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Abstract

Percutaneous thermal ablation (PTA), resection, and liver transplantation
are the standard curative options for hepatocellular carcinoma (HCC). Liver
transplantation yields the best long-term outcomes but is limited by graft
shortage. Thus, patients with <3-cm HCC are primarily treated by PTA even
though recurrence is frequent and may occur outside transplant criteria. Data
on non-transplantable recurrence (NTR) following PTA are lacking, however.
We therefore investigated the incidence and predictors of NTR among 213
potentially transplantable patients (cirrhosis, 93%; Child-Pugh A, 98.6%;
alcohol-related disease, 62%) with <3-cm HCC(s) treated by PTA, to stratify
them according to their NTR risk and to improve treatment allocation. During
follow-up (median: 41.2months), NTR occurred in 18.3% (alpha-fetoprotein
[AFP] model) and 23% (Milan) patients. NTR prediction with competing-risk
analysis and internal validation revealed AFP > 100 ng/ml (subdistribution haz-
ard ratio: 7.28; p <0.001) and prior HCC (subdistribution hazard ratio: 3.77;
p =0.002) as independent predictors (Harrell's C: 0.76). Based on this model
using the AFP score (equally predictive within Milan criteria), patients were
stratified into three NTR risk categories: HCC-naive with AFP<100ng/ml
(low risk, n = 108 of 213), non-HCC naive with AFP <100 ng/ml (intermediate
risk, n = 92 of 213), AFP=100ng/ml (high risk, n = 13 of 213), among whom
9.3% (3.7% [Milan]), 22.8% (25% [Milan]), and 61.5% (38/5% [Milan]) pre-
sented NTR (p <0.001). Median recurrence-free survival was 4.6, 14.5, and
43.4 months, respectively, in high-risk, intermediate-risk, and low-risk catego-
ries (p <0.001). Median overall survival, which was 19.1 months in high-risk
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NON-TRANSPLANTABLE RECURRENCE AFTER PTA OF <3-CM HCC

INTRODUCTION

Percutaneous thermal ablation (PTA), resection, and
liver transplantation (LT) are the standard curative op-
tions for hepatocellular carcinoma (HCC)."? By sup-
pressing both the tumor and the underlying liver disease,
LT yields the best long-term outcomes but is limited by
graft shortage and by the risk of progression and even-
tual dropout from the waiting list.*~® Consequently,
PTA and resection are frequently used upfront in pa-
tients with Barcelona Clinic Liver Cancer (BCLC) 0-A
either in a bridge-to-transplant strategy or to keep LT
as a salvage therapy in case of recurrence.?! However,
contrary to LT, both PTA and resection suffer from high
recurrence rate (60%—80%)./®! When occurring, tumor
recurrence may be considered non-transplantable if it
exceeds the transplantation criteria such as those de-
fined by the alpha-fetoprotein (AFP) modell”! or Milan.®!
Non-transplantable recurrence (NTR) is a major cause
of precluding salvage LT, which showed comparable
overall survival (OS) to primary LT in patients with HCC
with compensated cirrhosis.?!

NTR is therefore a relevant endpoint for transplan-
tation centers, even though it has been investigated
in only a few surgical series,®%~ M with predictors
mostly determined from pathological analysis of speci-
men, thereby limiting their impact for upfront treatment
choice. Likewise, very limited data on NTR are available
in patients treated by PTA, which has become the most
frequently used curative treatment of HCC because of
its excellent tolerance even in patients with significant
portal hypertension or comorbidity, and its improved
cost-effectiveness and comparable oncological out-
comes versus resection.'” One studym] focused on
transplantable patients and examined NTR (beyond
Milan) after radiofrequency (RF) ablation of small HCC.
However, this study only included a subset of patients
recommended for PTA by European Association for the
Study of the Liver (EASL)/American Association for the
Study of Liver Diseases (AASLD)/BCLC,"2" namely
HCC-naive patients with solitary HCC. Therefore, in-
cidence and predictors of NTR in an unselected pop-
ulation of transplantable patient candidates to PTA
remain unknown. This information is crucial to improve
upfront treatment choice and to better define the place

patients, was not reached otherwise (p <0.001). Conclusion: Overall, PTA of
<3-cm HCC incurs a low NTR risk. Simple and noninvasive predictors (HCC
naivety, AFP) accurately stratified patients' risk of NTR, and should help to
improve treatment allocation. Patients with AFP=100ng/ml have a high risk
of NTR, poor recurrence-free survival, and overall survival. Further studies
evaluating preemptive transplantation or adjuvant/neoadjuvant strategies are
highly needed in this small patient subset.

of salvage LT in early HCC. Additionally, the identifica-
tion of the patients at risk for NTR would help to design
relevant neoadjuvant and/or adjuvant clinical trials.

This study aimed to investigate the incidence and
baseline predictors of NTR among potentially trans-
plantable patients with <3-cm HCC(s) treated by PTA
and to stratify them according to their risk of NTR to
improve treatment allocation.

METHODS
Study population

Consecutive patients who underwent PTA for HCC be-
tween January 2015 and December 2020 were included
(Figure 1). Data were collected from our prospective
database. This retrospective study was approved by
our institutional review board (NCT03428321 [www.
clinicaltrials.gov]), and written informed consent was
obtained from all patients. Inclusion criteria were as
follows: HCC diagnosed by histopathology or by EASL
imaging criteria, HCC<30mm, 1-3 tumor nodules, fol-
low-up <3 months, no prior or combined treatment with
intra-arterial therapy, no prior systemic treatment, and
potentially transplantable patient (i.e., <70years old,
AFP score<2, no macroscopic portal vein invasion
or extrahepatic metastasis, and no major comorbidity
precluding LT).

