
HAL Id: hal-03190481
https://hal.science/hal-03190481

Submitted on 21 Apr 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Number of hepatocellular carcinoma nodules in patients
listed for liver transplantation within alpha-fetoprotein

score: a new prognostic risk factor
Alessandro D. Mazzotta, Alina Pascale, Luis Cano, Olivier Rosmorduc,

Marc-Antoine Allard, Antonio Sa Cunha, Mark Raymond Adams, Daniel
Cherqui, Eric Vibert, Nicolas Golse

To cite this version:
Alessandro D. Mazzotta, Alina Pascale, Luis Cano, Olivier Rosmorduc, Marc-Antoine Allard, et al..
Number of hepatocellular carcinoma nodules in patients listed for liver transplantation within alpha-
fetoprotein score: a new prognostic risk factor. Transplant International, 2021, 34 (5), pp.954-963.
�10.1111/tri.13858�. �hal-03190481�

https://hal.science/hal-03190481
https://hal.archives-ouvertes.fr


This article has been accepted for publication and undergone full peer review but has not been 
through the copyediting, typesetting, pagination and proofreading process, which may lead to 
differences between this version and the Version of Record. Please cite this article as doi: 
10.1111/TRI.13858

DR. ALESSANDRO D.  MAZZOTTA (Orcid ID : 0000-0001-7363-2592)

Article type      : Original Article

Number Of HCC Nodules in Patients Listed for Liver Transplantation Within Alpha-

Fetoprotein Score : a New Prognostic Risk Factor

A.D. Mazzotta1, A. Pascale 2, L. Cano3, O. Rosmorduc2, M.-A. Allard1,5, A. Sa Cunha1,5, R. 

Adam1,5, D. Cherqui1,4, E. Vibert1,4, N. Golse1,4.

1 Department of HepatoBiliary Surgery, Paul-Brousse Hospital, Assistance Publique Hôpitaux de 

Paris, Centre Hépato-Biliaire, Villejuif, 94800, France
2 Department of Hepatology, Paul-Brousse Hospital, Assistance Publique Hôpitaux de Paris, 

Centre Hépato-Biliaire, Villejuif, 94800, France
3 INSERM, Univ Rennes, INRAE, CHU Pontchaillou, UMR 1241 NUMECAN, Rennes, France
4 Université Paris-Saclay, INSERM, Physiopathogénèse et Traitement des Maladies du Foie, 

UMR-S 1193 
5 Equipe de Recherche « Chronothérapie, Cancers et Transplantation », Université Paris-Saclay, 

France INSERM.

Keywords : hepatocellular carcinoma, liver transplantation, prognostic factor, histopathology, 

recurrence

Correspondence and reprint requestsA
cc

ep
te

d 
A

rt
ic

le

https://doi.org/10.1111/TRI.13858
https://doi.org/10.1111/TRI.13858
https://doi.org/10.1111/TRI.13858


Dr. Nicolas Golse, Centre Hépato-Biliaire, Hôpital Paul Brousse

12 Avenue Paul Vaillant Couturier   94804 Villejuif Cedex

nicolas.golse@aphp.fr    

Tel.: 00 33 1 45 59 30 36        Fax: 00 33 1 45 59 38 57

A
cc

ep
te

d 
A

rt
ic

le



Abbreviations:

ABM : Agence de la Biomédecine 

AFP: alpha fetoprotein 

CT: computed tomography

DFS: disease-free survival 

HCC: hepatocellular carcinoma

LT: liver transplantation 

MC: Milan criteria 

MRI: magnetic resonance imaging

PET-CT: positron emission tomography–computed tomography

OS: overall survival 

RECIST: Response evaluation criteria in solid tumors

SD: Standard Deviation

WL: waiting list
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ABSTRACT

Background: In France, the listing for liver transplantation (LT) for hepatocellular carcinoma 

(HCC) requires an AFP score ≤2. This study evaluates if the number of nodules assessed 

immediately before LT has a prognostic value among patients already listed within AFP score. 

Patients and Methods: Among 143 recipients transplanted with an AFP score ≤2 between 2013-

2017 in our center, the number of nodules was considered at listing on the waiting list and at last 

imaging before LT. We compared the overall survival (OS) and disease-free survival (DFS) post-

LT of patients with ≤3 and >3 nodules (current classification), and aimed to propose a new criteria 

to exclude patients on list at high-risk of recurrence.

