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Validation of the AFP model as a predictor of HCC recurrence
in patients with viral hepatitis-related cirrhosis who had received

a liver transplant for HCC
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Background & Aims: The AFP model was shown to be superior to
the Milan criteria for predicting hepatocellular carcinoma (HCC)

improved prediction of non-recurrence compared to Milan crite-
ria. Overall five-year survival rates according to AFP score 62 or
recurrence after liver transplantation in a French population.
Our aim was to test the AFP model in a non-French, post-
hepatitic cirrhosis-based population of HCC candidates.
Methods: 574 patients transplanted for HCC in four Italian cen-
ters were studied. AFP score was assessed at the last evaluation
before liver transplantation (LT). Probabilities of recurrence and
survival were estimated by the log-rank test or competing risk
analysis and compared according to the AFP model.
Results: 24.7% patients were beyond Milan criteria. HCC compli-
cated hepatitis C virus (HCV) and hepatitis B virus (HBV) cirrhosis
in 58.7% and 24% of the cases, respectively. Five-year probabilities
of recurrence differed according to AFP score 62 vs. >2 in the
whole population (13.2 ± 1.8% vs. 49.8 ± 8.7%, p <0.001,
HR = 4.98), in patients within Milan criteria (12.8 ± 2.0% vs.
32.4 ± 12.1%, p = 0.009, HR = 3.51), beyond Milan criteria
(14.9 ± 4.2% vs. 58.9 ± 11.5%, p <0.001, HR = 4.26), HCV patients
(14.9 ± 2.5% vs. 67.6 ± 14.7%, p <0.001, HR = 6.56) and HBV
patients (11.6 ± 3.4% vs. 34.3 ± 12.5%, p = 0.012, HR = 3.49). By
net reclassification improvement analysis AFP score significantly
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>2 were 71.7 ± 2.2% vs. 42.2 ± 8.3% (p <0.001, HR = 2.14).
Conclusions: The AFP model identifies HCC candidates at low
risk of recurrence, otherwise excluded by Milan criteria in a
population with a predominance of post-hepatitic-related HCC.
The AFP score can be proposed for selection of HCC candidates
in programs with a high proportion of viral/HCV-related
cirrhosis.
Lay summary: Selection criteria for liver transplantation of
patients affected with hepatocellular carcinoma (HCC) are based
on the Milan criteria, which have been shown to be too restric-
tive, precluding access to liver transplantation for some patients
who might be cured by this operation. Recently, a French group of
researchers developed a new selection model called the AFP
model, or AFP score, allowing some patients with HCC not meet-
ing Milan criteria to be transplanted with excellent results. In the
present work, the AFP score was tested in a population of non-
French patients transplanted for HCC occurring mainly on post-
hepatitic (HCV or HBV) cirrhosis. The results confirm that in this
specific population, as in the original French population of
patients, the AFP model better selects patients with HCC eligible
for transplantation, compared to Milan criteria. We conclude that
the AFP score, which has been officially adopted by the French
organization for Organ Sharing for HCC patients, can also be
implemented in countries with an important burden of HCC
occurring on post-hepatitic cirrhosis.
� 2016 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.
17 vol. 66 j 552–559

mailto:christophe.duvoux@aphp.fr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhep.2016.10.038&domain=pdf


Table 1. Simplified, user-friendly version of the AFP model.

Variables b coefficient Hazard ratio Points

Largest diameter
63 cm 0 1 0
3–6 cm 0.272 1.31 1
>6 cm 1.347 3.84 4

Number of nodules
1–3 0 1 0
4 and more 0.696 2.01 2

AFP level (ng/ml)
6100 0 1 0
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Introduction

Liver transplantation (LT) is considered the best treatment of
hepatocellular carcinoma (HCC). However, its efficacy is limited
by the risk of tumor recurrence, which results in rapid death
and graft loss in patients who are not selected appropriately,
making LT futile.