Patient and liver characteristics were collected, in-
cluding age, sex, HCC-naive status, body mass index,
diabetes mellitus, liver steatosis, cirrhosis, cause for
hepatopathy, presence of steatotic HCC (defined when
signal intensity loss was noted on opposed-phase
compared with in-phase gradient-echo images for at
least one HCC nodule!™), AFP serum level, Child-
Pugh, Model for End-Stage Liver Disease (MELD) and
albumin-bilirubin (ALBI) scores, and baseline biological
data (Table 1).

PTA

Treatment by PTA was decided during our biweekly mul-
tidisciplinary meeting on liver tumors. Our local policy
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329 Patients underwent PTA for HCC
(January 2015 —December 2020)

Excluded patients (n=116):

Age >70y (n=92)
HCC > 30mm (n=5)

213 transplantable patients
underwent PTA for early HCC

A 4 v

Metastatic progression discovered at PTA day (n=1)
PTA of >3 nodules (n=1)
Prior or combined intra-arterial treatment (n=17)

No recurrence
n=93

Recurrence
n=120

v

v

Transplantable recurrence
n=81

Non transplantable recurrence
n=39

FIGURE 1

favors PTA as a first-line option in patients with early
HCC (BCLC 0-A). Other treatment options are consid-
ered in the case of Child-Pugh score >B7; World Health
Organization performance status >1; prothrombin time
ratio<50%, platelet count <50G/L, perihilar tumor, or
history of biliary-digestive anastomosis or endoscopic
sphincterotomy. In compliance with the French alloca-
tion policy, PTA in BCLC 0-A is used as a bridge to LT
in enlisted patients with well-preserved liver function. In
the case of complete treatment by PTA, there is a tem-
porary inactivation on the waiting list without the alloca-
tion points awarded based on the waiting time being
lost.l"®! Rules implemented in 2016 lead us to grant
exception points to patients with transplantable recur-
rence occurring >6 months after PTA.IV!

All procedures were performed under general anes-
thesia in a multimodality interventional suite as previ-
ously reported,“S] using RF or microwave (MW) device,
depending on the operator's choice. It was intended
to have a 5—-10-mm ablation margin around the tumor.
Ultrasonography (US) was the first-line guidance mo-
dality. No PTA had been excluded for technical rea-
sons (tumor location, visibility, or accessibility) due to
multimodal imaging guidance (US was the preferred
guidance modality, but ethiodized oil tagging and com-
puted tomography [CT] guidance were used whenever
necessary). Contrast-enhanced CT (portal phase) was

Study flowchart. HCC, hepatocellular carcinoma; PTA, percutaneous thermal ablation.

performed immediately after the procedure both to
evaluate the ablation zone (i.e., the area of low attenu-
ation) and to detect potential complications.

Follow-up and outcomes

Clinical and biological evaluations (including AFP level
and liver function test), together with imaging follow-up
by contrast-enhanced magnetic resonance imaging
[MRI], were performed 6weeks after PTA and every
3months thereafter. In addition, a chest CT scan was
conducted every 6 months. Complete ablation observed
on the first follow-up MRI was considered the primary
treatment success. Secondary treatment success was
treatment success observed only after a second PTA
performed within 8 weeks after the first one.

During follow-up, the first three occurrences of
both local and distant recurrences (according to usual
definitions!®'®!) were recorded. In the case of tumor
relapse, the following characteristics of tumor recur-
rence were collected on follow-up imaging: number
of HCC nodules according to EASL criteria, size of
the largest nodule, presence of portal vein invasion
(PVI) as detected by MRI (from subsegmental to main
PVI), and presence of extrahepatic metastasis. In ad-
dition, AFP serum level at recurrence was also noted.
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NON-TRANSPLANTABLE RECURRENCE AFTER PTA OF <3-CM HCC

TABLE 1

Characteristic

Patients
Age, years (median [IQR])
Sex (n, %)
Male
Female
ASA score (n, %)
1-2
3-4
Diabetes (n, %)
No
Yes
Metformin treatment (n, %)
Statin treatment (n, %)
BMI (kg/m?)
Prior curative treatment (n, %)
Naive patient
Yes
Liver disease
Cirrhosis (n, %)
No
Yes
Causes of liver disease (n, %)
Alcohol
Viral hepatitis B or C
Other liver disease
Steatosis (n, %)
Absent
Present
MRI quantification, % (median [IQR])
Child-Pugh class (n, %)
A
B
MELD score (median [IQR])
Laboratory data (median [IQR])
AFP (ng/ml)
AFP>100ng/ml (n, %)
Total bilirubin (pmol/L)
Albumin (g/L)
Prothrombin activity (%)
AST (Ul/ml)
ALT (Ul/ml)
GGT (Ul/ml)
Platelet count (x10/mm?3)
Neutrophils (x10/mm®)
Lymphocytes (x10/mm?)

