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Highlights Impact and implications

� At listing but not last tumor reassessment, Metro-

ticket 2.0 showed better discriminative ability than
AFP score for HCC recurrence.

� Discriminative power using respective thresholds
was similar between models, either at listing or last
tumor reassessment.

� Gaps and overlaps were observed when stratifying
recurrence risk according to proposed thresholds.

� Combining both models at listing and at last tumor
reassessment in a “within-ALL decision algorithm”
could optimize candidate selection.
https://doi.org/10.1016/j.jhepr.2022.100644
Composite models were recently proposed for the
selection of liver transplant (LT) candidates among
individuals with hepatocellular carcinoma (HCC). We
found that both the AFP score and Metroticket 2.0
predicted post-LT HCC recurrence and survival better
than Milan criteria; the Metroticket 2.0 did not result
in better reclassification for transplant selection
compared to the AFP score, with predictive gaps and
overlaps between the two models; patients who met
low-risk thresholds for both models had the lowest 5-
year recurrence rate. We propose prospectively testing
the combination of both models, to further optimize
the LT selection process for candidates with HCC.
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Background & Aims: Two recently developed composite models, the alpha-fetoprotein (AFP) score and Metroticket 2.0, could
be used to select patients with hepatocellular carcinoma (HCC) who are candidates for liver transplantation (LT). The aim of
this study was to compare the predictive performance of both models and to evaluate the net risk reclassification of post-LT
recurrence between them using each model’s original thresholds.
Methods: This multicenter cohort study included 2,444 adult patients who underwent LT for HCC in 47 centers from Europe
and Latin America. A competing risk regression analysis estimating sub-distribution hazard ratios (SHRs) and 95% CIs for
recurrence was used (Fine and Gray method). Harrell’s adapted c-statistics were estimated. The net reclassification index for
recurrence was compared based on each model’s original thresholds.
Results: During a median follow-up of 3.8 years, there were 310 recurrences and 496 competing events (20.3%). Both models
predicted recurrence, HCC survival and survival better than Milan criteria (p <0.0001). At last tumor reassessment before LT, c-
statistics did not significantly differ between the two composite models, either as original or threshold versions, for recur-
rence (0.72 vs. 0.68; p = 0.06), HCC survival, and overall survival after LT. We observed predictive gaps and overlaps between
the model’s thresholds, and no significant gain on reclassification. Patients meeting both models (“within-ALL”) at last tumor
reassessment presented the lowest 5-year cumulative incidence of HCC recurrence (7.7%; 95% CI 5.1-11.5) and higher 5-year
post-LT survival (70.0%; 95% CI 64.9-74.6).
Conclusions: In this multicenter cohort, Metroticket 2.0 and the AFP score demonstrated a similar ability to predict HCC
recurrence post-LT. The combination of these composite models might be a promising clinical approach.
Keywords: Prediction; reclassification; recurrence; transplantation.
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Impact and implications: Composite models were recently proposed for the selection of liver transplant (LT) candidates
among individuals with hepatocellular carcinoma (HCC). We found that both the AFP score and Metroticket 2.0 predicted
post-LT HCC recurrence and survival better than Milan criteria; the Metroticket 2.0 did not result in better reclassification for
transplant selection compared to the AFP score, with predictive gaps and overlaps between the twomodels; patients who met
low-risk thresholds for both models had the lowest 5-year recurrence rate. We propose prospectively testing the combination
of both models, to further optimize the LT selection process for candidates with HCC.
© 2022 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
For more than 20 years, listing of patients with hepatocellular
carcinoma (HCC) for liver transplantation (LT) has been based on
the Milan criteria.1 However, recently, composite predictive
models, including size and number of tumor nodules, and serum
alpha-fetoprotein (AFP) levels, have been shown to outperform
Milan criteria for the prediction of post-LT outcomes1 and have
been proposed as next-generation selection tools in recently
published international guidelines.2,3 These new composite
models include the French AFP score, which was adopted na-
tionally by the French organ sharing organization in 2013 after
external assessment in a prospective cohort, and the Metroticket
2.0 model, published in 2018.4,5

The AFP score was developed to address HCC recurrence,4

whereas Metroticket 2.0 was developed to capture HCC-specific
survival through competing risk assessment.5 External evalua-
tion of the AFP model was performed in other European,6 Latin
American,7 and Asian populations,8 whereas Metroticket 2.0 was
designed in an Italian multicenter derivation cohort and exter-
nally validated in a monocentric Chinese cohort of individuals
with hepatitis B.9,10 With these composite models now available,
a major issue is comparing their respective performances, and
the gain on risk reclassification using specific thresholds or cut-
offs, before considering a change in local or regional organ
sharing organization rules and adopting them for selection of LT
candidates.

