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Abstract
BACKGROUND
Liver transplantation (LT) is regarded as the best treatment for both primary and
recurrent hepatocellular carcinoma (HCC). Post-transplant HCC recurrence rate
is relatively low but significant, ranging from 10%-30% according to different
series. When recurrence happens, it is usually extrahepatic and associated with
poor prognosis. A predictive model that allows patient stratification according to
recurrence risk can help to individualize post-transplant surveillance protocol
and guidance of the use of anti-tumor immunosuppressive agents.

AIM
To develop a scoring system to predict HCC recurrence after LT in an Asian
population.

METHODS
Consecutive patients having LT for HCC from 1995 to 2016 at our hospital were
recruited. They were randomized into the training set and the validation set in a
60:40 ratio. Multivariable Cox regression model was used to identity factors
associated with HCC recurrence. A risk score was assigned to each factor
according to the odds ratio. Accuracy of the score was assessed by the area under
the receiver operating characteristic curve.

RESULTS
In total, 330 patients were eligible for analysis (183 in training and 147 in

WJGO https://www.wjgnet.com April 15, 2019 Volume 11 Issue 4322

https://www.wjgnet.com
https://dx.doi.org/10.4251/wjgo.v11.i4.322
http://orcid.org/0000-0002-6072-4874
http://orcid.org/0000-0003-2049-3140
http://orcid.org/0000-0002-1383-2952
http://orcid.org/0000-0002-2633-5883
http://orcid.org/0000-0002-1286-8902
http://orcid.org/0000-0002-2405-1641
http://orcid.org/0000-0002-3964-5995
http://orcid.org/0000-0001-7921-3807
mailto:chok6275@hku.hk


reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Received: November 19, 2018
Peer-review started: November 19,
2018
First decision: December 7, 2018
Revised: January 3, 2019
Accepted: January 8, 2019
Article in press: January 9, 2019
Published online: April 15, 2019

P-Reviewer: Gad EH, Stanciu C
S-Editor: Ji FF
L-Editor: Filipodia
E-Editor: Wu YXJ

validation). Recurrent HCC developed in 14.2% of them. The median follow-up
duration was 65.6 mo. The 5-year disease-free and overall survival rates were
78% and 80%, respectively. On multivariate analysis, alpha-fetoprotein > 400
ng/mL [P = 0.012, hazard ratio (HR) 2.92], sum of maximum tumor size and
number (P = 0.013, HR 1.15), and salvage LT (P = 0.033, HR 2.08) were found to
be independent factors for disease-free survival. A risk score was calculated for
each patient with good discriminatory power (c-stat 0.748 and 0.85, respectively,
in the training and validation sets). With the derived scores, patients were
classified into low- (0–9), moderate- (> 9–14), and high-risk groups (> 14), and the
risk of HCC recurrence in the training and validation sets was 10%, 20%, 54% (c-
stat 0.67) and 4%, 22%, 62% (c-stat 0.811), accordingly. The risk stratification
model was validated with chi-squared goodness-of-fit test (P = 0.425).

CONCLUSION
A validated predictive model featuring alpha-fetoprotein, salvage LT, and the
sum of largest tumor diameter and total number of tumor nodule provides
simple and reliable guidance for individualizing postoperative surveillance
strategy.

Key words: Hepatocellular carcinoma; Liver transplantation; Post-transplant recurrence;
Predictive model