Monocytes (x10/mm?®)

Baseline characteristics of patients

N (%) or median
(IQR)

n=213
62 (56—65)

179 (84)
34 (16)

112 (52.6)
101 (47.4)

141 (66.2)
72 (33.8)
39 (18.3)
32 (15)

27 (24-30)

98 (46)
115 (54)

15 (7)
198 (93)

132 (62%)
46 (21.6%)
35 (16.4)

140 (65.7)
73 (34.3)
3 (2-6)

208 (97.7%)
5(2.3)
8 (7-10)

5.7 (3.4-11.45)

11.7 (8-18)

40.8 (38-43.7)
83 (72-97)

34.5 (24-48)

27 (19-38)
100.5 (51-222)
122 (81-174)
3.35 (2.35-4.07)
1.42 (1.05-2.03)
0.52 (0.28-0.67)

TABLE 1 (Continued)
N (%) or median

Characteristic (IQR)

Creatinine (pmol/L) 72 (63-85)
ALBI score

1 144 (72)

2 56 (28)
HCC

Tumor size (median [IQR]) 16 (13-20)

<20mm 173 (81.2%)

>20mm 40 (18.8%)

No. of nodules per patient (n, %)

1 157 (73.7%)

2 42 (19.7%)

3 14 (6.6%)
At least one biopsy-proven nodule (n, %) 47 (22)
Steatotic HCC (n, %) 40 (18.8)
Subcapsular location (n, %) 80 (37.6)
PTA
PTA modality (n, %)

Radiofrequency 103 (48.4)

Microwave 110 (51.6)
Imaging guidance (n, %)

US guidance 112 (52.6)

CT guidance 101 (47.4)

Note: Unless otherwise indicated, results are expressed as numbers
(percentages).

Abbreviations: ALBI, albumin-bilirubin; ALT, alanine aminotransferase; ASA,
American Society of Anesthesiologists; AST, aspartate aminotransferase;
BMI, body mass index; CT, computed tomography; GGT, gamma-
glutamyltransferase; IQR, interquartile range; MELD, Model for End-

Stage Liver Disease; MRI, magnetic resonance imaging; SIR, Society of
Interventional Radiology; US, ultrasonography.

NTR was defined as any of the following: hepatic re-
currence with AFP score>2, PVI, or 21 extrahepatic
metastasis.

In case of recurrence, all patients were rereviewed
by the multidisciplinary tumor board. Due to graft
shortage, our policy was to re-ablate intrahepatic
recurrence whenever possible and to consider liver
resection or salvage LT otherwise. Intra-arterial ther-
apies were used if patients were not candidates to cu-
rative options or as a bridging or downstaging therapy
to LT, in keeping with the concept of stage migration.m

Statistical analysis

Continuous variables were described using means *
SD or medians and interquartile range (IQR), depend-
ing on the normality of their distribution. Median (and
95% confidence interval [CI]) follow-up was calculated
using the reverse Kaplan—Meier method. Categorical
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variables were compared with the Fischer's exact test,
and continuous variables with the two-sided f test or
Kruskal-Wallis test, as appropriate.

Occurrence of NTR after PTA was analyzed in a
competing-risks framework, with transplantation and
death as competing events. Covariates associated
with NTR were analyzed using Fine-Gray proportional
subdistribution hazards models. Significant covariates
at univariate analysis were included in the multivariate
model, and subdistribution hazard ratios (SHRs) were
calculated. We also computed Harrell's C-statistic
for discrimination (where no predictive discrimination
would have a Harrell's C index of 0.5 and perfect sep-
aration of patients, a Harrell's C index of 1.0). The final
multivariate model was internally validated using boot-
strapping (200 replications). A stratification of patients
according to their NTR risk was obtained based on
SHR of covariates. The results regarding NTR accord-
ing to Milan criteria were considered exploratory, as our
allocation policy for LT followed the AFP model.

Recurrence-free survival (RFS) was defined as the
time from PTA until the first recurrence, death, or last
follow-up. Patients who underwent LT were censored at
transplantation date. Overall survival (OS) was defined
as the interval between PTA and death (any cause) or
last follow-up. Survival curves were estimated using
the Kaplan—Meier method and compared with the log-
rank test. Cox proportional-hazards models were built
to compute the hazard ratios (HRs) of covariates with
their 95% CI. A robust variance estimator was used
systematically. Log linearity was checked using frac-
tional polynomials. To avoid overfitting, we applied for
each multivariate model the rule of 1 independent vari-
able per 10 events included.

All analyses were performed with the Stata soft-
ware, version 16.1 (Stata Corp.). A p-value <0.05 was
considered significant.

RESULTS

Study population and baseline
characteristics

Between January 2015 and December 2020, 329 con-
secutive patients underwent PTA for HCC at our in-
stitution. A total of 116 patients were excluded due to
(@) age>70years (n = 92), (b) HCC>30mm (n = 5), (c)
metastatic progression discovered at PTA day (n = 1),
(d) PTA of >3 nodules (n = 1), and (e) combined or prior
intra-arterial treatment (n = 17). Therefore, 213 patients
(median age: 62years [IQR: 56—65years]; 84% men
[179 of 213]) who underwent PTA of 283 small HCC
nodules (one, two, and three HCC nodules in 157, 42,
and 14 patients, respectively) were included in this
study. Cirrhosis was noted in 93% (198 of 213) patients,
primarily alcohol-related (62%) with preserved liver

function in most cases (Child-Pugh A in 98.6%, median
MELD score of 8 [IQR: 7-10] and ALBI score 1-2 in
94.4%).

Non-HCC-naive patients (n = 115; 54%) underwent
prior curative treatment (resection in 25, PTA in 90)
without any intra-arterial or systemic therapy. Initial
HCC was solitary in 87 patients (median diameter:
23mm [range: 10-38]) and multifocal in 28 patients
(median number of nodules: 2 [range: 2—3]; median di-
ameter: 19 mm [range: 10—34]).

