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Abstract: Bilirubin is a promising prognostic factor for non-liver disease-related deaths in various cancers. We in-
vestigated the association between preoperative serum bilirubin levels and oncological outcomes in patients with
ovarian cancer. We retrospectively analyzed the clinical data of 282 patients with epithelial ovarian carcinoma
(EOC), and grouped them according to optimal threshold values of total bilirubin (TBIL), direct bilirubin (DBIL), and
indirect bilirubin (IBL) measured by receiver operating characteristic curve analysis. Univariate and multivariate
Cox proportional hazards regression analyses were used to evaluate various parameters that might affect overall
survival (0S) and progression-free survival (PFS) in patients with EOC. The optimal cutoff values for TBIL, DBIL, and
IBIL levels were 9.65 umol/L, 2.95 umol/L, and 6.75 pmol/L, respectively. Increased TBIL, DBIL, and IBIL levels cor-
related with the serum carbohydrate antigen (CA)-125 levels, International Federation of Gynecology and Obstetrics
stage, and pathological differentiation (all P<0.05). Univariate analysis revealed longer OS and PFS in patients with
high TBIL (=9.65 umol/L) and IBIL (=6.75 pmol/L) levels (P<0.05). Multivariate analysis showed that patients with
high IBIL levels (>6.75 pumol/L) had significantly longer OS and PFS than those with low IBIL levels (<6.75 pymol/L)
[hazard ratio (HR) = 0.333, 95% confidence interval (Cl): 0.123~0.904, P<0.05; HR = 1.814, 95% CI: 1.169~2.816,
P<0.05]. Therefore, IBIL is a potential independent prognostic factor for OS and PFS in patients with EOC. The higher
the IBL level, the better the prognosis of patients with EOC.
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ovarian cancer include tumor intrinsic factors
and host-related factors [4]. ldentification of
these factors may contribute to the assess-
ment of ovarian cancer prognosis and develop-
ment of individualized treatment to improve
ovarian cancer survival. Compared with tradi-
tional prognostic indicators such as tumor size,
tumor stage, and degree of differentiation, bl-
ood biochemical indicators are increasingly po-
pular because they are easily obtained, non-

Introduction

Ovarian cancer is the leading cause of death
in patients with gynecologic malignancies [1].
Because of the insidious onset of ovarian can-
cer, early diagnosis is difficult, and most pati-
ents are diagnosed at the late stage. Metas-
tases [International Federation of Gynecology
and Obstetrics (FIGO) stage IlI-IV] occur in 70%
of newly diagnosed patients with ovarian can-

cer. Advanced ovarian cancer has a high de-
gree of malignancy, fast metastasis and inva-
sion, easy recurrence of chemotherapy resis-
tance, and a poor prognosis [2]. The 5-year sur-
vival rate of patients is only 25% [3]. Therefore,
to guide surgery and evaluate follow-up treat-
ment, it is necessary to explore the indexes
that can predict the degree of ovarian cancer
malignancy before surgery and analyze the
prognosis. Factors influencing the prognosis of

invasive, and show high predictive efficacy [5].

Bilirubin, comprising direct bilirubin (20%) and
indirect bilirubin (80%), is the end product of
hemoglobin metabolism. It has long been used
as a marker of lesions in the liver, gallbladder,
and blood systems [6]. Interestingly, many ex-
perimental and clinical studies in recent years
have demonstrated that bilirubin plays an im-
portant protective role in anti-inflammation,
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anti-oxidation, and anti-tumorigenesis. In dif-
ferent tumor models, such as those of the co-
lon and adenocarcinoma, bilirubin can induce
apoptosis and inhibit proliferation in vitro [7].
Serum bilirubin, as an endogenous antioxi-
dant, increases moderately, improving the abi-
lity to scavenge oxidative free radicals in can-
cer patients [8]. Serum bilirubin as a prognos-
tic marker in various malignant tumors has
been explored, such as its relationship with the
prognosis of non-small cell lung cancer [9],
breast cancer [10], gastric cancer [11], and co-
lorectal cancer [12]. However, the relationship
between serum bilirubin levels and the progno-
sis of ovarian cancer patients has not yet been
reported. Therefore, we intend to fill this gap
by retrospectively analyzing the clinical data of
282 ovarian cancer patients.

