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Abstract

Purpose Hepatocellular carcinoma (HCC) is the fifth

most common cancer worldwide. HCC is notably more

prevalent in males worldwide, with reported male:female

ratios ranging from 2:1 to 8:1. The reasons for sex differ-

ences in the incidence of HCC are unclear. Furthermore,

differences in rates of disease progression and longevity

are not well studied and few series have compared the

clinicopathologic characteristics of patients and their

impact on survival with specific reference to gender in a

large sample set.

Methods The present study is a large single-institution

study of 1138 HCC cases referred to a single individual

carried out over a period of 17 years. The primary endpoint

measure was over-all survival measured in months, which

was defined as the time between the date of diagnosis and

date of death. Differences in median survival for each

subgroup analysis in survival rates were compared by log

rank test.

Results There are differences in both the distribution of

evidence of disease progression at the time of diagnosis

and the time for survival following diagnosis in patients

with HCC between the two genders. Females had a longer

survival than males in subsets matched for residual liver

function and tumor extension, suggesting that the natural

history of HCC is different between men and women.

Conclusion The present study provides evidence that

female gender provides a distinct survival advantage over

males in unresectable HCC presenting with similar tumor

characteristics, liver function, and coexisting liver disease.
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Abbreviations

AFP Alpha-fetoprotein

BSA Body surface area

CAT Computed axial tomography

CBC Complete blood count

HBV Hepatitis B virus

HCC Hepatocellular carcinoma

HCV Hepatitis C virus

PVT Portal vein thrombosis

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common

cancer worldwide with a particularly high incidence in areas

where chronic hepatitis B virus (HBV) and hepatitis C virus

(HCV) are common [1]. The American Cancer Society has

predicted 19,160 new HCC cases and 16,780 deaths in 2007

among U.S. residents [2]. HCC is notably more prevalent in

males worldwide, with reported male:female ratios ranging
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from 2:1 to 8:1, being more marked in high incidence areas,

but less different in low incidence regions [3]. In the United

States the male:female ratio for HCC incidence is 2.4:1 [1].

Despite the extent of this evidence, the reasons for sex

differences in the incidence of HCC are unclear [3, 4],

although gender-based differences in carcinogen-metabo-

lizing liver enzymes have been noted. Furthermore, it is

unclear whether the differences in incidence are matched

by differences in rates of disease progression and longev-

ity. It has been reported that DNA synthesis is higher in

male than in female cirrhotic livers, and a higher rate of

cell turnover has been hypothesized to be a contributory

factor to the gender discrepancy of HCC [5]. Despite evi-

dence suggesting that testosterone is a growth stimulus to

Transforming Growth Factor alpha (TGFa) mitogenic

actions, which could stimulate hepatocarcinogenesis and

hepatocyte proliferation [6]; it remains unknown whether

the natural history of HCC is different between the 2 sexes.

Controversial reports also exist on the contribution of sex

differences to patient survival and prognosis [7–10].

However, few studies have compared the clinicopathologic

characteristics of patients and their impact on survival with

specific reference to gender in a large sample set.

The present study is a large single-institution study of

HCC cases referred to a single individual (BIC) carried out

over a period of 17 years. In the current study, we examine

the hypothesis that unresectable human HCC is not only

less frequent in women than men, but also has a less

aggressive rate of progression to death in patients who have

an equivalent extent of concurrent liver disease, residual

hepatic function, and evidence of tumor burden at the time

of their initial clinical appraisal.

