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ESA PAPER
A Novel Prognostic Index in Patients With Hepatocellular Cancer
Waiting for Liver Transplantation

Time–Radiological-response–Alpha-fetoprotein–INflammation (TRAIN) Score
Quirino Lai, MD, PhD,�y Daniele Nicolini, MD, PhD,z Milton Inostroza Nunez, MD,� Samuele Iesari, MD,�yz
Pierre Goffette, MD, PhD,� Andrea Agostini, MD,§ Andrea Giovagnoni, MD,§ Marco Vivarelli, MD,z

and Jan Lerut, MD, PhD, FACS�
Objective: A novel and easy prognostic score based on the combination of

pre-operatively available variables in patients with hepatocellular cancer

(HCC) waiting for liver transplantation (LT) has been developed from a long

waiting time (WT) training set and then validated in a short-WT set.

Summary of Background Data: The role of radiological response to loco-

regional therapies, alpha-fetoprotein modification, inflammatory markers,

and length of WT has been recently shown to be important selection criteria

for the risk of intention-to-treat (ITT)-death and recurrence.

Methods: The training set consisted of 179 HCC patients listed for LT during

the period January 2000 to December 2012 from the UCL Brussels Transplant

Centre; the validation set consisted of 110 patients listed during the period

January 2005 to December 2014 from the Ancona Liver Centre.

Results: The proposed Time–Radiological-response–Alpha-fetoprotein–

INflammation (TRAIN) score was the best predictor of microvascular inva-

sion. A TRAIN score �1.0 excellently stratified both the investigated

populations in terms of ITT and recurrence survivals. When compared with

Milan criteria, the proposed score allowed obtaining an increase of potentially

transplantable patients (þ8.9% in training set and 24.6% in validation set)

without additive recurrence risks.

Conclusions: The proposed TRAIN score is an easy selection tool based on

variables available before LT. This score enables the selection process to be

refined in the 2 different scenarios of long and short WT. In case of longer WT,

the score is better at predicting risk of death during the WT; in case of short

WT, the score is better at identifying risk of post-LT recurrence.

Keywords: alpha-fetoprotein slope, drop out, fast-track approach,

hepatocellular cancer, liver transplantation, mRECIST, neutrophil-to-

lymphocyte ratio, recurrence, waiting time

(Ann Surg 2016;xx:xxx–xxx)
From the �Starzl Unit of Abdominal Transplantation, University Hospitals Saint
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M ilan criteria (MC) remain the cornerstone in the selection
process of hepatocellular cancer (HCC) patients waiting for

liver transplantation (LT). Despite implementation in 1996, these
criteria still dominate the process of wait-list registration world-
wide.1 Many attempts to widen MC have been reported, none of them
being recognized as a valid substitute.2,3 This is explained by the fact
that most extended criteria are based on morphologic (number-
diameter) tumor characteristics. Recently, biological parameters
have been added, the most important being alpha-fetoprotein
(AFP) levels,4–6 radiological response to loco-regional treatments
(LRT),6,7 inflammatory markers,8 and length of waiting-time
(WT).9,10

This study aims to develop a prognostic score combining these
variables able to predict intention-to-treat (ITT)-survival and recur-
rence rates. This ‘‘Time–Radiological-response–Alpha-fetopro-
tein–INflammation’’ (TRAIN) score has been developed using
data of a training set (TS) with a long WT and an independent
validation set (VS) with a short WT.

METHODS

A retrospective analysis of prospectively collected data from 2
European centers was performed after approval by their local Ethics
Committees. One hundred seventy-nine HCC patients listed for LT
during the period January 2000 to December 2012 in the UCL-Brussels
center were analyzed to produce a TS of data. Their median follow-up
was 3.4 years [interquartile range (IQR)¼ 1.0 to 7.1]. We evaluated the
significance of the obtained TS results using an independent VS
consisting of 110 patients listed for LT during the period January
2005 to December 2014 in the Ancona center. Their median follow-up
was 2.3 years (IQR¼ 0.7 to 4.9). According to the median WTof the 2
centers, TS was defined as having a long WT, VS as having a short WT.
No specific WT cut-offs were used for this discrimination.

HCC diagnosis was made before LT according to proposed
international guidelines; a biopsy was performed only in case of
uncertain diagnosis.11,12

Both centers handled similar listing criteria: MC-IN patients
were immediately considered for wait-list registration; MC-OUT
patients first underwent downstaging. After downstaging, the
accepted upper limit of tumor burden for registration corresponded
to the University of California San Francisco criteria.

In both populations, all patients had at least 1 LRT before LT
or drop-out (DO). Multimodal LRT was done in 60 of 179 (33.5%)
TS patients and in 18 of 110 (16.4%) VS patients. Details on LRTs
are reported in Table 1.