It has been suggested that Metroticket 2.0 has superior
discriminative power compared to the AFP score for the evalu-
ation of post-LT survival in patients transplanted for HCC.5

However, this comparison was performed using Metroticket 2.0
as a multivariable model that included continuous variables,11

but not a specific clinical threshold for LT selection. As a conse-
quence, the net gain on clinical reclassification of risks when
using LT selection criteria (within or beyond approach) was not
assessed.12,13 The aim of the present study was therefore to
further compare the AFP score and Metroticket 2.0 in a large
multinational multicenter cohort, to reassess their respective
performance for post-LT HCC recurrence, HCC survival and
overall survival, and to evaluate the net reclassification between
models using each model’s original thresholds.
Patients and methods
This was a multicenter, multinational cohort study of consecutive
adult patients with HCCwho underwent LT in 47 different centers
from Europe and Latin America. For this purpose, four databases
including patients transplanted with HCC from France, Italy and
Belgium between 2000 and 2018 and from Latin America
(Argentina, Uruguay, Chile, Brazil, Ecuador, Colombia andMexico)
between 2005 and 2018 were considered. These four regional
databases were merged, harmonized, quality controlled and hos-
tedon a central server, following the agreementof all participating
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centers. Data was reviewed center-by-center and region-by-
region in a step-by-step process that took several months. This
final database was named the “Western-Latin American HCC LT
Consortium”, approved by the Austral University committee (CIE
17-065) and registered as part of an open public registry
(NCT03775863; www.clinicaltrials.gov). All procedures were fol-
lowed in accordance with STROBE and REMARK guidelines,14,15

and complied with ethical standards following the revised
version of the Helsinki Declaration in 2008. Each investigator was
subject to a confidentiality agreement.

We consecutively included adult patients with HCC who un-
derwent a first LT and were followed after transplantation. The
pre-transplant HCC diagnosis was made according to interna-
tional guidelines.2,16 We excluded patients if: 1) extrahepatic or
macrovascular tumor invasion was observed during pre-
transplant evaluation, 2) incidental HCC was found at explant
pathology, 3) there were tumors other than HCC found in the
explant, and 4) they were included in the French training cohort
in which the AFP score was developed.4
Exposure variables at HCC diagnosis, at listing and during the
waiting list period
Common exposure variables in all cohorts consisted of recipient
characteristics, radiological tumor burden on pre-LT CT or MRI,
including number and diameter of each HCC nodule, paired with
AFP serum levels at HCC diagnosis, at time of listing and at last
tumor reassessment during the waitlist period when available.

Patients were classified according to the Milan criteria, the
AFP score and Metroticket 2.0, at listing, and then at last pre-
transplant assessment when appropriate. The Milan criteria
were the common standardized criteria used for patient selec-
tion in all centers but, according to local practices and allocation
policies, transplantation for patients exceeding Milan was also
considered and discussed at each transplant center on a case-by-
case basis. The AFP score (0 to 9 points) was calculated
depending on largest tumor diameter (<−3 cm = 0 points, 3-6 cm =
1 point, >6 cm = 4 points), number of HCC nodules (1-3 nodules =
0 points, >−4 nodules = 2 points), and AFP levels ng/ml (<−100 = 0
points, 101-1000 = 2 points, and >1,000 = 3 points).4 Metroticket
2.0 included the sum of the largest nodule diameter with the
total number of HCC nodules, and the log10 AFP values.5 These
transplant criteria were compared as originally described and
using their thresholds or cut-offs at time of listing, including
within/beyond Milan,1 AFP scores <−2/>2 points,4 and the three
thresholds as originally proposed for Metroticket 2.0, including
Up-to 7 plus AFP below 200 ng/ml, Up-to 5 plus AFP below
400 ng/ml and Up-to 4 plus AFP below 1,000 ng/ml.5

In addition, in patients receiving bridging therapies during
the waiting list period, last available pre-transplant radiologic
tumor assessment and AFP values following these procedures
were also registered. Patients without any reassessment or those
transplanted within 3 months of listing were not included in the
2vol. 5 j 100644
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final pre-transplantation reassessment analysis. Tumor treat-
ment and type of bridging therapies before transplantation were
decided at each transplant center.

