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Abstract

Introduction

Background: Non-alcoholic fatty liver disease (NAFLD)
is one of the most common chronic liver diseases worldwide.
The most common underlying causes of Hepatocellular carcinoma (HCC) are chronic liver diseases and cirrhosis.

HEPATOCELLULAR carcinoma (HCC) is a
complex and heterogeneous tumor with several
genomic alterations and its incidence has been
increasing worldwide. It is the sixth most common
cancer and the second cause of cancer-related death
[1] .

Aim of Study: Our study aimed to investigate the serum
estradiol levels in patients with nonalcoholics steatohepatitis
(NASH) related HCC and to explore their correlations with
clinicopathological features of HCC.

Nonalcoholic fatty liver disease (NAFLD) is a
spectrum of liver diseases ranging from simple
steatosis to liver injury. The initial stage of an
inflammatory phase in NAFLD is defined as nonalcoholic steatohepatitis (NASH) [2] . NASH is
characterized by inflammation, hepatocellular
damage, and fibrosis, which increase the risk of
HCC with high rates of mortality.

Patients and Methods: A Controlled Cross-Sectional Study
included 200 patients with NAFLD (181 patients with NAFLD
and 23 patients with NAFLD related HCC) and 50 controls.
Serum estradiol was measured by enzyme-linked immunosorbent assay (ELISA).
Results: The serum level of estradiol was significantly
lowered in patients with NAFLD (32.24 ±7.3pg/ml) compared
to controls (42.9±3.9pg/ml). Moreover, our findings revealed
lower concentrations of serum estradiol in the HCC group
(28.6±5.3pg/ml) compared to the NAFLD group (33.45
±4.3pg/ml, p<0.00 1). We found significant negative correlations between serum estradiol levels and clinicopathological
features of HCC (portal vein thrombosis, lymph node metastasis, number of tumor lesions, advanced clinical stage, tumor
size, tumor site, distant metastasis) in patients with NAFLD
complicated with HCC. linear regression test and we observed
that serum triglycerides and α -fetoprotein were significantly
associated with serum estradiol among the HCC group.

The progression of NAFLD-related HCC is a
complex and multifactorial process, including
several risk factors such as genomic variability,
obesity, or diabetes [3,4] . The development of HCC
is considered the end result of most liver diseases,
including viral hepatitis(C and B), NAFLD and
alcoholic liver disease.
HCC may be modulated by both sex hormones
during its initiation, progression, and metastasis
[5-7] . Elevated levels of androgen are considered
to promote tumorigenesis, while studies in the past
decades showed that the roles of estrogen in HCC
are diverse, even the opposite [8] .

Conclusion: Serum estradiol level was significantly lowered in the HCC subgroup compared to the NAFLD group
and negatively correlated with clinicopathological features
of HCC. Serum estradiol can be used as a promising predictor
of HCC in female patients with NAFLD.
Key Words: Hepatocellular carcinoma – NAFLD – Estradiol
– Clinicopathological features.

Estrogen is found to attenuate HCC progression
by regulating cell proliferation, invasion, and
apoptosis by inhibiting ER- α -induced NF- κB signaling [9] . NF-κB is highly associated with cancerrelated inflammation, and estrogen inhibits NFκB signaling; therefore, a novel model that fully
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captures the complex behavior of human HCC
generation is required to understand the molecular
mechanism by which the origin of HCC is modulated [10] .
The incidence of HCC is higher in males than
females irrespective of the etiology. This suggests
that the differential endocrine signaling might
increase the tendency of HCC development in
NAFLD-patients The treatment of liver cancer is
a difficult task, especially among end-stage patients,
whose lesions are usually thought to be unresectable
Therefore, we aimed to investigate the serum estradiol levels in patients with NAFLD-related HCC
and to explore their correlations with clinicopathological features of HCC.
Patients and Methods
A Controlled Cross-Sectional Study was conducted at Internal Medicine and Tropical Medicine
Departments; Faculty of Medicine, Zagazig University, from September 2017 to September 2019.
The Ethics Committee of Faculty of Medicine,
Zagazig University approved this work. All participants assigned informed written consent prior to
their inclusion. NAFLD was diagnosed upon ultrasonographic finding of bright liver according to
the standard criteria accepted by the American
Gastroenterology Association. A confirmatory liver
biopsy was done. Among female patients with
NAFLD; we found 181 female patients without
HCC and 23 patients with HCC Also, we enrolled
50 age matched healthy female volunteers without
liver disease. All participants underwent complete
history taking and thorough clinical examination,
patients with a history of viral hepatits, metabolic
liver disease, heart disease, kidney disease, diabetes
mellitus, or other cancers were excluded. None of
the cases received neoadjuvant chemotherapy,
radiotherapy, hormonal replacement therapy or
immunotherapy.
All patients were subjected to abdominal ultrasonography using probe 3.5 MHZ of TDI Philips
machine. Liver biopsies were obtained using an
automated gun device and under complete aseptic
precautions. Pathological examination of liver
biopsy was performed by an experienced pathologist who was blinded for patient data. A semiquantitatively evaluation of steatosis, lobular inflammation, ballooning, and liver fibrosis were
done according to the NASH CRN scoring system
[11] .
HCC was diagnosed according to the American
Association for the Study of Liver Diseases practice
guidelines. Clinical staging of HCC was evaluated

