -
80—
S
2
£ 60
2
>
5
2 40—
[
[
>
o
20—
0 T T
0 12 24
Number of
patients at risk
CA125 <15 U/ml 170 142 90
CA125 >15 U/ml 136 101 55

Time after surgery (months)

36 48 60

Median survival

months (95% ClI)
61 28 1 Not exist
26 14 10 29 (17.5-40.4)

Figure 3. Kaplan-Meier curves for overall survival in patients with hepatitis B virus-related hepatocellular carcinoma (n=306). CA125, cancer antigen 125;

CI, confidence interval.

OS. Kaplan-Meier analysis revealed that the OS rates in
patients with preoperative serum CA125 levels <15 U/ml were
significantly higher compared with those in patients with
preoperative serum CA125 levels >15 U/ml (P<0.001; Fig. 3).
The 1-, 2- and 3-year OS rates in the low preoperative serum
CA125 group were 95.2, 86.9 and 84.4%, respectively, whereas
the corresponding rates in the high preoperative serum CA125
group were 91.2, 83.1 and 77.1%, respectively. Univariate
analysis revealed that sex, AFP >100 ng/ml, TNM stage III,
tumor diameter >5 cm, multiple tumors, venous invasion,
tumor differentiation, intraoperative blood loss >1,000 ml,
intraoperative transfusion and serum CA125 levels were

independent risk factors associated with OS (Table III). The
results of the multivariate analysis demonstrated that tumor
diameter >5 cm, multiple tumors, venous invasion and preop-
erative serum CA125 levels were independent risk factors
associated with short OS (Table III).

Analysis based on the stratification of preoperative serum
CAI25 and AFP levels. All patients were stratified by the
baseline AFP and preoperative serum CA125 levels, and the
association of CA125 levels with long-term prognosis was
evaluated in each stratum. Table IT summarizes the character-
istics of these four subgroups.
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Table III. Univariate and multivariate analyses of DFS and OS in all patients (n=306).

DFS (ON]
Univariate Univariate
analysis Multivariate analysis analysis Multivariate analysis
Index HR  P-value HR (95% CI) P-value HR P-value HR (95% CI) P-value
Age 0.763  0.267 0.873 0.623
Sex 0.599 0.035 0.539 0.036
Hypertension 1325 0.284 1.082 0.795
Diabetes 1356 0.077 1.455 0.064
ALT 1274 0.135 0999 0439
AST 1.076  0.673 1.000 0.822
Platelet count (=100 vs. <100x10%1) 0489 0.022 0.665 0.240
PT (<14 vs. >14 sec) 1.139 0430 1.047 0.815
TBIL (<17 vs.>17 pmol/l) 1.118 0.504 1.193  0.373
HBV DNA (=2,000 vs.>2,000 IU/ml) 1325 0.284 1.196  0.356
AFP (<100 vs. >100 ng/ml) 1310 0.077 1.052  0.026
TNM stage
I (Ref.)  (Ref)) (Ref.) (Ref.)
I 1.144  0.555 1.073  0.809
1 1.781 <0.001 2220 <0.001
ASA
I (Ref.)  (Ref)) (Ref.) (Ref.)
I 1.111  0.515 1.115 0.571
111 1.785 0.097 0955 0.929
Child-Pugh grade (A vs. B) 0919 0.661 0.708 0.151
Cirrhosis 0959 0.839 1.370 0254
Ascites 1.370  0.058 1.192 0.387
Tumor diameter (<5 vs.>5 cm) 2.069 <0.001 1.725 0.002 2377 <0.001 1.746 0.010
(1.229-2.419) (1.142-2.668)
Tumor number (Multiple vs. solitary)  1.985 <0.001 1.751 0.001 2.122 <0.001 1.739 0.006
(1.253-2.446) (1.175-2.573)
Venous invasion (Yes vs. no) 1.960 <0.001 1.668 0.001 2280 <0.001 1.819 0.002
(1.223-2.277) (1.254-2.638)
Tumor differentiation
Well differentiated (Ref.) (Ref.) (Ref.) (Ref.)
Moderately differentiated 2.283 0.008 3.541 0.006
Poorly differentiated 2339 0.052 2029 0.068
Intraoperative blood loss 1.561 0.008 1.649 0.010
(=1,000 vs.>1,000 ml)
Intraoperative transfusion (Yes vs.no) 1453  0.015 1.640 0.007
TACE (=3 vs. >3) 1.102  0.653 0.861 0.578
CA125 (=15 vs.>15 U/ml) 1.597 0.002 2.112  <0.001 1.709 0.005