Endpoints and statistical analysis
The primary endpoint analyzed was post-LT HCC recurrence
because it was considered the most important event affecting
HCC-specific survival after transplantation.5 Although there is
still not a clear consensus on the optimal surveillance algorithm,3

monitoring for post-transplant HCC recurrence consisted of CT or
MRI and serum AFP assays once every 6 months in most cen-
ters.17 Recurrence was assessed based on imaging criteria plus
serum AFP or by biopsy. Secondary endpoints were HCC survival
and overall post-LT survival. All patients were followed until
death or last outpatient visit.

The cumulative incidence of recurrence was estimated in a
competing risk framework, with death without HCC as a
competing event, and the association of exposures with the risk
of recurrence was analyzed using a Fine-Gray model, estimating
sub-distribution hazard ratios (SHRs) and 95% CIs.18 The pro-
portional hazards assumption for competing risk regression was
evaluated using the Grambsch-Thernau test. Each model’s per-
formance was compared including calibration and discrimina-
tion. Calibration was assessed comparing observed and predicted
risk curves and discrimination with Harrell’s adapted c-statistics
for competing risk analysis was estimated for both, original (as
originally proposed) and each model’s threshold.19 We used the
somersd command to estimate the 95% CIs and compare the
concordance statistics between models. First, we estimated the
inverse hazard estimates, changing the coding for censored and
uncensored lifetime observations. Afterwards, we compared the
inverse sub-distribution hazards. The net reclassification index
(NRI) was estimated to evaluate and quantify the agreement
between “upward” and “downward” risk reclassifications and
event status using each model’s threshold.12,13 In order to test
independent variables associated with HCC survival, we again
use the Fine and Gray method, considering non-HCC-related
deaths as competing events.

For overall survival analysis after transplantation, Kaplan
Meier survival curves were compared using the log-rank test
(Mantel-Cox), and hazard ratios (HR) and 95% CIs were estimated
using a Cox proportional regression model. The proportional
hazards assumption was evaluated through graphical diagnostics
and the Schoenfeld residual test. The performance of each model
was evaluated in terms of calibration (observed vs. predicted
curves) and discriminative power (Harrell’s c-index).20

A planned sensitivity analysis according to pre-LT tumor
reassessment, and LT periods of time was performed, estimating
c-statistics for each model (LT periods 2000-2005, 2006-2011
and 2011-2018). Collected data were analyzed with StataBE v.17
and R software (Supplementary CTAT table).
Results
A total of 2,444 patients who underwent LT in 47 LT centers were
included, 55.6% from Europe (n = 1,359) and 44.4% from Latin
America (n = 1,085). The cohort was also categorized based on
the period of transplantation: with 24.3% of transplants per-
formed between 2000 and 2005 (n = 594), 40.0% between 2006
and 2011 (n = 978), and 35.7% between 2012 and 2018 (n = 872).
Baseline patient and tumor characteristics at time of listing and
at last pre-LT reassessment are shown in Table 1.
JHEP Reports 2023
At time of listing, 80.9% of the patients (n = 1,978) were within
the Milan criteria, 88.7% of the patients had an AFP score <−2
points at listing (n = 2,163) (Table 1). According to each of the
three Metroticket 2.0 thresholds,5 83.1% (n = 2,026) met the Up-
to 7 plus AFP <200 ng/ml cut-off, 66.4% (n = 1,620) the Up-to 5
plus AFP <400 ng/ml cut-off and 44.5% (n = 1,087) the Up-to 4
plus AFP <1,000 ng/ml cut-off. Overall survival and recurrence
rates at 1, 5 and 10 years of follow-up are shown in Fig. S1. Only
five patients had missing AFP values at listing, in whom com-
posite models could not be assessed. In 70.1% of the patients (n =
1,713), bridging therapies were received during the waiting list
period, with a median time from last therapy to LT of 4.9 months
(IQR 2.1-9.7). Overall, median follow-up in the entire cohort was
3.8 years (IQR 2.4-5.5 years).

Performance of the AFP score and metroticket 2.0 in
evaluating post-transplant outcomes
At time of listing, patients within Milan but exceeding either the
AFP score or the Metroticket 2.0 presented higher recurrence and
lower post-transplant survival rates than patients within Milan
but fulfilling the AFP score or the Metroticket 2.0 model. On the
contrary, among patients exceeding Milan, both composite
models identified a population with excellent outcomes after LT
(Fig. S2A,B).