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Recurrent hepatocellular carcinoma is the leading cause of death after liver
transplantation. A validated predictive system for the chance of post-transplant
recurrence of hepatocellular carcinoma is indispensable for stratifying patients into
different risk groups. This study found that salvage liver transplantation, pre-transplant
alpha-fetoprotein level, and the sum of pathological tumor size and number were the
three independent factors associated with recurrence. Based on this, a scoring model was
derived, validated, and found to have good concordance and is therefore recommendable
to be used as a guide for postoperative patient surveillance.
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INTRODUCTION
Regardless of which selection criteria are used, post-LT hepatocellular carcinoma
(HCC)  recurrence  happens  in  around  15%-20%  of  the  cases,  and  it  remains  an
important cause of death for HCC patients after liver transplantation (LT). A number
of factors have been found to be associated with post-LT HCC recurrence, including
alpha-fetoprotein  (AFP)[1,2],  PIVKA-II[3],  lympho-vascular  permeation[4,5],  tumor
differentiation[6], response to down-staging or bridging therapies[7-10], etc. However,
studies focusing on the development of a risk prediction model for HCC recurrence
had been limited, and this set the stage for research of predictive scoring model at
different centers[11-14]. One of the scoring systems known as Risk Estimation of Tumor
Recurrence  After  Transplant  (RETREAT)  score  was  proposed by  a  group at  the
University  of  California  at  San  Francisco  (UCSF)[12].  It  is  composed  of  three
parameters, namely serum AFP level, presence of microvascular invasion, and the
sum of largest tumor diameter and total number of tumor nodules. Such predictive
scores were shown to have a high concordance index in relation to HCC recurrence.
Nonetheless, characteristics of the population from which the RETREAT score was
derived were quite different from those of Asian regions. For example, only 20% of
the population from which the RETREAT score derived was hepatitis B virus (HBV)
carriers.  In contrast,  80% of our population was HBV carriers.  There is a need to
develop a scoring system that is readily generalizable to Asian HCC patients. In this
study, we derive and validate a new scoring system, aiming to delineate better the
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post-LT HCC recurrence  risk  so  that  future  surveillance  strategies  can  be  more
individualized and immunosuppressive therapy with anti-tumor properties can be
commenced in a timely manner.

MATERIALS AND METHODS

Patients and statistics
Consecutive patients diagnosed with HCC and admitted to our center for LT from
1995 to 2016 were recruited. Pediatric patients and patients with final pathological
diagnosis other than HCC (i.e., mixed hepato-cholangiocarcinoma) were excluded
from analysis. Demographic characteristics, preoperative biochemical and imaging
data, operative outcomes, pathological findings, and survival data were extracted
from our prospectively maintained database. Categorical data and continuous data
were compared with chi-squared/Fisher’s exact text and the Mann-Whitney U/t-test
whenever appropriate.

All recruited patients were randomly allocated to the training or validation set by a
computer software program in a 60:40 proportion. Disease-free survival was defined
as the duration between the day of LT and the day of HCC recurrence as detected by
imaging or occurrence of death. Independent factors affecting disease-free survival
were identified using Cox-regression model with the forward conditional method. A
risk score was assigned to each independent factor according to the value of the odds
ratio. The total (sum of all risk scores) risk score was used to predict post-LT HCC
recurrence. Patients were then stratified into three risk groups, namely low, moderate,
and  high  risk  of  HCC  recurrence.  The  accuracy  of  total  risk  score  and  risk
stratification in predicting HCC recurrence was evaluated by area under the receiver-
operating characteristic (ROC) curve.

Total risk scores of patients in the validation set were calculated using the model
derived  from  the  training  set.  Correlations  between  the  total  risk  score,  risk
stratification model, and HCC recurrence in the validation population were again
assessed by area under ROC curve. The validity of the risk stratification model was
assessed  by  chi-squared  goodness-of-fit  test.  P-value  of  over  0.05  signified  no
significant difference between the expected and observed HCC recurrence rates.

