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Abstract

Background: Hepatocellular carcinoma (HCC) is one of the most aggressive malignancies worldwide with hepatitis B
virus (HBV) as the most important etiological agent. Unfortunately, the outcome of medical management of HBV related
HCC is abysmal and post-transplant tumor recurrence represents a major challenge. However, a robust clinical predictor
of disease recurrence in HBV mediated HCC is yet to be established despite several evidences illustrating multiple
causative factors.

Aim: Here we report a preliminary model that predicted the probability of post-transplant tumor recurrence in patients
presenting with HBV related HCC and opting for living donor liver transplantation (LDLT).

Methods: Our study prospectively recruited 67 quantitative HBV DNA positive HCC patients and 71 quantitative HBV
DNA negative HCC patients, all with documented evidences of chronic HBV infection. A linear model analysis based on
minimum Akaike’s Information Criterion (AIC) values was computed. This generated a statistical inference about the

causal relationship between different pre- and post-transplant clinicopathological variables of the study population and
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pre-transplant tumor recurrence of HBV related HCC. Additionally, a Cox's proportional hazard modeling showing
independent predictors of post transplant tumor recurrence was also illustrated.

Results: Several combinations of linear models were assessed and significant parameters like age (b=0.06, p=0.02),
alpha-fetoprotein (b=0.02, p=0.01) levels, HBV DNA (b=0.05, p=0.03) levels, total tumor burden (b=0.08, p=<0.001) and
Model for End-Stage Liver Disease (MELD) score (b=0.07, p=0.04) predicted probability of post-transplant tumor
recurrence. Multivariable analysis through Cox proportional hazard modeling further depicted HBV DNA and AFP levels
as predictors of post transplant tumor recurrence in HBV related HCC. Additionally, a novel algorithm proposed a
differentiation of patients opting for living donor liver transplantation (LDLT) into low, intermediate and high risk
categories for developing recurrence of the disease.

Conclusions: The outcome of our study might facilitate improved prognostication, risk stratification and better clinical

management of patients with HBV related HCC.

Keywords: Hepatocellular Carcinoma; Recurrence Prediction; Clinicopathological; Prognostic Factor; Liver

Transplantation

Abbreviations: HCC: Hepatocellular Carcinoma; HBV:
Hepatitis B Virus; LDLT: Living Donor Liver
Transplantation; AIC: Akaike’s Information Criterion;
MELD: Model for End-Stage Liver Disease; ALT: Alanine
Amino Transferase; AST: Aspartate Aminotransferase;
CPT: Child-Pugh-Turcotte; IDR: Intrahepatic Distant
Recurrence; RFA: Radiofrequency Ablation; NLR:
Neutrophil/Lymphocyte Ratios; PLR: Platelet To
Lymphocyte Ratio; GLM: Generalized Linear Regression
Model

Introduction

Hepatocellular carcinoma (HCC) is the 5t most
common primary liver malignancy and 2m commonest
cause of cancer-related deaths worldwide, with ~695,900
deaths being recorded annually [1]. Infection with
hepatitis B virus (HBV) has been documented as the most
common etiological factor [2]. Surgical treatment
strategies including liver resection and liver
transplantation, although underutilized, are considered
potentially curative. However, post surgical tumor
recurrence rates of ~30-50% continue to jeopardize long-
term disease-free survival in patients [3-5]. Causative
factors implicated in recurrence of HBV related HCC are
HBeAg status, HBV-BCP mutations, HBV DNA viral load
(by far considered as the most critical component), tumor
size, tumor stage, alpha-fetoprotein levels and presence of
cirrhosis. Attributes independently associated with HBV
recurrence post transplantation have also been