Among our 213 patients, 97 (45.5%) were listed for
LT during the study period. The main indication for en-
listment was HCC (94.8%; 92 of 97). Among the 38
patients (out of 97 on the waiting list) who were listed
before recurrence, only 14 (36.8%; 14 of 38) received
LT after a median delay of 17.5months (range: 3-76);
14 (36.8%; 14 of 38) dropped out due to NTR or death;
2 refused to receive LT; and the others (n = 8) were
placed on temporary contraindication after curative
treatment. Among the 26 patients (out of 97 on the wait-
ing list) who were listed after HCC recurrence (84.6%
after 2018, as MELD exception points were proposed
by then in case of HCC recurrence remaining within
transplant criteria), 13 received LT after a median delay
of 16 months (range: 1-28); 9 dropped out due to NTR
or death; and the others (n = 4) refused LT.

Tumor biopsy was performed in 22% patients (47 of
213). HCC median size was 16 mm (IQR: 13-20), with
subcapsular location in 37.6% (80 of 213) patients.

PTA was performed with RF in 103 patients (48.4%)
and MW in 110 patients (51.6%). Guidance imaging mo-
dality was US in 51.6% of cases.

Follow-up and outcome

Primary and secondary treatment success was ob-
tained in 98.9% and 100% of patients, respectively. No
PTA-related death was recorded. After a median follow-
up of 41.2months (95% ClI: 36.4—45.2), 16% (34 of 213)
patients were transplanted and 23% (49 of 213) died.

At least one recurrence was observed in 56.3%
(120 of 213) patients during follow-up. Local recur-
rence was 12.4% at 1year (19.7% during follow-up).
No tumor track seeding was noted. Median RFS
was 20.8months (95% CI: 15.6-26.8) (Figure 2).
Median OS was not reached. OS rates at 1, 2, 3, 4,
and 5years were 96.5% (95% CI: 92.9-98.3), 84.3%
(95% CI: 78—88.9), 78.6% (95% Cl: 71.4-84.1), 74.1%
(95% Cl: 65.5—-80.9), and 68.2% (95% CI: 58.3-76.3),
respectively (Figure 2).

First distant recurrence was detected in 53% (113
of 213) patients after a median time-to-recurrence of
9.6 months (IQR: 4.4—18.3) from PTA. This first distant
recurrence presented with >3 nodules in 8% (9 of 113),
PVI1in 6.2% (7 of 113), or 21 extrahepatic metastasis
in 11.5% (13 of 113). At first distant recurrence, median



SMIAGZUMIPXZOBBAROATOAEIOYIHSALLIAYIPOOAEIEAHION/ADAUMYT

XOMADYOINXYOHISABZIYT0I+eyNIOITWNOTIZTARM HARSHNAYG Aq wwooday/wod mm|sfeulnoly/:dny woly papeojumod

¥20¢2/80/€0 uo

2980 |

NON-TRANSPLANTABLE RECURRENCE AFTER PTA OF <3-CM HCC

(A) Recurrence-free survival
(=3
8
2
g o
Z
2
3 3|
g o
g
o
Q
o
TR
o
8
o T T T T T T
0 12 24 36 48 60 72
Months from ablation
Number at risk
213 116 63 37 16 9 3
(B) Overall survival
o
8
2
g I
z
[
>
° 3|
s°
T
o
Q.
o
aygl
o
s
O iy T T T T T T
0 12 24 60 72

36 48
Months from ablation

Number at risk
213 186 129 97 57 31 4

FIGURE 2 Recurrence-free (A) and overall (B) survival of
study population.

tumor diameter was 14 mm (IQR: 11-18), whereas me-
dian AFP level was 5.7 ng/ml (IQR: 3.4-5.7).

Overall, NTR occurred in 18.3% (39 of 213) patients
during follow-up, determining a 1-year, 2-year, and 3-
year NTR cumulative incidence of 8.5%, 15.6% and
17.6%, respectively. Median time-to-NTR from PTA
was 12.8months (IQR: 7.7-22.8) in these patients.
NTR occurred as the first recurrence in 56.4% (22 of
39) of cases. In patients presenting NTR, 5.1% (2 of
39) had >3 HCC nodules, 17.9% (7 of 39) had PVI, and
15.4% (6 of 39) showed =1 extrahepatic metastasis. At
NTR, the largest tumor nodule had a median diame-
ter of 26 mm (IQR: 18-50), whereas median AFP level
was 92 ng/ml (IQR: 5-1633). NTR occurred in the same
segment as PTA in only 12.8% (5 of 39) of the cases.

Pre-ablation model for NTR

The following covariates were associated with NTR
in univariate analysis: AFP>100ng/ml (SHR: 6.35;
p <0.001), steatotic HCC (SHR: 0.3; p = 0.044), mul-
tifocality (SHR: 2.07; p = 0.027), and nonnaive HCC

(SHR: 3; p = 0.001) (Table 2). Pre-ablation multivariate
model for NTR revealed AFP>100ng/ml (SHR: 7.28
[95% CI: 2.63-20.15]; p <0.001) and nonnaive HCC
(SHR: 3.77 [95% CI: 1.65-8.65]; p = 0.002) as inde-
pendent predictors. Both predictors were internally val-
idated using bootstrapping. Harrell's C index was 0.76,
indicating a good discrimination ability of the model.

Stratification of NTR risk

Given the approximately doubled SHR of AFP>100ng/
ml compared with that of the nonnaive patient, a 1-point
score was attributed to nonnaive patients and 2-point
score was awarded in patients with AFP>100ng/ml.
Therefore, the score varied from 0 to 3. Stratification
of patients determining low risk, intermediate risk, and
high risk of NTR was then established as follows: The
low-risk group included patients both HCC-naive and
with AFP <100ng/ml (score = 0); the intermediate-risk
group consisted of patients both nonnaive and with
AFP<100ng/ml (score = 1); and the high-risk group
included patients with AFP>=100ng/ml, regardless of
HCC naivety (score=2).

