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Abstract

Introduction—Men have higher risk for hepatocellular carcinoma (HCC) than women. Pre liver 

transplant (LT) alpha fetoprotein (AFP) levels strongly predict post LT HCC recurrence. Though 

women with HCC have higher AFP, the contribution of AFP level by gender to post LT HCC 

recurrence is unknown.

Material and methods—In this UNOS-based, retrospective cohort study we investigate sex 

differences in HCC recurrence among LT recipients with MELD exception between 2006–2010. 

Covariates include race, disease etiology, co-morbidities, AFP at listing and LT, tumor burden, 

loco-regional therapy, and donor risk index. HCC recurrence was assessed by competing risks 

regression.

Results—Of the eligible cohort (n = 5,002) included 3,872 men and 1,130 women. HCC 

recurred in 258 men (7%) and 66 women (6%). Median listing AFP was higher in women than 

men (14 vs. 11 ng/dL, p < 0.001). While no sex difference in overall HCC recurrence was detected 

(HR 0.9, 95% CI 0.7–1.2, p = 0.38), there was a strong interaction between gender and AFP on 

recurrence risk (p = 0.02). HCC recurrence was nearly three times higher in women (OR 4.2, 95% 

CI 2.2–8.2, p < 0.001) than men (OR 1.5, 95% CI 1.1–2.1, p = 0.02) with AFP at LT between 101–

500 ng/dL.

Conclusion—This study reveals novel sex differences in post LT HCC recurrence, which was 

nearly three times higher in women than men with high AFP at LT. Pre-LT AFP levels appear to 

carry a different prognosis in women than men, and a subset of female LT recipients may benefit 

from more intensive HCC surveillance after LT.
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INTRODUCTION

Gender differences in the incidence of hepatocellular carcinoma (HCC) are evident, with 

male:female ratios ranging from 2:1 to 4:1.1,2 These trends also apply to noncirrhotic 

patients with chronic HBV, for which HCC surveillance in this setting is recommended 

starting at age 40 years in Asian men compared to 50 years in Asian women.3 While men do 

have increased risk factors for HCC, such as tobacco and alcohol use, increased HCC risk in 

men may be related to male sex hormones, with androgen-receptors involved in the 

activation of hepatocarcinogenic genes.4

For patients transplanted for HCC, elevated alpha fetoprotein (AFP) is an established risk 

factor for post LT recurrence, though the cutoff values that confer increased risk of post LT 

recurrence vary widely.5,6 Interestingly, data from an Italian cohort noted higher AFP levels 

in women treated for HCC than men, although no overall survival differences were 

identified.7 This study included multiple modalities of HCC treatment, and was not powered 

to assess sex differences in outcomes among patients that underwent liver transplantation.

Although pre transplant AFP is strongly predictive of post-transplant HCC recurrence,6,8 no 

studies have evaluated the impact of sex differences in AFP level on risk of post-transplant 

HCC recurrence. Using the large United Network for Organ Sharing (UNOS) database we 

aimed to identify potential sex differences in AFP values at listing and LT, and to assess 

whether there exists sex differences in post LT HCC recurrence by pre LT AFP.

MATERIAL AND METHODS

Study population

This is a retrospective cohort study based in the United Network of Organ Sharing (UNOS) 

Standard Transplant Analysis and Research (STAR) database. Eligible patients included men 

and women over 18 years of age that received a liver transplant between January 2006 and 

September 2010. All patients were transplanted with hepatocellular carcinoma meeting 

policy 3.6.4.4 criteria (Stage T2), with receipt of HCC MELD exception points. Patients 

undergoing re-transplantation were excluded. This study was approved by the University of 

California, San Francisco Institutional Review Board.

Predictors/Outcomes

AFP by gender was the primary predictor, with AFP levels at LT defined as the last available 

value prior to transplant. AFP was assessed as both a continuous and categorical predictor, 

the latter in an effort to identify AFP thresholds that may differentially predict risk of HCC 

recurrence risk. The primary outcome was HCC recurrence after liver transplant defined as 

an HCC-related death or diagnosis of HCC recurrence. Recurrences were determined by 

physician review (JPR) of primary and contributory causes of death and indication of 

recurrence in the malignancy follow-up data. This methodology was previously used for 

identification of recurrent HCC,9 and these data were validated to exclude systematic 

differences by center in under- and over-reporting HCC recurrence.10
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Covariates

Covariates with biologically plausible associations with HCC recurrence were considered. 