Technical issues of LT for HCC
HCC patients have to meet the UCSF criteria[1] before they are considered eligible for
LT listing. Bonus Model for End Stage Liver Disease (MELD) score of 18 is granted to
a patient whose HCC remains in United Network for Organ Sharing stage II for over 6
mo, and an extra two points will be added every subsequent 3 mo[15,16]. Down-staging
therapy is not adopted in our center partly due to the severe graft shortage in our
locality.  Bridging therapy with  trans-arterial  chemoembolization  or  stereotactic
external beam radiotherapy is given to reduce dropout due to disease progression[17,18].
Bonus MELD score granting is stopped when HCC has progressed beyond United
Network for Organ Sharing T2, and patients are delisted if their HCC tumor status
has progressed beyond UCSF criteria. A patient with a tumor slightly beyond UCSF
criteria might still be given LT if a living donor is available. Techniques of living-
donor  LT  have  been  described  elsewhere[19,20].  In  brief,  the  donor  should  be  a
completely healthy individual, and the residual liver volume to estimated standard
liver volume must be over 30%. The calculated graft-to-estimated standard liver
volume should be  over  35% so  as  to  minimize  the  chance  of  small-for-size  syn-
drome[21-23].  The  middle  hepatic  vein  is  always  taken  with  the  liver  graft,  and
venoplasty  for  hepatic  outflow  reconstruction  is  routine  for  all  right  lobe  liver
grafts[24]. In the first 3 mo after LT, mycophenolate mofetil and tacrolimus are given.
After 3 mo, tacrolimus monotherapy is used for immunosuppression. AFP level check
and contrasted computed tomography/magnetic resonance imaging are performed
every 6 mo as surveillance for post-LT HCC recurrence.

Salvage LT in this study referred to LT performed for recurrent HCC. Patients
might have received prior curative treatments such as radiofrequency ablation or
hepatectomy. To be listed for deceased-donor LT, the patients’ tumor status in the
primary or recurrent episode must be within UCSF criteria. However, patients with a
tumor beyond UCSF criteria might still be given living-donor LT if keen living donors
were available, and this decision would be reached jointly by surgeons and relatives.
This study was retrospective, observational in nature. Results were generated by
meticulous  analysis  of  the  data  from  the  local  LT  database.  Approval  from
institutional reviewer board for this study was not applicable.
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RESULTS

Characteristics of the recruited patients
There were 330 eligible patients recruited in the study period. The median age was 56
years, and the majority of them were male. The median follow-up duration of the
series was 65.4 mo. The median MELD score was 12.4, the median pre-LT AFP level
was 18 ng/mL, and the median explant tumor size was 3 cm. Over half of the patients
had a solitary HCC nodule. Living donor graft was the predominant graft type in this
series.  Micro-vascular  invasion  and  poorly  differentiated  tumor  grading  were
identified in 29.4% and 15.3% of the patients, respectively. Salvage LT was performed
in 71 patients (21.5%), and 33.8% of this group of patients had microvascular invasion
while 71.4% had well/moderate tumor differentiation. The median time from last
curative treatment to salvage LT was 28 mo. Hospital mortality and serious morbidity
(Clavien-Dindo classification IIIa or above) was 1.6% and 23.3%, respectively. Post-LT
HCC recurrence was diagnosed in 47 (14.2%) out of 330 patients. The 5-year disease-
free and overall survival rates were 78% and 80%, respectively (Table 1).

Development of scoring system
After randomization, 183 and 147 patients were allocated to the training set and the
validation set, respectively. There was no statistically significant difference between
the groups in terms of demographic characteristics, biomarkers, graft type, tumor
characteristics,  or  operative  outcomes  (Table  2).  Five  factors  were  found  to  be
associated with inferior disease-free survival, namely number of tumor nodule in
explant (P = 0.007), serum AFP over 400 ng/mL before LT (P = 0.002), salvage LT (P =
0.019), UCSF criteria (P = 0.009), and the sum of large tumor size and total number of
HCC nodule in explant (P = 0.002). After multivariate analysis, only three factors were
shown to be independent risk factors:  AFP over 400 ng/mL (P =  0.012, OR 2.92),
salvage LT (P = 0.033, OR 2.08), and the sum of largest tumor size and total number of
HCC nodule in explant (P = 0.013, OR 1.15) (Table 3). According to their respective
odds ratios, patients with preoperative serum AFP level over 400 ng/mL were given a
score of 7, those who underwent LT for recurrent HCC were given a score of 5, and
the sum of largest tumor diameter (cm) and total number of tumor nodule would
contribute to the total  risk score directly (Figure 1).  The accuracy of this scoring
system was tested by area under the ROC curve, and the c-index in the training set
was 0.74 (P < 0.001, 95%CI: 0.637-0.842) (Figure 2). Patients were stratified into low-,
moderate-, and high-risk groups according to their corresponding total risk scores,
and the chance of HCC recurrence was 10.6%, 22.7% and 53.9%, respectively. The
corresponding numbers of patients exposed to the three independent predictors were
tabulated in Figure 3. The concordance index for this risk stratification model was 0.67
(P = 0.005, 95%CI: 0.545-0.786) (Figure 4).