according to the Barcelona Clinic Liver Cancer
staging classification [12] and Child-Pugh classification [13] . Clinicopathological features of HCC
cases including tumor number, size, site, presence
of metastasis, and portal vein thrombosis were
obtained at the time of blood collection.
Sampling of blood:
The blood samples of all study's subjects were
drawn after an overnight fast Sera were separated
from the remaining sample part and stored at –20 ° C
until analysis. Serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), albumin,
total bilirubin, and creatinine were estimated by
routine enzymatic methods (spinreact). Serum
alpha-fetoprotein (AFP) levels were measured
using enzyme-linked immunosorbent assay (ELISA) kit (Biosource Europe S.A, Belgium). Viral
markers including hepatitis B surface antigen (HBsAg) and HCV antibodies (HCV-Ab), serum estradiol, (E2) were measured by ELISA (Abbott Laboratories, North Chicago, IL).
Statistical analysis:
The collected data were coded, tabulated, and
statistically analyzed using IBM SPSS statistics
(Statistical Package for Social Sciences) software
version 22.0, IBM Corp., Chicago, USA, 2013.
Descriptive statistics were done for quantitative
data as minimum and maximum of the range as
well as mean ± SD (standard deviation) for quantitative parametric data, while it was done for
qualitative data as the number and percentage. Odd
ratio (OR) and its 95% confidence interval (CI)
were calculated. The relationships of serum estradiol levels with clinical and laboratory parameters
among HCC patients were tested with the Pearson
correlation. Linear regression analysis was done
to detect the main independent variables associated
with serum estradiol in the HCC group. Receiver
operating characteristic (ROC) analysis was performed to assess the diagnostic power of serum
estradiol. We considered p to be significant at
<0.05 with a 95% confidence interval (CI).
Results
Clinic-demographic characteristics of the
study's participants:
As clarified in Table (1), no significant differences were observed in age, BMI, FPG, systolic
and diastolic blood pressure between studied
groups. However, there were significantly higher
values of ALT, AST, total and direct bilirubin,
international normalized ratio (INR), prothrombin
time (PT), AFP, creatinine, and WBC count in
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patients with NAFLD compared to controls. On
the other side, there were significantly lower values
of albumin, hemoglobin and platelet count in
patients with NASH compared to controls,
p<0.001.
The clinic-demographic characteristics of patients with NAFLD were described in Table (2).

Clinicopathological features of HCC patients:
Among patients with HCC, 43.4% of patients
had stage I/I I, tumors size more than 5cm was
observed in 47.9% of HCC patients. Lymph node
metastasis was detected (39.2%), distant metastasis
(43.4%), portal vein thrombosis (47.9%), multiple
tumor lesion (43.4), both lobe affection (30.4%)
among HCC patients, Table (3).