Because of this intrinsic limitation, considerable efforts have
been attempted to select HCC candidates with the lowest risk
of tumor recurrence. For this purpose, the Milan criteria were
proposed 18 years ago [1], and have been adopted by a number
of LT programs and centers around the year 2000, notably in
the USA. Over the last decade, some groups have reported on
expanded HCC criteria, which were associated with an acceptable
risk of recurrence of around 10–15% on average [2–9], and with
5-year survival rates similar to those observed after LT for benign
liver diseases. These findings indicate that some patients can be
transplanted beyond Milan criteria with excellent results and
point out that Milan criteria are probably too restrictive. How-
ever, no consensus has been achieved on such expanded criteria,
which were mostly derived from retrospective analysis of explant
pathology with no prospective validation on external cohorts, nor
direct comparison to Milan criteria. Therefore, the 2010 interna-
tional consensus conference on HCC and LT [10] stated that Milan
criteria remained the benchmark for selection of HCC patients for
LT, and the basis for comparison with any other suggested crite-
ria. Yet, recommendation 10 [10] opened a door to an expanded
criteria, provided such criteria would not significantly affect LT
for other benign indications.

Recently, the French study group for LT reported on a new pre-
dictive model for HCC recurrence, namely the AFP model [11],
which was based on tumor staging and AFP values at listing and
follow-up time points. Adding AFP to tumor size and number
increased the accuracy for predicting recurrence as AFP is a surro-
gate marker of both tumor differentiation and vascular invasion
[11–14], two features which cannot be assessed by conventional
imaging-based tumor staging. Accordingly, high AFP levels have
been reported to be associated with high recurrence rates [2–
3,11,15–16]. The AFP model was shown to be superior to Milan
criteria in predicting recurrence [11] in a training set of HCC
patients, and was subsequently validated in a cohort of 460
French patients followed prospectively under the control of the
French organization for organ sharing (ABM). On these grounds,
the AFP model was officially adopted in January 2013 in France
by ABM for selecting HCC candidates. However, whether the
AFP model may appropriately select non-French HCC candidates,
with different distribution of underlying liver diseases, remains
unknown. As recently stated by a European expert panel [17],
incorporating a biomarker-based predictivemodel on a large scale
deserves confirmation of results using the same technology in
external cohorts reported by independent investigators.

The aim of this study, therefore, was to test the predictive value
of the AFP model for recurrence and survival in an Italian popula-
tion of HCC patients which differed from the French cohort by the
predominance of HCC complicating post-hepatitic cirrhosis.
[100–1000] 0.668 1.95 2
>1000 0.945 2.57 3

The score is calculated by adding the individual points for each obtained variable.
A cut-off of 2 separates between patients at high and low risk of recurrence. In
this simplified version, a cut-off of 2 selected exactly the same patients as the
original Cox score 0.7 cut-off.
Taken from Duvoux et al. Gastroenterology 2012 [11].
Patients and methods

The study population consisted of adult patients who had been listed and had
undergone LT for HCC in the centers of Bergamo, Modena, Padova and Roma
San Camillo between 2002 and 2010.
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Inclusion criteria were: (i) patients listed for HCC diagnosed either on preop-
erative imaging according to the European Association for the Study of the Liver
(EASL)/American Association for the Study of Liver Diseases (AASLD) criteria [17]
or on preoperative tumor biopsy; (ii) absence of tumor venous involvement on
preoperative ultrasound or CT scan examination of the liver; and (iii) histo-
pathological proof of HCC on the explanted liver.

Exclusion criteria were: (i) incidental HCC; (ii) diagnosis of tumor vascular
invasion on preoperative imaging, at listing or during follow-up; (iii) diagnosis
of HCC after listing; (iv) patients younger than 18 years of age.

A total of 684 patients were screened to participate in this retrospective
study. After exclusion of patients with missing data, the final study population
consisted of 574 patients (Modena n = 210, Padova n = 168, Bergamo n = 135
Roma n = 61), the characteristics of which are listed in Table 1.

Data collection

Pretransplant data at listing and post-transplant events
Demographics, cause of cirrhosis, MELD scores, imaging tumor features, type of
pre-LT bridging therapies, liver function tests and AFP values were retrospectively
collected at listing and during the waiting phase by local investigators. Imaging
features of HCC had been collected from imaging reports. Response to treatment
after loco-regional therapy was assessed according to mRECIST criteria, taking
into account the size and number of the residual viable tumor tissue as assessed
in the arterial phase of contrast-enhanced CT or MRI. Pathological features of
HCCs, including vascular invasion, tumor differentiation, tumor size and number
were collected after LT from pathological reports of the explants. Monitoring and
modalities of diagnosis of HCC recurrence have been reported elsewhere [1,18–
20]. Post LT follow-up data included death, cause of death, HCC recurrence and
dates of last follow-up visit, death or recurrence.