Validation of the scoring system and risk stratification model
In the validation set, total risk score, AFP model score, and RETREAT score were
calculated for each patient. The scoring system in the current study was validated [c-
index 0.85 (P < 0.001, 0.736-0.961)] and was shown to have better correlation with
post-LT HCC recurrence than the AFP model and the RETREAT scoring system [c-
index 0.77 (P  < 0.001,  0.631-0.908) and 0.82 (P  < 0.001,  0.714-0.921),  respectively]
(Figure 5). Patients in the validation set were stratified into three risk groups as per
the training set (Figure 6),  and the concordance index was 0.81 [P <  0.001 (0.645-
0.919)] (Figure 7). This risk stratification model was then tested by the chi-squared
goodness-of-fit  test,  and the result  showed no statistically  significant  difference
between the expected and observed HCC recurrence rates with this model (P = 0.459)
(Figure 8). There was distinct difference in the disease-free survival of the patients in
the low, moderate, and high risk groups, i.e., 84.0% vs 68.8% vs 30.8%, respectively
(Log-rank P < 0.001) (Figure 9).

DISCUSSION
This study illustrated the development of a new scoring system featuring pre-LT AFP,
salvage LT, and the sum of largest tumor size and number of tumor nodule on explant
examination.  In  the  validation  process,  this  scoring  system  exhibited  a  high
concordance index (c-index 0.85) in relation to HCC recurrence and demonstrated
performance at least comparable to the AFP model (c-stat 0.77) and the RETREAT
score  (c-index 0.82).  The  proposed risk  stratification model  showed satisfactory
goodness-of-fit between the expected and observed HCC recurrence rates, with high
discrimination ability as exemplified by the Kaplan-Meier curve separation for the
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Table 1  Characteristics of the whole hepatocellular carcinoma population receiving liver
transplantation

Characteristic Total, n = 330

Age (yr, range) 56 (30-73)

Sex (male) 269 (81.5%)

Hepatitis B carrier (%) 81.6%

Waiting time from listing to transplantation (mo) 1 (0-89)

MELD 12.4 (6-59)

Size of tumor in explant (cm) 3(0.25-19.5)

No. of tumor nodules in explant One Two Three 163 (51.1%) 85 (26.6%) 28 (8.8%)

Within UCSF criteria 75%

Within Milan Criteria 65.6%

Serum AFP level before time of LT (ng/mL) 18.0 (1-117850)

Salvage LT (%) 71 (21.5%)

LDLT (%) 204 (61.8%)

Microvascular invasion (%) 97 (29.4%)

Well/mod differentiation (%) 271 (84.7%)

Operation duration (min) 671

Blood loss (mL) 2600 (200-30800)

Hospital mortality (%) 5 (1.6%)

Morbidity (ClavienIIIa or above) (%) 23.3%

Length of hospital stay (d) 16 (7-378)

Post-transplant HCC recurrence (%) 73 (23.9%)

Median disease-free survival (mo) 60.8 (0-263)

Median overall survival (mo) 65.4 (0-263)

MELD:  Model  of  end-stage  liver  disease;  UCSF:  University  of  California  at  San  Francisco;  LT:  Liver
transplantation; AFP: Alpha fetoprotein; LDLT: Living donor liver transplantation; HCC: Hepatocellular
carcinoma.

disease-free survival in patients from three different risk groups.
Since the introduction of the RETREAT score in 2017, it was widely accepted in