Methods

Study population

The study population consisted of 1,138 individuals diag-

nosed with HCC who had unresectable tumor at the time of

evaluation. The cases were accrued over a 17-year period

at the Liver Cancer Center, University of Pittsburgh. At the

time of diagnosis the patient’s history, physical examina-

tion, laboratory measures, and Computed Axial

Tomography (CAT) scan were recorded prospectively. On

initial clinical evaluation, all patients had baseline com-

plete blood count (CBC), routine liver function tests,

Alpha-fetoprotein (AFP), hepatitis serology, serum creati-

nine, Body Surface Area (BSA) from height and weight,

physical examination, and a triphasic helical Computed

Tomography (CT) scan of chest, abdomen, and pelvis. If

liver biopsy diagnosis had not been conducted prior to

referral, underlying random liver biopsy and directed tumor

biopsy was obtained. The data and CT descriptors were

recorded and entered in an HCC database designed for

follow-up and analysis. Patients were followed to the time

of their death either through this clinic, or through close

liaison with their primary health care provider. Cases were

dichotomized into categories based on abnormal bio-

chemical indices of liver function. The ‘‘Good Liver

Function’’ category was defined by individuals with a

serum bilirubin\1.5 mg/dl, alkaline phosphatase\200 U/

100 ml, albumin [3.5 g/l, and prothrombin time \13 s.

‘‘Poor Liver Function’’ was defined as the presence in

individuals of any of the following: a serum bilirubin

[1.5 mg/dl, alkaline phosphatase[200 U/100 ml, albumin

\3.5 g/l, and prothrombin time[13 s. We have attempted

to minimize confounding factors such as treatment in our

strategy for sub group classification; all patients in the

study received TACE treatment.

Statistical methods

The primary endpoint measure was over-all survival mea-

sured in months, which was defined as the time between the

date of diagnosis and date of death. Follow-up data were

censored at the time of last visit. Median survival was

expressed in months. Data used to relate to survival time

were dichotomized using the criteria defined in Table 1.

Differences in median ± 95% confidence limits for each

subgroup analysis in survival rates were compared by log

rank test. Analyses were carried out using SAS 9.1.

Results

Over 17 years, 1,138 patients with HCC were managed by a

single physician (BIC) in a single clinic. The demographic

distribution of males and females with HCC for dichoto-

mized clinical measures is presented in Table 1. Of these,

32% were female and 68% were male. The age distribution

was similar in both groups. The analysis of tumor charac-

teristics revealed a marginally higher percentage of males

with portal vein thrombosis (PVT) (45% vs. 35%,

P \ 0.05). A higher proportion of males had cirrhosis

(82.5% vs. 60%, P \ 0.05) as well as alcohol (11% vs.

47%, P \ 0.01) and smoking histories, and bilirubin levels

higher than 1.5 mg/dl (32% vs. 17%, P \ 0.05).

The influence of clinical features on HCC survival by

gender is presented in Table 2. Women had a longer sur-

vival [14 months (11–18) vs. 9 months [7–10], P \ 0.0001]

(Table 2). In addition to the presence of PVT being more

common in men, the median survival in those men with

PVT was substantially less in comparison to men without

PVT (5 months versus 11 months, P \ 0.0001). This
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contrasted to a marginal change in females with PVT

compared to those without PVT (10 months versus

14 months). Furthermore, in the presence of PVT, median

survival in males was half that of females (5 months versus

10 months, P \ 0.001). In contrast, the presence of other

tumor characteristics did not significantly alter survival in

either gender. The presence or absence of cirrhosis was

associated with significant differences in survival in both

genders.

The analysis was further extended to evaluate the impact

of baseline biochemical characteristics on gender differ-

ences in median survival (Table 3). Even though the

proportion of men and women with elevated AFP was

similar, males with AFP [25 ng had a reduced median

survival of 5 (4–6) months as compared to either males

with AFP\25 ng, (15 (13–18) months, P \ 0.0001), or to

females with AFP [25 ng (10 (8–14 months, P \ 0.001).

The presence of AFP [25 ng was not associated with a

significant reduction in survival in females. Bilirubin

[1.5 mg/dl was a major risk factor in both males and

females (P \ 0.0001), as was elevated alkaline phospha-

tase and prolonged prothrombin time.

The observations of significant relationships between

variables with time to survival indicate that each of the

clinical characteristics of tumor extension, liver function,

and concomitant liver disease need to be simultaneously

taken into consideration to create subgroups of comparable

baseline characteristics before inferences on gender differ-

ences in the prognosis of HCC can be made. Multivariate

regression analysis was not carried out as the data variables

are interdependent on each other and are non-parametric.

We have taken advantage of the large size of the study

group to use an alternative approach by building a patho-

physiological model that includes relevant variables

obtained at the time of diagnosis to create mutually exclu-

sive subgroups.

