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Abstract

Aim—To investigate the levels of leptin and adiponectin in prediction of hepatocellular carcinoma
(HCC) survival among patients without liver transplantation.

Materials and Methods—We measured pretreatment plasma leptin and adiponectin in 172
HCC cases who were prospectively followed up over 7 years.

Results—Gender, hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, high body
mass index (BMI), diabetes mellitus (DM) history and Child-Pugh (CP) class were associated with
leptin and adiponectin levels, while a-fetoprotein (AFP) and presence of metastasis, being outside
the Milan criteria and Barcelona clinic liver cancer (BCLC) stage, were significantly associated
with liver transplantation and HCC survival. No significant association was observed for leptin or
adiponectin and HCC survival in the overall group. In subgroup analyses among those without
liver transplantation, we found significant associations between metastasis, Milan criteria, BCLC
stage, hepatitis B surface antigen (HBsAg) and HCC survival. When separately determining the
Cox proportional hazard models and Kaplan-Meier survival curves by liver transplantation status,
higher adiponectin was significantly associated with an increased hazard ratio (HR) of death of
1.72 (95% confidence interval (Cl)=1.12-2.64), i.e. poor survival among patients without liver
transplantation. A multivariate Cox proportional hazard model, including adiponectin, CP class,
presence of metastasis, tumor outside of Milan criteria, AFP and BCLC stage B/C parameters, also
showed significant association with poor HCC survival (likelihood ratio test p<0.0001). No
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significant impact was observed for leptin on HCC survival regardless of liver transplantation
status.
Conclusion—Higher levels of plasma adiponectin may predict poor HCC survival among

patients without liver transplantation.
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In the United States, hepatocellular carcinoma (HCC) has become the fastest rising cause of
cancer-related deaths (1). HCC prognosis is poor due to frequent intrahepatic spread and
extrahepatic metastasis (2). The majority of HCC patients have no effective treatment due to
advanced disease at the time of diagnosis. Although previous analyses have shown that
tumor grade, stage at diagnosis, lymph/vascular invasion, number of primary tumors and
tumor size are independent predictors for HCC survival (3, 4), these clinicopathological data
were obtained from target tissues through invasive means that may impact their potential
clinical application. The impact of favorable treatment (liver transplantation) on HCC
prognosis has also not been excluded. Therefore, there is an urgent need to identify non-
invasive biomarkers to accurately predict HCC prognosis especially for patients who are not
suitable candidates for liver transplantation.

Leptin and adiponectin are two important adipokines secreted by adipose tissue; while liver
tissue is adipose-rich (5). Leptin and adiponectin are known to regulate inflammation, tumor
microenvironment and behavior (5). Changes in leptin and adiponectin levels have been
associated with increased risks of breast (6-9), colorectal (10, 11), liver (12) and pancreatic
(13) cancers. Results from HCC survival studies are contradictory on the role of leptin and
adiponectin. Although basic mechanistic studies indicated that leptin acted to promote HCC
proliferation, migration and invasion (5), clinical observation showed that higher leptin
expression was associated with a better survival of HCC patients (14). Increased adiponectin
has been associated with either favorable prognosis (15) or poor survival (16) for Asian
HCC patients. A study of HCC tissues found that increased adiponectin significantly
correlated with tumor size (17), indicating its possible role in prediction of poor prognosis.
Our previous study also found that increased adiponectin level was significantly associated
with poor HCC survival after adjusting for age, alcohol history, Child-Pugh (CP) class, stage
and serum a-fetoprotein (AFP) (4) but the potential impact of liver transplantation was not
excluded.

In the current prospective study of HCC patients, we examined plasma leptin and
adiponectin levels and their predictive role for HCC survival by liver transplantation status.
In addition, we also evaluated the relationships between leptin and adiponectin levels and
clinicopathological factors and the potential modification of HCC outcome.
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Materials and Methods

Study subjects, epidemiologic/clinicopathological data and biospecimens’ collection

A hospital-based prospective study was conducted at Columbia University Medical Center
(CUMC) to recruit HCC patients (>18 years older) from October 2008 to July 2014 who
were followed up until March 2016. HCC patients either pathologically diagnosed or who
met the criteria of the American Association for the Study of Liver Diseases (18) were
recruited, while those who had any previous malignancy within the last 5 years, previously
underwent liver transplantation, received any systemic cancer therapy, with CP class C
disease or clinically significant ascites were excluded from the current study. Finally, a total
of 172 HCC cases were eligible and analyzed for leptin and adiponectin. The research
project was approved by the Columbia University Institutional Review Board and written
informed consent was obtained from each participant.