Europe  and  North  America  as  one  of  the  most  useful  tools  in  predicting  HCC
recurrence  after  transplantation.  RETREAT  score  was  derived  and  externally
validated  using  multicenter  data  of  over  1000  patients.  The  good study design,
scientific analyses, and encouraging results accounted for its success and popularity.
In contrast, our current model was developed and internally validated based on a
single center data with sample size of roughly one third to that of the RETREAT score.
These facts do not negate the value of our current model,  as the RETREAT score
might not be readily generalizable to Asian populations (19.1% were Asian in the
RETREAT score population), where prevalence of HBV carrier state is up to 80%. In
addition,  we are the first  to incorporate quantitatively and qualitatively salvage
transplantation, which is a common strategy for HCC in many centers, as one of the
variables in the predictive model. We believe that the current model should work
complementarily with RETREAT score in predicting HCC recurrence in particularly
for patients of Asian ethnicity.

In this study, a number of preoperative and pathological factors were put into
multivariate analysis. The influence of tumor size and multiplicity on post-LT HCC
recurrence had been well recognized since the introduction of Milan criteria and its
subsequent variants from other series. The effect of the sum of largest tumor diameter
and total tumor number was illustrated by the “Metro-ticket” concept introduced by
Mazzaferro et al[25]. The tumor size and number used in the current analyses were
from explant measurement rather than preoperative imaging. The authors considered
this a more objective and accurate assessment of tumor metrics when compared to
preoperative  imaging  measurement.  This  is  because  the  discrepancy  between
different imaging modalities (computed tomography, magnetic resonance imaging, or
positron emission tomography), contrast injection protocols, and presence of inter-
observer variability during reporting could lead to substantial errors, such as over- or
under-reporting of tumor size and number. Using explant measurements should be
theoretically more objective and accurate. Pathological tumor size and number should
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Figure 1

Figure 1  Method of total risk score development. AFP: Alpha fetoprotein; HCC: Hepatocellular carcinoma; CI: Confidence interval.

be inferable to pre-LT imaging during patient selection and counselling process.
Pre-LT serum AFP over 400 ng/mL was shown to be the most influential factor

associated with disease-free survival. The role of AFP in HCC recurrence after LT has
been demonstrated in the literature[26-28]. Moreover, it has been suggested that AFP
over 1000 ng/mL should be a contraindication to LT even if Milan criteria are met[29].
The fact that AFP is frequently included as a parameter in other published scoring
systems suggests that it is an important recurrence predictor[11,12,30,31]. In addition, there
is a growing body of evidence that suggests that AFP level response to bridging loco-
regional  therapy  has  a  significant  prognostic  effect  in  terms  of  post-LT  HCC
recurrence[32,33]. Although AFP response to pre-LT therapy was not investigated in our
current series, future study should look into the effect of incorporating this variable
into the existing risk prediction models.

Since its introduction by Majno et al[34], the approach of salvage LT has been a topic
of debate.  Theoretically,  by delaying (resection first,  transplant when recurrence
occurs) or negating (curative hepatectomy in some HCC patients) LT, this “salvage”
policy should be able to relieve the donor pool burden[35]. However, there are worries
about the development of un-transplantable HCC recurrence after initial resection
and inferior oncological outcomes[36-38]. In an intention-to-treat analysis by Fuks et al[36],
half of the patients with recurrent HCC did not receive salvage LT because of disease
beyond Milan criteria and deteriorated physical conditions. Patients who received
salvage LT were also shown to have inferior disease-free survival[37,38]. In our current
analysis, salvage LT, regardless of the previous treatment modality and number of
tumor recurrence, was a significant predisposing factor for HCC recurrence.

Microvascular invasion has been shown to be an important factor in post-LT HCC
recurrence in the literature. Failure to demonstrate this relationship in our series could
be explained by the low prevalence of HCC recurrence (14.2%) and microvascular
invasion (29.4%) in this study population. In our multivariate analysis, AFP over 400
ng/mL, salvage LT, and the sum of tumor size and number in explant were the more
influential factors in this group of good risk HCC population. AFP over 400 ng/mL
before LT represented a remarkable risk of post-LT HCC recurrence as suggested by
the risk score of 7 for this predictor.