Results: The 3-years OS of patients with ≤3 HCC vs >3 HCC at listing were of 90.3% vs 67.3%, 

respectively (p=0.04). At last imaging, 8 listed patients presented ≥5 HCC nodules and had a 

significantly lower OS than <5 nodules patients (5-years OS: 24.4% vs 78.1%; p=0.01). 

Conclusion: Although the current AFP score offers satisfactory outcomes, we highlight the poorer 

outcomes when ≥5 nodules persist or appear after listing. A modification of the AFP score is 

mandatory to consider exclusion of high-risk patients already listed for LT program.
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INTRODUCTION 

Worldwide, liver cancer is the sixth most common cancer, and the fourth leading cause of cancer 

mortality. Hepatocellular carcinoma (HCC) is the most common primary liver cancer 1. 

Liver transplantation (LT) is the best cure for HCC but, because of the organ shortage, this 

treatment remains restricted to patients with an expected minimal 5-years post-LT survival >50%.2 

Selection of HCC patients for LT has been initially established according to the Milan criteria 

(MC) (1 tumor <5 cm or 3 tumors <3 cm) for more than 20 years to decrease the risk of post-LT 

tumor recurrence. Patients within MC experienced an OS and DFS at 4 years of 85% and 92% 

respectively, whereas patients outside criteria had an OS and a DFS at 4 years of 50% and 59% 

respectively (p=0.01 for OS; p=0.002 for DFS). 3

Recently, other studies have suggested that an expansion of tumor burden beyond the MC 

could achieve post-LT survival rate comparable to that within MC 4–6. This concept of expanded 

criteria has been compared to the Metro Ticket system, with the paradigm of “the further the 

distance, the greater the price”.7 Among the proposed expanded criteria, the University of 

California, San Francisco (UCSF) criteria and the Up-to-seven criteria are best known rules, while 

not used in France 5,8

Although most countries adopted the Model for End Stage Liver Disease (MELD) score for 

prioritization in liver transplantation, the French allocation system has been created with MELD as 

a reference for prioritization, but it also takes into account the geographic distance between the 

donor and the recipient.9 In addition, the French AFP model introduced by Duvoux in 2012 is 

composed of 3 sub scores including the largest tumor diameter (≤3cm = 0 point; 3-6 cm = 1 point, 

>6 cm = 4 points), tumor number (1-3 = 0 point; ≥ 4 = 2 points), and alpha-fetoprotein 

concentration in ng/mL (≤100 = 0 point; 100-1000 = 2 points; >1000 = 3 points), the cutoff for 

transplant eligibility being of ≤ 2 points. 10 So patients with HCC and AFP score 2 or less receive 

extra points to counteract their lower MELD score.

In a validation cohort, a score greater than 2 points predicted a marked increase in 5-year 

recurrence risk (50.6 ±10.2% vs 8.8 ±1.7%; p<0.001) and decreased survival (47.5±8.1% vs 

67.8±3.4%; p=0.002) as compared to patients with ≤2 points. 

 In France, it is are allowed to list a patient for LT if the AFP score ≤2, meaning AFP ≤100 (0 

point), unlimited number of HCC nodules (2 points), as long as each one is ≤3cm (0 point). A
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Independently, it is well known that the number of tumor nodules is, by itself, a negative predictor 

but it has not been clearly reported whether this number of nodules also has a prognostic value 

among patients within the AFP score. In fact, there is no upper cut-off for the number of HCC 

nodules within the AFP score. Our objective was to evaluate whether the number of nodules had 

prognostic value among patients transplanted strictly within Duvoux’ s criteria (AFP score ≤2). 

For that purpose, we assessed the impact of nodules number at listing and during the waiting 

period.
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PATIENTS AND METHODS

All consecutive patients listed and transplanted for HCC in our tertiary center between 2013 

and 2017 were retrospectively reviewed. We also analyzed the patients who dropped-out while 

waiting for LT. The inclusion criteria were: age > 18 years old, HCC histologically proven on the 

native liver, AFP score ≤ 2 at listing and LT. The exclusion criteria were coexistence of 

cholangiocarcinoma on explants, fibrolamellar carcinoma or incidental HCC. The following 

variables were collected: demographic data, underlying liver disease and pathological 

characteristics of the tumor (number and size of viable HCC nodules, micro or macrovascular 

invasion, tumor differentiation), postoperative and long-term outcomes (recurrence and survival).