To define subsets with comparable liver function at

baseline assessment, we used the previously (see methods

section) defined integrated definitions of good and poor

liver function. Using this definition, survival in group with

poor liver function was 3 (2–3) months in the 213 patients

with this trait (Fig. 1). Even in the presence of poor hepatic

function, tumor characteristics offered further discrimina-

tion as a prognostic indicator with patients with PVT

Table 1 Demographics of the

population of patients with

unresectable HCC and sample

size of subgroups based on the

stated criteria

* P \ 0.05 chi-squared

comparison between percentage

of women versus the percentage

of men with the defined clinical

characteristic

Females % of variable

being dichotomized

Males % of variable

being dichotomized

Number of patients 279 (32%) 859 (68%)

Age \65 years 57 61

Age [65 years 43 39

Tumor characteristics

Number of Tumors [5 38 38

Tumor size [10 cm in diameter 28 27

Portal vein thrombosis 35 45*

Lymphadenopathy 27 34

Distant metastases 25 23

Ascites 27 43

Co-existent liver disease and lifestyle

Cirrhosis 60 82.5*

No hepatitis 62 43

Hepatitis B 8 18

Hepatitis C 23 25

Hepatitis B and C 5 13

Alcohol 11 47*

Smoking 10 25*

Abnormal biochemical indices liver function

AFP [25 ng/ml 64 66

Bilirubin [1.5 mg/dl 17 32*

Alkaline phosphatase [120 U/100 ml 75 72

Albumin \3.5 g/l 63 72

Prothrombin time [13 sec 37 50

Good liver function 85 73

Poor liver function 15 27
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having a survival of 2 (1–3) months, compared to patients

with no PVT, who had a median survival of 4 (3–5)

months, P \ 0.001. With such a short survival it is not

surprising that there was no gender difference (Fig. 1).

In contrast, on comparison of survival between patients

with normal liver function who were further subdivided by

their tumor characteristics, sex differences were observed

(Table 4, Fig. 1). In the 688 patients with normal baseline

liver function, the presence of PVT was associated with a

50% reduction in median survival, 7 (6–9) months, com-

pared to the absence of PVT, 14 (12–16) months,

P \ 0.0001 (Fig. 1, Table 4). Further subgroup discrimi-

nation on the basis of gender still provided substantial

sample size within each subset (Fig. 1, Tier 3). In the good

liver function but no PVT subgroup, median survival in

females was longer than males, (18 (14–21) months vs.

Table 2 The influence of various clinical features on HCC survival by gender

Variable/ Tumor characteristic Females, N = 279, (32%) Males, N = 859 (68%)

Percent of variable of

interest in all females

Median survival

months 95% CI

Percent of variable of

interest in all males

Median survival

months 95% Cl

Overall 14 (11–18) 9 (7–10)***

Portal vein thrombosis-absent 65 14 (10–18) 55 11 (8–13)

Portal vein thrombosis-present 35 10 (8–14) 45 5 (4–5)**, ���

Number of tumors \5 62 14 (10–18) 62 7 (5–8)**

Number of tumors [5 38 9 (7–13) 38 6 (4–7)*

Tumor size \10 cm 72 12 (9–17) 73 7 (5–8)*

Tumor size [10 cm 28 12 (8–16) 27 8 (7–12)*

Unilobar 52 13 (9–18) 34 8 (6–10)**

Bilobar 48 11 (8–14) 66 6 (5–7)*

Cirrhosis absent 40 15 (11–19) 17.5 11 (8–14)

Cirrhosis present 60 9 (7–12)�� 82.5 6 (5–7)*, ���

Alcohol 11 9 (7–12) 47 6 (5–8)

Hepatitis B 8 16 (10–30) 18 12 (6–14)

Hepatitis C 23 8 (3–13) 25 7 (5–8)

Hepatitis B and C 5 11 (8) 13 5 (4–7)

* Comparison of females versus males (comparison of columns within a row): * P \ 0.05, ** P \ 0.001, *** P \ 0.0001

� = Comparison of variables (comparison of rows within a column): � P \ 0.05, �� P \ 0.001, ��� P \ 0.0001