Similar results were observed when evaluating the effect and
risk categorization for HCC recurrence in patients with tumor
reassessment before transplantation (n = 1,377). No significant
difference in the risk of recurrencewas observed between patients
exceeding Milan criteria compared to those within Milan criteria
withAFP scores <−2 (SHR1.32; 95% CI 0.74-2.37; p = 0.34). Increasing
recurrence risk was observed in patients either within (SHR 2.24;
95%CI1.26-4.00;p=0.006)or beyond(SHR4.20; 95%CI2.74-6.43;p
<0.0001) the Milan criteria with AFP scores higher than 2 points.
Similarly, patients exceedingMilanbutwithinMetroticket 2.0hada
similar risk as patients within the Milan criteria (SHR 1.51; 95% CI
0.77-2.94; p = 0.22). On the other hand, patients within (SHR 4.43;
95% CI 2.90-6.77) or beyond (SHR 4.85; 95% CI 3.17-7.44) the Milan
criteria but exceeding Metroticket 2.0 were at a higher risk of
recurrence compared to those who met the Milan and Metroticket
2.0 criteria, respectively (p <0.0001). Time on the waiting list (as a
continuous variable) and locoregional treatment were not inde-
pendently associated with HCC recurrence.

Discrimination and net reclassification of risk of recurrence
A better discriminative power for risk of recurrence was observed
for both composite models at time of listing when compared to the
Milan criteria, eitherasoriginalor thresholdmodels (Table2). There
was not a significant change on each model’s performance when
including the effect of waiting list time and locoregional therapy.

Also, discrimination of HCC survival (Table S1) and overall
survival (Table S2) was significantly better with each composite
model.

When comparing both composite models at time of listing as
originally proposed,4,5 although Metroticket 2.0 showed a higher
discriminative power for HCC recurrence compared to the AFP
score, there were no significant differences when comparing
each model’s thresholds (Table 2). Also, there were not signifi-
cant differences for HCC survival and overall survival.

Stratified by LT periods, there was not a significant difference
in c-statistics between both composite models (Table S3). Simi-
larly, at last tumor reassessment, c-statistics for both originally
proposed models, the AFP score (0.68; 95% CI 0.63-0.73) and
3vol. 5 j 100644



Table 1. Patient and tumor characteristics.

Variable Values

Age, years (±SD) 58 ± 8.1
Sex, male, n (%) 1,968 (80.5)
Median time on waiting list, (IQR), months 5.5 (2.5-10.5)
MELD, (±SD)* 12.2 ± 4.7
Non-cirrhotic liver, n (%) 21 (0.9)
Child Pugh A/B/C, n (%) 1,180 (48.3)/930

(38.0)/334 (13.7)
Etiology of liver disease, n (%)

Hepatitis C 1,153 (47.2)
Hepatitis B 234 (9.6)
HCV-HBV co-infection 9 (0.4)
Alcohol 609 (24.9)
Other 439 (18.0)

Variables at time of listing*
Number of HCC nodules, median (IQR) 1 (1-2)

1-3 nodules, n (%) 2,275 (93.1)
>−4 nodules, n (%) 169 (6.9)

Major nodule diameter (cm), median (IQR) 2.7 (2.0-3.5)
<−3 cm, n (%) 1,593 (65.2)
3-6 cm, n (%) 780 (31.9)
>6 cm, n (%) 70 (2.9)

AFP, ng/ml, median (IQR) 9.1 (4.2-33.9)
AFP <−100 ng/ml, n (%) 2,089 (85.6)
AFP 101-1,000 ng/ml, n (%) 294 (12.0)
AFP >1,000 ng/ml, n (%) 57 (2.3)

Within Milan criteria, n (%) 1,978 (80.9)
AFP score, median (IQR) 0 (0-1)

<−2 points, n (%) 2,163 (88.7)
>2 points, n (%) 276 (11.3)

Metroticket 2.0 up-to 7 + AFP <200 ng/ml, n (%)
Within 2,026 (83.1)
Beyond 413 (16.9)

Metroticket 2.0 up-to 5 + AFP <400 ng/ml, n (%)
Within 1,620 (66.4)
Beyond 820 (33.6)

Metroticket 2.0 up-to 4 + AFP <1,000 ng/ml, n (%)
Within 1,087 (44.5)
Beyond 1,354 (55.5)

Any locoregional treatment, n (%) 1,713 (70.1)
TACE 1,419
RFA 351
PEI 123
LR 107

Variables at last tumor reassessment* 1,377 (56.0))
Months from last tumor evaluation to LT, median (IQR) 2.4 (1.1-4.4)
Number of HCC nodules, median (IQR) 1 (1-2)