(1.177-2.482)

DFS, disease-free survival; OS, overall survival, HBV, hepatitis B virus; ASA, American Society of Anesthesiologists; TNM,
Tumor-Node-Metastasis; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT, prothrombin time; TBIL, serum total bilirubin;
AFP, a-fetoprotein; TACE, transcatheter arterial chemoembolization; CA125, cancer antigen 125; HR, hazard ratio; CI, confidence interval.

Impact of preoperative serum CAI25 levels on the prognosis ~ Kaplan-Meier analysis demonstrated that high preoperative
of patients with high baseline AFP. In the 154 patients in the = serum CA125 levels were associated with lower DFS and
high preoperative serum AFP level group (subgroups 2 and 4),  OS rates compared with those in the low CA125 group (both
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Table I'V. Univariate and multivariate analyses of DFS and OS in patients with high preoperative serum AFP >100 ng/ml (n=154).

DFS (ON]
Univariate Univariate
analysis Multivariate analysis analysis Multivariate analysis

Index HR  P-value HR (95% CI) P-valuer HR P-value HR (95% CI) P-value
Age 0.407 0.126 0419 0.226
Sex 0.742 0337 0.651 0.232
Hypertension 1.337 0.528 1447 0532
Diabetes 1.220 0.408 1.207 0.501
ALT 1.164 0511 1.516 0.145
AST 1.051 0.838 1.351 0.318
Platelet count (=100 vs. <100x10°/1) 0472 0.056 0.621 0.264
PT (=14 vs. >14 sec) 1.075 0.745 1.157 0.573
TBIL (<17 vs.>17 pmol/l) 1.137 0.578 1.148  0.258
HBYV DNA (2,000 vs.>2,000 IU/ml) 1.055 0.806 1.290 0.331
TNM stage

I (Ref.)) (Ref) (Ref.))  (Ref))

1I 0.683 0.361 0.779 0.614

III 1.961 0.002 1.386  0.001
ASA

I (Ref.)) (Ref) (Ref.))  (Ref))

1I 1.109  0.637 0983 0.946

III 1249 0.758 0.826 0.851
Child-Pugh grade (A vs. B) 0.823  0.450 0.609 0.119
Cirrhosis 1.006 0.984 1397 0374
Ascites 1391 0.145 1.042 0.882
Tumor diameter (<5 vs. >5 cm) 1.779 0014 2.105 0.008
Tumor number (Multiple vs. solitary)  1.864  0.009 2488 0.001 1.862 0.021

(1.096-3.162)
Venous invasion (Yes vs. no) 2.101 <0.001 1.943 0.002 2.104 0.002 1.822 0.015
(1.282-2.943) (1.121-2.960)

Tumor differentiation

Well differentiated (Ref.) (Ref) (Ref.) (Ref)

Moderately differentiated 2418 0.217 1.983 0.341

Poorly differentiated 3049 0.173 1.649 0.584
Intraoperative blood loss 1484 0.071 1427 0.155
(=1,000 vs. >1,000 ml)
Intraoperative transfusion (Yes vs.no) 1.078 0.717 1218 0411
TACE (<3 vs. >3) 0.893  0.735 0.840 0.644
CA125 (=15 vs.>15 U/ml) 2.120 <0.001 1.965 0.002 2496 <0.001 2.170 0.003

(1.286-3.004)

(1.299-3.624)

DFS, disease-free survival; OS, overall survival, HBV, hepatitis B virus; ASA, American Society of Anesthesiologists; TNM,
Tumor-Node-Metastasis; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT, prothrombin time; TBIL, serum total bilirubin;
AFP, a-fetoprotein; TACE, transcatheter arterial chemoembolization; CA125, cancer antigen 125; HR, hazard ratio; CI, confidence interval.