Collection of data
Data were collected by independent local investigators blinded to the final data
base and blinded to statistical analysis. Data collection was supervised by AN.

Statistical analysis

AFP model
The AFP score was calculated for each patient enrolled in the study at listing and
at last evaluation before LT, using a simplified version of the AFP model (11,
Table 1). However, due to a median waiting time of 8.6 months, data and AFP val-
ues closest to LT were eventually used to test the ability of the AFP model to pre-
dict both recurrence and death.

Probabilities of HCC recurrence and death were estimated and compared
according to Milan criteria or the AFP score at a cut-off of 2 by the means of
the log-rank test. Hazard ratio between low and high risk groups as defined by
either the AFP model or Milan criteria were determined from univariate Cox mod-
els. Competing risks analysis [21] was used to compare the probabilities of HCC-
related and unrelated deaths. The ability of Milan and AFP models to predict
7 vol. 66 j 552–559 553
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recurrence was also tested by the means of net reclassification improvement
analysis applied to patients with a minimal follow-up of 2 years [22]. Analysis
of histo-pathological features of HCC associated with recurrence post-LT was per-
formed using uni- and multivariate Cox models. Histo-pathological features of
HCC were also compared according to AFP scores >or 62 and Milan criteria.

SPSS (V.18) and Stata (V11) software were used for statistical analysis.
Statistical analysis was performed by a team of statisticians (RL, SK, EA), inde-

pendently of the investigators involved in data collection, after ruling out files
with relevant missing data. In addition, the team of statisticians had not been
involved in the design and validation of the original score and had no a priori
on the expected end-points.
Table 2. Baseline characteristics of the study population.

Males (n, %) 497 (86.6)
Age at listing/at LT (yr) 55.8 ± 7.5/56.9 ± 7.6
Results

Characteristics of the study population

Baseline characteristics of the study population are presented in
Table 2. The median MELD score at listing was 12. The majority of
HCC complicated post-hepatitic cirrhosis, i.e., HCV cirrhosis in
58.7% and HBV cirrhosis in 24% of the cases.

Of note, causes of liver diseases differed significantly in this
cohort from those reported in the original French cohort [11]
with a significantly higher number of HCC occurring on post-
hepatitic liver diseases and a lower number of HCC complicating
alcoholic liver disease in the present cohort, compared to the
French one (Supplementary Table 1A, 1B).

Assessment of HCC was performed by contrast-enhanced CT
scan, MRI or contrast-enhanced ultrasound in 77.2%, 19.3% and
3.5% of the cases, respectively. Median time [IQ] from last imag-
ing to LT was 2.2 [1.1–4.1] months. AFP value used for calculation
of the AFP score was determined a median [IQ] of 5.4 [1.16–11.6]
months after listing and 1.2 [0.4–2.8] months before LT. Twenty-
five percent of HCCs were beyond Milan criteria at listing and AFP
score was >2 in almost 11% of the cases. Median waiting time was
8.6 months and 84.7% of the patients had received loco-regional
bridging therapies during the wait phase, including thermo-
ablation in 254 cases (associated with transarterial chemoem-
bolization (TACE) in 111 cases, ethanol ablation in 65, and surgi-
cal resection in 22 cases), TACE in 160 cases, ethanol ablation in
23 cases and surgical resection in 67 cases (surgery only: 12,
combined with loco-regional therapies: 55). Overall, post-
operative mortality was 7.7%, and crude incidence of recurrence
was 13.5%.
MELD score (median, [IQR]) 12 [10–16]
Child-Pugh (A/B/C) (n, %) 196 (34.1%)/268 (46.7%)/110

(19.2%)
Causes of liver disease (HCV/HBV/
alcohol/others)

387 (58.7%)/138 (24%)/67
(11.7%)/32 (5.6%)

Number of nodules (median, [IQR]),
(range)

2 [1–2], (1–8)

Max diameter (cm) (median, [IQR],
(range)

2.5 [2–3.5], (1–21)

AFP (ng/ml) at listing (median, [IQR],
(range)

9 [3.9–30.1], (0.4–17,500)

AFP (ng/ml) at last evaluation (median,
[IQR], (range)

10.4 [4.3–33.3], (0.5–22,455)