1-3 nodules, n (%) 1,303 (94.6)
>−4 nodules, n (%) 74 (5.4)

Major nodule diameter (cm), median (IQR) 2.6 (1.9-3.5)
<−3 cm, n (%) 910 (66.1)
3-6 cm, n (%) 441 (32.0)
>6 cm, n (%) 26 (1.9)

AFP (ng/ml), median (IQR) 9.0 (4.1-32.9)
<−100 ng/ml, n (%) 1,127 (83.2)
101-1,000 ng/ml, n (%) 175 (12.9)
>1,000 ng/ml, n (%) 53 (3.9)
Within Milan criteria, n (%) 1,165 (84.6)

AFP score, median (IQR) 0 (0-1)
<−2 points, n (%) 1,203 (87.9)
>2 points, n (%) 166 (12.1)

Metroticket 2.0 up-to 7 + AFP <200 ng/ml, n (%)
Within 1,121 (82.5)
Beyond 237 (17.4)

Metroticket 2.0 up-to 5 + AFP <400 ng/ml, n (%)
Within 920 (67.7)
Beyond 439 (32.3)

Metroticket 2.0 up-to 4 + AFP <1,000 ng/ml, n (%)
Within 644 (47.1)

(continued on next page)

Table 1 (continued)

Variable Values

Beyond 722 (52.9)
Explant pathology findings
Up-to 7, n (%)

Within 1,569 (64.2)
Beyond 875 (35.8)

Presence MVI, n (%) 618 (25.3)
Tumor differentiation, n (%)

Nuclear grade I-II 1,756 (79.5)
Nuclear grade >II 452 (20.5)

AFP, alpha-fetoprotein; LR, liver resection; MELD, model for end-stage liver disease;
MVI, microvascular invasion; PEI, percutaneous ethanol injection; RFA, radio-
frequency ablation; SHR, sub-hazard ratio; TACE, trans-arterial chemoembolization.
* Laboratory MELD score before liver transplant.
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Metroticket 2.0 (0.72; 95% CI 0.68-0.77), were significantly better
than for the Milan criteria (0.56; 95% CI 0.52-0.60; p <0.0001)
(Table 2). However, there was no significant difference when
comparing the AFP score and Metroticket 2.0 as original models
(p = 0.065).

Metroticket 2.0 did not lead to a significant reclassification of
risk compared to the AFP score cut-off value at time of listing nor
at last tumor reassessment (Table 3 and Table S4). Although
Metroticket 2.0 gained on sensitivity, a decreasing specificity was
observed according to each threshold.

Gaps and overlaps between both composite models
We further conducted a stratified analysis according to the AFP
score and each Metroticket 2.0 threshold at time of listing. Gaps
and overlaps between the two models were observed for each
threshold (Fig. S3). First, according to the first Metroticket 2.0
threshold (sum up-to 7 plus AFP <200 ng/ml), in 8.7% of the pop-
ulation (n = 211) this Metroticket 2.0 threshold did not categorize
the risk of recurrence in patients with AFP scores <−2 or >2 points.
Patientsmeeting thisMetroticket 2.0 thresholdwithAFP scores >2
points presented similar 5-year recurrence rates as patients
exceeding Metroticket 2.0 with AFP scores <−2. The models clearly
separated two distinct populations, those patients meeting both
models showed the lowest cumulative incidence of HCC recur-
rence (14.2%; 95% CI 12.1-16.5) and the highest 5-year post-LT
survival rate (67.9%; 95% CI 65.3-70.4) (Fig. 1A-B). Furthermore,
according to the other two Metroticket 2.0 thresholds, again,
higher recurrence rates were observed in patients exceeding one
or the other corresponding threshold of each model, and the
lowest cumulative recurrence rates were observed in those pa-
tients meeting both of each model’s thresholds (Fig. 2A,B).

Similarly, at last pre-LT assessment, lower 5-year recurrence
rates were observed in patients meeting both models criteria
and, on the contrary, higher cumulative 5-year recurrence rates
were observed in those patients exceeding both models for each
Metroticket 2.0 threshold (Table 4).