There were some limitations of the current study. Firstly, confounders associated
with retrospective study, such as missing data and selection bias, could not be totally
avoided.  Secondly,  the  fact  that  some of  the  HCC patients  in  this  analysis  were
transplanted with MELD bonus scores  might  have led to  data  contamination as
patients from pre- and post-MELD-bonus eras had different tumor characteristics and
prognosis; the random allocation of patients to the training and validation sets could
have alleviated this  problem. Thirdly,  parameters such as neutrophil/platelet  to
lymphocyte  ratio,  total  tumor  volume,  and  other  newer  biomarkers  were  not
investigated. Last but not least, despite good performance of our proposed scoring
system demonstrated in the independent, randomly allocated validation population,
the relatively small patient number (n = 147) might have limited its validating power,
stressing the  importance  of  multicenter  patient  recruitment  in  a  future  external
validation study. Nonetheless,  this  new predictive model provides a simple and
reliable way to stratify patients into different recurrence risk groups. For patients who
belong  to  the  high  HCC  recurrence  risk  group,  close  surveillance  and  early
commencement of  m-TOR inhibitor are strongly recommended, as the predicted
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Table 2  Comparison of perioperative data between the training and validation sets

Characteristic Training set, n = 183 Validation set, n = 147 P-value

Age 55 ( ± 7.1) 55 ( ± 7.0) 0.768

Sex (male, %) 80% 83% 0.570

HBsAg positivity (%) 82% 80.3% 0.777

MELD 14.7 (± 7.5) 13.8 (± 7.0) 0.284

Waiting time from listing to transplantation (mo) 1 (0-89) 1 (0-81) 0.051

Size of tumor in explant (cm) 3.0 (± 1.4) 3.3 (± 2.1) 0.116

No. of tumor nodules in explant 2.1 (± 1.8) 2.3 (± 2.5) 0.609

Serum AFP level before time of LT (ng/mL) 586 ( ± 3169) 1719 ( ± 10541) 0.169

Salvage LT (%) 19.1% 24.5% 0.281

LDLT (%) 112 (62.9%) 91 (61.9%) 0.908

Microvascular invasion (%) 28.8% 32.2% 0.713

Well/mod differentiation 87.5% 81.1% 0.237

HCC recurrence 24% 23.8% 1.000

5 yr disease-free survival (%) 78.8% 76.8% 0.733

5 yr overall survival (%) 80.8% 78.7% 0.733

HBsAg: Hepatitis B surface antigen; MELD: Model of end stage liver disease; AFP: Alpha fetoprotein; LT: Liver transplantation; LDLT: Living donor liver
transplantation; Well/mod differentiation: Well or moderate differentiation; HCC: Hepatocellular carcinoma.

recurrence risk is over 50%. To extrapolate further the application of our study, when
a patient  has  a  high pre-LT AFP level  (i.e.,  over  400 ng/mL) and tumor metrics
unequivocally approaching the “up-to-7” Metro-ticket limit value on pre-LT imaging,
his/her baseline risk score is expected to be close to 14. Salvage LT in such a scenario
should be rejected or at least deferred until the AFP level and tumor metrics could be
brought down to a “safer” level by bridging loco-regional therapy.

In conclusion, a scoring system featuring pre-LT AFP level, salvage LT, and the
sum of tumor largest diameter and total number of tumor nodule was developed and
validated. This scoring system helps to stratify patients into different HCC recurrence
risk  groups,  and  thus  an  individualized  surveillance  strategy  and  immuno-
suppressive protocol can be implemented.
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Table 3  Univariate and multivariate analyses for the training set

Variable Univariate Multivariate HR (95%CI)

Sex 0.525 - -

Age 0.062 - -

Albumin 0.816 - -

Platelet count 0.094 - -

MELD 0.874 - -

Tumor size in explant 0.059 - -

Number of tumors in explant 0.007 NS -

Microvascular invasion 0.895 - -

Well/mod differentiation 0.811 - -

Serum AFP level before LT ( ≥ 400 ng/mL) 0.002 0.012 2.92 (1.487-5.748)