Demographic data, radiological and pathological tumor
characteristics, clinical course, and blood tests, including albumin,
C-reactive protein (CRP), AFP, neutrophil-to-lymphocyte ratio
(NLR), and platelet-to-lymphocyte ratio (PLR) were collected.
www.annalsofsurgery.com | 1
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TABLE 1. Demographic and Clinical Characteristics (Training Set, n ¼ 179 and Validation Set, n ¼ 110)

Training Set (n ¼ 179) Validation Set (n ¼ 110)

Variables Median (IQR) or Number (%) P

Demographics
Recipient age at WT registration, yrs 59.4 (54.7–63.6) 56.0 (50.7–62.2) 0.006
Recipient gender (M/F) 38/179 (21.2/78.8) 12/98 (10.9/89.1) 0.03
WT, mo 5.1 (2.0–10.0) 2.7 (1.2–5.0) <0.001
�120 d 75 (41.9) 80 (72.7) <0.001

HCV positivity 69 (38.5) 67 (60.9) <0.001
HBV positivity 27 (15.1) 25 (22.7) 0.12
Lab MELD 10 (7–13) 12 (9–16) 0.005
Child-Turcotte-Pugh C status 33 (18.4) 22 (20.0) 0.73
AFP variables
AFP at diagnosis, ng/mL 10.2 (4.5–43.6) 11.0 (4.9–52.8) 0.55
�1000 ng/mL 2 (1.1) 5 (4.5) 0.11

AFP at LT or DO, ng/mL 8.6 (4.0–58.2) 11.5 (4.4–63.5) 0.38
�1000 ng/mL 8 (4.5) 9 (8.2) 0.21

AFP-slope, ng/mL/mo 0.0 (–3.6 to 2.1) 0.0 (–0.6–0.4) 0.68
�15 ng/mL/mo 29 (16.2) 16 (14.5) 0.74

Inflammatory markers variables
C-reactive protein (mg/dL) at LT or DO 0.7 (0.3–1.9) 0.7 (0.3–2.1) 0.78
�10.0 mg/dL 9 (5.0) 3 (2.7) 0.55

Albumin (g/dL) at LT or DO 3.3 (2.8–3.8) 3.5 (3.0–3.9) 0.03
<3.5 g/dL 103 (57.5) 54 (49.1) 0.18

NLR at LT or DO 3.4 (1.9–5.7) 2.9 (2.0–4.2) 0.31
�5.0 53 (29.6) 21 (19.1) 0.05

PLR at LT or DO 93.3 (64.3–139.8) 69.6 (51.9–94.1) <0.001
�150.0 38 (21.2) 10 (9.1) 0.009

Radiological features of the tumor
Diameter largest lesion (cm) at diagnosis 2.0 (2.5–3.9) 2.8 (2.0–3.8) 0.28
Number of lesions at diagnosis 1 (1–2) 1 (1–2) 0.16
MC-OUT status at diagnosis 43 (24.0) 40 (36.4) 0.03
Diameter largest lesion (cm) at LT or DO 1.0 (0.0–2.0) 1.6 (0.0–2.7) 0.02
Number of lesions at LT or DO 1 (0–1) 1 (0–2) 0.007
MC-OUT status at LT or DO 16 (8.9) 19 (17.3) 0.04
mRECIST

CR 79 (44.1) 35 (31.8) 0.05
PR 36 (20.1) 34 (30.9) 0.05
SD 27 (15.1) 15 (13.6) 0.86
PD 37 (20.7) 26 (23.6) 0.56

LRT
LRT number of sessions 3 (2–4) 2 (1–2) <0.001
Multimodal LRT 60 (33.5) 18 (16.4) 0.002
TACE 148 (82.7) 98 (89.1) 0.17
RFA 23 (12.8) 13 (11.8) 0.86
PEI 61 (34.1) 6 (5.5) <0.001
Hepatic resection 12 (6.7) 17 (15.5) 0.03
Drop out
DO patients 34 (19.0) 15 (13.6) 0.26

HCC-related DO 17 (9.5) 10 (9.1) 0.99
Death during WT 12 (6.7) 7 (6.4) 0.99

Pathological features of the tumor�

Diameter largest lesion (cm) at pathology 1.0 (0.0–2.0) 3.0 (2.0–4.0) <0.001
Number of lesions at pathology 1 (0–2) 2 (1–2) 0.03
MC-OUT status at pathology 30 (20.7) 34 (35.8) 0.11
Necrosis

100% 44 (30.3) 16 (16.8) 0.05
99–31% 74 (51.0) 48 (50.5) 0.70
30% 27 (18.6) 31 (32.6) 0.01

Poor grading 18 (12.4) 14 (14.7) 0.85
Multifocal tumor 53 (36.6) 53 (55.8) 0.10
Bi-lobar tumor 34 (23.4) 1 (1.1) <0.001
Micro-vascular invasion 24 (16.6) 11 (11.6) 0.14
Macro-vascular invasion 1 (0.7) 1 (1.1) 0.99
Recurrence 12 (8.3) 12 (12.6) 0.52

F indicates female; HBV, hepatitis B virus; HCC, hepatocellular cancer; HCV, hepatitis C virus; MELD, model for end-stage liver disease; PEI, percutaneous ethanol injection;
RFA, radio-frequency ablation.