These included: age at listing and transplant, race/ethnicity, disease etiology, time on the 

waitlist, metabolic risk factors including diabetes and body mass index (BMI), pre LT tumor 

burden assessed by cross sectional imaging within 3 months prior to LT, loco-regional 

therapy (LRT) including chemoembolization and ablation, and the donor risk index (DRI).11

Statistical analysis

Patient characteristics were compared using χ2, t and Wilcoxon rank sum tests, when 

appropriate. Risk of HCC recurrence by sex was assessed while accounting for competing 

risks by:12

• Calculating the cumulative incidence of HCC recurrence and

• By estimating the subhazard ratio from the Fine and Gray competing risks 

model.

Post-LT patient follow-up in these time-to-event analyses ended at the date of HCC 

recurrence (event), date of death due to other causes (competing risk), or date of last follow-

up (censored). Interactions between gender and AFP were first assessed in the regression 

model using AFP as a continuous predictor, then at various AFP thresholds. Models were 

then performed separately for men and women. Analyses were performed using StataIC 11, 

Stata Corp, College Station, TX.

RESULTS

The eligible cohort included 1,130 women and 3,872 men transplanted with MELD 

exception for HCC. There were racial differences between men and women with women less 

likely to be Caucasian (62.6 vs. 68.9%, p < 0.001) and more likely to be African American 

(10.5 vs. 8.5%, p = 0.03). Women were less likely to have cirrhosis due to alcohol or 

hepatitis C, but more likely to have nonalcoholic steatohepatitis (NASH) than men (7.8 vs. 

3.3%, p < 0.001). Women were more likely to be obese, with 15.5% of women vs. 10.0% of 

men having a BMI ≥ 35 (p < 0.001). Longer waitlist time of > 120 days was also more 

common in women than men (37.3 vs. 33.7%, p = 0.02). Median AFP at LT was higher in 

women (14 ng/dL, IQR 6–60) than men (11 ng/dL, IQR 5–41), p < 0.001, and women were 

more likely to have AFP levels > 100 ng/dL at listing (21.4 vs. 16.2%, p < 0.001) and at time 

of LT (18.9 vs. 14.4%, p < 0.001). Despite higher median AFP, women were more likely 

than men to small tumors, with 14.3% of women vs. 12.1% of men having lesions < 2 cm (p 

= 0.04) (Table 1).

Median post LT follow-up for women and men was 750 and 754 days, respectively. During 

this time, HCC recurred in a total of 66 (5.8%) women and 258 (6.7%) men resulting in 

similar 5-year cumulative incidence of recurrence of 7.4% (95% CI 5.7–9.4) and 9.1% (95% 

CI 7.9–10.4), respectively, (p = 0.38). In patients with AFP at LT ≤ 100 ng/dL, the 5-year 

post LT cumulative incidence of HCC recurrence in women was 6.0% (95% CI 4.3–8.2), or 

n = 40 women compared to 8.3% (95% CI 6.9–9.8), or n = 186 men (p = 0.15). However, in 

patients with AFP at LT between 101–500 ng/dL the recurrence rate in women was 17.0% 
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(95% CI 11.0–24.2), or n = 22 compared to 9.9% (95% CI 7.0–13.5), or n = 34 men (p = 

0.03). Evaluation of sex differences in HCC recurrence for AFP > 500 ng/dL at LT was not 

performed due to the limited number of recurrence events (n = 4) in these women.

On multivariate analysis of HCC recurrence, adjusting for race, disease etiology, waitlist 

time, tumor size and number, and LRT, there was a significant interaction between gender 

and continuous levels of AFP at LT (p < 0.001). AFP cutoffs that may differentially predict 

post LT recurrence in men and women were therefore explored. The greatest difference in 

recurrence risk by sex was identified at AFP levels of 101–500 ng/dL compared to < 100 at 

LT (Figure 1). HCC recurrence risk was nearly three times higher in women (OR 4.2, 95% 

CI 2.2–8.2, p < 0.001) than men (OR 1.5, 95% CI 1.1–2.1, p = 0.02), among recipients with 

AFP at LT between 101–500 ng/dL compared to ≤ 100 (Table 2).