At listing, the number and size of the HCC viable nodules on radiological imaging, as well as 

the AFP level were taken into account. The same analysis was performed on the last imaging (CT, 

MRI) before LT.

After bridging treatment (treatment on the waiting list), tumoral response assessment was 

evaluated by RECIST (Response Evaluation Criteria in Solid Tumors) 1.1 criteria, based on tumor 

shrinkage 11

The activity of hepatic inflammation and severity of liver fibrosis were graded according to 

METAVIR inflammatory activity and fibrosis stage. The grade of fibrosis as F0–F2 was defined 

as no or mild fibrosis, whereas F3 and F4 indicated severe fibrosis and cirrhosis, respectively.

All data were evaluated from the prospective French national database from the Agence de la 

Biomédecine (ABM) the review of every medical record and the multidisciplinary team meeting 

reports. 

The patients were divided into several groups according to the number of nodules at the listing 

on the WL using the current AFP score classification (≤3 nodules vs. >3 nodules). Another cutoff 

was also sought and applied, based on the last imaging work-up. Patients were followed to assess 

disease-free survival (DFS), and overall survival (OS) after LT. 

The OS was defined as the period from the LT to death from any cause, or LT to end of follow-

up (if patient still alive at the last follow-up). The DFS was defined as the delay between 

transplantation and the HCC recurrence or death (in the absence of recurrence). In the absence of 

HCC recurrence or death, the DFS was considered as the delay between transplantation and the 

end/loss of follow-up.A
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The recurrence was diagnosed on biological tests (AFP increase) and/or typical image (CT scan 

or MRI) and/or histologically proven HCC lesion.

During the study period, standard immunosuppressive therapy consisted of tacrolimus + 

steroids for 3-6 months post-LT ± mycophenolate mofetil according to local policy.

Patients were followed until death, or loss of follow-up (end of monitoring in October 2020). 

Tumor recurrence was closely monitored: serum AFP levels, liver ultrasound and/or thoraco-

abdominal CT were performed every three months during the first two postoperative years, then 

twice a year and / or when clinically indicated. Additional imaging (magnetic resonance imaging 

MRI, PET-CT) was performed when clinically/biologically required. 
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STATISTICAL ANALYSIS 

All quantitative data are expressed as mean (±DS) or median [range]; qualitative data are 

expressed as frequency (percentage). The Mann–Whitney U test for continuous variables and 

Pearson’s chi-square test were used when applicable, or Fisher’s exact test for categorical 

variables. Survival rates were calculated using the Kaplan – Meier method, and groups were 

compared with the log-rank test. 

Statistical analysis was performed using R 3.6.2 (Core Team, 2019), the next R packages were 

also used for statistical analysis dplyr 0.8.5 (Hadley Wickham, Romain François), survminer 0.4.8 

(Kassambara), survival (Terry M.)
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RESULTS 

Dropped-out patients 

Among the 196 patients listed for HCC from 2013 to 2017, 36 (18.4%) were not transplanted 

due to drop-out. The causes of drop‐out were:

- patient’s death during waiting time in 32 cases (16.3% of listed patients). The mortality on 

the WL was either due to liver causes (liver failure and/or tumor progression) in 22 cases or 

due to extra-hepatic causes in 10 cases, 

- progression of tumoral disease (occurrence of tumoral portal thrombosis, extrahepatic 

metastases, increase of the size of the tumor or increase in AFP levels outside AFP score) in 

3 patients (1.5% of listed patients), 

- primary lung cancer occurrence for one patient. 

Seventeen patients, still listed and waiting for LT at the end of the study period, were not 

considered in the analysis.

Epidemiological and perioperative features of transplanted patients

The 143 transplanted patients had a mean age of 63.3 years (SD ± 7.4). The preoperative 

clinical data and the main characteristics of the cohort are illustrated in Table 1. The two main 

etiologies of the underlying liver disease were alcohol consumption and HCV infection in 41.3% 

and 27.9% cases, respectively. At the listing on the WL, 16 (11%) patients presented >3 HCC; at 

the last imaging workup before the LT, 17 (12%) patients presented >3 HCC nodules (although 

being still within AFP score).