�Medians (IQR) and % calculated on 145 and 95 LT patients in training and validation set, respectively.
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Response to LRT was determined according to the modified
Response Evaluation Criteria in Solid Tumors (mRECIST): com-
plete response (CR), partial response (PR), stable disease (SD), and
progressive disease (PD) were defined accordingly.13

The AFP cut-off value of 1000 ng/mL was chosen in accord-
ance with previously published literature.4 AFP slope was calculated
according to the formula:

[(final-AFP)-(initial-AFP)]/time lapse between the two
measurments

Initial AFP corresponded to the first available measurement at
moment of diagnosis; the last one corresponded to the measurement
closest to LT or DO. The AFP-slope cut-off value of 15.0 ng/mL/
month was chosen as previously proposed.5

Last available values of inflammatory markers immediately
before LT or DO were used: NLR and PLR were calculated by
dividing absolute neutrophil and platelet counts by absolute lympho-
cyte count. Cut-offs of 5.0 and 150.0 were considered as previously
described.8 Similarly, CRP and albumin cut-offs were set at 10.0 mg/
mL and 3.5 g/dL.14

Statistical Analysis
Continuous variables were reported as medians and IQR:

Mann-Whitney U test was used for comparisons between
groups. Dummy variables were reported as numbers and percen-
tages: comparisons were done using Fisher exact text. In the TS,
11 pre-operatively available variables able to predict the risk of
ITT-death were analyzed using a multivariate Cox proportional
hazard model (stepwise backward conditional procedure).
Hazard ratio (HR) and 95% confidence intervals (CIs) were
reported for significant variables. A prognostic score was
developed on the basis of variables with a P value >0.1 in the
Cox regression analysis. The best cut-off to use for the TRAIN score
was established according to the best obtained diagnostic odds ratio
(DOR) for the risk of ITT-death. DOR was calculated according to
the formula:

ðsensitivity�specificityÞ=½ð1� sensitivityÞ�ð1-specificityÞ�

A receiver operator curve (ROC) analysis was performed with
the intent to evaluate the prognostic ability of different variables in the
diagnosis of microvascular invasion (mvi). Area under the curve
(AUC) and 95% CI were reported. ITT-survival and recurrence
rate were carried out using Kaplan-Meier statistics and Log-rank test.
In the ITT-survival analysis, both dropped-out and transplanted
patients were censored according to their date of death. When analyz-
ing tumor recurrence, transplanted patients only were considered.
Variables with a P value <0.05 were considered statistically signifi-
cant. SPSS statistical package version 23.0 was used (SPSS Inc.,
Chicago, IL).
TABLE 2. Multivariable Cox Regression Analysis for the Risk
(Backward Conditional Method)

Variables HR

mRECIST PD (Y/N) 2.7
AFP slope �15.0 ng/mL/mo (Y/N) 2.3
NLR �5.0 at LT or DO (Y/N) 1.6
WT mo (per month) 1.0

-2Log likelihood: 625.3.
Variables initially analyzed in the model and then excluded: year of LT (per year), recipie

LRT number of procedures (per number), PLR �150 at LT or DO (Y/N), MC-OUT status

� 2016 Wolters Kluwer Health, Inc. All rights reserved.
RESULTS

Several differences were observed between TS and VS, with longer
WT (5.1 vs 2.7 months; P< 0.001) and a higher median number of LRT
(3 vs 2; P < 0.001) in the TS, and more MC-OUT patients at first
radiological assessment in the VS (36.4 vs 24.0%; P ¼ 0.03). Post-
LRT radiological success rate was similar (mRECIST-CRþPR:
64.2% vs 62.7%). TS had more DOs (19.0% vs 13.6%; P ¼ 0.26)
and VS more post-LT recurrences (12.6% vs 8.3%; P ¼ 0.52).

At pathological examination, TS had higher mvi (16.6% vs
11.6%; P ¼ 0.14) and complete tumor necrosis rates (30.3% vs
16.8%; P ¼ 0.05), while VS had more pathological MC-OUT
patients (35.8% vs 20.7%; P ¼ 0.11).

TS had a higher number of patients exceeding the cut-offs of
AFP slope �15.0 ng/mL/month (16.2% vs 14.5%; P ¼ 0.74), NLR
�5.0 (29.6% vs 19.1%; P¼ 0.05), and PLR�150.0 (21.2% vs 9.1%; P
¼ 0.009), while median final AFP values were higher in VS (Table 1).

Risk Factors for ITT-death
Eleven established pre-operative risk factors for ITT-death

were evaluated in TS using Cox regression analysis: mRECIST-PD
(HR ¼ 2.7; P < 0.001) and AFP slope �15.0 ng/mL/month (HR ¼
2.3; P ¼ 0.003) were the unique independent risk factors. NLR �5.0
at LT or DO (HR ¼ 1.6; P ¼ 0.08) and WT (HR ¼ 1.0; P ¼ 0.08)
almost reached statistical significance (Table 2).