The mechanism leading to differential AFP levels in men and women is unknown. Therefore 

as an exploratory, ad hoc analysis, we sought to assess the potential influence of hormonal 

status in women on the observed sex differences in AFP by comparing median AFP before 

and after ages 45 and 50 years as surrogates of menopausal age. The 50 year age cutoff was 

selected based on the mean menopausal age of approximately 51 years in the United 

States,13 and a lower age cutoff of 45 years was also investigated due to known pre-mature 

cessation of menses in women with chronic liver disease.14,15 Median AFP was higher in 

women over 45 years (15 vs. 6 ng/dL, p = 0.03) with no differences in men at this age cutoff 

(13 vs. 12 ng/dL, p = 0.7). There were no significant differences detected in median AFP in 

men or women above or below age 50 years (p values = 0.7).

DISCUSSION

The current study is an exploratory analysis revealing novel sex differences in the risk of 

post-transplant HCC recurrence by AFP at LT. Although no sex differences were identified 

for overall recurrence, HCC recurrence was nearly three times higher in women than men 

among recipients with high AFP at LT (101–500 ng/dL). Importantly, this finding cannot be 

attributed to spurious associations related to multiple comparisons, as significant sex 

differences in HCC recurrence risk were apparent in models assessing AFP as a continuous 

measure.

In a large Italian cohort, Faranati, et al. found no significant impact of gender on HCC-

related outcomes.7 Unlike the current study, modalities of HCC treatment were considered, 

and the specific risk of transplant-related events was not investigated. Similar to our 

findings, these authors did identify higher AFP values in women compared to men with 

HCC. The mechanism behind the observed differences in AFP by gender is not clear, though 

may relate to differential sex hormone profiles. Interestingly, in our post-hoc analysis on 

reproductive age, women over 45 years (compared to less than 45) actually had higher AFP 

values, arguing against a clear-cut association between reproductive age and AFP that could 

be supported by these data. This exploratory analysis was not powered to assess the effect of 

more extreme age cutoffs, such as median AFP levels in women < 40 years versus > 50–55 

years for example, which could reveal more pronounced AFP differences. Granular data 
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including sex hormone levels would help to clarify whether increased estrogens, or 

conversely, lower levels of androgens, may be associated with pre transplant AFP level.

There is growing awareness of the unique risk of HCC in patients with non-alcoholic 

steatohepatitis (NASH). Unlike most chronic liver diseases, for which HCC uncommonly 

develops in the absence of cirrhosis, up to 50% of NASH-related HCC develops in patients 

with earlier stages of hepatic fibrosis.16,17 Features of the metabolic syndrome, such as 

insulin resistance and obesity, are common in NASH, and are known to be independent risk 

factors of HCC.18,19 Purported mechanisms linking metabolic risk factors with HCC include 

increased reactive oxygen species, increased free fatty acid deposition in the liver, and 

subsequent activation of cytokines involved in hepatic cell apoptosis and regeneration.20 In 

the current study we did find that women with HCC were more likely to have NASH as 

compared to men. Though history of diabetes was similar between sexes, women were more 

likely to have BMI ≥ 35. Too few patients in the current study were transplanted for NASH 

cirrhosis to assess for gender differences in HCC recurrence within that population. 

Dedicated NASH cohorts may help to clarify sex differences in risk of HCC recurrence in 

these patients, and to further assess potential compounding effects of metabolic syndrome in 

men and women.

We identified marked interactions between gender and AFP on risk of post LT HCC 

recurrence, although causation cannot be established. We were constrained by lack of 

explant data, and future studies investigating gender differences in HCC would benefit from 

correlation between pre LT AFP, explant pathology, and recurrence events in men and 

women. There were few recurrence events in women transplanted with AFP at LT of > 500 

ng/dL, although the robust data on recurrence events in women transplanted with AFP levels 

between 101–500 ng/dL enabled meaningful analyses of gender differences in this group. 

Though exploratory in nature, these data reveal novel sex differences in risk of post LT 

recurrence by AFP in men and women and provide a basis for further investigation into the 

implications of AFP by sex on tumor biology.