P<0.001; Fig. 4A and B). Univariate and multivariate Cox
models revealed that high preoperative serum CA125 levels
along with certain tumor characteristics (TNM stage III,
tumor diameter >5 cm, multiple tumors and the presence of
venous invasion) were risk factors for short DFS and OS rates
in the high preoperative serum AFP group (Table IV).

Impact of preoperative serum CAI25 levels on the prognosis
of patients with low baseline AFP. Kaplan-Meier analysis
identified no significant differences in the OS rates between
the high and low preoperative serum CA125 level groups
in patients with low baseline AFP levels (subgroup 1 vs. 3,
P=0.136; Fig. 4B). Univariate analysis identified the following



A —— Subgroup 1
< 100 Subgroup 2
E,’ 80~ —— Subgroup 3
[ —— Subgroup 4
g
g 60 -
§ 404 2VS.1: P=0.577
o 3VS.1: P=0.734
:i; 3VS.2: P=0457
@ 20 4VS.1: P<0.001
2 4VS.2: P<0.001
A 0 : . . . T 4VS.3: P=0.009
0 12 24 36 48 60
Number of Time after surgery (months) Median survival

patients at risk months (95% CI)

Subgroup 1 95 67 36 22 11 5 26(12.1-39.8)
Subgroup 2 75 49 31 23 5 0 38 (Not exist)
Subgroup 3 57 39 18 10 5 2 29(9.2-42.7)
Subgroup 4 79 34 18 1 7 5 9(4.7-13.2)
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B —— Subgroup 1
100 Subgroup 2
R —*= Subgroup 3
5 804 —— Subgroup 4
[
< 60
=
>
Z 2VS.1: P=0.919
3 407 3VS.1: P=0.136
© 3VS.2: P=0.213
o 20 4VS.1: P<0.001
O 4VS.2: P<0.001
0 4VS.3: P=0.022
I 1 1 I I
0 12 24 36 48 60
Number of Time after surgery (months) Median survival
patients at risk months (95% Cl)
Subgroup 1 95 83 48 30 15 7 Not exist
Subgroup2 75 58 41 31 13 3 60 (52.3-67.6)
Subgroup 3 57 49 26 14 6 3 41 (19.3-62.6)
Subgroup 4 79 51 28 12 8 7 21 (12.5-29.4)

Figure 4. Kaplan-Meier survival curves of patients in high and low preoperative serum CA125 subgroups following stratification by baseline AFP levels.
(A) Disease-free survival rates among the four subgroups of patients. (B) Overall survival rates among the four subgroups of patients (log-rank test:
Subgroup 4 vs. 1, P<0.001; subgroup 4 vs. 2, P<0.001; subgroup 4 vs. 3, P=0.022; subgroup 1 vs. 2, P=0.919; subgroup 1 vs. 3, P=0.136; subgroup 2 vs. 3,
P=0.213). Subgroup 1, preoperative serum CA125 <15 U/ml and preoperative serum AFP <100 ng/ml (n=95); subgroup 2, preoperative serum CA125 <15 U/ml
and preoperative serum AFP >100 ng/ml (n=75); subgroup 3, preoperative serum CA125 >15 U/ml and preoperative serum AFP <100 ng/ml (n=57); subgroup 4,
preoperative serum CA125 >15 U/ml and preoperative serum AFP =100 ng/ml (n=79). CA125, cancer antigen 125; AFP, a-fetoprotein; CI, confidence interval.

factors as significantly associated with OS: Diabetes, tumor
size, tumor number, venous invasion, tumor differentiation
and intraoperation transfusion. The results of the multivariate
analysis demonstrated that tumor size, venous invasion and
intraoperative transfusion were independent risk factors for OS
(Table V). In the DFS analysis, no significant differences were
observed in the DFS rates between the high and low preopera-
tive serum CA125 groups in patients with low baseline AFP
levels (subgroup 1 vs. 3, P=0.743; Fig. 4A). Both univariate
and multivariate analyses demonstrated that intraoperative
transfusion and tumor size were prognostic factors associated
with DFS and OS in these subgroups (Table V).

