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E D I T O R I A L S

Predictive models for recurrence risk of hepatocellular 
carcinoma after liver transplantation: Still an unmet need

1  | INTRODUCTION

Recurrence of hepatocellular carcinoma (HCC) after liver transplanta-
tion (LT) is a frightening issue. It is considered a systemic advanced 
stage with poor survival rate from the time of its diagnosis, with few 
therapeutic treatment resources because of its metastatic nature. 
Initially, in the early 1980s, the survival rate was poor for patients who 
had undergone LT for HCC because of a high tumour recurrence rate, 
near 65% in most series. These results were because of a lack of clear 
criteria for transplant candidate’s selection and tumour diagnosis at 
advanced stages because of the absence of routine screening in the 
at- risk population.

The rise of LT for HCC worldwide has been achieved after 
technical- surgical advances and new immunosuppressive drugs on 
the one hand, and to the development of selection criteria of trans-
plant candidates (one unique tumour ≤5 cm or up to three nodules 
with a greater nodule diameter less than 3 cm) resulting in an ex-
cellent survival outcome (>70%) and low recurrence rate at 5 years 
(<15%).1 The Milan criteria made a revolution regarding LT worldwide 
and are today considered the standard selection criteria. However, 
the selection of candidates for transplantation purely and exclusively 
according to number and tumour diameter is currently under focus 
for re- evaluation. A number of studies, including the present one by 
Costentin et al.2 are worth reading focusing on a challenging issue 
regarding categorization of HCC recurrence and a recent tendency 
for “hyperselection criteria”, created to balance and ensure equitable 
access to organ allocation policies.3

2  | PRETRANSPLANTATION PREDICTIVE 
MODELS:  SELECTION OF CANDIDATES

The first step is to correctly determine and identify the risk factors 
responsible for post- LT recurrence. The selection criteria should be 
based on a “hyperselection” of potential candidates to LT and as-
sessment of recurrence risk. It would be ideal to be able to design a 
pretransplantation predictive model by analysing longitudinal data in-
stead of the static photograph of a single pretransplantation moment 
to anticipate and specify the recurrence risk in vivo.

Considering only tumour variables in terms of number and di-
ameter in a “static” approach, both the Milan and the University of 
California in San Francisco (UCSF) criteria have been developed from 
explant analysis and then validated by imaging assessment. The UCSF 
criteria and the French alpha- foetoprotein (AFP) model, which in-
cludes tumour number and diameter as well as serum AFP values, are 
the only ones that have been validated in external cohort studies.4-6

The use of tumour biomarkers has made their way in the process 
of improving the selection of potential liver recipients, including serum 
AFP before transplant,5,7 and degree of tumour differentiation evalu-
ated with a pre- LT tumour biopsy.8 Serum AFP, both as a continuous 
variable and as a dichotomous or dummy variable has been associ-
ated with HCC recurrence independently of the size and number of 
pretransplant nodules. What is important to highlight is that AFP cor-
relates independently with risk factors found in the explant, such as nu-
clear dedifferentiation or microvascular invasion.5,6 This is why there is 
a boom in the inclusion of AFP as a variable of hyperselection. The prob-
lem lies in the cutoffs arising from different cohorts, which are not yet 
consensual, as for example <100 ng/mL, between 101 and 1000 ng/
mL or >1000 ng/mL5,6,9; or even cutoff points above or below 400 ng/
mL or 500 ng/mL,10 and even of 66 ng/mL.11 Moreover, a longitudinal 
change of AFP values in time has been an interesting approach.12

Nevertheless, these slightly static variables do not take into ac-
count the changes or dynamics arising during time on the waiting list. 
In fact, some authors have remarked that time on the waitlist acts as a 
unique opportunity of “natural” selection for transplant between pro-
gressors vs non progressors.13 This approach is quite controversial, since 
time on the waiting list should consider the regional- local availability 
of organs and the need or not of a locoregional bridging therapy before 
transplantation.14 Accordingly, considering tumour dynamic changes, 
and progression of liver disease severity while on the waiting list, it is 
necessary to assess these variables longitudinally, not only as a mere 
photograph at the time of listing or last pretransplant assessment but 
also at different time- points while listed.5,15