NTR (AFP model) according to NTR risk
stratification

Overall, 50.7% (108 of 213), 43.2% (92 of 213), and
6.1% (13 of 213) patients were classified in the low-
risk, intermediate-risk, and high-risk categories for
NTR, respectively, among whom 9.3% (10 of 108),
22.8% (21 of 92), and 61.5% (8 of 13) presented NTR
(p <0.001) (Table 3). NTR occurred as the first recur-
rence in 2.8% (3 of 108), 15.2% (14 of 92), and 38.5%
(5 of 13), respectively, in the low-risk, intermediate-
risk, and high-risk categories (p <0.001). Compared
with low-risk patients, SHR for intermediate-risk pa-
tients was 2.7 (95% CI: 1.29-5.6; p = 0.008), whereas
it was 10.4 (95% CI: 3.83-28.1; p = 0.008) for high-
risk patients (Harrell's C index: 0.71). NTR cumulative
incidence in the low-risk, intermediate-risk, and high-
risk categories was 4.1%, 10.7% and 35.3%, respec-
tively, at 1year; 7.9%, 19.9%, and 57.5% at 2years;
9.1%, 22.5%, and 62.6% at 3years; 10.7%, 26.2%,
and 68.9% at 4years (Figure 3). In patients present-
ing with NTR, median time-to-NTR was 16.8 months,
12.8 months, and 5.4 months, respectively, in low-risk,
intermediate-risk, and high-risk categories (p <0.001).

NTR (beyond Milan) according to NTR risk
stratification

NTR risk stratification system yielded similar results
for NTR beyond Milan criteria (Table 3). Overall, NTR
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Variables

Patients

Age (>65 vs. <65years)
Sex (female vs. male)
BMI (230 vs. <30)
ASA (>2 vs. £2)
Diabetes

Metformin treatment
Statin treatment
Non-HCC naive
Cirrhosis

Steatosis

Child-Pugh (B vs. A)

Cause of liver disease (vs.

alcohol)
Viral hepatitis
Other

Laboratory data

AFP (=100 vs. <100 ng/ml)
Prothrombin time

Platelet count (=100 vs.
<100 x10/mm®)

Albumin

Bilirubin
Neutrophils
Lymphocytes
Monocytes

MELD (>9 vs. <9)
ALBI score (2 vs. 1)

HCC

Multifocal (vs. unifocal)
Tumor size (<2 vs. 22cm)
Steatotic HCC
Subcapsular location

PTA

Modality (MW vs. RF)
Guidance (US vs. CT)
Harrell's C statistic: 0.76

Univariate analysis

TABLE 2 Pre-ablation model for NTR (competing-risk regression)

Multivariate analysis

Bootstrapping (200 replications)

SHR (95% Cl)

0.48 (0.21-1.11)
0.85 (0.37-1.97)
1.4 (0.66-2.97)
0.84 (0.45-1.56)
1.19 (0.62-2.29)
0.70 (0.27-1.79)
0.85 (0.33-2.17)
3 (1.54-5.85)
1.32 (0.33-5.16)
0.79 (0.40-1.56)
0.97 (0.10-8.91)

1.09 (0.54-2.23)
0.14 (0.2-1.02)

6.35 (2.67-15.11)
0.99 (0.97-1.02)
1.08 (0.52-2.26)

0.98 (0.92-1.04)
1.01 (0.96-1.06)
0.91 (0.72-1.15)
0.81 (0.6-1.11)

0.73 (0.24-2.18)
1.03 (0.52-2.03)
0.92 (0.47-1.80)

2.07 (1.08-3.94)
1.26 (0.57-2.78)
0.3 (0.09-0.96)

1.21 (0.64—2.29)

1.9 (0.97-3.67)
1.46 (0.78-2.75)

p SHR (95% Cl)

0.08
0.70
0.38
0.45
0.59
0.46
0.74
0.001 3.77 (1.64-8.64)
0.68
0.51
0.98

0.801
0.059

<0.001
0.77
0.83

0.53
0.64
0.46
0.2

0.58
0.92
0.81

0.027
0.56
0.044
0.54

1.67 (0.75-3.71)

0.54 (0.157-1.88)

0.07
0.24

7.28 (2.63-20.14)

p

0.002

<0.001

0.20

0.335

SHR (95% CI)

3.77 (1.38-10.31)

7.28 (1.78—-29.79)

1.67 (0.64-4.38)

0.54 (0-196.11)

p

0.010

0.006

0.64

0.84

Abbreviations: SHR, subdistribution hazard ratio; Cl, confidence interval.
Data in bold are statistically significant (i.e., p < 0.05).

beyond Milan occurred in 23% (49 of 213) patients dur-
ing follow-up, determining a 1-year, 2-year, 3-year, and
4-year NTR cumulative incidence of 11.7%, 20.2%,
22.9%, and 25.3%, respectively. Median time-to-NTR
from PTA was 11.7months (IQR: 6.7-21.1) in these
patients. In the low-risk, intermediate-risk, and high-
risk categories for NTR, 12% (13 of 108), 31.5% (29

of 92), and 53.9% (7 of 13) presented NTR (p <0.001).
NTR occurred at the first recurrence in 3.7% (4 of 108),
25% (23 of 92), and 38.5% (5 of 13), respectively, in
the low-risk, intermediate-risk, and high-risk categories
(p <0.001).