Materials and methods
Study subjects

The clinical data of 282 patients with epithelial
ovarian carcinoma (EOC) diagnosed by pathol-
ogy, who had undergone prior surgical treat-
ment at Suzhou Hospital affiliated to Nanjing
Medical University from January 2007 to De-
cember 2018, were retrospectively collected.
The inclusion criteria were as follows: (1) the
patients with EOC had undergone initial treat-
ment; (2) the postoperative histopathological
diagnosis of the patient was clear; (3) the tumor
site, diameter, pathological type, and depth of
infiltration were all obtained by biopsy patho-
logical examination; and (4) the histopatholo-
gical report was read by two pathologists. The
exclusion criteria were as follows: (1) the pati-
ent died during the perioperative period; (2)
the patient had received radiation, chemother-
apy, and other anti-tumor treatment preopera-
tively; (3) the patient had other tumors; (4) the
patient had serious liver and kidney damage,
autoimmune diseases, thrombosis, and bleed-
ing diseases; (5) the patient had an infectious
disease lasting almost 2 weeks; and (6) no liver
function examination results were available at
one week prior to surgery.

Case information

The following case information was collected:
(1) general information such as the age of the
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patient at the time of disease onset, body mass
index (BMI), menopause status, pregnancy his-
tory, delivery mode, number of abortions, ce-
sarean section history, tubal ligation history,
and preliminary symptoms (e.g., abdominal dis-
tension, abdominal pain, and irregular vaginal
bleeding); (2) preoperative auxiliary examina-
tion of patients [CA125, human epididymis
protein 4 (HE4), testing of total bilirubin (TB-
IL), direct bilirubin (DBIL), and indirect bilirubin
(IBIL) levels, ultrasound, computed tomography
(CT) or magnetic resonance imaging (MRI)]; (3)
surgery and postoperative information, such as
tumor size, location, ascites status, pelvic ad-
hesion, postoperative residual lesion size, lym-
ph node metastasis, FIGO staging (2015), tu-
mor differentiation degree, endometrial lesion
status, uterine fibroid status, chemotherapy,
chemotherapy drug resistance, disease recur-
rence, and survival. Postoperative follow-up
lasted for at least 5 years. Follow-up was con-
ducted every 1-3 months for 2 years and then
every 3-6 months for the subsequent 3 years.
The diagnosis of recurrence was based on
imaging examination (e.g., B ultrasound, CT,
MRI, positron emission tomography-CT) to de-
tect disease recurrence or metastatic lesions.
The elevation of the levels of tumor markers
(including serum carbohydrate antigen (CA)
125 and HE4) alone was not considered as a
criterion for disease recurrence. Overall surviv-
al (OS) and progression-free survival (PFS) we-
re included in the survival analysis. OS is the
time from initial surgery to death or the last
follow-up, and PFS is the time from initial sur-
gery to tumor progression or recurrence.

Statistical analysis

SPSS 23.0 statistical software was used for
data analysis. Enumeration data were express-
ed as rates (%), normal distribution measure-
ment data were expressed as means + stan-
dard deviation, and non-normal distribution
measurement data were expressed as medi-
ans (interquartile interval). Chi-square test or
Fisher's exact test was used for enumeration
data comparison, and the Mann-Whitney U test
was used for measurement data comparison.
The optimal cut-off points of age, tumor size,
TBIL, DBIL, IBL, and CA125 were determined
by receiver operating characteristic curve an-
alysis. The Kaplan-Meier method was used for
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Table 1. Clinical and morphological characteristics of EOC
patients

Characteristics No of patients (%)
Age (year) (median [IQR]) 54 (47.75, 65.00)
BMI (kg/m?) 21.56+2.46
Menopause
Pre- 130 (46.10)
Post- 152 (53.90)
Gravid
0 24 (8.51)
>8 258 (91.49)
Parity
0 26 (9.22)
>9 256 (90.78)
Induced abortion
0 144 (51.06)
>5 138 (48.94)
Cesarean section history
Yes 28 (9.93)
No 254 (90.07)
Tube ligation history
Yes 16 (5.67)
No 266 (94.33)
Breast cancer history
Yes 12 (4.26)
No 270 (95.74)
Hypertension history
Yes 74 (26.24)
No 208 (73.76)
Diabetic mellitus history
Yes 22 (7.80)
No 260 (92.20)
Symptoms
Bloating
Yes 130 (46.10)
No 152 (53.90)
Abdominal paid
Yes 90 (31.91)
No 192 (68.09)
Abnormal vaginal bleeding
Yes 22 (7.80)
No 260 (92.20)
Cachexia
Yes 28 (9.93)
No 254 (90.07)