Milan criteria [in/out, (%)] 432/142 (75.3% vs. 24.7%)
AFP score: 62 vs. >2 512/62 (89.2% vs. 10.8%)
Median waiting time (months) [IQR] 8.6 [3.6–16.0]
Bridging therapies (n, %) 486 (84.7)
Post-operative deaths (n, %) 44 (7.7)
Overall recurrence rate (n, %) 81 (13.5)
Follow-up (months) (median, [IQR]) 40.9 [18.4–73.6]
Probabilities of recurrence according to pre-LT AFP values

Five year probability of recurrence significantly differed accord-
ing to pre-LT AFP thresholds as defined by the AFP model [11],
ranging from 13.0 ± 1.8% to 34.9 ± 6.8% and 75.0 ± 15.3%, in
patients with pre-LT AFP values 6100 ng/ml, [100–1000 ng/ml]
and >1000 ng/ml, respectively (Fig. 1), p <0.001.

Overall probabilities of recurrence and survival according to the AFP
score cut-off of 2 or Milan criteria

Five-year probability of recurrence, as assessed by Kaplan-Meier
estimates were 13.2 ± 1.8% in 512 patients with AFP score 62 vs.
49.8 ± 8.7%, in 62 patients with AFP score >2 (p <0.001, HR = 4.98
[3.06–8.10]) (Fig. 2A). Accordingly, 5-year survival rates were
71.7 ± 2.2% vs. 42.2 ± 8.3% (p <0.001, HR = 2.14 [1.43–3.20]),
among patients with AFP score 62 or >2 (Fig. 2B), indicating that
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in this cohort the AFP model discriminated appropriately
between low and high risk patients for both recurrence and sur-
vival. These figures compared favorably with the risk of recur-
rence as assessed by Milan criteria (Fig. 2C, D). Risks of
recurrence in patients within and beyond Milan criteria were
13.6 ± 2.0% and 27.4 ± 4.6%, respectively (p <0.001), with corre-
sponding 5-year survival rates of 73.5 ± 2.3% and 54.3 ± 5.0%,
respectively (p = 0.01). Of note, risks of recurrence as assessed
by competing risk analysis, taking into account the competing
risk of non-HCC-related death (Supplementary material, Fig. 1A,
B) were estimated as 11.1 ± 1.0% and 43.0 ± 7.7% (p <0.001) in
patients with AFP score 6 and >2, and 11.6 ± 1.9% and
22.2 ± 3.8% (p <0.001,) in patients within or beyond Milan crite-
ria, indicating that Kaplan-Meier estimates only slightly overesti-
mated the risk of recurrence. Again, these figures indicated that
the AFP model better discriminated between high and low risk
patients than Milan criteria. Finally, based on competing risk
analysis, probabilities of death not related to HCC recurrence
were similar, 20.6 ± 1.9% and 20.1 ± 5.8%, (p = 0.76) in patients
with AFP score 62 or >2 (Fig. 3) indicating that differences in sur-
vival rates according to the AFP model were actually due to HCC
recurrence but not to other causes of deaths.

Probabilities of recurrence according the AFP score cut-off of 2, in
patients fulfilling or not Milan criteria (Fig. 4A, B)

Among 432 patients fulfilling Milan criteria, 5-year risk of recur-
rence was 12.8 ± 2.0% in patients with AFP score <2 and
32.4 ± 12.1% in patients with AFP score >2 (p = 0.009, HR = 3.51
[1.39–8.88]) (Fig. 4A).

Among 142 patients beyond Milan criteria, the risk of recur-
rence was 14.9 ± 4.2% among patients with an AFP score <2 and
58.9 ± 11.5% in patients with an AFP score >2, (p <0.001,
HR = 4.26 [2.10–8.67]) (Fig. 4B). These results show that the
AFP score could identify patients at low and high risk of recur-
rence both in patients fulfilling or not fulfilling Milan criteria.
7 vol. 66 j 552–559
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Fig. 1. Risk of recurrence according to pre-LT AFP thresholds as defined in the
AFP model. (This figure appears in colour on the web.)
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Comparison of AFP model and Milan criteria according to net
reclassification improvement

Net reclassification improvement table for recurrence at 2 years
is presented in Supplementary Table 2.