All subjects completed a short, self-administered epidemiological questionnaire to collect
demographic information on age, gender, race/ethnicity, place of birth of self and parents,
education, occupation, active and passive smoking, alcohol consumption and family history
of cancer, etc. A physical exam was performed to measure height, weight, waist and hip.
Information on hepatitis B virus (HBV) and hepatitis C virus (HCV) infection and
clinicopathological features including AFP levels, anti-viral treatment, cirrhotic status,
Milan criteria, CP score, tumor stage, tumor size and survival status were obtained from the
medical and pathological records. Treatments patients received during the follow-up period
were also obtained from the medical records.

A 30 ml fasting morning blood sample was collected at the time of enrollment and then
processed by the Biomarkers Shared Resource of Herbert Irving Comprehensive Cancer
Center at CUMC according to a standardized protocol. All samples were stored in —80°C
freezers connected to a telephone alarm system for future biomarker measurement.

Laboratory assays

Human leptin and adiponectin levels were determined in duplicate using commercial ELISA
Kits (ThermoFisher Scientific, Camarillo, CA, USA). Leptin is a hormone produced by the
OB gene and secreted by adipocytes (19). Both natural and recombinant forms of leptin can
be detected by the ELISA kit according to the manufacturer’s protocols. A serial dilution of
leptin (from 15.6 to 12,000 pg/ml) was used to generate a standard curve. The intra- and
inter-assay coefficients of variations (CVs) were 2.6%, and 3.9%, respectively. Similar
processes were used to detect adiponectin with a standard curve covering from 0.5 to 32
ng/ml. The intra- and inter-assay CVs were 4.0% and 6.3%, respectively. Laboratory
personnel were blinded to study hypotheses and outcomes. HBV surface antigen (HBSAQ)
and HCV (anti-HCV) status were determined by ELISA Kits (BioChain Institute Inc.,
Hayward, CA, USA) if not available from the medical records.

Statistical methods

The primary outcomes of interest were HCC survival status (dead vs. alive) and time from
diagnosis to death (years) or date of last contact. Mortality data were obtained from medical
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records and confirmed with the National Death Index. The main predictors for outcomes
were plasma leptin and adiponectin levels that were categorized by the median. Because we
completed leptin and adiponectin measurements of all samples at two time points by
different assays (140 for assay 1 and 32 for assay 2), we did not consider these two
predictors as continuous variables in the statistical analysis. We separately dichotomized
them into a single binary variable by the medians in each time point to exclude the potential
batch effect. The medians of leptin were, respectively, 7.9 and 17.1 ng/ml for time-points 1
and 2; the medians of adiponectin were, respectively, 13.1 and 11.9 ug/ml for time points 1
and 2. The covariates included age group (=62.6 vs. <62.6 years), gender (male vs. female),
race/ethnicity (Non-Hispanic White vs. others), HBsAg (positive vs. negative) or anti-HCV
(positive vs. negative), history of alcohol drinking (yes vs. no), cigarette smoking (ever vs.
never), diabetes mellitus (DM) (yes vs. no), body mass index (BMI) (=30 vs. <30 kg/m?),
waist to hip ratio (=0.953 vs. <0.953), CP class (B vs. A), metastasis (yes vs. no), Barcelona
Clinic Liver Cancer (BCLC) stage (B, C vs. 0, A), Milan criteria (outside vs. within), AFP
levels (=48 vs. <48 ng/ml), liver transplantation (no vs. yes).