Pre-surgery CA125 (U/mL) (median [IQR]) 111.80 (49.53, 579.55)
Pre-surgery HE4 (pmol/L) (median [IQR])  67.00 (44.75, 324.50)
Pre-surgery TBIL (umol/L) (median [IQR]) 9.90 (7.80, 12.93)
Pre-surgery DBIL (umol/L) (median [IQR]) 2.60 (2.08, 3.50)
Pre-surgery IBL (umol/L) (median [IQR]) 7.40 (5.60, 9.20)
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survival analysis. A P-value <0.05
indicated statistical significance.
The survival curves were construct-
ed using GraphPad Prism5 softwa-
re.

Results

Basic information and clinicopatho-
logical characteristics of patients

The general information of onset
age, body mass index (BMI), meno-
pause, pregnancy, labor, abortion,
cesarean section, tubal ligation, and
the first symptoms such as abdomi-
nal distention, abdominal pain, and
irregular vaginal bleeding are shown
in Table 1. The median values of
TBIL, DBIL and IBL were 9.90, 2.60
and 7.40 pmol/L, respectively (Ta-
ble 1). The histopathological type of
ovarian cancer: serous cancer was
169 cases, accounting for 59.93%
of the total. 41.84% of them were
early stage ovarian cancer (FIGO
I-11), 58.16% were advanced stage
ovarian cancer (FIGO llI-IV) (Table
2).

Determination of the optimal inter-
ception point

According to the comparison of pa-
tients’ prognosis with the absolute
value of TBIL, DBIL and IBIL, the
Receiver Operating Characteristic
(ROC) curve was drawn, respective-
ly. When the TBIL was 9.65 pmol/L,
the DBIL was 2.95 ymol/L and the
IBIL was 6.75 ymol/L, reaching the
maximum value of Youden’s index
(0.233, 0.142 and 0.237). There-
fore, the optimal cut-off points of
TBIL, DBIL and IBIL were selected,
and the area under ROC curve
(AUC) was 0.572 (95% CIl: 0.501~
0.643, P-value <0.05), 0.453 (95%
Cl: 0.383~0.523, P-value = 186),
0.599 (95% Cl: 0.530~0.667, P-va-
lue <0.05), respectively, with sensi-
tivity of 0.618, 0.449 and 0.640.
The specificity was 0.615, 0.692
and 0.596, respectively (Figure 1).
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Table 2. The surgico-pathological charac-
ters and treatment-related variables of EOC

patients

Characteristics

No of patients
(%)

Tumor size (mm) (median [IQR])
Side of ovarian tumor
Unilateral
Bilateral
Ascites
Yes
No
Pelvic adhesion
Yes
No
Residual disease
No or <o cm
>1cm
Metastasis of lymph node
Yes
No
Histotype
Serous
Others
FIGO Stage
|
Il
1l
v
Early or late Stage
[+11
H+1v
Differentiation
High
Medium
Low
Endometrial disorders
Endometrial polyp
Endometrial cancer
Myoma of uterus
Cervical intraepithelial neoplasia
Chemotherapy
Yes
No
Chemo-resistance
Yes
No

85 (50, 126)

218 (77.30)
64 (22.70)

200 (70.92)
82 (29.08)

40 (14.18)
242 (85.82)

244 (86.52)
38 (13.48)

194 (68.79)
88 (31.21)

169 (59.93)
113 (40.07)

108 (38.30)
10 (3.55)
120 (42.55)
44 (15.60)

118 (41.84)
164 (58.16)

24 (8.51)
56 (19.86)
202 (71.63)

22 (7.80)
2(0.71)
64 (22.70)
4(1.42)

180 (63.83)
102 (36.17)

106 (37.59)
176 (62.41)

Age, preoperative CA125 level and tumor size
were selected according to the ROC curve to
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obtain the optimal interception point (65 years
old, 124 U/mL and 9 cm) for the analysis of
influencing factors of OS (Figure 1).