The AFP score significantly improved classification of patients
without recurrence compared to Milan (net reclassification
improvement [NRI] for non-event = 0.137, z = 6.81, p <0.001) con-
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Fig. 2. Overall probabilities of recurrence and survival. Probabilities according to the
colour on the web.)
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firming that AFP score performed better than Milan criteria to
select patients at low risk of recurrence, even among patients
exceeding Milan criteria. However, global NRI was not signifi-
cantly different between the two scores (NRI = 0.0303,
z = 0.434, n.s.) because NRI for event was similar for Milan crite-
ria and AFP score.

Probabilities of recurrence and survival in HCV and HBV patients
(Fig. 5)

In the subgroup of 337 patients transplanted for HCV-related
HCC, the 5-year risk of recurrence was 14.9 ± 2.5% in patients
with AFP score 62 and 67.6 ± 14.7% in patients with AFP score
>2 (p <0.001, HR = 6.56 [3.61–11.92]) (Fig. 5A). Corresponding
5-year survival rates in HCV patients were 67.8 ± 3.0% and
25.6 ± 11.0% (p <0.001) (Fig. 5B). Similar results were found in
the subgroup of 138 patients transplanted for HBV-related HCC
in terms of recurrence, (p = 0.012, HR = 3.49 [1.23–9.93])
(Fig. 5C) although 5-year survival rates according to AFP score
did not achieve statistical significance (Fig. 5D).

Probability of recurrence and survival in 46 patients transplanted
after down staging from AFP score >2 to AFP score <2.

The features of 46 patients with successful down staging from
AFP score >2 to <2 after loco-regional therapy are shown in
Supplementary Tables 3A and B.

Median AFP scores before and after loco-regional therapy
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Fig. 4. Probabilities of recurrence according to the AFP score cut-off of 2, in
patients fulfilling or not Milan criteria. (A) Patients within Milan criteria. (B)
Patients beyond Milan criteria. (This figure appears in colour on the web.)
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Fig. 3. Probabilities of death not related to HCC recurrence as assessed by
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colour on the web.)
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patients remained out of Milan criteria but with AFP score 62
after down staging. The majority of patients had been down
staged by means of percutaneous ablation techniques, in combi-
nation with TACE in nearly half of them.

The median time from down staging procedure to transplan-
tation was 81.00 (22.00; 148.00) days, i.e., nearly 3 months.

According to competing risks analysis, the 5-year risk of
recurrence was 16.4 ± 5.7% (Supplementary Fig. 2), with a corre-
sponding overall 5-year survival rate of 71.8 ± 7.0% (Supplemen-
tary Fig. 3)

The pathological features of tumors after down staging are
summarized in Supplementary Table 3B. Features of those
tumors were quite similar to those of the whole group of patients
with AFP 62 in terms of number and size of nodules, and also for
prevalence of micro-vascular invasion and poor differentiation on
the explant (see below).

HCC pathological features according to AFP score and comparison of
AFP model and Milan criteria according to explant findings

Explant-based tumor features according to AFP score are summa-
rized in Table 3. Multivariate analysis of histo-pathological pre-
dictors of recurrence show that micro-vascular invasion (OR
4.02 [2.51–6.44], p <0.001) and poor tumor differentiation (OR
1.98 [1.24–3.15], p = 0.004) were significantly associated with
the risk of recurrence. Risks of micro-vascular invasion and poor
differentiation were higher in patients with AFP score >2 than in
patients with AFP score62. In addition, tumor size was larger and
tumor number was higher in patients with AFP score >2 than in
patients with AFP score 62.

Comparisons of histo-pathological features of HCC according
to Milan criteria and AFP scores are shown in Supplementary
Table 4. In patients with AFP score >2 (high risk of recurrence),
prevalence of both micro- and macro-vascular invasion as well
as poor differentiation were high and did not differ whether HCCs
were in or out Milan criteria on the explant. In particular, preva-
lence of micro-vascular invasion and poor differentiation for HCC
within Milan criteria but with AFP score >2 were 46.7% and 60%,
respectively. This reflected a better association of the AFP score
with high risk pathological predictors of poor prognosis, com-
pared to Milan criteria. In patients with AFP score 62, prevalence
of macro-vascular invasion and poor differentiation did not differ
whether HCC were in or out Milan, this again indicates a better
association of AFP score with these two pathological predictors
556 Journal of Hepatology 201
of recurrence, compared to Milan criteria. Yet, in patients with
AFP score 62, the prevalence of micro-vascular invasion was
higher in patients beyond than within Milan criteria.
Discussion