Table 3 The influence of various biochemical characteristics on HCC survival by gender

Variable/Tumor Characteristic Females, N = 279, (32%) Males, N = 859, (68%)

Percent of variable of

interest in all females

Median survival

months 95% CI

Percent of variable of

interest in all males

Median survival

months 95% Cl

Overall 14 (11–18) 9 (7–10)***

AFP \25 ng 36 14 (10–20) 34 15 (13–18)

AFP [25 ng 64 10 (8–14) 66 5 (4–6)**, ���

Bilirubin \1.5 mg/dl 83 14 (11–18) 68 10 (8–12)

Bilirubin [1.5 mg/dl 17 3 (3–8)��� 32 3 (2–4)���

Alkaline Phosphatase \120 U/100 ml 25 19 (18–30) 28 14 (11–18)

Alkaline phosphatase [120 U/100 ml 75 9 (7–11)��� 72 5 (5–6)*, ���

Albumin [3.5 g/l 37 15 (11–22)� 28 13 (10–15)���

Albumin \3.5 g/l 63 10 (8–12) 72 5 (5–6)**

PT \ 13 secs. 63 16 (13–20) 50 10 (8–12)

PT [ 13 secs. 37 6 (3–9)��� 50 4 (4–5)���

* Comparison of females versus males (comparison of columns within a row): * P \ 0.05, ** P \ 0.001, *** P \ 0.0001

� = Comparison of variables (comparison of rows within a column): � P \ 0.05, �� P \ 0.001, ��� P \ 0.0001
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13 (10–15) months, P \ 0.04). In the PVT subgroup with

good liver function, there was a similar trend, 10 (9–14)

months, vs. 6 (5–8) months, which was not significant. The

distribution of females and males in tier 3 of Fig. 1, also

illustrates the predominance of female patients in the less

severe categories of disease severity, either by liver func-

tion (14.5% females in the poor category, compared to 36%

males), or by tumor extent, as illustrated by the presence of

PVT (37% females vs. 47% males).

When the analyses were repeated using alternative

variables to PVT that indicate tumor extension, similar

orders of magnitude of reduction for median survival were

also observed for the number of tumors, size of the largest

tumor, bilobarity, and the presence of cirrhosis (Table 4).

The survival data in patients with poor liver function are

not presented here as median survival was already very low

in this group.

Discussion

The conclusions of the present study are that there are

differences in both the distribution of evidence of disease

progression at the time of diagnosis and the time for sur-

vival following diagnosis in patients with HCC between

the two genders. There are two possible explanations for

Fig. 1 Pathophysiological

model using liver function, PVT

and gender

Table 4 Median survival times in females and males with good liver function

Overall Females Males

Tumor characteristic Median survival

(95% CI)

Percent of variable

of interest

Median survival

(95% CI)

Percent of variable

of interest

Median survival

(95% CI)

No PVT (56%) 14 (12–16) 63 18 (14–21) 53.5 13 (10–15)*

PVT (44%) 7 (6–9)��� 37 10 (9–14)� 46.5 6 (5–8)���

Number of tumors \5 (62%) 12 (10–14) 61 18 (14–20) 62.5 10 (7–12)**

Number of tumors [5 (38%) 8 (7–10)�� 39 9 (7–14)�� 31.5 8 (6–11)

Tumor size \10 cm (68%) 11 (9–13) 65.5 15 (10–19) 69 10 (8–12)*

Tumor size [10 cm (32%) 10 (7–13) 34.5 15 (10–19) 31 7 (5–12)*

Unilobar (49%) 11 (9–14) 51 18 (11–21) 48 10 (8–13)**

Bilobar (51%) 9 (7–12)� 49 12 (9–16)�� 52 8 (6–11)

* Comparison of columns within a row: * P \ 0.05, ** P \ 0.001, *** P \ 0.0001
� Comparison of rows within a column: � P \ 0.05, �� P \ 0.001, ��� P \ 0.0001
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this observation. The first being that women are diagnosed

earlier in the disease but have a similar rate of disease

progression to men or alternatively, the disease is different

and less aggressive than in men. Our new observation is

that in patients matched for tumor burden and residual liver

function, the survival in women is longer than in men. This

observation supports the hypothesis that there is a differ-

ence in the natural history of HCC between sexes.