Compared with low-risk patients, SHR for
intermediate-risk patients was 3 (95% CI: 1.6-5.7;
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TABLE 3 NTR cumulative incidence and survival according to pre-ablative NTR model

AFP model
NTR (%)
Overall®
At first recurrence®
at 1 year
at 2years
at 3years
at 4years
Time to NTR*® (median [IQR])
Milan criteria
NTR (%)
Overall®
At first recurrence®
at 1 year
at 2years
at 3years
at 4years
Time to NTR*® (median [IQR])
Survival
RFS (median [95% CI])
OS (median [95% ClI])

Low risk (n = 08; 50.7%)
HCC-naive and AFP<100ng/ml

9.3%

2.8%

4.1%

7.9%

9.1%

10.7%

16.8 months (6.7-40.4)

12%

3.7%

6.1%

10.4%

12%

13.7%

15.2months (10.7-28.1)

43.4months (23.6-50.2)
NR

Intermediate risk (n = 92; 43.2%)

High risk (n = 13;

Prior HCC and AFP<100ng/ml 6.1%) AFP2100 ng/ml
22.8% 61.5%
15.2% 38.5%
10.7% 35.3%
19.9% 57.5%
22.5% 62.6%
26.2% 68.9%

12.8 months (10.3-21.1)

5.4 months (4-13.6)

31.5% 53.8%
25% 38.5%
17.4% 32.6%
28.2% 49.7%
32% 55.1%
36% 60.4%

10.5months (8.4-15.8)

14.5months (8.6—18.3)

5.6months (3.5-14.7)

4.6 months (2.2-23.5)

NR 19.1 months (10.3—NR)

Abbreviations: NR, not reached; OS, overall survival; RFS, recurrence-free survival.

@Among patients presenting NTR.
PIndicates significant differences among the three risk categories (p <0.001).

p = 0.001), whereas it was 6.3 (95% CI: 2.4-16.3;
p <0.001) for high-risk patients (Harrell's C index: 0.71).
NTR cumulative incidence in low-risk, intermediate-
risk, and high-risk categories was 6.1%, 17.4%, and
32.6% at 1year; 10.4%, 28.2%, and 49.75% at 2years;
and 12%, 32%, and 55.1% at 3years; 13.7%, 36%, and
60.4% at 4 years; respectively (Figure 3 and Table 3). In
patients presenting NTR (beyond Milan), median time-
to-NTR was 15.2months (IQR: 10.7-28.1), 10.5months
(IQR: 8.4-15.8), and 5.6 months (IQR: 3.5-14.7), re-
spectively, in low-risk, intermediate-risk, and high-risk
categories (p <0.001).

RFS and OS according to NTR risk
stratification

NTR risk category was also significantly (p <0.001)
associated with RFS (intermediate risk vs. low risk:
HR = 2.51; p <0.001; high risk vs. low risk: HR = 5.57,
p <0.001) and OS (intermediate risk vs. low risk:
HR =2.59; p = 0.009; high risk vs. low risk: HR = 15.47,
p <0.001) (Figure 4). Median RFS was 4.6 months

(95% CI: 2.2-23.5), 14.5months (95% CI: 8.6-18.3),
and 43.4months (23.6—-50.2) in patients, respectively,
in high-risk, intermediate-risk, and low-risk categories.
Median OS was not reached in intermediate-risk and
low-risk patients, whereas it was of 19.1 months (10.3—
NR) in high-risk patients.

DISCUSSION

In the present study, we assessed the value of upfront
PTA in all potentially transplantable patients with NTR
as an indicator of failure. The AFP score, which com-
bines AFP level, number of tumor nodules and tumor
size, has replaced the Milan criteria in France since
January 2013.B7 Only a few studies have investigated
the risk of NTR following PTA of early HCC,!'>2%:21 gnd
they either exceeded or restricted their inclusion crite-
ria with regard to validated indications of PTA for HCC.
Tsuchiya et al. included larger tumors (solitary HCC up
to 5cm),?% whereas Cho et al. focused solely on soli-
tary HCC.2" Additionally, neither of them selected po-
tentially transplantable patients as in our study. Doyle
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(A) Cumulative incidence of NTR (AFP model)

High-risk

Proportion of NTR
4
|

Low-risk

' ' ' % 48 60 72
Months from ablation

Naive & AFP<100ng/mL
AFP2100ng/mL

Non-naive & AFP<100ng/mL

(B) Cumulative incidence of NTR (beyond Milan)

High-risk

Proportion of NTR
4
!

Low-risk

0 12 36 48 60 72
Months from ablation
Naive & AFP<100ng/mL Non-naive & AFP<100ng/mL
AFP2100ng/mL

FIGURE 3 Cumulative incidence of non-transplantable
recurrence (NTR) according to the alpha-fetoprotein (AFP) model
(A) and Milan criteria (B) by NTR risk categories.

et al. specifically investigated this population, but they
included only HCC-naive patients with solitary HCC.["”!
All of these studies were conducted more than 15years
ago?®2" or over a long study period (2000-2015),["*!
whereas the state of the art in PTA has considerably
changed over the past 10years with the emergence
of new ablation techniques (such as MW) or multi-
modal imaging guidance.”s] Non-HCC-naive patients
are often excluded from HCC series or clinical trials,
whereas both re-ablation and ablation of intrahepatic
recurrence following resection are valid options be-
cause of the excellent tolerance and oncological out-
come of PTA, provided that the tumor burden is limited
(one to three nodules, <3cm) and liver function and
health status are preserved.[2'11'22‘24] Thus, we aimed
to include over a short and recent period of time all po-
tentially transplantable patients with one to three <3-cm
nodule(s), whether naive or not naive, in order to (a)
stick to EASL/AASLD/BCLC recommendations!’?'
(especially regarding multifocal tumors), (b) better re-
flect daily practice (non-HCC-naive patients are fre-
quently referred to PTA for small HCC,"*! as reflected