On the basis of these results, a score was developed according
to the following equation:

0:988 ðif mRECIST-PDÞ þ 0:838 ðif AFP slope� 15:0 ng=mL=monthÞ
þ0:452 ðif NLR� 5:0Þ � 0:03 �WTð�monthÞ

The proposed TRAIN score was evaluated at ROC analysis; a
cut-off of 1.0, corresponding to the 85th percentile, was defined. This
value presented a poor sensitivity (26.1%) but an excellent specificity
(91.8%), and a DOR value of 4.0, being the best one among the tested
cut-offs.

Prediction of Mvi, ITT-death, and Post-LT
Recurrence

Comparing to other scores (MC-status, AFP slope �15.0 ng/
mL, mRECIST-PD), TRAIN score best predicted in both sets mvi, a
well-known risk factor for post-LT recurrence: AUC was 68.2 (P ¼
0.005) in TS and 76.6 (P ¼ 0.004) in VS.

When investigating ITT-death, TRAIN score performed very
well in TS (AUC ¼ 71.9; P < 0.001), being markedly superior to
MC-status (AUC ¼ 49.3; P ¼ 0.88). TRAIN score and all the other
tested variables however failed to be statistically significant as
diagnostic tools of ITT-death in VS. When post-LT recurrence
was investigated, none of the tested variables was significant in both
scenarios (Table 3).
of Intention-to-treat Death in the Training Set Population

95% CI P

1.6–4.5 <0.001
1.3–4.0 0.003
1.0–2.6 0.08
0.9–1.0 0.08

nt age at WT registration (per year), recipient male gender (Y/N), HCV positivity (Y/N),
(Y/N).

www.annalsofsurgery.com | 3
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TABLE 3. Prognostic Ability of Different Variables to Predict ITT-death (Entire Population: Training Set, n ¼ 179 and Validation
Set, n ¼ 110), Microvascular Invasion and Post-LT Recurrence (Only LT Patients: Training Set, n ¼ 145 and Validation Set,
n ¼ 95)

AUROC 95% CI P AUROC 95% CI P

Variables Training Set (n ¼ 179) Validation Set (n ¼ 110)

ITT-death
TRAIN score 71.9 64.1–79.7 <0.001 53.9 42.1–65.7 0.51
mRECIST PD 63.8 55.2–72.5 0.002 52.6 41.0–64.1 0.66
MC-OUT status 49.3 40.6–58.0 0.88 49.1 37.6–60.5 0.87
AFP slope �15.0 ng/mL 60.4 51.6–69.2 0.02 53.3 41.7–64.9 0.57

Training set (n ¼ 145) Validation set (n ¼ 95)
Microvascular invasion

TRAIN score 68.2 59.9–75.8 0.005 76.6 65.2–88.0 0.004
mRECIST PD 65.3 56.9–73.1 0.02 72.2 54.9–89.6 0.02
MC-OUT status 55.4 46.8–63.8 0.8 60.6 41.5–79.7 0.3
AFP slope �15.0 ng/mL 54.1 45.5–62.5 0.5 57.1 38.0–76.1 0.4

Post-LT recurrence
TRAIN score 58.2 37.2–79.1 0.35 58.8 36.9–80.6 0.32
mRECIST PD 65.2 46.9–83.5 0.08 64.8 47.0–82.6 0.10
MC-OUT status 50.1 33.0–67.2 0.99 62.3 45.2–79.4 0.16
AFP slope �15.0 ng/mL 58.4 40.0–76.8 0.34 65.2 46.7–83.7 0.09

Lai et al Annals of Surgery � Volume XX, Number X, Month 2016
ITT-survival and Recurrence Rate
ITT-survival rates were extremely poor in TRAIN score �1.0

in both sets. Twenty-seven TS and 13 VS patients exceeding this cut-
off had 5-year survivals of 23.5% (median value ¼ 12.0, 95% CI ¼
9.6–14.4) and 20.7% (median value ¼ 53.7, 95% CI ¼ 0.0–141.2).

In TS, TRAIN score allowed to discriminate patients in
relation to 5-year recurrence rate (30.0% vs 8.9% in patients with
a score � or <1.0; log-rank ¼ 0.1). All VS patients exceeding the
cut-off recurred within 3 years (5-year recurrence rates: 100.0% vs
13.8% in patients with a score� or<1.0, log-rank< 0.001) (Table 4,
Fig. 1A).

In TS, 5-year ITT-survival rates were 67.5% and 61.1%, when
meeting TRAIN score and MC-status; when exceeding them, sur-
vival rates were 23.5% and 62.6%, respectively. Similarly, 5-year
recurrence rates were 8.9% and 10.4% in patients meeting TRAIN
and MC-status; when exceeding the scores, recurrence rates were
30.0% and 10.4%, respectively.