Table (1): Clinical and laboratory characteristics of the studied groups.
Parameters
Age (years)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Body mass index (kg/m 2 )
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Fasting plasma glucose (mg/dL)
INR
Prothrombin time
Albumin (g/dl)
AST (IU/L)
ALT (IU/L)
Total bilirubin (mg/dl)
Direct bilirubin mg/dl)
α-Fetoprotein (ng/ml)3
WBC count (cell x10 /μl)
Hemoglobin (g/d)
9
Platelet (cell x10 /μl)
Creatinine (mg/dl)
NAFLD
INR
BMI
ALT

: Nonalcoholic fatty liver disease.
: International normalized ratio.
: Body mass index.
: Alanine aminotransferase.

NAFLD group
(n=200)

Healthy subjects
(n=50)

40.1 ± 6.86
118.4 ± 5.90
76.248 ± 4.8
31.31 ± 5.89
185.7±41.1
196.76±39.3
111.1 ± 12.76
42.1 ±9.8
84.9±9.19
1.4 ± 0.43
16.3 ±3.6
3.1 ±0.9
77.8 ±5.2
99.5 ± 10.3
1.7±0.18
0.91 ± 0.76
198.1 ± 76.23
7.7 ± 2.4
11.1 ± 2.26
147.4 ± 46.7
1.5± 1.08

39.5 ±8.24
119.79±8.01
76.1 ± 4.1
27.47±3.1
164.7±22.56
137.8± 11.4
91.12 ± 13.3
53.9±5.69
82.96±4.62
1.2 ± 0.15
11.7±0.7
4.5±0.23
21.56 ± 1.7
18.3 ±3.37
0.9±0.13
0.25 ±0.07
8.19±0.9
6.3±0.9
13.6± 1.71
246.8±38.1
0.74 ± 0.23

p-value
0.519
0.367
0.853
0.374
<0.001*
<0.001*
<0.001
<0.01*
0.216
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*

AST : Aspartate; aminotransferase.
WBC : White blood cell count.
# Significant p-values (p<0.05) when compared with control group.

Table (2): Clinical and laboratory characteristics of the NAFLD groups.
Parameters
Age (years)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Body mass index (kg/m 2 )
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Fasting plasma glucose (mg/dL)
INR
Prothrombin time
Albumin (g/dl)
AST (IU/L)
ALT (IU/L)
Total bilirubin (mg/dl)
Direct bilirubin mg/dl)
α-Fetoprotein (ng/ml)3 (ng/ml)
WBC count (cell x10 /μl)
Hemoglobin (g/d)
9
Platelet (cell x10 /μl)
Creatinine (mg/dl)
NAFLD
INR
BMI
ALT

: Nonalcoholic fatty liver disease.
: International normalized ratio.
: Body mass index.
: Alanine aminotransferase.

NAFLD
(n=181)
39.5±6.24
118.79±6.01
76.65 ± 4.8
32.47±9.05
109.7±22.56
200.8±44.4
128.12 ± 40.3
43.9±8.69
82.96±4.62
1.1 ± 0.05
12.7±0.7
3.2 ± 0.23
72.56 ± 1.7
55.3 ±3.37
1.9±0.13
0.55±0.07
6.19±0.9
6.3±0.9
11.6±0.71
236.8±38.1
1.01 ± 0.23

HCC
(n=23)
41.7±5.86
118.4 ± 3.90
75.48 ±4.9
26.31 ± 5.89
101.7± 17.1
184.76±23.39
145.1 ±46.76
41.1 ±6.8
140.9±30.19
1.4 ± 0.33
18.3 ±3.6
2.5±0.9
91.8 ±5.2
111.5± 10.3
3.6± 1.18
2.31 ± 0.76
12.1 ± 4.4
7.7 ±2.4
10.9±2.56
131.4 ±46.7
1.8± 1.08

p-value
0.402
0.953
0.822
0.384
0.275
<0.001*
0.049
0.238
<0.001*
0.194
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
0.216
<0.001*
<0.001*

AST : Aspartate; aminotransferase.
WBC : White blood cell count.
# Significant p-values (p<0.05) when compared with NAFLD group.
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Table (3): Clinicopathological features of HCC patients.
HCC patients
(n=23) n (%)

p value

Clinical stage:
Stage I/II
Stage III/IV

10 (43.4)
13 (56.6)

0.532

Tumor size:
<5cm
>5cm

11 (47.9)
12 (52.1)

0.835

Lymph node metastasis:
Absent
Present

14 (60.8)
9 (39.2)