(A) Recurrence-free survival

1.00
1

0.75
1

Low-risk

0.50
1

Intermediate-risk

Proportion event-free

0.25
1

P<.001 High-risk

0.00
L

T T T T T

0 12 24 36 48 60 72
Months from ablation

Number at risk

Naive & AFP<100ng/mL 108 7 43 30 14 8

3
Non-naive & AFP<100ng/mL 92 42 19 6 2 1 0
AFP2100ng/mL 13 3 1 1 0 0 0

Naive & AFP<100ng/mL
AFP2100ng/mL

Non-naive & AFP<100ng/mL

(B) Overall survival

1.00
L

0.756
L

Low-risk

Intermediate-risk

Proportion event-free
0.50
!

0.25
1

High-risk
P<.001

0.00
L

L2 L3 g T T

0 12 24 36 48 60 72
Months from ablation

Number at risk

Naive & AFP<100ng/mL 108 93 70 52 31 18

7
Non-naive & AFP<100ng/mL 92 83 56 42 26 13 0
AFP2100ng/mL 13 10 3 3 0 0 0

Naive & AFP<100ng/mL
AFP2100ng/mL

Non-naive & AFP<100ng/mL

FIGURE 4 Recurrence-free (A) and overall (B) survival
according to the NTR risk categories.

in our series), and (c) incorporate the current state of
the artin PTA.

With a 68.2% OS rate at 5years, PTA meets
the expectations as a curative option (i.e., median
0S>5years).l” Recurrence after PTA of small HCC oc-
curs in 60%—80% of patients at 5years, in keeping with
our results (56.3%).1513:20-2% |nterestingly, we showed
that a large majority (67.5%) of patients who recurred
remained within transplantation criteria and were there-
fore potentially eligible to salvage LT. By comparison,
this rate was 62% for resection in a French study that
was also based on the AFP model and that provided
a comparable foIIow-up.[3] The overall NTR incidence
was only 18.3% (AFP model) and 23% (Milan) in our 213
patients, confirming PTA as a valid curative option with
limited risk of NTR. Doyle et al. reported a comparable
27.6% NTR occurrence (beyond Milan) after radiofre-
quency ablation (RFA), although only solitary HCC in
HCC-naive patients were selected.™® Our NTR rate
also compares favorably with the 15%—-67% rate re-
ported in surgical series, 341 although patients slightly
differ (larger tumors, less advanced liver disease).
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It is not possible to primarily transplant all patients
with early HCC with preserved liver function, given the
shortage of deceased donors in Western countries.
Specifically, access to LT for T1 HCC is based solely on
the MELD score in our nationwide graft allocation sys-
tem. In this context, improving the selection of patients
for first-line PTA is highly desirable, especially if further
chance for salvage LT is preserved. This would also
avoid complications and immunosuppression resulting
from primary LT. On resection specimen, histological
features such as microvascular invasion, satellite nod-
ules, or tumor differentiation have been identified as
predictors of early or advanced recurrence,?® or re-
currence beyond Milan.®" However, they are by defi-
nition obtained after resection, whereas preoperative
predictors are needed to improve treatment allocation.
Considerable advances have been made in HCC prog-
nostication based on pathological features.?"? |n the
context of PTA, the biopsy of small HCC is challenging
due both to frequent poor visibility or accessibility under
US!618:29-31 gnd to the risk to further compromise PTA
due to bleeding or post-biopsy imaging modifications.
Thus, only 22% of our patients underwent tumor bi-
opsy. Consequently, we performed a competing-risk
analysis to stratify PTA patients into three categories
based on covariates easy to obtain noninvasively be-
fore treatment. Interestingly, the model established
using the AFP score was equally predictive within Milan
criteria in our cohort.

The low-risk group (naive patients with AFP <100 ng/
ml) yielded a very low risk (9.3% AFP model, 12% be-
yond Milan) of developing NTR and showed long me-
dian RFS (43.4months) and excellent OS (89.1% at
3years). In addition, salvageability by LT at recurrence
was theoretically preserved, as NTR had occurred at
first recurrence in only 2.8% of low-risk patients. This
group of very good prognosis after upfront PTA repre-
sented half (50.7%) of the potentially transplantable pa-
tients. In other words, naive patients with AFP <100ng/
ml are very good candidates to upfront PTA with pre-
served chances of being further transplanted.