In VS, 5-year ITT-survival rates were 66.7% and 61.5% in
patients meeting TRAIN score and MC-status; when exceeding
them, survival rates were 20.7% and 63.4%, respectively. Similarly,
5-year recurrence rates were 13.8% and 9.9% in patients meeting
TRAIN score and MC-status; when exceeding the scores, recurrence
rates were 100.0% and 34.1%, respectively.

These findings indicate that, when compared with the ‘‘gold-
standard MC’’, TRAIN score allowed, in both sets, to obtain higher
survivals without increasing recurrence risk.

As the number of patients meeting the TRAIN score encom-
passed the number of MC-IN patients, these results indicate that the
number of transplantable patients can be substantially raised (þ8.9%
in TS and 24.6% in VS) without raising the recurrence risk (Fig. 2).

ITT-survival and Recurrence rate in the Subgroups
of Initially MC-IN and MC-OUT Patients

When considering initially MC-IN patients only, TRAIN
score allowed to discriminate both sets in terms of ITT-survival
and recurrence rate. When considering TS, TRAIN score well
discriminated initially MC-IN patients, with a more than 4-fold
increased risk of 5-year recurrence in patients with a score �1.0
(35.7% vs 8.4%; log-rank¼ 0.04). In VS, half of the patients having a
4 | www.annalsofsurgery.com
TRAIN score �1.0 recurred, no patient surviving more than 21
months after LT (Table 4, Fig. 1B).

When considering initially MC-OUT patients only, TRAIN
score �1.0 well selected TS patients in terms of 5-year ITT-survival
(69.9% vs 21.4%; P¼ 0.009); no conclusions could be made in terms
of recurrence due to the small sample size. In VS, a good stratifi-
cation was possible in relation to 5-year recurrence rate (26.7% vs
100%: P ¼ 0.008). Although better ITT-survivals were observed in
patients meeting the TRAIN score, no statistical significance was
observed in the specific subanalysis of MC-OUT patients (70.0% vs
41.7%; P ¼ 0.28) (Table 4, Fig. 1C).

DISCUSSION

In HCC patients, WTand post-LT course may be considered as
a ‘‘continuum,’’ in which HCC-related DO and post-LT recurrence
represent different consequences of a higher tumor aggressiveness.
Despite refined allocation strategies, up to one-fifth of patients still
experience an unfavorable tumor-related course following waiting-
list registration. Differences observed across centers in terms of DO
or recurrence may relate to different WT lengths. In ‘‘long-WT
centers,’’ tumor selection more commonly takes place during the
wait-list period (>DO), leading to a lower number of post-LT
recurrences. Conversely, ‘‘short-WT centers’’ report less DO but
more post-LT recurrences. This is demonstrated at its best in the
living-donor LT scenario, in which there is theoretically no WT.15 A
UNOS survey, including 5002 HCC recipients, revealed higher post-
LT 1-year recurrences in case of short-WT (�120 days) (3.9% vs
2.2%, P ¼ 0.002); long WT reduced recurrence risk by 40%.9

Another US study, including 6160 HCC listed patients, showed a
higher incidence of death on the waiting list (8.4% vs 1.6%, P <
0.001) but a better ITT recurrence-free survival (P < 0.001) in
patients belonging to long WT regions.10

All these observations are in line with our findings: the long
WT TS had more DO but less recurrences, the short WT VS revealed
the contrary. In the TRAIN score, WTwas a protective parameter; the
longer the WT, the less the risk of ITT-death.

NLR, another TRAIN score component, has been reported to
be a predictor of death and recurrence in HCC patients.10,16 The
importance of NLR may be linked to the tumor burden. A UK study
� 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 4. ITT-Survival and Post-LT Recurrence Rate According to the Proposed TRAIN Score Cut-Off � or >1.0 in the Entire
Population and in the Subgroups of Initially MC-IN and MC-OUT Patients

Variables

1 yr 3 yrs 5 yrs 1 yr 3 yrs 5 yrsEntire Population

ITT-survival
Training set Validation set

TRAIN score TRAIN score
�1.0 (n ¼ 152) 83.5 73.0 67.5 �1.0 (n ¼ 97) 83.3 73.9 66.7
>1.0 (n ¼ 27) 45.2 23.5 23.5 >1.0 (n ¼ 13) 62.2 62.2 20.7

Log-rank P < 0.001 Log-rank P ¼ 0.01
Post-LT recurrence�

Training set Validation set
TRAIN score TRAIN score
�1.0 (n ¼ 133) 3.5 7.7 8.9 �1.0 (n ¼ 88) 2.8 11.3 13.8
>1.0 (n ¼ 12) 12.5 30.0 30.0 >1.0 (n ¼ 7) 0.0 100.0 100.0

Log-rank P ¼ 0.1 Log-rank P < 0.001
Initially MC-IN patients
ITT-survival

Training set Validation set
TRAIN score TRAIN score
�1.0 (n ¼ 116) 82.7 70.6 66.8 �1.0 (n ¼ 64) 84.3 76.2 66.0
>1.0 (n ¼ 20) 52.9 31.8 23.8 >1.0 (n ¼ 6) 50.0 50.0 0.0