Correlation between preoperative TBIL, DBIL
and IBIL in patients with ovarian epithelial
carcinoma and clinicopathological features

There were statistically significant differences
in CA125 level, ascites, FIGO stage and patho-
logical differentiation between the low TBIL
level group (£h.65 pmol/L) and the high TBIL
level group (>9.65 pmol/L) (P-value <0.05)
(Table 3). There were statistically significant dif-
ferences in CA125 level, ascites, FIGO stage
and pathological differentiation between the
low DBIL level group (£2.95 umol/L) and the
high DBIL level group (>2.95 umol/L) (P-value
<0.05) (Table 4). There were statistically signifi-
cant differences in CA125 level, FIGO stage
and pathological differentiation between pati-
ents with low IBIL level (cally ymol/L) and pa-
tients with high IBIL level (>6.75 umol/L) (P-
value <0.05) (Table 5).

Univariate and multivariate analysis of OS and
PFS in patients with ovarian epithelial carci-
noma

Univariate COX regression analysis of OS in
patients with ovarian epithelial carcinoma sh-
owed that TBIL level (<9.65 vs s 5 vs umol/L)
and IBIL level (<6.75 vs s 5 vs ymol/L) were
the influencing factors of OS (P-value <0.05).
The difference in survival curve was statisti-
cally significant (P-value = 0.001, chi-square =
12.020; P-value = 0.002, chi-squared = 9.384)
(Figure 2). In addition, menopause, tubal liga-
tion, CA125 level (<124 vs >124 U/L), tumor
size (<9 vs 29 cm), lymph node metastasis,
FIGO stage, early and late stage of tumor, path-
ological differentiation, chemotherapy and che-
motherapy resistance were all influencing fac-
tors of OS (P-value <0.05). Multivariate COX
regression analysis showed that oviduct liga-
tion, FIGO stage, chemotherapy, chemotherapy
resistance and IBIL level (<6.75 vs s 5 vs
umol/L) were the influencing factors for OS in
EOC patients, and the difference was statisti-
cally significant (HR = 2.685, 95% CI: 1.111~
6.491, P-value <0.05; HR = 13.307, 95% CI:
5.890~30.062, P-value = 0.000; HR = 3.216,
95% Cl: 1.089~9.498, P-value <0.05; HR =
4.801, 95% Cl: 2.357~9.781, P-value = 0.000;
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Figure 1. ROC curve to build a predictive model for risk of ovarian cancer. TBIL, IBL, DBIL, preoperative CA125 level,
tumor size and age were selected according to the ROC curve to obtain the optimal interception point (9.65 umol/L,
6.75 umol/L, 2.95 ymol/L, 124 U/mL, 9 cm and 65 years old) for the analysis of influencing factors of OS.

Table 3. Correlation between preoperative TBIL in patients with ovarian epithelial carcinoma and
clinicopathological features

TBIL (umol/L)

Characteristics P-value
<valu (N = 132) >9.65 (N = 150)
Age (year) (median [IQR]) 54.0 (20.0) 52.0 (17.0) 0.398
BMI (kg/m?) 21.56+2.23 21.55+2.66 0.996
Menopause 0.839
Pre- 60 70
Post- 72 80
Tube ligation history 0.442
Yes 6 10
No 126 140
Presurgery CA125 (U/mL) (median [IQR]) 210.4 (553.7) 78.0 (497.4) 0.044
Presurgery HE4 (pmol/L) (median [IQR]) 67.4 (286.5) 67.0 (333.0) 0.817
Tumor size (mm) (median [IQR]) 77 (73) 92 (79) 0.527
Ascites 0.000
Yes 108 92
No 24 58
Metastasis of lymph node 0.411
Yes 94 100
No 38 50
Hisotype 0.317
Serous 75 94
Others 57 56
FIGO Stage 0.000
I 30 78
Il 4 6
I 68 52
v 30 14
Early or late Stage 0.000
[+l 34 84
+1v 98 66
Differentiation 0.000
High 6 18
Medium 12 44
Low 114 88
Myoma of uterus 0.090
Yes 24 40
No 108 110
Chemotherapy 0.000
Yes 100 80
No 32 70
Chemo-resistance 0.119
Yes 64 42
No 36 38
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Table 4. Correlation between preoperative DBIL in patients with ovarian epithelial carcinoma and
clinicopathological features