Roy G, et al. A Preliminary Predictive Model of Post-Transplant Tumor Recurrence in

adequately defined [6-8]. Recently researchers have
opined that long non-coding RNA PVT1 is associated with
tumor progression and is a significant predictor of
recurrence in liver cancer patients [9]. Contrarily, reports
indicate that in patients with NBNC-HCC profile (patients
with HCC in absence of both hepatitis B virus surface
antigen, HBsAg and hepatitis C virus antibody, HCVAD),
elevated serum bilirubin could predict poor recurrence-
free survival after surgery [10]. Studies have also revealed
low serum IL-6 level to be an independent prognostic
factor for disease-free survival together with low platelet
count and low serum albumin level, in patients with HBV-
related early HCC who underwent hepatic resection or
radiofrequency ablation with a curative intent [11].
Furthermore, data also display an up regulation of heat
shock proteins HSPA12A, HSP90B1, HSPA4, HSPAS5 and
HSPAG6 in tumor tissues to be significantly associated with
poor outcomes from HBV-related early-stage HCC [12].

Till date, however, there are limited strategies to
predict recurrence of HBV related HCC following liver
transplantation. Majority of studies have illustrated
several attributes for recurrence of HBV related HCC
singly or in combination that fails to predict the
probability of recurrence. In the above backdrop, our
study aimed at creating a preliminary model to putatively
predict the probability of post-transplant tumor
recurrence of HBV related HCC. In addition, our study also
depicts a novel algorithm that differentiates patients
opting for living donor liver transplantation (LDLT) into
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low, intermediate and high risk categories for developing
recurrence of the disease which might facilitate improved
prognostication, better patient selection for transplant
services and tailoring of post-operative management to
suit individual patients in various risk categories.

Methods

Study population

A total of 138 patients presenting with HBV related
HCC and opting for LDLT were prospectively recruited
from the Centre for Liver and Biliary Surgery,
Indraprastha Apollo Hospital, New Delhi, with written
informed consent from May 2014 to May 2017. The study
protocol conformed to the provisions of the 1975
Declaration of Helsinki (as revised in Seoul, Korea,
October 2008) and was approved and acquitted by the
Institutional Ethical Clearance Committee of Jamia Millia
Islamia. In this study, HCC patients presenting with
underlying cirrhosis and documented evidence of chronic
HBV infection who attained negative quantitative HBV
DNA levels before transplant, comprised Group 1 (n=71)
patients. On the other hand, HCC patients presenting with
underlying cirrhosis, documented evidence of chronic
HBV infection and high positive quantitative HBV DNA
levels before transplant, were included as Group 2 (n=67)
patients, in our study. The diagnostic criteria for the
selection of HCC patients were followed as described
elsewhere [13]. To confirm whether all patients had
chronic HBV infection (CHB) for a period of at least 6
months, hepatitis B surface antigen (HBsAg), hepatitis B
virus core antibody and hepatitis B e-antigen or hepatitis
B e-antibody were confirmed as seropositive. CHB was
further diagnosed with serum HBV-DNA levels >1,000
copies/mlL, as well as elevated alanine aminotransferase
(ALT) or aspartate aminotransferase levels (AST) (>2
times the upper limit of normal) [14]. HCC patients co-
infected with HBV/HCV and/or HBV/HIV, without
documented evidence of chronic HBV infection, with a
history of alcohol consumption and those on hepatotoxic
drugs (e.g. acetaminophen >3 grams/day for >30 days or
>7 grams/day at any point of time) were not included in
our study. Additionally, patients with psychiatric illnesses
who were unable to provide informed consent were also
excluded from this study.

Collection of Clinicopathological Variables

Patient proforma for recording clinical data and patient
consent form for obtaining written informed consent
were maintained for every patient throughout the course
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of the investigation. Data on the date of diagnosis, age,
sex, status of HBV serological markers and HBV
genotypes, details of hematological and biochemical
investigations in addition to Child-Pugh-Turcotte (CPT)
score and class and Model for End-Stage Liver Disease
(MELD) score for LDLT with regard to HCC patients were
abstracted from the medical records of every patient. For
the purpose of this study, the MELD score was calculated
without any exception points. At the time of recruitment,
each patient was personally interviewed to ascertain
information on his/her socio-demographic
characteristics, ethnicity, lifestyle, lifetime history of
cigarette smoking, tobacco and alcohol consumption,
dietary factors in addition to personal and family history
of various chronic diseases followed by standardized
clinical examination. The cumulative exposure to
cigarettes was calculated as pack-years. Additionally,
history of exposure to blood and blood products,
transfusion procedures, HBV vaccination, exposure to
chemicals, family history of cirrhosis or any other
member being positive for HBV infection were also
recorded. Furthermore, post surgical details on tumor
differentiation, number and size of tumor nodules
together with the total tumor burden were also recorded
for the cases. The total tumor burden in cases was further
classified as within (<8 cm) and beyond (>8 cm) the
University of California San Francisco (UCSF) criteria.
Recurrence and mortality data were followed up after a
median one year (365 days) of surgery (living donor liver
transplantation).