Log-rank P ¼ 0.001 Log-rank P ¼ 0.011
Post-LT recurrence�

Training set Validation set
TRAIN score TRAIN score
�1.0 (n ¼ 99) 1.1 6.7 8.4 �1.0 (n ¼ 60) 1.9 6.9 6.9
>1.0 (n ¼ 10) 14.3 35.7 35.7 >1.0 (n ¼ 4) 0.0 50.0y —

Log-rank P ¼ 0.041 Log-rank P ¼ 0.012
Initially MC-OUT patients

Training set Validation set
TRAIN score TRAIN score
�1.0 (n ¼ 36) 86.0 80.0 69.9 �1.0 (n ¼ 33) 81.5 70.0 70.0
>1.0 (n ¼ 7) 21.4 21.4 21.4 >1.0 (n ¼ 7) 83.3 83.3 41.7

Log-rank P ¼ 0.009 Log-rank P ¼ 0.28
Post-LT recurrence�

Training set Validation set
TRAIN score TRAIN score
�1.0 (n ¼ 34) 10.9 10.9 10.9 �1.0 (n ¼ 33) 4.5 19.4 26.7
>1.0 (n ¼ 2) 0.0 0.0 0.0 >1.0 (n ¼ 7) 50.0 100.0z —

Log-rank P ¼ 0.70 Log-rank P ¼ 0.008

�Post-LT recurrence analysis was performed only in transplanted patients.
yAll the patients censored within 21 months after LT with a 50.0% of recurrence rate.
zAll the patients censored within 26 months after LT with a 100.0% of recurrence rate.
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looking only at MC-IN patients infirmed its prognostic value.17

However, it has been shown that the impact of NLR increases with
the growing percentage of initially MC-OUT patients.18 In the
present study, the initial radiological MC-OUT cases were 24% to
36%, explaining the inclusion of NLR in the equation.

In our study, the strongest predictor of ITT-death was, as
already shown in previous reports, mRECIST-PD.6,7,19–21 The Mainz
group reported that any post transarterial chemo-embolization (T-
ACE) progression overruled MC-status as a predictor for recurrence
risk, with an AUC ¼ 86.7 A recent multicenter European study
combining radiological and AFP progression corroborated these
observations in both MC-IN and MC-OUT scenarios.6 Similarly,
the San Francisco group showed that effective downstaging allowed
to obtain similar survivals independently from the initial MC-status,
while LRT failure was associated with a higher number of DOs.20

This group was also able to identify a subgroup of patients with a low
risk of DO (<2% at 2 yrs) based on their post-LRT radiological and
biological response.21
� 2016 Wolters Kluwer Health, Inc. All rights reserved.
AFP increase during the WT was another significant risk
factor for ITT-death in our study, confirming recent findings looking
at raising AFP values.22 Multicenter studies from France and US
showed that a pre-LT ‘‘static’’ AFP value >1000 ng/mL strongly
correlated with recurrence risk in MC-IN patients.4,23 Studies inves-
tigating ‘‘dynamic’’ AFP modifications also showed an excellent
ability to predict ITT-death and recurrence.5,6,24 Recently, scores
integrating AFP have been developed with the intent to predict the
risk of DO.25,26

The combination of these 4 variables, making up the TRAIN
score, has been tested in the different scenarios of ‘‘short-’’ and
‘‘long-WT.’’ The TRAIN score revealed to best predict mvi, an
established risk factor for post-LT recurrence, in both scenarios.27,28

ITT-survival was poor in both TS and VS patients exceeding TRAIN
score �1.0, thereby confirming the efficacy of the model in predict-
ing death during the entire period starting from first waiting-list
registration. Also of note is that in the ‘‘long-WT’’ scenario, TRAIN
score was partially able to discriminate patients in terms of
www.annalsofsurgery.com | 5
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FIGURE 1. (A) Kaplan-Meier survival curves: ITT-survival and post-LT recurrence rate according to the proposed TRAIN score. (B)
Kaplan-Meier survival curves: ITT-survival and post-LT recurrence rate according to the proposed TRAIN score in the subgroup of
initially MC-IN patients. (C) Kaplan-Meier survival curves: ITT-survival and post-LT recurrence rate according to the proposed TRAIN
score in the subgroup of initially MC-OUT patients.