DBIL (umol/L)

Characteristics P-value
<valu (N = 170) >2.95 (N =112)
Age (year) (median [IQR]) 53.0 (18.5) 55 (18.0) 0.221
BMI (kg/m?) 21.66+2.32 21.40+2.78 0.404
Menopause 0.286
Pre- 74 56
Post- 96 56
Tube ligation history 0.055
Yes 6 10
No 164 102
Presurgery CA125 (U/mL) (median [IQR]) 213.5 (649.8) 61.7 (311.3) 0.004
Presurgery HE4 (pmol/L) (median [IQR]) 67.0 (252.2) 75.7 (363.4) 0.895
Tumor size (mm) (median [IQR]) 77 (74) 97 (78) 0.889
Ascites 0.000
Yes 136 64
No 34 48
Metastasis of lymph node 0.299
Yes 113 81
No 57 31
Hisotype 0.077
Serous 109 60
Others 61 52
FIGO Stage 0.006
I 55 53
Il 4 6
1 86 34
v 25 19
Early or late Stage 0.003
[+l 59 59
H+1V 111 53
Differentiation 0.000
High 5 19
Medium 24 32
Low 141 61
Myoma of uterus
Yes 30 34
No 140 78
Chemotherapy 0.058
Yes 116 64
No 54 48
Chemo-resistance 0.103
Yes 76 34
No 40 30
HR = 0.333, 95% Cl: 0.123~0.904, P-value Univariate COX regression analysis of PFS in
<0.05) (Table 6). patients with ovarian epithelial carcinoma sh-
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Table 5. Correlation between preoperative IBIL in patients with ovarian epithelial carcinoma and

clinicopathological features

. IBL (umol/L)
Characteristics P-value
<valu (N = 126) >6.75 (N = 156)
Age (year) (median [IQR]) 54.0 (21.0) 52.0 (17.0) 0.676
BMI (kg/m?) 21.73+2.25 21.42+2.62 0.288
Menopause 0.057
Pre- 66 64
Post- 60 92
Tube ligation history 0.170
Yes 4 12
No 122 144
Presurgery CA125 (U/mL) (median [IQR]) 207.2 (646.6) 78.0 (483.5) 0.043
Presurgery HE4 (pmol/L) (median [IQR]) 73.9 (281.0) 61.0 (191.8) 0.603
Tumor size (mm) (median [IQR]) 72 (76) 92 (77) 0.767
Ascites 0.866
Yes 90 110
No 36 46
Metastasis of lymph node 0.733
Yes 88 106
No 38 50
Hisotype 0.180
Serous 81 88
Others 45 68
FIGO Stage 0.000
I 31 77
Il 5 5
1 64 56
% 26 18
Early or late Stage 0.000
[+l 36 82
+1v Q0 74
Differentiation 0.000
High 7 17
Medium 7 49
Low 112 90
Myoma of uterus 0.059
Yes 22 42
No 104 114
Chemotherapy 0.001
Yes 94 86
No 32 70
Chemo-resistance 0.423
Yes 58 48
No 36 38

owed that all the other factors were influenc-
ing factors of PFS except age and DBIL level
(<2.95 vs s 5 vs ymol/L) (P-value <0.05). TBIL
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and IBL survival curves were statistically signi-
ficant (P-value = 0.000, chi-squared = 15.990;
P-value = 0.001, chi-squared = 11.356) (Figure
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Figure 2. Univariate analysis of overall survival in EOC patients. Kaplan-Meier survival curves showing the effects
of TBIL and IBL for OS and PFS. TBIL and IBL survival curves were statistically significant for OS (P-value = 0.001,
chi-square = 12.020; P-value = 0.002, chi-squared = 9.384) and for PFS (P-value = 0.000, chi-squared = 15.990).

P-value = 0.001, chi-squared = 11.356).