Categorical variables expressed as frequencies and percent values were analyzed by the Chi-
squared test to show the associations between leptin, adiponectin and demographic and
clinicopathological parameters, as well as with overall HCC survival and liver
transplantation status. The univariate survival curves were calculated using the Kaplan-
Meier method and the significance was determined by the log-rank test. In the model, death
was the event and follow-up duration was the time variable. The follow-up period (years) for
each patient was estimated starting from the date of HCC diagnosis to death or the date of
last visit. Variables with significance (p<0.05) from each univariate analysis were entered
into the multivariate Cox proportional hazard model to estimate the overall prediction of
death adjusted for other variables in the multivariate model. Starting with the full model,
stepwise backward elimination was used as a variable selection procedure. A nominal a
level of 0.20 was the cut-off for removing variables. Results are expressed as adjusted hazard
ratios (aHR) with 95% confidence interval (Cl). Because liver transplantation is the most
important favorable predictor for HCC survival, few variables can achieve significance in the
Cox proportional hazard model if liver transplantation is included as a parameter. Thus, we
also conducted additional subgroup analyses among those who could not undergo liver
transplantation. All statistical analyses were performed using Statistical Analysis System 9.4
(SAS Institute, Cary, NC, USA).

Categorized by the median of plasma leptin and adiponectin (Table I), high levels of leptin
and adiponectin were more frequent among women (70 and 73%, respectively) compared
with men (44 and 47%, respectively). HBV infection was associated with significantly lower
adiponectin levels, while HCV infection was associated with higher adiponectin compared
with virus-negative patients. Patients with high BMI and a history of DM had significantly
increased leptin and decreased adiponectin compared to those without these risk factors. CP
class B was the only clinicopathological feature associated with significantly elevated
adiponectin levels (p<0.0001).
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We analyzed the covariates potentially correlated with liver transplantation and HCC
survival (Table II). Several covariates, including higher AFP and presence of metastasis,
being outside the Milan criteria and BCLC stage B or C, were significantly associated with
lower percentages of liver transplantation (0-14%) and poor HCC survival (higher mortality
rates of 62-90%). No demographic factors or adipokines’ markers were significantly
associated with liver transplantation and overall HCC survival. Kaplan-Meier analyses
showed no significant associations for leptin or adiponectin and overall HCC survival (data
not shown). Additional subgroup analyses among those who could not undergo liver
transplantation found that presence of metastasis, being outside the Milan criteria, BCLC
stage B or C and HBsAg-negative, were significantly associated with poor survival. Higher
leptin and adiponectin levels were associated with poor survival but did not achieve
statistical significance (Table Il1).

We observed that the survival periods for HCC patients with or without liver transplantation
were significantly different (47.2 vs. 13.9 months), indicating liver transplantation is an
independent predictor for HCC survival (3). Therefore, inclusion of this parameter in the
Cox proportional hazard model may conceal the role of other variables. At the same time,
many clinicopathological factors associated with HCC survival were also the determinants
of a liver transplantation (Table I1). Therefore, we separately determined the Cox
proportional hazard models and Kaplan-Meier survival curves by the status of liver
transplantation to exclude the potential impact of treatment. In the univariate Cox model, CP
class B, metastasis, outside of Milan criteria, higher AFP and BCLC stage B or C were
associated with significantly increased risk of death for HCC patients without liver
transplantation; however, no significant increase was observed for patients undergoing liver
transplantation (Table 1V). Higher adiponectin levels were significantly associated with
increased HR of death (HR=1.72, 95%CI=1.12-2.64) only for those without liver
transplantation (Table 1V and Figure 1), indicating it may be a predictor for poor HCC
survival. Patients with high adiponectin had a short survival time of 18.4 months, whereas
patients with a low adiponectin survived 23.7 months, although this difference did not
achieve statistical significance (0=0.092). In the multivariate Cox proportional hazard model
that included the above six parameters, the overall likelihood ratio test showed a significant
p value of <0.0001 (Table V) among those without liver transplantation after adjusting for
other covariates. Only high AFP level (=48.0 ng/ml) was associated with a significantly
poorer HCC survival (HR=1.70, 95%CI=1.04-2.76). Other individual factors, including
adiponectin, did not show statistical significance. Plasma leptin level was not significantly
associated with HCC survival regardless of treatment status (data not shown).