FIGURE 2. Comparison between TRAIN
and MC scores in terms of ITT-survivals,
recurrence rates, and number of poten-
tially transplantable patients.
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recurrence rates. This could be explained by the fact that the patients
were highly selected before LT by the ‘‘time-factor,’’ so that finally
all transplanted patients were effectively at low risk for recurrence.
However, when looking at MC-IN patients only, TRAIN score
allowed to discriminate for recurrence risk also in the ‘‘long-WT’’
group. This can be due to the fact that a small but non-negligible
group of MC-IN patients are at a high risk for post-LT recurrence.
Indeed, although MC-IN patients are commonly considered as a
homogeneous ‘‘low-risk’’ group, it has been recently shown that this
is not fully true, showing that biologic markers are able to predict
worse outcomes even in the favorable MC-IN setting.6,21

Several criticisms can be addressed to this study. First, TRAIN
score variables are not available when entering the ITT analysis
because at least 1 LRT is required before doing so. It should be
reminded that such practice corresponds to the typical ‘‘todays’’
management of, even MC-IN, HCC patients waiting for LT (‘‘bridg-
ing’’ approach). On the basis of our results, we propose to consider
patients with TRAIN score �1.0 as at ‘‘high-risk’’ for DO and
recurrence, therefore managing them similarly to MC-OUT patients
by applying more frequent pre-LT LRT and respecting a ‘‘manda-
tory’’ pre-LT minimal WT.29

Second, TRAIN score did not entirely give satisfactory AUCs
in relation to diagnosis of mvi and incidence of post-LT recurrence.
This can be explained by the fact that the score does not fully capture
the complex reality of HCC patients waiting for LT: however, this
fact is even more true for other scores such as MC. It is likely that the
few number of events and small sample sizes reported in some
subanalyses explain some ‘‘unsatisfactory’’ results.

Third, the presence of a ‘‘time-dependent’’ variable in the
TRAIN score, namely the length of WT, might represent a problem in
the specific subcohort of HCC patients presenting advanced liver
disease (Child-Turcotte-Pugh-C, MELD >15). In fact, the first
objective of TRAIN score, namely selecting ‘‘high-risk’’ HCC
population in order to avoid organ ‘‘wasting’’ (concept of ‘‘utility’’),
is overruled by the concept of ‘‘transplant benefit’’ (‘‘the sickest
first’’) in case of advanced liver disease. So, the advantage of longer
WT, aiming at achieving lower recurrence rates, is counteracted by
the higher risk of tumor-unrelated DO. Consequently, in such (for-
tunately uncommon) condition, a balancing between these 2 con-
cepts should be considered for minimizing the risk to remove too
many patients from LT opportunity.

Fourth, this study includes relatively small patient cohorts
belonging to 2 geographical distant centers adhering also to some,
albeit small, clinical management differences. Apart from a very
limited number of (heterogeneous) multicenter studies,3,4,6 almost all
studies reported in this field include smaller numbers. Moreover, a
major benefit of our study was the confirmation of a mathematical
model in a VS. We feel that the differences between the studied
groups rather represent a benefit, allowing to test and validate a score
in 2 very different scenarios.

Finally, it is important to emphasize that the arbitrary decision
to select the TRAIN score cut-off at 1.0 resulted from the intention to
obtain a high specificity of the test (avoiding thereby false positives).
Despite the fact that such decision hampers the possibility of
completely eliminating the risk of post-LT HCC recurrence, we feel
that the main objective of a good selection tool in the ‘‘oncological
transplant scenario’’ should be to look simultaneously at minimizing
both risks of recurrence and exclusion from potentially curative
treatments. For this reason, a ‘‘high’’ cut-off value representing
the 85th percentile of the TS population was chosen. Such strategy
has been already been adopted by other authors focusing on the
detection of cut-off values for selective scores of HCC patients
waiting for LT.4,23
� 2016 Wolters Kluwer Health, Inc. All rights reserved.
CONCLUSIONS

The proposed TRAIN score combining radiological pro-
gression, increase of AFP and inflammatory marker NLR, and short
WT is a promising tool allowing to predict, on an ITT base, the risks
of death and post-LT recurrence both in long- and short WT
scenarios. The availability of all components of this score in all
HCC transplant candidates will allow its implementation and vali-
dation in daily clinical practice.
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DISCUSSANTS

J. Dong (China):
It is an honor for me to review and comment on this work. Dr.

Lai, Prof Lerut, and colleagues from Belgium and Italy described a
prognostic score in patients with HCC waiting for liver transplan-
tation, namely the ‘‘TRAIN’’ score, which combined the predictive
power of radiological response (mRECIST), AFP level/slope, index
of inflammatory markers (NLR), and waiting time. It deals with the
clinically relevant issue of patient selection for liver transplantation
and tries to identify a more appropriate selection than the current
orientation to the Milan criteria. With a training set of 179 patients
and a validation set of 110, the authors proved that the score can
predict the risk of ITT-death during the waiting time (WT) in case of
long WT and the post-LT recurrence in case of short WT.

The ‘‘TRAIN’’ score has a potential to serve as a new criterion
of selection and prognosis of transplant candidates. The Milan
criteria and current expanded practice such as the UCSF and
‘‘Up-to-seven’’ criteria are mainly based on the solid tumor burden
(size and number). Tumor biological behaviors remain an ‘‘over-
looked’’ major issue. The TRAIN score could fill this important gap
by including the mRECIST, AFP, and NLR.