Linear Modeling (LM)

In this study, a generalized linear regression analysis
was performed using recurrence as the dependent
variable and various components of pre-transplant and
post-transplant characteristics of the study population as
covariates. The results were utilized to develop a model
that predicted the probability of post-transplant tumor
recurrence of HBV related HCC. The goodness of fit of the
models was achieved through minimum Akaike’s
Information Criterion (AIC) values.

Multivariable Hazard

Modeling

Cox-proportional

A multivariable Cox's proportional hazard modeling
showing independent predictors of post transplant tumor
recurrence and a survival analysis taking Group 1 & 2 into
consideration was performed through Kaplan-Meier
survival curves.
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Statistical Analysis

The open access statistical software R (http://cran.r-
project.org/) was used to compute a linear model in order
to explore the relationship between covariates of interest
(clinicopathological variables of the study population)
and outcome (post-transplant tumor recurrence of HBV
related HCC). Survival analysis was performed through
Kaplan-Meier estimation. The effects of covariates on
hazard ratio were observed through Cox proportional

hazard modeling. For the purpose of this study, data were
normalized wusing logip transformation wherever
required. A two-tailed probability level of p<0.05 was
considered statistically significant.

Results

Baseline Characteristics of the Study Population

The baseline characteristics of the study population are
described in Table 1.

Parameter Group I (n=67) Group II (n=71)
Sex ratio (male: female) 63:4 65:6
Mean age (in years) 54.5+7.1 53.7+6.8
No. of tumor nodules (No. of patients)

1 20 25

2 43 41

=3 4 5

Size of tumor nodule (No. of patients)

<2 cm 18 22

2 cm-5 cm 46 45

25 cm 3 4

Total tumor burden (No. of patients)
Within UCSF criteria*
(<8 cm) 62 68
Beyond UCSF criteria 5 3
(>8 cm)
Tumor differentiation (No. of patients)

Well differentiated 15 21
Moderately differentiated 41 43
Poorly differentiated 11 7
MELD score [Median]$ 12 13

$MELD=Model for End-Stage Liver Disease. MELD scores were calculated without any exception points.

#UCSF criteria=University of California San Francisco criteria which allows patients with a solitary tumor <6.5 cm, or
patients having 2-3 nodules, with the largest lesion being <4.5 cm or having a total tumor diameter <8 cm without
vascular invasion, to undergo living donor liver transplantation. In this study, the UCSF criteria were taken into account
due to the living donor liver transplant program associated.

Table 1: Demographic characteristics of the study population

HBV related HCC obtained with respect to pre- and post-
transplant HBV DNA and AFP levels is illustrated in Table

Profile of Follow-up and Recurrence of HBV
Related HCC in the Study Population

2.
Post-surgical follow-up of patients and recurrence of
Mean follow- [Recurrence (No.| HBV DNA levels |HBV DNA levels| AFP levels pre- | AFP levels post
Group . .
up (in days) of patients) pre- transplant |postrecurrence| transplant recurrence
1 365 16 6.40 2.53 1036.36 256.52
11 730 0 Negative Negative 687.55 38.01

Table 2: Profile of follow-up and recurrence of HBV related HCC in the study population with respect to alpha-fetoprotein
(in IU/L) and HBV DNA (in logio copies/mL) levels.
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Factors Predicting Probability of Post-
Transplant Tumor Recurrence in HBV Related
HCC

After analyzing various pre- and post-transplant data
(clinico-pathological variables) of the study population
with the help of several combinations of different linear

models (as depicted in Table 3 and Table 4), the
parameters namely age (in years), alpha-fetoprotein (in
[IU/L) level, HBV DNA (in logio copies/ml) level, total
tumor burden and MELD score were found to be
significantly correlated with the probability of post-
transplant tumor recurrence of HBV related HCC (Figure
2).