“Within-ALL” clinical-decision algorithm
Taking into account the aforementioned gaps and overlaps, we
considered using both composite models for selection of LT
candidates at time of listing in a “within-ALL” clinical-decision
algorithm (Yes/No approach), but stratified according to the
Milan criteria. Patients meeting both composite models’
thresholds either within or beyond the Milan criteria, showed
the best post-LT outcomes with a lower risk of HCC recurrence
(SHR of 0.28; 95% CI 0.22-0.36; p <0.0001), whereas patients
exceeding both composite models, even meeting the Milan
4vol. 5 j 100644



Table 2. Discrimination power of HCC recurrence between Milan criteria, the AFP model and Metroticket v2.0 criteria at time of listing.

Models Harrell’s adapted
c-index (95% CI)

p value vs. Milan
as reference

p value vs. AFP model
as reference

Original models at listing
Milan criteria 0.59 (0.56-0.62) —

AFP score* 0.66 (0.63-0.69) <0.0001 —

Metroticket 2.0** 0.69 (0.66-0.72) <0.0001 0.04
Threshold models at listing
Milan criteria 0.59 (0.56-0.62) —

AFP model <−2 points 0.60 (0.58-0.63) <0.0001 —

Up-to 7 + AFP <200 ng/ml 0.62 (0.59-0.65) <0.0001 0.10
Up-to 5 + AFP <400 ng/ml 0.60 (0.57-0.63) <0.0001 0.96
Up-to 4 + AFP <1,000 ng/ml 0.58 (0.56-0.61) <0.0001 0.20
Original models at last reassessment
Milan criteria 0.56 (0.52-0.60) —

AFP score* 0.68 (0.63-0.73) <0.0001 —

Metroticket 2.0** 0.72 (0.62-0.77) <0.0001 0.065

AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma.
* AFP as originally proposed by Duvoux et al.
** Metroticket 2.0 as originally reported by Mazzaferro et al. Level of significance, p <0.05.

Table 3. Net reclassification index considering competing events for risk reclassification of recurrence (events) and non-recurrence (non-events).

Overall NRI Z value p value Up events
relative change in
sensitivity (95% CI)

Up non-events
relative change in
specificity (95% CI)

AFP score vs. 29.0% 91.7%
Up-to 7 + AFP <200 -0.033 −1.52 0.064 −8.5% +5.1%
Up-to 5 + AFP <400 -0.006 −0.21 0.41 −22.5% +21.8%
Up-to 4 + AFP <1,000 0.023 0.59 0.72 −42.0% +44.4%

All models assessed at listing. The NRI was estimated to evaluate the ability of these models to discriminate between events and non-events by quantifying the agreement
between “upward” and “downward” risk reclassifications and event status.12,13 Level of significance, p value <0.05.
AFP, alpha-fetoprotein; NRI, net reclassification index.
criteria, showed significantly higher risk of post-LT recurrence
(Fig. 3A). In addition, survival rates were similar in patients
meeting the “within-ALL” clinical-decision algorithm whether
within or beyond the Milan criteria, and were significantly
higher than in patients beyond the “within-ALL” clinical-decision
algorithm (Fig. 3B). Also, at last tumor reassessment, patients
meeting both composite models presented the lowest 5-year
cumulative incidence of HCC recurrence (7.7%; 95% CI 5.1-11.5)
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Fig. 1. Stratified analysis according to the AFP model and Metroticket 2.0. The fi

ml). (A) Nelson-Aelen cumulative hazard estimates. Corresponding cumulative
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2.2; 95% CI 1.12-4.53; p = 0.02), and for patients with AFP scores >2 and exceedin
year cumulative survival for each stratum. Level of significance, p <0.05. AFP, alp
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(SHR 0.33; 95% CI 0.22-0.49; p <0.0001) (Fig. 4) and higher 5-
year post-LT survival rates (70.0%; 95% CI 64.9-74.6).
Discussion
In this multinational cohort study of transplanted patients with
HCC, we compared the ability of two composite models, the AFP
score and Metroticket 2.0, to predict post-LT outcomes. Three
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Fig. 2. Cumulative recurrence according to the AFP model and the other two thresholds of Metroticket 2.0. The other two thresholds for the Metroticket 2.0
are shown here. (A) Sum up-to 5 plus AFP <400 ng/ml: Nelson-Aelen cumulative hazard estimates. Corresponding cumulative post-LT recurrence at 5 years for
patients meeting both model’s thresholds, for patients with AFP scores <−2 and exceeding Metroticket 2.0 (SHR 1.5; 95% CI 1.36-1.98; p = 0.004), for patients with
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Table 4. Recurrence risk categorization in patients with tumor reassessment before transplantation.