Patients with high preoperative serum CAI25 and AFP levels
have a poor prognosis. Kaplan-Meier analysis demonstrated
that subgroup 4 had a significantly lower DFS rate compared
with that in the other subgroups (subgroup 4 vs. 1, P<0.001;
subgroup 4 vs. 2, P<0.001; and subgroup 4 vs. 3, P=0.009).
Among subgroups 1, 2 and 3, the differences were not
significant (Fig. 4). In addition, patients in subgroup 4 had a
significantly lower OS rate compared with that in the other
three subgroups (subgroup 4 vs. 1, P<0.001; subgroup 4 vs. 2,
P<0.001; and subgroup 4 vs. 3, P=0.022). Comparisons
between subgroups 2 and 3 and between subgroups 1 and 2
revealed no significant differences (Fig. 4).

Discussion

The key result of the present study was the identification of
high preoperative serum CA125 levels as an independent risk
factor for the prognosis of patients with HBV-related HCC. In
addition, patients with both high preoperative serum CA125
and AFP levels presented with a poorer prognosis compared
with that of patients with only high preoperative serum
CA125 or AFP levels. However, no significant differences
were observed in the DFS or OS rates between the high and

low preoperative serum CA125 level groups in patients with
baseline preoperative serum AFP levels <100 ng/ml. Thus, the
present study identified a new approach to predict the prognosis
of patients with HBV-related HCC patients using preoperative
serum AFP and CA125 concentrations. This may provide a
novel potential strategy to predict the prognosis and assess the
course of treatment in patients with HBV-related HCC.
CA125 has been extensively used as a biomarker for
ovarian cancer, and its upregulation has been observed in
several types of human malignancy, such as lung, breast
and pancreatic cancer (27-29). The normal reference value
of CA125 is 0.1-35 U/ml (12); however, the 35 U/ml cutoff is
not absolute. In one study, the serum CA125 concentration
in healthy subjects was 7.9+8.0 (mean + SD) in women and
8.0£9.4 U/ml in men (12). Another study reported that the
concentration was 13.2+6.8 and 9.7+3.2 U/ml in women and
men, respectively (30). With the benchmark cutoff of 35 U/ml,
28% of patients with non-gynecological cancers had elevated
antigen levels; by contrast, antigen levels were elevated in
>80% of women with non-mucinous ovarian cancer (12).
Lopez et al (19) demonstrated that the CA125 cutoff values
for patients with HCC were 55 U/ml in women and 12 U/ml
in men. To date, the major focus of studies on CA125 levels
and HCC was on the diagnosis, and only a limited number
of studies have focused on the prognosis of HCC (13,15,24).
In addition, the association between CA125 and prognosis in
patients with HBV-related HCC has not been widely reported.
The present study used a CA125 cutoff value of 15 U/ml to
investigate the association between preoperative serum CA125
levels and the prognosis of patients with HBV-related HCC.
In the present study, patients with high preoperative serum
CAI125 levels had significantly higher DFS and OS rates
compared with those with low serum CA125 levels in all study
populations. Zhou et al (24) have reported that high preoperative
serum CA125 levels predict a poor prognosis and large tumor
sizes following liver resection in patients with HCC and AFP
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Table V. Univariate and multivariate analyses of DFS and OS in patients with high preoperative serum AFP <100 ng/ml (n=152).