In conclusion, this study shows that women transplanted with HCC have higher overall AFP 

levels than men, as well as higher likelihood of having elevated AFP levels of ≥ 100 and > 

500 ng/dL prior to transplant. While no sex differences were identified in overall risk of 

HCC recurrence, marked sex differences were identified among recipients with AFP levels 

between 101–500 ng/dL, with risk of HCC recurrence nearly three times higher in women 

than men. Pre-LT elevated AFP levels appear to carry a different prognosis in women than 

men, and a subset of female LT recipients may benefit from more intensive HCC 

surveillance after LT.

ABBREVIATIONS

AFP alpha fetoprotein

BMI body mass index

DRI donor risk index
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HCC hepatocellular carcinoma

LRT loco-regional therapy

LT liver transplant

NASH non alcoholic steatohepatitis

UNOS United Network of Organ Sharing
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Figure 1. 
Increased risk of post LT HCC recurrence in women compared to men with AFP at LT 

between 101–500 ng/dL.
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Table 1

Cohort characteristics.

Variable Men (n = 3,872) Women (n = 1,130) p value

Mean age at LT (±SD)   57.0 (6.9) 58.6 (7.7) < 0.001

Race, n (%):

 Caucasian 2,666 (68.9)  707 (62.6) < 0.001

 African American (AA)    328 (8.5)  119 (10.5)    0.03

 Hispanic    517 (13.4)  167 (14.8)    0.2

 Asian    322 (8.3)  113 (10)    0.08

Diabetes, n (%): 1,084 (28.3)  308 (27.3)    0.51

Body mass index, n (%):

 < 25    965 (24.9)  357 (31.6) < 0.001

 25–29.9 1,627 (42)  358 (31.7) < 0.001

 30–34.9    890 (23.0)  233 (20.6)    0.1

 ≥ 35    389 (10.1)  180 (16.0) < 0.001

Primary disease etiology, n (%):

 Alcohol    367 (9.5)    55 (4.9) < 0.001

 HBV    242 (6.3)    48 (4.2)    0.01

 HCV 2,464 (63.9)  634 (56.1) < 0.001

 NASH    127 (3.3)    88 (7.8) < 0.001

Days on waitlist > 120 days, n (%): 1,303 (33.7)  421 (37.3)    0.02

Tumor Burden at LT, n (%):

 > 1 tumor all < 2cm    468 (12.1)  162 (14.3)    0.04

 1 tumor ≥ 2cm 3,165 (81.7)  912 (80.7)    0.43

 2–3 tumors ≥ 2cm    239 (6.2)    56 (5.0)    0.13

AFP at listing, n (%):

 ≤ 100 3,245 (83.8)  888 (78.6) < 0.001

 101–500    427 (11.0)  149 (13.2)    0.046

 > 500    200 (5.2)    93 (8.2) < 0.001

Last available AFP prior to LT, n (%):

 ≤ 100 3,307 (85.4)  916 (81.1) < 0.001

 101–500    384 (9.9)  144 (12.7)    0.006

 > 500    181 (4.7)    70 (6.2)    0.04

Locoregional therapy, n (%): 2,162 (55.8)  618 (54.7)    0.5

Donor Risk Index, median (IQR)     1.5 (1.1–1.7)   1.4 (1.2–1.8) < 0.001
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Table 2

Multivariate analysis of factors associated with post LT HCC recurrence in men and women.

Covariate Men HR (95% CI) p value Women HR (95% CI) p value

African American (AA) vs. non-AA 0.77 (0.48–1.24) 0.28 0.20 (0.03–1.44)    0.11

Alcohol vs. hepatitis C (HCV)* 0.19 (0.07–0.52) 0.001 0.97 (0.29–3.22)    0.96

Waitlist time > 120 days 0.53 (0.33–0.86) 0.01 0.52 (0.23–1.21)    0.13

Tumor Burden at LT (ref > 1 tumor, all < 2 cm):

 1 tumor ≥ 2 cm 1.45 (0.96–2.18) 0.08 2.33 (0.93–5.9)    0.07

 2–3 tumors ≥ 2 cm 1.62 (0.89–2.95) 0.12 2.43 (0.65–9.11)    0.19

Loco-regional therapy (LRT) vs.no LRT 1.24 (0.96–1.61) 0.09 2.28 (1.32–3.94)    0.003

Pre LT AFP 101–500 vs. ≤ 100 1.50 (1.06–2.13) 0.02 4.21 (2.17–8.18) < 0.001

*
All disease etiologies were includedin the model using HCV as reference, with risk difference only identifiedin alcohol versus HCVamong men.
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