Discussion

In this prospective follow-up study (median follow-up time of 14 months, maximum 84
months), we found that high adiponectin levels were associated with shorter survival time
than lower levels and may predict poor survival but only among patients without liver
transplantation (Figure 1 and Table IV). In combination with a panel of clinicopathological
factors, including CP class, metastasis status, Milan criteria, AFP, BCLC stage and
adiponectin, the multivariate Cox proportional hazards model displayed a significant
association with HCC survival among the same subgroup of non-transplant patients
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(likelihood ratio test p<0.0001, Table V). This data suggest that addition of biomarkers may
enhance the accurate prediction of survival among HCC patients without a liver
transplantation, who usually have a poor prognostic outcome.

Our previous study found that increased adiponectin level was significantly associated with
an overall poorer HCC survival but had a short follow-up period (median=8 months) (4) and
the impact of liver transplantation on HCC survival was not excluded (3). In the current
longer time follow-up study, we confirmed the significant association of higher adiponectin
with poor HCC survival among patients without liver transplantation, but not in patients with
transplantation, suggesting the predictive role of adiponectin in a specific HCC subgroup.
Although many previous studies suggested an inverse relationship between adiponectin and
risk of several cancer types, as well as poor cancer prognosis at lower levels (20), results
from HCC studies appear to be the reverse or heterogeneous, 7.e. higher adiponectin levels
may be associated with increased risk of HCC (12, 20, 21), advanced liver disease (22, 23)
and predict worse (4, 16) or favorable prognosis (15) for HCC patients. Therefore, the role
of adiponectin in carcinogenesis and progression may be variable by cancer type.

We found the association of higher adiponectin levels and poorer HCC survival only in HCC
patients without liver transplantation; these patients usually have more cancer-related
cachexia. This is consistent with our observation that HCC patients with lower BMI more
frequently had higher adiponectin (63.5%) compared to those with higher BMI (44.8%,
Table I). Several previous studies also consistently found that adiponectin levels were
inversely correlated with BMI (17, 24). Similarly, we also found that patients of CP class B
more frequently had increased adiponectin (75.4%) compared to class A (34.0%, Table ).
Therefore, the higher adiponectin levels observed in poorer survivors may be compensatory
for weight loss and cachexia in advanced HCC patients without liver transplantation.
Whether the increased adiponectin is transient or stable during cancer progression needs
further investigation to clarify the correlation of adiponectin with HCC survival.

The molecular mechanisms by which increased adiponectin is associated with poorer HCC
survival are not fully understood but a few biological and functional studies provide
supporting evidence. The increased adiponectin in HCC may arise from worsening liver
function (elevated albumin and alkaline phosphatase (ALP)) (16) as adiponectin levels
reflect the severity of liver fibrosis (22), cirrhosis (23) and tumor size (17), which are
correlated with consequent poorer prognosis. An in vitro study observed that adiponectin
significantly increased the proliferation rate of Hep-G2 and Hep-3B cells, as well as the
numbers of S phase cells and 5-bromo-2"-deoxyuridine (BrdU)-positive cells in a dose-
dependent manner (17). Ectopic overexpression of adiponectin increased proliferation,
invasion, as well as the expression of downstream genes (cyclin D1 and B-catenin) in Hep3B
and HepG2 cells (16). However, adiponectin also showed dual molecular functions of anti-
inflammatory, pro-inflammatory, anti-apoptotic and apoptosis induction effects (25, 26). A
deeper exploration of the functional networks in hepatocarcinogenesis and progression can
help to further understand the complex role of adiponectin as a tumor suppressor or
promoter.
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In summary, our study has several strengths, including the prospective nature, long-term
follow-up and the analysis of homogenous HCC patients without liver transplantation. Our
data first demonstrate higher adiponectin level is associated with shorter survival time and
that it may be a useful prognostic marker when integrated with 5 clinicopathological factors
for a subgroup of HCC patients without treatment by liver transplantation. Important
etiologic (BMI, HBV/HCYV infection), pathological (AFP, CP class, metastasis, Milan
criteria, BCLC stage) and treatment factors associated with liver transplantation or HCC
survival should be considered in analyzing the role of prognostic biomarkers. It should be
noted that the statistical power of the current study is limited due to the small sample size.
The one time point measurement for adiponectin and leptin is another limitation. Further
validation in a large HCC patients’ cohort is warranted to add more convincing information
to guide strategy development and implementation of precision medicine and improve HCC
survival prediction and management.
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Figure 1.
Kaplan-Meier analysis for adiponectin and overall survival among 135 hepatocellular