2). Higher levels of TBIL and IBL had longer OS
and PFS (Figure 2). Multivariate COX regressi-
on analysis showed that tubal ligation, FIGO
stage, early and late stage of tumor, chemo-
therapy, chemotherapy resistance and IBIL le-
vel (<6.75 vs s 5 vs umol/L) were the influenc-
ing factors of PFS in EOC patients, and the
difference was statistically significant (HR =
2.940, 95% Cl: 1.326~6.522, P-value <0.05;
HR = 6.171, 95% Cl: 3.339~11.406, P-value =
0.000; HR = 0.250, 95% Cl: 0.083~0.755,
P-value <0.05; HR = 3.296, 95% CI: 1.015~
10.703, P-value <0.05; HR = 5.702, 95% ClI:
3.169~10.259, P-value = 0.000; HR = 1.814,
95% Cl: 1.169~2.816, P-value <0.05) (Table 7).
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Discussion

Numerous studies have shown that oxidative
stress may be involved in affecting many tu-
mor behaviors, including survival, proliferation,
chemotherapy resistance, radiation resistance,
angiogenesis, and distant metastasis [13]. Oxi-
dative stress can activate many proteins, such
as Ras, P13K/Akt, and ERK1/2 [14]. After ac-
tivation, these proteins usually upregulate the
expression and activity of matrix metallopro-
teinase (MMP) [15], further promoting tumor
cell invasion and metastasis [16]. In vitro ex-
periments have shown that bilirubin can inhi-
bit the activation of ERK1/2 and expression of

Am J Transl Res 2020;12(5):2267-2280
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Table 6. Univariate and multivariate analysis of potential prognostic factors for overall survival

Univariate analysis

Multivariate analysis

Variables

HR 95% Cl P-value HR 95% CI P-value
Age (years) (<65 vs 265) 0.864 0.556~1.342 0.515
Menopause (yes vs no) 2417 1.600~3.650 0.000 1.235 0.699~2.182 0.467
Tube ligation history (yes vs no) 2476 1.288~4.759 0.007 2.685 1.111~6.491 0.028
Hypertension history (yes vs no) 1.486 0.979~2.255 0.063
Presurgery CA125 (U/mL) (<124 vs 2124) 1.839 1.238~2.732 0.003 0.568 0.299~1.080 0.084
Tumor size (cm) (<9 vs >9) 0.460 0.303~0.698 0.000 0.674 0.395~1.149 0.147
Ascites (yes vs no) 0.644 0.408~1.017 0.059
Metastasis of lymph node (yes vs no) 3.217 1.886~5.487 0.000 0.843 0.393~1.808 0.660
FIGO Stage (I vs Il vs lll vs V) 3.702 2.769~4.949 0.000 13.307 5.890~30.062 0.000
Early or late stage (I+ vs llI+IV) 10.783 5.585~20.820 0.000 0.280 0.055~1.423 0.125
Differentiation (high vs medium vs low) 5.978 3.059~11.682 0.000 0.367 0.128~1.055 0.063
Chemotherapy (yes vs no) 1.683 1.077~2.629 0.022 3.216 1.089~9.498 0.034
Chemo-resistance (yes vs no) 8.636 5.007~14.896 0.000 4.801 2.357~9.781 0.000
TBIL (umol/L) (<9.65 vs >9.65) 0.548 0.370~0.811 0.003 0.577 0.305~1.090 0.090
DBIL (umol/L) (<2.95 vs 22.95) 0.663 0.437~1.006 0.053
IBL (umol/L) (<6.75 vs 26.75) 0.505 0.340~0.750 0.001 0.333 0.123~0.904 0.031

Table 7. Univariate and multivariate analysis of potential prognostic factors for progress free survival