Pre-LT imaging after enrolment included repeat CT and/or MRI, only 7% of patients did not 

repeat any imaging after listing (because of short delay before LT). The median waiting time 

between listing and LT was of 7.3 months [0-77], while the median time between the last imaging 

to LT was of 2 months [0-44].

One hundred and twenty-eight (89.5%) patients had at least one preoperative treatment 

(transarterial chemoembolization n=83, radiofrequency n=16, surgical resection n=22, other 

treatment n=22), without any significant difference among the subgroups (≤3 vs >3 nodules on 

native liver histopathology).

Pathological features of liver explant A
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A fibrosis ≥F3 was represented in 121 cases (85%). The largest active nodule had a mean 

diameter of 17.4 ± 12.9 mm. Macroscopic vascular invasion was present in 3 patients (2%), while 

a microscopic vascular invasion was present for 42 patients (29%). 

The differentiation grade according to Edmondson–Steiner staging (E) was: 32 (22.4%) 

patients had grade E1, 53 (37%) patients had grade E2, 26 (18.1%) patients had E3, 1 (0.7%) 

patient had E4. (Supplementary Table) 

Analysis of overall and disease-free survivals of transplanted patients

The median follow-up of the whole cohort was of 44 months [range: 4.1 – 86.5 months]. The 

entire cohort had a 3- and 5-years OS of 87% and 75%. The 3- and 5-years DFS were of 77% and 

71%. 

Cutoff 3 nodules at listing (current classification)

Considering the number of nodules at the listing for LT, the OS at 3 and 5 years were of 

90.3% and 78.3% for patients with ≤3 HCC nodules. For patients with >3 HCC nodules, but 

still in the AFP score at listing, the 3-years OS was of 67.3% (p= 0.04), without any surviving 

recipients at 5 years post LT (Figure 1A). The 3- and 5-years DFS were of 79.6 and 72.3% for 

patients with ≤ 3HCC nodules vs. 63.7% (3 years), without any recipients free from recurrence 

at 5 years post LT for patients with > 3 HCC nodules (p=0.29) (Figure 1B). Note that the 

median follow-up of patients with >3 nodules at listing was of 23 months, thus preventing to 

draw formal conclusion about long term outcomes.

New cutoff of 5 nodules during waiting period

Considering the number of nodules at the last imaging work up before LT, the OS at 3 and 5 

years were of 89 % and 77.9% for patients with ≤ 3HCC nodules vs. 83.6 and 50 % for patients 

with >3 HCC nodules, still within AFP score (p=0.30) (Figure 2A). The DFS at 3 and 5 years 

were of 80.9% and 73.9% for patients with ≤ 3HCC nodules vs. 49% and 49% for patients with 

>3 HCC nodules, respectively (p=0.09) (Figure 2B). 

We looked for the best cutoff of HCC nodules, after listing, to discriminate patients with 

lower 5-y OS (using the minimum P value approach) and we observed that the most efficient 

cutoff of nodules number at last imaging prior of LT was of 5. A
cc

ep
te

d 
A

rt
ic

le



Eight patients presented at last imaging workup ≥5 HCC nodules (AFP score still ≤2 at LT). 

They presented a median follow-up post LT of 38.3 months, and had a significantly lower OS 

than patients with less than 5 nodules (3 years OS: 89.6% if <5 HCC vs 72.9% if ≥5 HCC; 5 

years OS: 78.1% if <5 HCC vs 24.4% ≥5 HCC; p=0.01) (Figure 3). As well, their 3- and 5-

years DFS were shorter than <5 nodules patients: 79.9% and 73.4% if <5 HCC vs 38.9 % and 

without any recipients free from recurrence at 5 years post LT for patients with ≥5 HCC 

(p=0.06). Among these 8 patients, only 3 presented ≥5 HCC nodules at the listing, meaning that 

5 patients progressed on the waiting list in spite of preoperative therapy (intraarterial 

chemoembolization) but they still remained within the criteria for LT. Among these 8 patients 

with ≥5 nodules at last imaging, only one patient presented a significant increase of serum AFP 

level since the listing. 