0.297

Distant metastasis:
Absent
Present

13 (56.6)
10 (43.4)

0.532

Child -pugh grade:
A
B
C

7 (30.4)
9 (39.2)
7 (30.4)

0.957

Portal vein thrombosis:
Negative
Positive

12 (52.1)
11(47.9)

0.835

Number of tumour lesions:
Single
Multipole

13 (56.6)
10 (43.4)

0.532

Site of lesions:
Right lobe
Left lobe
Both

11 (47.9)
5 (21.7)
7 (30.4)

0.296

Correlation between serum estradiol levels
(pg/ml) levels with laboratory characteristic of
HCC:
There were significant negative correlations
between serum estradiol levels and serum triglycerides as well as α -fetoprotein (p<0.001, Table 4).
Linear regression analyses to explore the main
independent variables associated with serum estradiol levels (dependent variable) among case
group:
Linear regression test revealed that serum triglycerides, as well as α -fetoprotein, were significantly associated with serum estradiol among case
group (p<0.001, Table 5).
The diagnostic power of serum estradiol level
among study's groups:
ROC analysis was done to detect an optimum
cut-off value of serum estradiol level for diagnosis
of NAFLD cases among healthy individual it was
32.8 (ng/ml). Fig. (2a) revealed that AUC=0.826,
(95%): 0.751-0.901), p<0.001 with sensitivity
(96%) and specificity (95.6%). Moreover, ROC
analysis was done for discriminating HCC from
those patients with NAFLD with an AUC=0.927,
(95%): 0.884-0.971) with sensitivity (92%) and
specificity (72%) at a cutoff of 42.8 (ng/ml).
Table (4): Pearson correlations of serum E2 with laboratory
and clinicopathological features of HCC.

Circulating estradiol levels in serum among
studied groups:
The serum level of estradiol was significantly
lowered in patients with NAFLD (32.24 ±7.3pg/ml)
in comparison to controls (42.9 ±3.9pg/ml), (Fig.
1a, p<0.001). In a similar context, our findings
revealed lower concentrations of serum estradiol
in HCC group (28.6 ± 5.3pg/ml) compared to
NAFLD group (33.45 ±4.3pg/ml) (Fig. 1b, p<
0.001).

E2

Parameters
Triglycerides
α -Fetoprotein
Albumin (g/dl)
AST (IU/L)
ALT (IU/L)
Total bilirubin (mg/dl)
Direct bilirubin (mg/dl)
3
l)
WBC count (cell x10 /µ
Hemoglobin (g/dl)
3
l)
Platelet (cell x10 /µ
Creatinine (mg/dl)

r

p

–0.981
–0.875
0.043
0.037
0.003
0.066
0.136
0.325
0.113
0.085
0.201

<0.001 *
<0.001 *
0.704
0.74
0.98
0.56
0.23
0.003
0.32
0.46
0.07

Table (5): Linear regression analysis for the main independent variables associated with serum estradiol level (dependent
variable) among case group.
Unstandardized coefficients
Model
(Constant)
Direct bilirubin
ALT
TG
BMI
Platelet
α -Fetoprotein

Standardized coefficients

β

Std. error

Beta

37.990
0.021
–0.003
–0.044
0.021
0.022
–0.009

3.643
0.280
0.007
0.012
0.016
0.014
0.003

0.008
–0.043
–0.322
0.115
0.169
–0.298

95% C.I.: 95% confidence interval.

95% C.I.
t

p-value

10.427
0.077
–0.448
–3.537
1.282
1.569
–2.770

0.000
0.939
0.655
0.001
0.203
0.120
0.007

* Significant p-value (p<0.05)

Lower bound

Upper bound

30.755
–0.534
–0.016
–0.068
–0.011
–0.006
–0.015

45.225
0.577
0.010
–0.019
0.053
0.051
–0.003
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Fig. (1): (A): Comparison of serum estradiol level in the studied groups. (B): Comparison of serum estradiol level in NAFLD
groups.
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Fig. (2): (A): Receiver operating characteristic curve for serum estradiol level in discriminating between patients with NAFLD
and controls. (B): Receiver operating characteristic (ROC) curve for serum estradiol in differentiating between patients
with HCC and patient with NAFLD.