Univariate analysis

Multivariate analysis

Variables

HR 95% Cl P-value HR 95% Cl P-value
Age (years) (<65 vs >65) 1.012 0.704~1.453 0.950
Menopause (yes vs no) 1.725 1.230~2.419 0.002 0.867 0.540~1.393 0.555
Tube ligation history (yes vs no) 2.341 1.291~4.244 0.005 2.940 1.326~6.522 0.008
Hypertension history (yes vs no) 1.623 1.139~2.313 0.007 1.220 0.774~1.923 0.391
Presurgery CA125 (U/mL) (<124 vs 2124) 1.767 1.255~2.487 0.001 0.586 0.338~1.014 0.056
Tumor size (mm) (<9 vs >9) 0.659 0.466~0.932 0.018 0.925 0.604~1.417 0.720
Ascites (yes vs no) 0.671 0.456~0.988 0.043 1.054 0.643~1.728 0.834
Metastasis of lymph node (yes vs no) 2.738 1.793~4.182 0.000 0.872 0.479~1.588 0.654
FIGO Stage (I vs Il vs lll vs V) 3.375 2.652~4.295 0.000 6.171 3.339~11.406 0.000
Early or late stage (I+Il vs lI+1V) 8.513 5.099~14.210 0.000 0.250 0.083~0.755 0.014
Differentiation (high vs medium vs low) 5.897 3.527~9.861 0.000 1.336 0.603~2.958 0.475
Chemotherapy (yes vs no) 2.925 1.893~4.519 0.000 3.296 1.015~10.703 0.047
Chemo-resistance (yes vs no) 7295 4.788~11.113 0.000 5.702 3.169~10.259 0.000
TBIL (umol/L) (<9.65 vs >29.65) 0.509 0.363~0.715 0.000 1.081 0.439~2.657 0.866
DBIL (umol/L) (<2.95 vs >2.95) 0.702 0.493~1.001 0.050 1.199 0.676~2.128 0.535
IBL (umol/L) (<6.75 vs >6.75) 0.567 0.405~0.795 0.001 1.814 1.169~2.816 0.008

MMP-2, as well as damage the invasion ability
of nasopharyngeal carcinoma cells [17]. In vivo
studies in mice have shown that bilirubin inhib-
its the lung metastasis of nasopharyngeal car-
cinoma cells [18]. Bilirubin is not only associat-
ed with the occurrence and development of
tumors, but also with the prognosis of patients
with cancers such as lung cancer [19], breast
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cancer [20], colorectal cancer [21], and oral
squamous cell carcinoma [22]. A case-control
study assessed the correlation between anti-
oxidant levels in the body and the risk of bre-
ast cancer and found that moderate increases
in serum bilirubin levels were positively corre-
lated with a reduced risk of breast cancer
[20]. Data from the third National Health and
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Nutrition Examination Survey of the United
States population showed that the serum bili-
rubin levels were negatively correlated with co-
lon cancer risk [23]. The correlation between
bilirubin levels and ovarian cancer prognosis is
still lacking. In this study, patients with higher
preoperative serum TBIL and IBL levels showed
prolonged OS and PFS compared with those
with lower preoperative TBIL and IBL levels.

The main source of bilirubin is hemoglobin
released by aging or apoptotic red blood cells
[24]. Heme first produces biliverdin, which pro-
duces IBL in the liver under the action of biliver-
din reductase (BLVRA and BLVRB) [25]. Under
the action of glucuronyltransferase, IBL com-
bines with glucuronic acid to form DBIL, which
is then excreted into the small intestine with
bile [26]. Bilirubin can be transformed into bili-
verdin again by the oxidation of glutathione
[27]. Studies have shown that biliverdin has
strong antioxidant properties at the cellular
level [28]. Even in the presence of highly oxidiz-
ing molecules such as nitrite, superoxide, and
hydroxyl radicals, biliverdin can protect cellular
macromolecular compounds such as lipids and
proteins from oxidative stress [29]. The biliru-
bin-biliverdin redox cycle further proves that
bilirubin has potential antioxidant activity [30].
In addition, bilirubin exists mainly in the body
as a fat-soluble diacid, which can freely enter
and leave the phospholipid membrane of body
cells and function in antioxidation. Thus, biliru-
bin may play an important physiological role
as an intracellular antioxidant [31].

Bilirubin and biliverdin play regulatory roles in
many biological processes and are effective
endogenous activators of aromatic hydrocar-
bon receptors [aryl hydrocarbon receptor (AhR)]
[32]. AhR is a ligand-activated transcription
factor that acts on various genes, including
heme oxygenase (HMOX)-1, cytochrome P450
mono-oxygenaselAl/2 (CYP1A1/2), cytochro-
me P450 mono-oxygenase2A6 (CYP2A6), and
uridine diphosphoglucuronosyl transferase1Al
(UGT1A1), and participates in the biotransfor-
mation and transport of bilirubin [33]. The AhR
signaling pathway seems to have a broader
impact because it is part of known complex
networks such as cell cycle regulation, mito-
gen-activated protein kinase (MAPK) cascade
activation, and nuclear factor-erythroid-2-like
signals [encoded by NFE2L2 (also known as
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Nrf2)] [34]. These pathways induce a series
of genes related to AhR/Nrf2 signaling [35].
Target genes include genes related to apopto-
sis, the T helper cell-mediated immune res-
ponse, and cell proliferation and differentiati-
on (vascular endothelial cells, smooth muscle
cells, and macrophages) [36].