At listing, the cutoff of 5 nodules (6 patients) did not dichotomize the OS between groups 

(p=0.80). Among these 6 patients, only 3 still presented ≥5 nodules at the last workup; the other 

ones having been downstaged by the neo-adjuvant treatment. 
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DISCUSSION 

Statement of Principal Findings 

This study aimed 1/ to study outcomes of patients transplanted within current criteria, but 

bearing >3 nodules, and 2/ to establish a new threshold of the number of HCC nodules during the 

waiting time before LT to identify patients with poor oncological results (5-y OS < 50%, as this 

rule is generally admitted as the limit to preclude patients from transplanting). 

In this cohort, patients with more than 3 nodules at listing presented shorter OS and DFS, in 

spite of AFP score ≤2. However, it was not possible to definitively conclude about long term 

survival (no survivor at 5-years in this series) because of the short follow-up and small sample 

size. The current AFP score must remain strictly applied.

For patients stringently selected according to the AFP score, the presence of more than 5 HCC 

nodules during the waiting time on the list (whatever the number at listing) appears as a major 

predictor of tumor recurrence and poor survival after LT. Clearly, this cut off (≥ 5 nodules) could 

not be applied at listing, because patients who responded to downstaging (after listing) had a good 

post-LT prognosis. 

Our study emphasizes the importance of a dynamic (two steps validation) assessment according 

to tumor progression or tumor burden downstaging during the waiting time for transplantation, 

rather than a static evaluation at the listing on the WL only. In fact, there was a huge discrepancy 

between criteria applied at listing or later. Among the 17 patients with >3 nodules at last workup 

(5-y OS of 50%), only 7 presented >3 nodules at listing, meaning that 10 patients progressed on 

the list. The difference observed in OS rates between the 16 listed patients with >3 nodules and the 

17 patients with >3 nodules at last imaging may be explained by a longer follow-up in the farmer 

group (23 vs 31 months respectively, p=0.15). 

It appears that if there is good control of the disease due to neoadjuvant therapy, there will be 

an acceptable prognosis. On the other hand, if the neoadjuvant therapy does not provide the 

desired oncologic control, there will be a worse prognosis. This “dynamic assessment” was more 

specific than any static evaluation of candidates at listing on the WL, and it could potentially be 

used to reappraise the indication of LT or the pre-transplant strategy. It could allow to avoiding 

futile LT of high-risk patients listed according to current guidelines.A
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Patients listed within the AFP who have a number of nodules that increases during the waiting 

time to 5 or more HCC nodules before the LT have a poor prognosis. On the other hand, patients 

who are listed with 5 or more nodules within the AFP criteria, and who respond well to bridging 

therapy during the waiting time (shift to less than 5 nodules) can be considered as patients with a 

good prognosis according to our results. This highlights the usefulness of our score applied in a 

dynamic sense.

At last imaging, 8 listed patients presented ≥5 HCC nodules and had a significantly lower OS 

than <5 nodules patients (5-years OS: 24.4% vs 78.1%; p=0.01). In our patient series, these 

patients would represent only 6% (8/143) of transplant patients. Although it is a small number, in 

our opin-ion it is important to highlight this negative trend in post LT prognosis. In fact, the AFP 

score is already an effective predictive score, generally accepted. Our proposal marginally impacts 

the number of transplanted patients (6%), but considering that the HCC represents about 40% of 

indications for LT 12 this would result in sparing about 30 liver grafts per year in France, which 

could be relocated to other indications with better results.

To assess this potential benefit in terms of public health, it would be useful to carry out studies 

on a larger scale and confirm our preliminary results.

Interpretation with Reference to Other Studies 

Currently, the number of patients transplanted for HCC is increasing, with LT for HCC almost 

representing 50% of all LT performed in most centers. 13 Due to the current organ shortage, we 

need to refine our patient's eligibility criteria or LT that are very heterogeneous throughout the 

world; they usually combine variables such as the number of nodules, the size of the largest 

nodule and the AFP level. However, none of these introduced a dynamic parameter of markers of 

tumor aggressiveness, as Vibert et al. did.: the authors emphasized a dynamic parameter (AFP 

increase > 15 μg/L/month) as more accurate to predict recurrence than any increased static value 

of AFP in patients with HCC awaiting LT. 14 In our series, the AFP variation (after listing) did not 

appear as an efficient predictor. This may be explained by their earlier study time, the features of 

their listed patients were much different from our cohort. As an example, the median number and A
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size of HCC lesions in their paper was 2.3 and >3cm respectively, whereas we reported 2 lesions 

and 2.5cm maximum diameter. The median waiting time on WL in their cohort was < 6 months, 

shorter than ours. As well, the median pre-LT AFP value in our cohort was <10, much lower than 

in Vibert’s report. Our study may be seen as an update of the initial concept of Vibert et al., with 

recent cohort and modern HCC management.