DFS (ON]
Univariate Univariate
analysis Multivariate analysis analysis Multivariate analysis
Index HR  P-value HR (95% CI) P-valuer HR  P-value HR (95% CI) P-value
Age (years) 1.020 0943 1.284 0439
Sex (M; n,%) 0.458 0.049 0.390 0.071
Hypertension 1214  0.551 0.798  0.540
Diabetes 1512  0.095 1.855 0.039
ALT 1.273  0.297 0945 0.841
AST 1.005 0.984 0.725 0277
Platelet count (=100 vs. <100x10%1) 0491 0.166 0.698 0.547
PT (<14 vs.>14 sec) 1214 0431 0911 0.756
TBIL (<17 vs. >17 umol/l) 1.126  0.624 1.049 0.878
HBV DNA (=2,000 vs.>2,000 IU/ml) 1.106 0.668 1.110 0.724
TNM stage
I (Ref.)  (Ref)) (Ref.) (Ref.)
I 1576  0.103 1.331 0433
11 1280 0.373 1.700  0.107
ASA
I (Ref.)  (Ref)) (Ref.) (Ref.)
I 1.106 0.676 0.809 0.729
11 2210 0.053 1.080 0.902
Child-Pugh grade (A vs. B) 1.033  0.909 0.841 0.638
Cirrhosis 0911 0.753 1.313  0.505
Ascites 1336 0.237 1402 0.258
Tumor diameter (<5 vs.>5 cm) 2.305 <0.001 1.945 0.006 2527 0.003 2.043 0.026
(1.206-3.137) (1.091-3.825)
Tumor number (Multiple vs. solitary) 2.270  0.001 2.099 0.003 1924 0.029
Venous invasion (Yes vs. no) 1.673 0.029 (1.298-3.396) 2261 0.004 2.016 0.016
(1.142-3.559)
Tumor differentiation
Well differentiated (Ref.) (Ref.) (Ref.) (Ref.)
Moderately differentiated 2.181 0.029 4309 0.015
Poorly differentiated 1.770  0.344 3989 0.093
Intraoperative blood loss 1.547 0.101 1.851 0.056
(=1,000 vs.>1,000 ml)
Intraoperative transfusion (Yes vs.no) 2.047  0.002 1916 0.006 2.184 0.006 1.932 0.024
(1.208-3.040) (1.091-3.419)
TACE (=3 vs. >3) 1.387 0.254 0935 0.862
CA125 (=15 vs.>15 U/ml) 1.093 0.703 1.557 0.119

DFS, disease-free survival; OS, overall survival, HBV, hepatitis B virus; ASA, American Society of Anesthesiologists; TNM,
Tumor-Node-Metastasis; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT, prothrombin time; TBIL, serum total bilirubin;
AFP, a-fetoprotein; TACE, transcatheter arterial chemoembolization; CA125, cancer antigen 125; HR, hazard ratio; CI, confidence interval.

<200 ng/ml. However, the aforementioned study did not identify
high preoperative serum CA125 levels as an independent risk
factor for the prognosis of HCC. Although Huang ez al (13) have
demonstrated that high preoperative serum CA125 levels served
as an independent prognostic factor of OS and DFS in patients
with HCC, the cutoff values for CA125 and AFP levels in their

study were 35 U/ml and 20 ng/ml, respectively. On the other
hand, the 3-year overall survival rates in the normal and high
CA125 HCC groups in their study were 53.6 and 36.4%, respec-
tively (13), which were slightly lower compared with those
observed in the present study. The main reason for these differ-
ences may be the inclusion of patients with non-HBV-related
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HCC in the previous study. In the present study, the results of
the multivariate analysis demonstrated that tumor diameter,
multiple tumors and venous invasion were independent risk
factors for DFS and OS, and a high preoperative serum CA125
level was an independent risk factor associated with a short OS
time in patients with HBV-related HCC.

In the stratification analyses in the present study, a low
preoperative serum CA125 level was associated with a favor-
able prognosis (both OS and DFS rates) in patients with
high baseline AFP levels; the same was observed in patients
with low preoperative serum AFP and high baseline CA125
levels. However, in patients with low baseline AFP levels,
no significant differences were observed in the DFS or OS
rates between the preoperative high and low serum CA125
level subgroups. A notable outcome of the present study
was that patients with high preoperative serum CA125 and
AFP levels presented with a poorer prognosis compared with
that in the other three groups. Certain tumor characteristics
of subgroup 4 (TNM stage III, tumor diameter, multiple
tumors, presence of venous invasion and tumor differentia-
tion) were associated with higher malignancy compared with
those in the other groups, which may be due to the patients
with both high preoperative serum CA125 and AFP levels
exhibiting a tendency for a poor prognosis. A previous
study has demonstrated that high serum AFP levels tend to
indicate highly malignant tumors with histological features
of aggressiveness such as poor differentiation, vascular
invasion, satellitosis and a fast growth rate (31). High serum
CAI125 levels predict a large tumor diameter (24), which was
observed in the present study in patients with the same base-
line AFP levels. In the stratification analyses, multivariate
analysis demonstrated that tumor diameter, multiple tumors
and the presence of venous invasion were independent risk
factors for DFS and OS. Based on low preoperative serum
AFP and CA125 levels, multivariate analysis demonstrated
that intraoperative transfusion was an independent risk factor
for DFS and OS. One previous meta-analysis has demon-
strated that perioperative blood transfusion is associated with
adverse clinical outcomes in patients following resection of
HCC (32). The explanation proposed by the authors of the
aforementioned study is that allogenic blood transfusion may
induce immunosuppression and decrease natural killer (NK)
cell and/or T helper cell activities. Thus, the prognosis of
patients with HBV-related HCC may be associated not only
with the biological characteristics of the tumor, but also with
the perioperative management of patients.