In addition to bilirubin production, BLVRA has
several other important biological functions,
including the unique multi-specific (serine/thre-
onine/tyrosine) kinase activity, which contrib-
utes to cell signal transduction [25]. BLVRA and
HMOX1 can translocate from the cytoplasm to
the nucleus and activate various signaling pa-
thways by oxidative stress, including those in-
volved in survival, the stress response, Jak-
Stat, transforming growth factor-§3, activated B
nuclear factor kappa light chain enhancer, and
p38MAPK signaling, as well as regulation of
the expression of HMOX itself and p38MAPK
[37]. Biliverdin and BLVRA have also been sh-
own to regulate protein kinase C, a serine/thre-
onine kinase associated with carcinogenesis
[38]. This complex network suggests that in-
tracellular bilirubin should be considered part
of an antioxidant cell system through which
cells can regulate their function [39]. Therefore,
it is reasonable to assume that each cell and/or
tissue may have a different intracellular biliru-
bin threshold level, which may determine the
level of protection against oxidation.

This study found that the increased level of
serum bilirubin correlates with better prognosis
in patients with EOC, but the effective bilirubin
threshold level still needs to be determined
using a multicenter, large-sample study. Thus,
bilirubin is not only a metabolite but also plays
an important physiological role as an intracel-
lular antioxidant that can resist the immuno-
suppression of proto-presenting cells and T
cells and inhibit adhesion molecule expression
and immune cell migration. In addition, bilirubin
has an extensive inhibitory effect on protein
phosphorylation, resulting in the regulation of
intracellular signal pathways, with significance
in vascular and autoimmune pathology as well
as cancer. Moreover, bilirubin has been shown
to inhibit the proliferation of the neointima and
vascular smooth muscle cells in vivo and in
vitro. Furthermore, bilirubin can inhibit the gr-
owth of tumor cells and may induce apoptos-
is. These concepts shed new light on bilirubin
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metabolism and suggest the possibility of us-
ing bilirubin as a new tool for improving autoi-
mmunity and treating cancer. As our under-
standing of bilirubin and related metabolic en-
zymes continues to increase, some scholars
have suggested the use of the term “bilirubi-
nomics” to describe this research field [40].

This study has important clinical application
value. Preoperative liver function examination
is a routine blood examination with low cost
and little trauma. If applied in clinical practice,
it can effectively minimize medical costs. Due
to the limitation of objective conditions, this
study has some drawbacks. First, this is a sin-
gle-center study with a small number of cases
included; thus, it is necessary to further expand
the sample size in a follow-up study or carry out
a multi-center study. Furthermore, no informa-
tion on the history of alcohol consumption, cof-
fee intake [41], and cigarette smoking [42]
was collected in this study. Those factors may
cause liver damage, which may affect serum
bilirubin levels.

This study included 282 patients who had
undergone prior ovarian cancer surgery and
analyzed the clinical data on the age at the ti-
me of disease onset, BMI, menopause, preg-
nancy, labor, number of abortions, history of
cesarean section, history of tubal ligation, and
general information of initial symptoms (such
as abdominal distension, abdominal pain, and
irregular vaginal bleeding), surgical pathology,
and long-term prognosis. Preoperative TBIL,
DBIL, and IBL levels showed significant corre-
lation with CA125 levels, the FIGO stage, and
pathological differentiation among patients in
the preoperative TBIL level group (>9.65 umol/L
vs <9.65 pmol/L), DBIL level group (>2.95
pmol/L vs £2.95 pymol/L), and IBIL level group
(>6.75 umol/L vs <s vs ymol/L). Survival curve
analysis showed that patients with higher lev-
els of TBIL and IBIL showed prolonged OS and
PFS compared with those with lower levels. The
preoperative TBIL and IBIL levels correlated
with the prognosis of EOC. The preoperative
IBIL levels were found to be independent prog-
nostic factors for OS and PFS in patients with
EOS.
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