carcinoma (HCC) patients without liver transplantation. Dashed line indicates plasma
adiponectin levels >Median, while solid line means adiponectin <Median. The Kaplan-
Meier analysis showed that HCC patients with higher adiponectin may be more likely to
experience a worse overall survival (HR=1.72, 95%CI=1.12-2.64, p=0.014).
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Demographic, clinicopathological factors and leptin, adiponectin markers in association with hepatocellular
carcinoma survival among those without liver transplant.

Variables Survival status, No (%) p-Value
Alive Dead

Age group

<62.6 years 23(36.5) 40 (63.5)

262.6 years 25(34.7)  47(65.3) 0.829
Gender

Female 10(33.3) 20 (66.7)

Male 38(36.2) 67(63.8) 0.773
Race/ethnicity

Non-Hispanic White 17 (27.0) 46 (73.0)

Others 31(431) 41(56.9) 0.052
Hepatitis B virus infection

Negative 35 (31.5) 76 (68.5)

Positive 13(54.2)  11(45.8) 0.036
Hepatitis C virus infection

Negative 20 (33.9) 39 (66.1)

Positive 28(36.8)  48(632) 0.411
Alcohol drinking history

No 33(33.0) 67 (67.0)

Yes 15(42.9) 20(57.1) 0.294
Cigarette smoking

Never 19(36.5)  33(63.5)

Ever 27(35.1)  50(64.9) 0.864
Diabetes mellitus history

No 28(38.9) 44 (61.1)

Yes 20(31.8)  43(68.3) 0.387
Body mass index at enrollment (kg/m?)

<30 18 (40.9) 26 (59.1)

230.0 25(32.1)  53(67.9) 0.325
Waist to hip ratio

<0.953 23(38.3)  37(6L7)

>0.953 17(28.8)  42(712) 0.272
a-fetoprotein (ng/ml)

<48 26 (44.8)  32(55.2)

248 22(28.6)  55(71.4) 0.051
Child-Pugh class

A 33(40.2) 49 (59.8)

B 14(26.9) 38(73.1) 0.115
Metastasis
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Variables Survival status, No (%) p-Value
Alive Dead

No 44 (41.1)  63(58.9)

Yes 2(105)  17(89.5) 0.011
Milan criteria

Within 23.(59.0) 16 (41.0)

Outside 25(26.0)  71(74.0) <0.001
Barcelona clinic liver cancer stage

0,A 23(57.5) 17 (42.5)

B,C 25(26.3)  70(73.7)  0.001
Cancer antigen 19-9 (U/ml)

<38.0 24(38.1)  39(61.9)

>38.0 23(329) 47(67.1) 0528
Leptin (ng/ml)

<Median 26(37.1) 44 (62.9)

>Median 22(339)  43(66.1) 0.689
Adiponectin (ug/ml)

<Median 28 (41.2) 40 (58.8)

>Median 20(29.9)  47(70.1) 0.169
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Table V

Multivariate Cox proportional hazards model * for hepatocellular carcinoma patients without liver
transplantation. Variable No liver transplantation (N=135).

Adjusted Hazard Ratio  95% confidence interval  p-Value
Child-Pugh class B vs A 1.48 0.90-2.43 0.121
Metastasis Yes vs. No 1.67 0.94-2.95 0.080
Milan criteria Outside vs. within 1.78 0.93-3.41 0.083
a-fetoprotein (ng/ml) 248.0 vs. <48.0 1.70 1.04-2.76 0.033
Barcelona clinic liver cancer stage B, C 5.0, A 157 0.84-2.95 0.162
Adiponectin (ug/ml) >Median vs. <Median 1.39 0.85-2.26 0.190

*
Likelihood ratio test p<0.0001.
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