Over the last decade, an increasing perception has emerged
among the community of LT teams that Milan criteria, which
were adopted almost two decades ago as a selection tool for
HCC candidates, have become too restrictive [10,23]. However,
although several new selection criteria have been proposed for
expanding HCC indications [2–9], no consensus has been
achieved so far for their use in clinical practice [23]. In the pre-
sent study, we tested the predictive value for recurrence of the
AFP model in an Italian population of HCC candidates [11], a
recently proposed prognostic tool which was designed in a
French training cohort of HCC candidates, and tested further in
an external, prospectively followed, validation set. The AFP model
has been shown to be more accurate than Milan criteria for
selecting HCC candidates in this French population and as a
results, has been adopted as an official selection tool by the
French organization for organ sharing (ABM) by 2013. Of note,
the Italian cohort of HCC candidates differed from the French
population because of a much higher proportion of HCC resulting
7 vol. 66 j 552–559
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Fig. 5. HCC recurrence in hepatitis populations. Probabilities of recurrence (A and C) and overall survival (B and D), according to the AFP score cut-off of 2 in the HCV
population (A and B) and in the HBV population (C and D). (This figure appears in colour on the web.)

Table 3. Explant-based comparison of pathological features of HCC according to the AFP model.

AFP score 62
n = 512

AFP score >2
n = 62

p value

Macro-vascular invasion [n, (%)] 16 (3.2) 5 (8.3) 0.051
Micro-vascular invasion [n, (%)] 96 (19.4) 27 (45.0) <0.001
Poorly differentiated tumour [n, (%)] 116 (32.2) 28 (51.9) 0.009
Number of nodules (median, [IQR]) 2 [1–3] 3 [1–5] 0.001
Diameter of nodules (median, [IQR]) 2.5 [1.8–3.5] 4.5 [2.5–6] <0.001
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from post-hepatitic cirrhosis, with a 58% prevalence of HCV-
related cirrhosis and 24% prevalence of HBV cirrhosis. The aim
of this study was therefore to test the AFP model in an additional
external cohort of HCC candidates which differed from the origi-
nal one in order to ensure consistency. Subject to the retrospec-
tive design of the study, the results presented herein show that,
as in the French cohort, the AFP model could discriminate cor-
rectly and more accurately than Milan criteria between patients
at low and high risk of recurrence in the Italian, HCV/HBV-
based population. The 5-year incidence of recurrence and proba-
bility of survival were significantly better among patients with
AFP score 62 than in patients with AFP score >2: 13.2 ± 1.8%
and 71.7 ± 2.2% vs. 49.8 ± 8.7% and 42.2 ± 8.3%, respectively
(p <0.001). In addition, competing analysis censoring HCC-
related deaths have shown that the 5-year incidence of HCC unre-
lated deaths were similar in patients with low and high AFP
scores (19.0% vs. 21.9%, n.s.). This finding demonstrated that the
better survival observed in patients with AFP score 62 was not
Journal of Hepatology 201
due to a lower incidence of HCC unrelated deaths but actually
to a lower incidence of recurrence.

The lower incidence of recurrence and higher survival rates
in patients with AFP score 62 were observed whether patients
met Milan criteria or not. In particular, an AFP score 62 identi-
fied a subgroup of patients with a low 5-year 14.9 ± 4.2% risk of
recurrence, among patients beyond Milan criteria. On the other
hand, AFP score >2 identified a subgroup of patients with quite
a high 5-year risk of recurrence of 32.4 ± 12.1%, among patients
within Milan criteria. This latter finding indicates that special
attention should be paid to patients within Milan criteria and
high AFP levels at listing before considering them fully eligible
for transplantation. Indeed, among such patients, those with
AFP levels >1000 ng/ml should be considered at high risk for
recurrence, a finding already observed in the French cohort. A
careful down staging strategy to AFP score 62 in this subgroup
of patients can reasonably be advised before considering LT.
Indeed, the results shown in the subgroup of patients who
underwent a successful down staging procedure before LT
7 vol. 66 j 552–559 557
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indicate that a reasonable risk of recurrence (i.e.,16.4%) and
excellent 5-year survival rate (i.e., 71.8%) may be achieved after
down staging to AFP score <2. Our results also confirm that AFP
brings up additional information about tumor behavior, com-
pared to imaging staging, making possible the identification of
aggressive tumors despite reasonable tumor size and number.
Analysis of the relationship between AFP scores and histopatho-
logical features of HCC was in agreement with this finding:
HCCs with AFP scores >2 had significantly more aggressive
pathological features than HCC with scores <2. This was
observed not only in the whole population but also in patients
within Milan criteria: AFP score >2 was associated with 46.7%
and 60% prevalence of micro-vascular invasion and poor differ-
entiation respectively in this subgroup of patients.