I have some questions. As some colleagues may notice that the
patient numbers in both training and validation sets are limited, and
the 2 cohorts were selected from 2 centers, 1 in Belgium and the other
in Italy. Patient heterogeneity in the 2 centers may undermine this
score and rather represent a benefit, allowing to test and validate a
score in different scenarios. The authors may want to add some
explanation to this.

And, the percentages of hepatic resection are different in the
training and validation sets (6.7% vs 15.5%), is that statistically
significant? Will this have some effect on the eventual results?

Again, congratulations to Dr Lai, Prof Lerut, and colleagues
for this work.
8 | www.annalsofsurgery.com
Response From J. Lerut (Brussels, Belgium):

We agree with you with your comments. We feel however that
using 2 different populations absolutely represents an advantage. In
fact, the maximum mathematical benefit in testing a training set with
a validation set is observed when the 2 populations are very different.

In relation to resection, no specific analysis has been done due
to the smallness of the samples. In the validation group, there were
statistically more partial resections than in the training group.
However, we did not give too much attention to this difference
because as you have seen, the most powerful variable in the TRAIN
score is the mRECIST criteria. In the mRECIST criteria, if you have
a recurrence after resection, it is considered an aggressive tumor. So
in fact, resection is included in the most powerful variable of the
TRAIN score.

P.-A. Clavien (Switzerland):
Congratulations for this innovative and relevant study. I have 3

short questions. First, it seems—if I am correct—that you are mixing
in your study, patients who underwent liver transplant with others
who did not. So, I am confused about which endpoints we are looking
at? My second question is about the comparisons of your TRAIN
score with other scores, and not only the Milan criteria. The TRAIN
score is based on combination of previous scores. Therefore, we
would like to know whether your new score improves the predictive
value of the individual previously described scores that are aggre-
gated in the TRAIN score. For example, is your score better than the
popular AFP level/slope. As a follow-up of this question, how should
we apply the TRAIN score? Should it replace the Milan criteria?
What will you do in your own center with this new predictive tool?

Response From J. Lerut (Brussels, Belgium):
This is an intention-to-treat analysis. Our end-points were to

select a score able to predict drop-out and recurrence. When a patient
is initially considered for liver transplantation, he is treated with a
loco-regional approach; then, we start to consider what happens.

In relation to other scores, you can imagine we looked for this
because we are very interested by what has been done in the Paul
Brousse Centre in relation to the AFP level and slope. Compared with
all different scores, the TRAIN score came always out as the best one.

Third, the question on how to apply the TRAIN score; I think
the message of the paper is not to use it with the intent to exclude
patients from liver transplantation, but to select patients who should
be considered at high risk for recurrence, therefore potentially
requiring more aggressive loco-regional treatment before transplan-
tation. Unfortunately, mostly hepatologists, gastroenterologists, and
oncologists do, after the loco-regional treatment, a magnetic nuclear
resonance or CT scan. If the tumor does not enhance, it is many times
stated that the tumor has been ‘‘zeroed.’’ However, we know from the
pathology reports of the total hepatectomy specimen that almost
always 5% to 10% of vital tissue remains observed in the local area of
treatment. This means that these patients should have a more
aggressive treatment before the transplantation, especially when
fitting within the TRAIN score. So, the TRAIN score can be useful
in stratifying the patients.

C. Bruns (Germany):
The developed score was designed for patients outside

MILAN. So, could you define more detailed whether they were
outside MILAN but inside up-to-7?

Response From J. Lerut (Brussels, Belgium):

We are no longer interested in Milan criteria. Milan criteria
were proposed in 1996; today, we are in 2016. We should not
� 2016 Wolters Kluwer Health, Inc. All rights reserved.
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consider anymore morphology only as a possible inclusion limit for
liver transplantation. The best proof of this comes from the South-
east Asia countries such as Korea, Japan, and Taiwan, where
thousands of living donor liver transplantations were performed in
patients with advanced HCC. Milan criteria are only morphology-
based ones; we must from now onwards combine tumor morphology
and biology. Of course if you have a Milan-OUT patient with
5000 ng/mL of AFP and the loco-regional treatment does not down-
stage the tumor, such patient should not be transplanted.

R. Adam (France):
In France, we do not use anymore the Milan criteria as you

know, and use a model integrating the number, the size, and the AFP.
� 2016 Wolters Kluwer Health, Inc. All rights reserved.
This has been published in Gastroenterology recently. Have you been
able to correlate TRAIN-risk score to that of the French multicenter
study in a way to see if it brings something additional?

Response From J. Lerut (Brussels, Belgium):

What you say confirms what we presented. We should come
off the morphological criteria, but unfortunately all the organ allo-
cation organisms still work only with the Milan criteria. We did not
test our TRAIN score in comparison with the French score, but we
are confident its validity is at least similar because the 2 ‘‘French’’
parameters are included in the TRAIN score. Compared with Milan
Criteria, and simulations in both the scenarios of MC-OUT and MC-
IN status, the TRAIN score proved to have a better predictive power.
www.annalsofsurgery.com | 9
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