Discussion
Accumulating studies have reported that HCC
is the third-leading cause of cancer deaths worldwide, to date, a number of epidemiological studies
have identified several risk factors for HCC [15] .
The development of HCC is considered the end
result of most liver diseases, including viral hepatitis, cirrhosis and alcoholic liver disease. The
incidence of NASH and HCC is higher in males
irrespective of the etiology. This suggests that the
differential endocrine signaling might increase the
tendency of HCC development in NASH patients.
Both estrogen and androgen are steroid hormones
that mediate their action by binding to nuclear
receptors and acting as transcription factors to
regulate the expression of multiple genes. It was
suggested that androgen and androgen receptors
(ARs) might promote HCC progression and/or that
estrogen and estrogen receptors might suppress
HCC development [16] . ARs can be activated by

different signaling pathways such as MAPK and
PI3K, which are well-known in the development
of HCC in NAFLD [17] .
The treatment of liver cancer is a difficult task,
especially among end-stage patients, whose lesions
are usually thought to be unresectable.in the current
study, we attempted to investigate the molecular
mechanism underlying such disparity, in addition,
to assess the association between serum estradiol
in female patients with NAFLD-related HCC and
clinicopathological features of HCC.
The main finding of the present study is that
among 200 studied female patients with biopsy
proven NAFLD, 23 patient had HCC (11.5%).
The risk factors of develop ing HCC in NASH
may be attributed to the following-over weight,
increased level of insulin and excess of hepatic
iron load, resulting in advanced fibrosis and cirrhosis. In addition, age and sex are also considered
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as risk factors for NASH-HCC [18] The evidence
mentioned above demonstrated that actual prevalence of NASH-HCC is unknown as the underlying
pathology of NAFLD/NASH is not well defined
[19]. Said and Ghufran observed that the annual
incidence of NAFLD-associated HCC is 2.6%,
2.4% at seven years and 12.8% over three years
[20].

The current study found that the serum estradiol
level was significantly lowered in patients with
NAFLD in comparison to controls. In addition,
our findings revealed lower concentrations of serum
estradiol in the HCC group compared to the
NAFLD group. HCC is inflammation-related cancer
and estrogen may play its protective role through
its anti-inflammation effects.
Similar results detected by Xu et al., they found
that estrogen has a protective role in HCC and they
explained this finding as estrogen regulates cell
proliferation, invasion and apoptosis by inhibiting
ER-a -induced NF-icB signaling [21] .
In agreement with our results, Francavilla et al
observed that the effect of estrogen in HCC has
turned from an oncogenic to protective role based
on recent discoveries that NF- icB is highly associated with cancer-related inflammation, and estrogen
inhibits NF-icB signaling [22] .

estradiol inhibits HCC development in vitro and
in vivo [28,29] .
For further evaluation, we analyzed our results
using a linear regression test and we observed that
serum triglycerides and a-Fetoprotein were significantly associated with serum estradiol among the
HCC group. Interestingly, ROC analyses revealed
that the power of serum estradiol in discriminating
HCC cases from NASH patients was more potent
than the diagnostic power of estradiol in differentiating NASH from controls.
In conclusion: Serum estradiol level was lower
in patients with HCC compared to healthy controls,
Interestingly, serum estradiol levels were significantly correlated with clinicopathological features
of HCC (portal vein thrombosis, lymph node metastasis, number of tumor lesions, advanced clinical
stage, tumor size, tumor site, distant metastasis).
Recommendation:
serum estradiol could be considered prognostic
markers of HCC. Further large studied about the
effective therapy using sex hormones. Hormonerelated therapy in HCC is needed.
Competing interests:
The authors declare that they have no competing
interests to disclose.

The results presented here are important; as
this study investigated the possible association of
serum estradiol with clinicopathological features
of HCC including [portal vein thrombosis, lymph
node metastasis, number of tumor lesions, advanced
clinical stage, tumor size, tumor site, distant metastasis] and we found significantly negative correlations between serum estradiol levels and these
parameters in patients with NAFLD complicated
with HCC.
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In line with our results, Kalra et al., found that
HCC may be modulated by both sex hormones
during its initiation, progression, and metastasis
[23] .
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