Variables Gaps and overlaps 5-year recurrence
(95% CI)

SHR (95% CI); p values

AFP score <−2 points, n = 1,203 (88.9%)
Metroticket 2.0 up-to 7 + AFP <200 ng/ml

Within, n (%) 1,101 (92.4) 10.9 (8.5-14.1) 0.21 (0.14-0.34); p <0.0001
Beyond, n (%) 91 (7.6) 35.2 (25.0-48.0)

AFP score >2 points, n = 166 (12.1%)
Metroticket 2.0 up-to 7 + AFP <200 ng/ml

Within, n (%) 20 (12.1) 6.2 (0.9-36.8) 0.17 (0.02-1.28); p = 0.08
Beyond, n (%) 146 (87.9) 36.0 (27.0-46.8)

AFP score <−2 points, n = 1,203 (88.9%)
Metroticket 2.0 up-to 5 + AFP <400 ng/ml

Within, n (%) 902 (75.7) 10.7 (8.0-14.2) 0.46 (0.31-0.70); p <0.0001
Beyond, n (%) 290 (24.3) 20.2 (14.9-27.1)

AFP score >2 points, n = 166 (12.1%)
Metroticket 2.0 up-to 5 + AFP <400 ng/ml

Within, n (%) 18 (10.9) 20.0 (4.9-62.6) 0.39 (0.1-1.58); p = 0.19
Beyond, n (%) 147 (89.1) 34.8 (26.0-45.6)

AFP score <−2 points, n = 1,203 (88.9%)
Metroticket 2.0 up-to 4 + AFP <1,000 ng/ml

Within, n (%) 644 (53.8) 9.9 (7.1-13.7) 0.66 (0.45-0.99); p = 0.05
Beyond, n (%) 553 (46.2) 17.0 (12.8-22.3)

AFP score >2 points, n = 166 (12.1%)
Metroticket 2.0 up-to 4 + AFP <1,000 ng/ml

Within, n (%) 0 (-) — —

Beyond, n (%) 166 (100) 34.1 (27.8-53.3) —

Level of significance, p value <0.05; Wald test.
Normal values: AFP 0.6-4.4 ng/ml.
AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; MVI, microvascular invasion; SHR, sub-hazard ratio.

Research article
major results can be drawn from this study. First, we confirmed
that both models performed better for the prediction of HCC
recurrence and survival than the Milan criteria. This finding sug-
gests that the selection of LT candidates with HCC could be opti-
mized by using composite models, as recently proposed by the
European Association for the Study of the Liver.2 Second, com-
positemodels performed similarly, in terms of intrinsic predictive
JHEP Reports 2023
values. Third, although the two models performed similarly, we
observed gaps and overlaps in risk stratification. Consequently,
using a clinical decision-approach combining each model’s
thresholds, we showed that patients meeting both models, espe-
cially at last reassessment, had the best post-LT outcomes.

Some technical issues should also be underlined when
designing prognostic models.21 Interestingly, the two models
6vol. 5 j 100644



0.00

0.20

0.40

0.60

0.80

C
um

ul
at

iv
e 

re
cu

rre
nc

e 
(%

)

0 2 4 6 8 10
Years after liver transplantation

Within models & within Milan Within models & beyond Milan
Beyond models & within Milan Beyond models & beyond Milan

Number at risk

0 2 4 6 8 10
Year after liver transplantation (%)

C
um

ul
at

iv
e 

su
rv

iv
al

 (%
)

A B

240 131 66 30 9 6Beyond models & beyond Milan
125 69 37 17 6 3Beyond models & within Milan
226 143 86 45 13 5Within models & beyond Milan

1,853 1,178 661 293 128 56Within models & within Milan

13.9% (CI 11.9-16.4)

19.4% (CI 13.6-27.2)

32.5% (CI 23.4-43.9)

45.6% (CI 37.5-54.5)

Nelson-Aalen cumulative hazard estimates

Log-rank test P<.0001

48.1% (CI 40.0-55.8)

51.7% (CI 40.5-61.8)

67.6% (CI 59.5-74.4)
67.3% (CI 64.6-70.0)