Parameter Regression Standard Error _value Exponential of Regression
Coefficient (b) (S.E) P Coefficient [Exp(b)]
MODEL-1
Alpha-fetoprotein (IU/L) 0.02 0.01 0.01* 1.00
Serum Total Bilirubin (mg/dl) 0.01 0.08 0.91 1.01
Serum Total Protein (gm/dl) -0.39 0.38 0.30 0.67
HBV DNA (log1o copies/mL) 0.05 0.02 0.03* 1.03
Constant 0.65 2.25 0.77 1.91
MODEL-2
Tumor differentiation -0.55 0.43 0.06 1.07
Number of tumor nodules 0.07 0.04 0.09 0.93
Total tumor burden 0.08 0.06 <0.001* 0.83
Constant 0.04 0.15 0.78 1.04

*indicates significant p-values obtained through linear modeling.
Table 3: Linear model (LM) analysis with pre- and post-transplant clinico-pathological variables in patients

Model 1
Covariates Coefficient R2 Wald 95% CI p-value
Group -1.71 0.62-0.84 <0.05*
HBV DNA 0.49 0.4 8854 1.42-1.87 <0.05*
AFP 0.00 0.99-1.00 0.85
Model 2
Group -1.77 0.54-0.73 <0.05*
HBV DNA 0.49 04 9137 1.48-1.83 <0.05*
Model 3
Group -1.96 0.58-1.20 <0.05*
AFP 0.00 03 5378 0.43-0.60 <0.05*
Model 4
Group -2.05 0.2 5144 0.76-1.20 <0.05*

*indicates significant p-values obtained through Cox proportional hazard modeling.
Table 4: Cox's proportional hazard modeling showing independent predictors of post transplant tumor recurrence

In this regard, linear modeling (Models 1-8)
demonstrated age, alpha-fetoprotein (in IU/L) level, HBV
DNA (in logio copies/ml) level, total tumor burden and
MELD score to be significantly (p=0.02, p=0.01, p=0.03,
p=<0.001 and p=0.04 respectively) and positively
(b=0.06, 0.02, 0.03, 0.08 and 0.04 respectively) correlated
with the probability of recurrence. This predicted that an
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increase in age (in years), alpha-fetoprotein (in IU/L)
level, HBV DNA (in logio copies/ml) level, total tumor
burden and MELD scores would result in an increase in
the probability of recurrence. These parameters predicted
the probability of post-transplant tumor recurrence of
HBV related HCC.
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Survival Analysis in HBV Related HCC

A multivariable Cox's proportional hazard modeling
(Models 1-4) showing independent predictors of post

transplant tumor recurrence is illustrated in Table 4.
Survival analysis through Kaplan-Meier survival curves
taking Group 1 & 2 into consideration with regard to HBV
DNA and AFP levels is sketched in Figure 1.

Strat

a ~+ Group=1~+ Group=2

1.00

Jum a1 Tnr had g 4
2
z 075
g WO
o]
4
g 050
T
2
§ 025
7]
0.00
0 500 1000 1500 2000 2500
Time
. Number at risk
b 67 3 0 0 0 0
8 il 37 14 5 5 1
0 500 1000 1500 2000 2500
Time

Figure 1: Kaplan-Meier survival analysis of HBV related HCC patients with regard to HBV DNA and AFP levels.

A Novel Algorithm as a Post-Operative
Management Strategy in HBV Related HCC

A novel algorithm stratifying patients opting for LDLT

into low, intermediate and high risk categories for
developing post-transplant tumor recurrence of HBV
related HCC is sketched in Figure 2.
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Discussion

Our study elucidates a preliminary model to predict the
probability of post-transplant tumor recurrence in HBV
related HCC and a novel algorithm that stratifies patients
opting for LDLT into low, intermediate and high risk
categories for developing recurrence.