However, further studies are required to determine the
underlying mechanism of the effects of CA125 in tumor
development. Previous studies have demonstrated that
upregulation of CA125 leads to tumor growth and metas-
tasis (33-35), which may explain the poor prognosis of
patients with HBV-related HCC. The MUCI6 gene, which
is also termed CA125, has been identified to be one of the
top three frequently mutated genes (36), and its upregula-
tion has been associated with a poor prognosis in multiple
types of malignancy, such as pancreatic cancer, cholangio-
carcinoma and bladder cancer (21,37-39). CA125 has been
demonstrated to modulate the innate immune response
against ovarian cancer cells by directly inhibiting the func-
tion of NK cells, thus aiding cancer cells to escape the host
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immune response (40,41). In addition, MUCI6 has been
implicated in cancer cell signaling; knockdown of MUCI16
expression inhibits the proliferation of ovarian and breast
cancer cell lines by inducing caspase-dependent or indepen-
dent apoptosis (42). Furthermore, the aforementioned study
has also reported that MUCI6 knockdown suppresses the
colony-forming, adhesive, migratory and invasive abilities of
ovarian and breast cancer cells. Thus, CA125 may become a
novel target for the treatment of HBV-related HCC.

The present study identified that patients with high preop-
erative serum AFP levels were younger compared with those
with low preoperative serum AFP levels, which was consistent
with the results of a previous study (43). In addition, in the
present study, patients with the same baseline AFP levels but
with high serum CA125 levels presented with poorer liver
function compared with that in patients with low serum CA125
levels, whereas no significant differences were observed in the
preoperative liver function between the preoperative high and
low serum AFP level groups when the baseline CA125 levels
were the same. These results suggested that patients with high
CA125 levels may have a longer liver disease history. Previous
studies have reported that high levels of CA 125 were associ-
ated with the severity of liver disease, particularly in patients
with cirrhosis (17,44,45), which is a late stage of liver disease;
however, this should be validated in a prospective randomized
controlled study by monitoring the dynamic levels of CA125.
Therefore, the results of the current study should be interpreted
carefully.

The present study had various limitations. First, the study
utilized a retrospective design, and the patient sample size
was relatively small following stratification. Second, a subset
of patients who underwent surgery in 2018 was included;
therefore, the follow-up was not sufficiently long, which
potentially affected the survival analysis outcome. Third, the
effect of abdominal inflammation before surgery could not
be ruled out, and an increase in CA125 levels may be associ-
ated with peritoneal inflammation (17). Fourth, the dynamic
changes in CA125 levels after surgery were not monitored,
and whether high postoperative serum CA125 level is a
risk factor for poor prognosis in patients with HBV-related
HCC following resection is unknown. In addition, in the OS
curves, a small gap was observed between subgroups 1 and
3, although no significant difference existed; thus, a longer
follow-up period and a larger number of cases is required to
address this issue. The results of the present study need to
be validated further in prospective randomized large-sample
multicenter studies.

In conclusion, the present study used a 15 U/ml cutoff value
of CA125 and demonstrated that preoperative serum CA125
levels may be a prognostic factor for survival in patients with
HBV-related HCC. However, in patients with low AFP levels,
the association between preoperative serum CA125 levels and
prognosis in HBV-related HCC remains unclear and requires
further investigation.
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