Log-rank test p <0.0001

240 159 74 36 12 6
125 73 43 17 6 3
226 154 89 47 14 6

1,853 1,225 689 309 133 58

0.00

0.25

0.50

0.75

1.00

Within models & within Milan Within models & beyond Milan
Beyond models & within Milan Beyond models & beyond Milan
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performed similarly to predict post-LT outcomes, although they
were not designed in the same way. The AFP score was devel-
oped to address HCC recurrence,4 whereas the Metroticket 2.0
was designed to capture HCC-specific survival.5 Second, the
Metroticket 2.0 included two continuous exposure variables,
sum of number and tumor diameter, and AFP serum values,
which in a mathematical model might lead to better predictive
power.11 Continuous data may lead to better discrimination
compared to dummy or categorical variables, in which each
stratum is “artificially” constructed and represents different risk
classification. Third, Metroticket 2.0 was developed and vali-
dated in an HBV population, whereas the most frequent etiol-
ogies in this cohort were HCV and alcohol-related liver disease.
Also, median AFP values, as well as median major nodule
diameter and total number of tumor were similar between
studies.11

However, in the end, we did not observe significantly better
reclassification, that is to say, no significant clinical impact,
regarding risk of HCC recurrence between these two composite
models. Although Metroticket 2.0 was superior in terms of
JHEP Reports 2023
sensitivity, it exhibited reduced specificity. Of note, both models
showed discriminative power, with c-statistics of around 0.70.
This underlines the need for further refinement of selection
models.21 Optimization of AFP thresholds and response to
bridging therapy should probably be considered,22 although we
did not observe significant improvements in discrimination
when this variable was included. Other models, such as the
MORAL model,23 the BALAD or GALAD score,24 may perform
adequately but have not been prospectively evaluated. Also,
continuous scoring models, including the HALT-HCC,25 showed
similar discriminative power as these composite models but we
could not directly compare them. While we wait for next-
generation predictive tools based on molecular signatures, the
available composite models offer a reasonable, reproducible, and
user-friendly alternative as we move beyond the Milan criteria.

Using the alternative “within-ALL” decision process in this
cohort, almost half of patients exceeding Milan could be included
on the waiting list, while 6% of those within Milan could be
excluded or granted better access to LT. Moreover, when
considering changes over the waitlist period (including the effect
of time and locoregional therapies), at last tumor evaluation
prior to transplantation, meeting or exceeding this clinical de-
cision point identified two populations at significantly different
risks of recurrence. This shows how the clinical transplant de-
cision should be reassessed over the waitlist period to further
determine the risk of recurrence. The “within-ALL” strategy was
proposed as clinical-decision-making algorithm, rather than a
new predictive model. It aims to combine both composite
model’s thresholds to select the best candidates for LT who may
be granted with MELD exception points, increasing their chances
of receiving a transplant. Based on this critical finding, rather
than opposing these two models, we propose considering both
composite criteria to select patients with the best phenotype of
HCC selection criteria. However, this depends not only on the
pool of deceased donors, but also on tumor behavior over the
waitlist period. This proposal will have to be confirmed by pro-
spective cohort studies.

This present study has limitations common to observational
studies, particularly on retrospective cohorts. First, cohorts from
different regions of the world were merged. However, data
7vol. 5 j 100644
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collection and outcome definitions were homogenous across co-
horts, quality controlled, and there was not a differential assess-
ment of the outcomes. Second, although we included cohorts in
which the AFP scorewas externally validated, only one-third of the
Latin American cohortwas included in the prior external validation
of the AFP score.7 Other limitations include the relatively small
numberof patientswithAFP scores >2 orexceeding theMetroticket
2.0 thresholds. We did not consider mRECIST or residual enhance-
ment of treated tumors in order to avoid misinterpretation of
necrotic or enhancing residual areas across centers. Unfortunately,
based on the retrospective nature of this research, the independent
effect of bridging therapies could not be completely analyzed.
Finally, tumor reassessment was available in 50% of the study
cohort, notably in patients transplanted before 2006, in part
because of a shortwaiting time.We initially focused on data at time
of listing because this time-point addresses the critical step in HCC
JHEP Reports 2023
candidate selection. It was therefore of major importance to reas-
sess thediscriminativepowerof themodels in the subsetofpatients
whohavewaited longenoughtoundergotumor reassessmentclose
to LT. In this last scenario, we again observed similar results.

In conclusion, in this multinational cohort study, both com-
posite models shared similar predictive performances and
showed better discrimination than the Milan criteria. However,
gaps and overlaps were observed between each model when
considering proposed thresholds, a limitation that can be coun-
teracted by testing both models to guide the clinical decision-
making process. Waiting for new biomarkers, we therefore
suggest a clinical-decision algorithm, the “within-ALL” selection
process; patients meeting both composite models achieve the
best outcomes, broadening the scope for further optimization of
candidate selection.
Abbreviations
AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; HR, hazard ratio;
LT, liver transplantation; NRI, net reclassification index; SHR, sub-hazard
ratio.
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