The present analysis is based on a large study with

extensive data on clinical covariates collected at the time of

diagnosis in patients with unresectable HCC over a period

of 17 years. A sample size of 279 female patients (despite

the fact that they represented only one third of the study

population), with adequate and long-term follow-up data

has allowed us a more detailed analysis of HCC progres-

sion in the two sexes than has previously been reported [7–

10]. Results of our univariate analysis showed differences

in distribution of tumor burden and residual liver function

between sexes at the time of presentation. We compared

men and women with similar tumor number, size, lobarity,

presence of environmental factors such as alcohol, HBV

and HCV infection, biochemical indices, tumor extension,

and underlying liver disease. Although chronic hepatitis

infection is the major etiology in Western countries, in our

large experience that includes resection and liver transplant

(not included here) we have found that overall there is no

obvious etiology in about 25% of our patients that we can

discern. Furthermore there is increasing appreciation that

obesity and NASH are risk factors in our Western patients

and this is not included in the current analysis. These

probably explain the relatively low percentage of patients

with any type of hepatitis. A higher proportion of men

presented with cirrhosis; when comparing men and women

who both had cirrhosis, women still had a distinct survival

advantage. For each of the biochemical indices evaluated

except for bilirubin women did better than men, with sig-

nificant differences in survival times.

To address whether there is a gender difference in rate of

disease progression and hence survival, we have sought to

select subgroups of patients with HCC who have equivalent

clinical phenotypes at the time of their initial appraisal. In

the analysis undertaken by creating a pathophysiological

model based on tumor progression and loss of residual liver

function, we have created discrete subgroups with a more

homogeneous base of sufficient size to permit comparison

of time to survival. Within this analysis, liver function

(defined as a combination of abnormal biochemical indices)

provided the greatest discriminator of survival. In the subset

with poor liver function, creating further subsets based on

tumor progression provided further marginal discrimination

in survival that was not enhanced by sex. In contrast, the

analysis of males and females with good liver function

suggested that tumor characteristics still are important

determinants of survival that need to be considered in the

evaluation of a gender effect. Using this approach, females

still had a longer survival than males in subsets matched for

residual liver function and tumor extension. These obser-

vations support the concept that the natural history of HCC

is different between men and women.

This evidence contrasts to several analyses that have

failed to demonstrate gender as an independent variable for

survival [11–15]. In some cases, a lead-time bias in the

diagnosis of HCC in favor of female patients has been

suggested to account for survival differences [5]. However,

the sample sizes in most of these studies have been small,

so that it has not been possible to undertake an evaluation

that takes into account all the clinical, pathological, and

biochemical variables that might influence the incidence

and progression of HCC.

Interest in this field has led to several focused efforts to

resolve the mechanism behind gender differences in HCC.

These attempts have been complicated by the fact that

HCC occurs more often in males with chronic liver disease,

which in turn leads to a hyper estrogenic state that has been

implicated in the pathogenesis of HCC [16–19]. Experi-

mental and clinical data have shown that both estrogens

and androgens have important effects in controlling the

replication rate of hepatic cells [11, 20]. Both estrogens and

androgens may also have an effect on inducing or at least

promoting the growth of HCC. The evidence obtained from

clinical trials utilizing antiandrogen and antiestrogen ther-

apies suggests that once the tumor has developed, the

therapy has no clinically significant effect on the progres-

sion of the disease [16, 19, 20].

The present study was limited by the lack of additional

useful information such as age of menarche, age of men-

opause, number of children, contraceptive use, preexisting

hormone disorders, and serial CT scan measurements.

Further analysis of these factors may better address the

effects of sex hormones on the progression of HCC.

In conclusion, the present study provides compelling

evidence that the female gender has a distinct survival

advantage over the male gender in patients with unresec-

table HCC that present with similar tumor characteristics,

liver function, and coexisting liver disease. Although the

reasons for this still remain to be elucidated, the current

findings serve to emphasize the need to further study this

complex biological phenomenon to better understand the

pathogenesis and progression of HCC.
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