Interestingly, the AFP model performed in a population, which
differed notably from the French population in whom it has been
developed and tested originally. A stated above, prevalence of
HCC complicating post-hepatitic cirrhosis was >80% in the Italian
cohort vs. 44% in the French validation set. However in the HCV
population, accounting for almost 60% of the Italian cohort,
5-year probabilities of recurrence were 14.9 ± 2.5% vs.
67.6 ± 14.7% in patients with AFP score 62 or >2 (p <0.001) with
corresponding highly different survival rates in this group
(67.8 ± 3.0% vs. 25.6 ± 11.0% in patients with AFP score 6or >2
(p <0.001)), indicating that the AFP model prediction was inde-
pendent of liver disease etiology and may therefore be applied
in programs with a majority of HCV-related HCCs. The reason
why the incidence of recurrence in the HCV population with
AFP score >2 was particularly high is unclear and further compar-
isons of pathological features of HCC in the HCV vs. non-HCV pop-
ulations according to the AFP model are ongoing. A similar
although less pronounced trend was observed in HBV-related
HCCs. In this subgroup, 5-year HCC recurrence rate was signifi-
cantly higher in patients with AFP score >2 compared to AFP
score <2. However, 5-year survival rate although lower in
patients with AFP score >2 did not achieve statistical significance.
This might be due to the small number of patients in this sub-
group with only 18 HBV patients with AFP score >2.

An important issue is also to determine whether adopting the
AFP model may significantly impact the burden of HCC candi-
dates and may further increase the competition with non-HCC
patients. The results presented herein show that in programs
strictly adopting Milan criteria, expanding selection criteria to
AFP model may result in a 14% increase in the number of patients
eligible for LT (in this present series, 80/574 (14%) patients were
beyond Milan criteria but had AFP score 62). However, denying
LT to such candidates appears no longer ethical given the excel-
lent, 72%, 5-year survival rate observed in the AFP score 62
patients. To balance the limited expansion of indications of LT
for HCC resulting from adoption of the AFP model, additional allo-
cation rules for HCC patients should be encouraged, based on
baseline staging of HCC and responses to bridging therapies as
recently implemented in the French program. On the other hand,
in programs not strictly based on Milan criteria, the AFP model
gives the opportunity of a better selection of high risk patients
and therefore reduces the probability of futile transplantation
for HCC. As so the AFP model has recently been strongly dis-
cussed by the UK LT program for selection of HCC candidates
[24]. Recent data from Latin America also give additional back-
ground to support the use of the AFP model [25].
558 Journal of Hepatology 201
Although more accurate than Milan criteria for prediction of
recurrence, the AFP score deserves further improvement. Some
patients with AFP score >2 do not recur and it is of utmost impor-
tance to identify them more specifically. Future research aiming
at improving prediction of recurrence of HCC before LT is there-
fore mandatory. Extensive analysis of larger data sets, new pre-
dictive models integrating functional imaging [26–28] or/and
molecular tools may overcome this issue in the future.

In conclusion, the AFP model which was designed in a French
population also performs appropriately in an Italian cohort, char-
acterized by a large predominance of HCV-related HCCs. As in the
French population, the AFP model discriminates between
patients with low and high risk of recurrence, both in patients
within and beyond Milan criteria, indicating a better accuracy
than Milan criteria for selection of HCC candidates. This study
therefore shows that the performance of AFP model is repro-
ducible and fulfills recommendations of the European expert
panel [17] for incorporating AFP and the AFP model in the clinical
management of HCC candidates. This important finding strongly
supports the adoption of the AFP model as a selection tool for
HCC patients in programs with a high proportion of HCC
complicating post-viral/HCV cirrhosis.
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