Since January 2013 in France, the AFP score proposed by Duvoux et al. 10 is used for grafts 

allocation. Even if many series validated this score 15–17, and while it is clearly established that the 

number of nodules is an independent predictor for post LT prognosis, this score allows patients 

with multiple small HCC to be transplanted. We aimed to assess if this rule could also be applied 

after listing, and if integrating a tumor burden evolution before LT could help to select good 

candidates. Moreover, it’s known that an imaging progression during the waiting period was a 

strong predictor of HCC recurrence, even in patients who met the Milan criteria. 18 However, a 

number threshold beyond 4 was never used to preclude LT in patients with HCC within AFP score 

≤ 2.

A meta-analysis of fifteen studies (4575 patients) evaluating the impact of the number of tumor 

nodules on OS and DFS demonstrated that HCC nodules, evaluated as a continuous variable, did 

not have a clear impact on OS or recurrence, and when the HCC nodules were considered as a 

cutoff, the impact of 3 or more tumors on DFS and recurrence after liver transplantation was not 

significant. This study concluded that using a strict HCC nodules number as a cutoff should be 

avoided and a system taking into account larger lesions (eg, a diameter ≥1.5 cm) might be better. 
19 Our dynamic parameter (listing according to AFP score, confirmation during the waiting time 

with another threshold) could potentially be used to reevaluate the indication of LT or the 

pretransplant strategy, due to its significant prognostic role. 

We showed the discrepancy between the number of nodules diagnosed at the listing on the WL, 

those detected during the last imaging before LT and those founded on the pathology of the 

explanted liver, this indicating a global underestimation of the disease before the LT. This 

misevaluation between the number of HCC nodules as assessed on pre-LT imaging and explant 

pathology has been already reported 20 and according to this study the best predictors of HCC 

recurrence was the combination of pre-LT AFP >100 IU/l and diameter of the biggest nodule >3 

cm at the radiological imaging. 

In our cohort, considering the number of HCC nodules: 8 patients with more than 5 nodules at 

last imaging either progressed compared to enrollment (less than 5 nodules at listing, n=5), or A
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insufficiently downstaged (already more than 5 nodules at listing, n=3) These patients had poorer 

prognosis in terms of OS and DFS. Probably these patients would have required a better 

oncological control. 

Same results were also shown by another study where radiological progression while on the 

waiting list was a strong predictor of high HCC recurrence: the 3-year and 5-year OS rates were 

65.5% and 48.9% for progressive group versus 84.8% and 74.6% for complete/partial or stable 

group (p=0.01). The 3-year and 5-year DFS rates were 74% and 74% for progressive group and 

95.7% and 93% for complete/partial or stable group (P=0.007)18

Several studies 21,22 have focused on the difference between radiology and histopathology of the 

liver explant and it is known that pre-transplant radiological staging fails to predict the number of 

HCC nodules on liver explant in about 25–35% of patients 23,24. The underestimation at imaging 

work up prior the LT emphasizes the fact that it is necessary to refine the pre-transplant staging. 

Current imaging requirements for radiological staging before LT are unacceptably inaccurate and 

the policy should require more accurate modalities or combinations of techniques. 25  So, our study 

has also the interest of introducing a new cut-off during waiting time (≥5 nodules) which could be 

used to reassess the risk of HCC recurrence post-LT.

Strengths and Weaknesses of the Study 

The present study has several limitations: first, this is a retrospective study. However, it was 

carried out in a tertiary high-volume center and it reflects modern HCC management. Because this 

is a recent series, the follow-up is reduced and prevents from drawing long-term analysis.

However, the advantage of our study is the use of current and homogeneous enrollment criteria 

(AFP score ≤2), and the use of registers obtained from prospectively maintained database with 

comprehensive data from the French biomedicine agency (ABM). 

Due to the sample size and the current criteria applied (AFP score), this study was not designed 

to challenge the Duvoux’s classification, but to refine it.

We did not consider patients who dropped out from WL, mainly because we aimed to predict 

post-LT recurrence (not necessarily the same risk factors as for the drop-out).