Several studies have zeroed in on the illustration of
predictive factors for HCC recurrence. Noninvasive
fibrosis indices have been shown to predict intrahepatic
distant recurrence (IDR) of HBV related HCC following
radiofrequency ablation (RFA) [15]. Forns index is a
predictor of recurrence and death in patients with HBV
related HCC after curative resection [16]. Elevated
preoperative neutrophil/lymphocyte ratios (NLR) have
been shown to predict significantly increased risk of
tumor recurrence in patients undergoing liver
transplantation for HCC [17-18]. Similarly, NLR at
recurrence has been depicted as a prognostic factor
affecting survival after recurrence in LDLT for HCC [19-
20]. Recent reports have also showed a significant
association of pre-transplant platelet to lymphocyte ratio
(PLR) of 2125 with advanced tumor stage and aggressive
tumor behavior suggesting its potential use as a
prognostic tool for post-transplant HCC recurrence [21].
Additionally, previous reports have deliberated on the
risk of hepatitis B recurrence after liver transplantation
[22].

Our study explored the correlation between multiple
clinicopathological variables in HBV mediated HCC and
tumor recurrence. Unlike previous reports looking for
association between one causative factor and one end
point, our model is more holistic, taking multiple pre- and
post-operative factors into consideration A generalized
linear regression model (GLM) was derived that predicted
the probability of recurrence through the predictive
factors viz. age, total tumor burden, AFP and HBV DNA
level and MELD score. The goodness of fit of the final
model as depicted in our study was assessed by minimum
AIC values. The novel algorithm depicted in our study will
help to stratify patients as low risk, intermediate risk and
high risk individuals who opt for LDLT as a therapeutic
surgical regimen. Consistent with our results, a recent
French study illustrates a validation of the AFP model as a
predictor of HCC recurrence in patients with viral
hepatitis-related cirrhosis who had received a liver
transplant for HCC [23]. Further data elucidate several
tumor, virological and biochemical factors to be tightly
correlated with a higher cumulative risk of HCC
recurrence post resection [24]. In the same vein, data
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display that a HBV viral load of >2,000 IU/mL (4 logio
copies/mL) is the most important correctable risk factor
for HCC recurrence after resection [25]. Interestingly,
among HCC patients with HBV-HCV co-infections, those
with preoperatively high HBV DNA quantification or
HBeAg seropositivity, essayed a short survival time and
served as poor survival indicators [26]. Contrarily
however, reports are suggestive of the fact that high levels
of HBV surface antigen (HBsAg) increase risk of HCC in
patients with low HBV viral load (27-28).

Our model is a preliminary depiction based on pre- and
post-transplant data from a limited number of patients.
However, since the Indian subcontinent has a multiethnic
population, our patient population included in the study
may be considered as reasonably representative. Due to
the limited number of cases and the specificity of HBV
related HCC, this study probably couldn’t establish a
significant association between pre-transplant data alone
with the risk of tumor recurrence. Hence this model
presently cannot be used for pre-transplant counseling of
patients on disease recurrence. Larger multicentric
studies using similar data and endpoints involving larger
cohort of patients will help to refine our model further.
Additionally, it is of paramount importance to verify our
results among patients presenting with HCC of other
etiologies.

Conclusions

Taken together, this is a first treatise on a preliminary
depiction of a predictive model of post-transplant tumor
recurrence in hepatitis B virus associated hepatocellular
carcinoma. However, it is imperative to include a large
number of patients opting for LDLT in future so that those
patients may be differentiated into two independent
cohorts such as a “test cohort” and a “validation cohort”.
Subsequently, the new score obtained from the described
equation from the test cohort can be legitimized on the
validation cohort, which will then become a more
powerful prognostic indicator. Additionally, our model
will facilitate counseling of patients on the hazards of
post-transplant recurrence and consequent critical
insights on timely initiation of antiviral therapies may be
obtained, thus facilitating better prognostication and
management of this deadly disease.
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