These pretransplant predictive models provide a close solution 
but they are not perfect, as it is reflected by discordant pretransplant 
imaging together with the explanted liver findings that in some se-
ries was higher than 30%, as reported by Constentin et al.2 and other 
authors.6,8,9,14 It is evident that in spite of the adequate selection of 
candidates, re- assessment is a priority considering explanted liver 
data, primarily focusing on the presence of microvascular invasion 
and tumour dedifferentiation. While these last two variables can be 
assessed by a tumour biopsy prior to transplantation,8,16 the risk of 
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tumour seeding and biopsy complications generate a safety limit. 
Additionally, performing a tumour biopsy is sometimes not technically 
viable and the absence of a microvascular invasion in a tumour biopsy 
does not completely exclude it. Besides, in spite of an adequate con-
cordance or kappa agreement (intra- observer agreement) in the as-
sessment of nuclear grade differentiation between pre and post- liver 
transplant evaluation,16 the degree of concordance between different 
observers (inter- observer agreement) has been reported as low17 or 
not evaluated.8 Therefore, the risk of HCC recurrence after LT should 
be  re- assessed with the explant findings.

3  | MODELLING THE RISK OF 
RECURRENCE WITH PRE AND POST- 
LIVER TRANSPLANTATION VARIABLES: 
CATEGORIZATION

According to Costentin et al.,2 it is important to highlight the follow-
ing: (i) Causes of imaging- explanted liver discordance that might be 
either the consequence of tumour progression during waiting list 
(“false” discordance) or a “real” discordance in terms of a low imaging 
accuracy, (ii) Which baseline of comparison is taken into account; ac-
cording to imaging assessment at time of inclusion on the waitlist or 
with the last pretransplant imaging evaluation (information bias), (iii) 
The effects of locoregional therapy while on the waiting list, and (iv) 
Ultimately, the need of recategorizing recurrence risk after explanted 
liver analysis.

But then, what is the utility of recategorizing HCC recurrence risk? 
Firstly, risk categorization considering predictive models as a starting 
point should be considering that multivariate logistic or Cox regres-
sion models consider average population rather than individual risk 
(Figure 1). In order to calculate individual or interindividual risk, the 
individual variability should be considered, which, these multivariate 
models do not examine.18 Therefore, there is a transplantation need to 

create predictive models that include pre and post- LT variables, includ-
ing dynamic tumour changes and other biomarkers.

The comparison of the four predictive models based on variables 
from the explant made by Constentin et al.2 showed that the Up- to 
seven criteria19 and Decaens et al.16 model presented the best discrim-
ination power or AUROC of 0.79 and 0.74, respectively. Even when 
microvascular invasion was not considered in the Up- to seven criteria, 
as originally proposed by Mazzaferro et al. However, these models only 
discriminate two populations of HCC recurrence, low (<10%) and high 
risk (>40%). This categorization considering only two populations at 
risk is not useful, or at least has little application. For instance,  tumour 
recurrence risk divided into low (<10%) and high (>40%) generates a 
big grey area among 10%- 40% of medium- risk subjects, which does 
not clearly define clinical algorithms or recommendations to  follow and 
not easily transferrable to the individual patient.

More recently, a predictive scoring model has been created includ-
ing pre and post- transplant variables, the RETREAT score.9 Despite 
adequate discrimination power (AUROC 0.82 CI 0.77; 0.86), as in 
other models, this score broadens the risk categorization framework 
not distinguishing intermediate subgroups. In the selection framework 
of dichotomous cutoffs over a ROC curve, it will depend on the chosen 
cutoff criteria used, either more sensitive or more specific.

Summing up, these models can always be improved and they 
should be first internally validated and then evaluated with external 
validation cohorts. There is a need for improvement in these predic-
tive models, at population and individual levels, aiming to categorize 
them in no less than three groups of risk of recurrence, low <10%, 
intermediate 11%- 20% and high >20%. This would mean an improve-
ment in the process of selection of candidates, a more equitable dis-
tribution of organs considering the donor offer, and apart from these, 
the possibility to stratify risk for the development of future adjuvant 
therapies.20 After all, it is important to consider that these regression 
models inform an average population risk rather than individual ones. 
It is therefore vital to improve the creation of these models including 

F IGURE  1 Population based models 
are close to predict, though not perfect, 
individual’s risk for HCC recurrence

Imaging data
AFP

Locorregional treatment
Time on the waitlist

Progression (imaging+AFP)
Tumor biopsy

Number and diameter
Microvascular invasion
Tumor differentiation

Necrosis

Inter-group variability 
(known risk factors)

Intra-subject variability 
(unknown risk factors)

Risk assessment or prediction (population based)

Individual variability or individual risk
(genetic susceptibility, tumor heterogeneity)

Pre-transplant 
models

Post-transplant 
models

Pre + Post-
transplant 

models



650  |     EDITORIAL

further biomarkers and reduce the difficulties in their application or 
the actual transference to an individual patient.
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