It has been well reported the correlation between pathological findings (number of nodules, 

grade of differentiation or vascular invasion) and oncological outcomes. Obviously explanted-

based prediction is a critical step in the management of patients after LT for HCC. A reassessment A
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of the risk of recurrence after transplantation based on the explant pathology is important to refine 

prognosis, to evaluate adjuvant strategies and to adapt screening policies, but it is not possible to 

propose a score based on liver explant pathology because, by definition, this score could not be 

applied before total hepatectomy. That is why we aimed to focus on preoperative data, especially 

non-invasive ones.

A
cc

ep
te

d 
A

rt
ic

le



CONCLUSION

The current AFP score is still valid, but in our study, we highlighted the high risk of post-LT 

recurrence and death of patients who, while remaining in the AFP score criteria, had more than 5 

HCC nodules during the waiting period. Our new cutoff, applied during the waiting period, could 

prevent from transplanting high-risk patients, otherwise inside current criteria. 

This may reflect a progressing disease (or insufficient decrease of tumoral load) in spite of 

neoadjuvant treatment, meaning an aggressive tumor leading to a high risk of recurrence. 

Progression of HCC nodules during the waiting time for LT could be a marker of poor prognosis, 

useful to select patients for LT. A recalibration of the AFP score should be taken into account, 

considering the exclusion from the LT program for the cases with ≥5 HCC nodules during the 

waiting period for LT. This issue should be further tested on a large multicentric prospective 

study.
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FIGURES LEGENDS

Figure 1: 1A) Overall survival; 1B) Disease free survival for patients with ≤3HCC nodules (bold 

line) vs >3 HCC nodules (dashed line) at the listing on the WL for LT.

Figure 2: 2A) Overall survival; 2B) Disease free survival for patients with ≤3 HCC nodules (bold 

line) vs > 3 HCC nodules (dashed line) at last imaging before LT.

Figure 3. Overall survival for patients with ≤4 HCC nodules (bold line) vs ≥5 HCC nodules 

(dashed line) at last imaging before LT

Table 1. Epidemiological features of transplanted patients

Supplementary Table. Pathological features
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Table 1. Epidemiological features of transplanted patients 

  Whole cohort 

(n=143) 
P-value 

Age at LT 
a 63.3 ± 7.4 

Sex (M/W) 
b 118 (82)/25 (17). 

Underlying hepatopathy
b

Alcool 41.3 

Hepatitis C 27.9 

Hepatitis B 11.9 

NASH 10.5 

Other
*

4.9 

HCC on normal liver  3.5 

Patients with >3 Nodules
 b

Listing on the WL  16 (11) 

Last imaging before LT 17 (12) 

Pathology  41 (29) 

Neoadjuvant therapy 
b  n=128/143 (89.5) 

Recurrence 
b
  n=25 

Recurrence if >3 nodules at last imaging before LT 5/17 (29.4) p=0.13 

Recurrence if ≤ 3 nodules at last imaging before LT  16/126 (15.3) 
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HCC: Hepatocellular carcinoma; LT: liver transplantation; M/W: man/woman; NASH: Non-

Alcoholic Steatohepatitis; WL: waiting list; SD: standard deviation;  

a 
Values are given as mean ± SD ; 

b 
Values are given as n (%).

*(Budd Chiari disease; Wilson disease, Autoimmune hepatitis, Hemochromatosis) 

Recurrence if ≥5 nodules at last imaging before LT 3/8 (37.5) p=0.09 

Recurrence if ≤4 nodules at last imaging before LT  18/135 (13.3) 
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Figure 1A 
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Figure 1B 

Figure 1. A) Overall survival; B) Disease free survival for patients with ≤3 HCC nodules (bold line)

vs > 3 HCC nodules (dashed line) at the inscription onto the WL for LT.

 

 

 

 

 

 

 

 

 

 

 A
cc

ep
te

d 
A

rt
ic

le



Figure 2A 
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Figure 2B 

Figure 2. A) Overall survival; B) Disease free survival for patients with ≤ 3 HCC nodules (bold 
line) vs > 3 HCC nodules (dashed line) at last imaging before LT.
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Figure 3

 

Figure 3. Overall survival for patients with ≤4 HCC nodules (bold line) vs ≥5 HCC nodules (dashed

line) at last imaging before LT. 
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