Graft (g)/ESLW 0.083 - -

Waiting time from listing to transplantation 0.77 - -

Salvage LT 0.019 0.033 2.08 (1.063-4.081)

Milan criteria 0.052 NS -

UCSF criteria 0.009 NS -

Sum of tumor size and number 0.002 0.013 1.15 (1.03-1.28)

MELD: Model for end stage liver disease; Well/mod differentiation: Well or moderate differentiation; CI: Confidence interval; AFP: Alpha fetoprotein; LT:
Liver transplantation; ESLW: Estimated standard liver weight; UCSF: University of California at San Francisco.

Figure 2

Figure 2  ROC curve for scoring system in the training set. ROC: Receiver-operating characteristic.
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Figure 3

Figure 3  Risk stratification model in the training set. AFP: Alpha fetoprotein; LT: Liver transplantation; HCC: Hepatocellular carcinoma.

Figure 4

Figure 4  Performance of risk stratification model in relation to recurrent hepatocellular carcinoma in the training set. ROC: Receiver-operating characteristic.

Figure 5

Figure 5  Risk stratification models with corresponding hepatocellular carcinoma recurrence rates in the training set. AFP: Alpha fetoprotein; ROC: Receiver-
operating characteristic.
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Figure 6

Figure 6  Comparison of the areas under ROC curve between the current scoring system, the alpha fetoprotein model, and the RETREAT score in the
validation set. AFP: Alpha fetoprotein; LT: Liver transplantation; HCC: Hepatocellular carcinoma; ROC: Receiver-operating characteristic; RETREAT: Risk estimation
of tumor recurrence after transplant.

Figure 7

Figure 7  Risk stratification model with corresponding hepatocellular carcinoma recurrence rates in the validation set. ROC: Receiver-operating
characteristic.

Figure 8

Figure 8  Diagram showing discrepancy between the expected and observed hepatocellular carcinoma recurrence rates.
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Figure 9

Figure 9  Disease-free survival of patients in different risk strata. DFS: Disease-free survival.

ARTICLE HIGHLIGHTS
Research background
Disease recurrence remains the chief reason for post-transplant mortality for hepatocellular
carcinoma (HCC) patients. High risk patients should undergo close biochemical and radiological
surveillance and start immunosuppressive agent with anti-tumor effect soon after the operation.
A risk predictive model helps to implement this strategy selectively; however, the availability of
such model is limited in the literature.

Research motivation
A more well-known validated model, the RETREAT score, had been popularized in Western
Europe and North America. However, this model had not been validated in Asian populations
where the prevalence of hepatitis B virus (HBV) infection is high. Therefore, another validated
model that serves a complementary role to the RETREAT score has value.

Research objectives
This study aimed to derive and validate a predictive model  using a database from a large
transplant center.

Research methods
All patients were randomly allocated to training and validation sets. Factors that predict HCC
recurrence were identified using multivariate analysis. A risk score was assigned to each of these
factors according to their corresponding odds ratio and then a scoring model was developed.
The accuracy of this model was validated and compared with other scoring models using data in
the validation set with receiver-operating characteristic curve.

Research results
This is the first scoring model derived and validated in an Asian population. It is also the first
time to incorporate salvage liver transplantation (LT) as one of the variables in the predictive
system. This new model compared favorably with the RETREAT score, which did not include
salvage LT in the multivariate analysis.

Research conclusions
We believe  that  salvage  LT should  be  included in  the  predictive  model  for  post-LT HCC
recurrence.  This  new model  could  be  an  improvement  for  Asian  populations  where  HBV
infection is prevalent.

Research perspectives
Patients who were classified as high risk of HCC recurrence should be given close biochemical
and radiological surveillance to detect early recurrence. In addition, immunosuppressant with
anti-tumor effect (i.e.,  m-TOR inhibitor) should be commenced after 1 mo together with the
minimization  of  calcineurin  inhibitor.  Future  multi-center  external  validation  should  be
contemplated to define further its accuracy and role.
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