The intermediate-risk category consists of the
patients with a past history of HCC treatment but
AFP<100ng/ml. Although salvage LT is theoretically
recommended for recurrent HCC,'? PTA or resection
may be proposed either instead of or as a bridge-to-
transplant strategy, due to graft shortage, insufficient
recognition of salvage LT indication,”® and to potential
risks of dropout from the waiting list (especially from
NTR). From a pragmatic standpoint, given the high pro-
portion of patients presenting HCC recurrence (56.3%
in our series), the systematic use of salvage LT is not
realistic without seriously compromising equity in organ
allocation. All LT policies are facing the same issue—
the complex balance between utility and equity in a
context of graft shortage—which is even more relevant
in the post—COVID-19 period. Although, by definition,

all patients on the transplant list require transplantation,
the severity of the disease and therefore the urgency of
the transplant can differ greatly from one patient to an-
other. The exclusive application of the principle of util-
ity therefore results in impeding access to candidates
whose disease is not life-threatening in the short term.
In our study, the median MELD score was 8 (IQR: 7—
10), which meant no chance of getting a transplant in
an allocation policy based on the MELD score only. The
principle of utility therefore needed to be counterbal-
anced by the principle of equity, which guarantees for
each candidate a similar probability of access to graft,
regardless of the nature of the disease. This led to the
development of the HCC MELD exception in many
countries, including France. However, the proportion of
patients receiving a priority listing with an HCC MELD
exception has increased in the 2000s. Consequently,
patients with HCC were given an unfair advantage
in organ allocation with respect to non-HCC patients
listed for LT according to their MELD scores.??

In France, a strategy for delaying access to LT in
patients with HCC receiving a waiting treatment by re-
section or PTA was implemented in two phases: from
2015, encouraging the placement of patients on tempo-
rary contraindication after curative treatment; and from
2018, awarding of MELD exception points for allowing
accelerated access to LT in case of recurrence after
curative treatment. Interestingly, Mazzaferro et al. pro-
posed a quite similar allocation system, in which priority
for enlistment was given based on treatment response
(after bridge or downstaging) instead of initial tumor
burden.B3

At recurrence and despite HCC MELD exception
points, waiting time remained long given the scarcity
of donors, as observed in our series (waiting period for
transplanted patients was 16 months). Provided that
fewer than three HCC nodules were less than 3cm,
re-ablation was therefore favored as upfront treatment.
Before 2018, re-ablated patients were placed under
temporary contraindication. By 2018, MELD exception
points were officially endorsed in case of tumor recur-
rence (within AFP score <2), and the patients who were
candidates for LT were enlisted. Of note, only 50% (13
of 26) were eventually transplanted in our series.

The French program was one of the first worldwide
to implement a national strategy of delayed access to
transplantation for patients with HCC receiving curative
treatment by resection or PTA. This provided a unique
opportunity to investigate the risk of NTR in non-HCC-
naive patients and to explore whether re-ablation could
be an acceptable alternative to salvage LT in this fre-
quent but commonly overlooked population.

Compared with low-risk patients, the NTR incidence
was higher (SHR = 2.7) but remained acceptable, as
22.8% eventually presented NTR. In comparison, a re-
cent surgical series examining the risk of NTR accord-
ing to the AFP model in HCC-naive patients reported a
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20.9% overall NTR rate, although only 65.5% of patients
had cirrhosis.®! A risk score incorporating pathological
examination of liver explant from resection (n = 1023
patients) validated a risk of NTR (beyond Milan) of 18%,
even in the most favorable category.[4] The limited risk
of NTR in the intermediate-risk category challenges
the recommendation to refer all of these patients to sal-
vage LT, even though when occurring, NTR was the
first recurrence in most (66%—-80%, depending on the
criteria).

NTR occurred outside liver segments treated by PTA
in most cases (87.2%) and during the first 2years after
treatment as in surgical series,®4 in keeping with the
greater risk of cancer dissemination from the original
tumor during this period.[34] Thus, NTR mostly results
from overlooked microscopic multifocality, suggest-
ing that anatomical resection would have probably not
performed better. In intermediate-risk versus low-risk
patients, recurrence was more frequent, and RFS and
OS were significantly reduced (HR = 2.5 and 5.6, re-
spectively). All of this calls for adjuvant/neoadjuvant
treatments to PTA. Although none is validated to date,
four phase 3 randomized controlled trials (RCTs) are
currently ongoing with nivolumab (NCT03383458),
pembrolizumab (NCT03867084), durvalumab + bev-
acizumab (NCT03847428), or atezolizumab + bevaci-
zumab (NCT04102098) as adjuvant treatment versus
placebo for resected/ablated patients at high risk of
recurrence. However, these trials have four limitations:
First, they all mix resected and ablated patients with
different inclusion criteria for each treatment modality;
second, they consider at high risk of recurrence tumors
exceeding international recommendations (>3 cm and/
or >3 nodules) at various degrees depending on the
trial; third, by their adjuvant-only design, they do not
take the opportunity of potential synergies between
PTA and immunotherapies; fourth and surprisingly,
prior HCC treatment is a noninclusion criterion in these
trials, even though the risk of recurrence is basically in-
creased. We are conducting a multicenter phase 2 RCT
(NCT04727307) in France that is dedicated to ablation
only, comparing RFA alone with neoadjuvant atezoli-
zumab followed by RFA and adjuvant atezolizumab/
bevacizumab. In this trial, non-HCC-naive patients can
be included, and HCC naivety is part of the stratifica-
tion factors. The optimal treatment strategy of recurrent
HCC within BCLC 0-A is definitely worth exploring.

AFP=100ng/ml, which defines high-risk patients,
had a particularly negative impact, as upfront PTA re-
sulted in high NTR risk (61.5%) and poor RFS and OS.
AFP reflects aggressive tumor biology and has been
included in different transplantation selection crite-
ria.l”3%3¢] Close surveillance following PTA is advisable
to detect recurrence before progression beyond trans-
plantation criteria. Enhancement of post-PTA follow-up
is unrealistic, as our policy was actually to perform MRI
every 3months for life, whereas imaging follow-up is

usually lightened after 2years following PTA.[320]

Salvage LT remains theoretically applicable in 61.5%
of high-risk patients, as 38.5% present with NTR at first
recurrence. However, we can anticipate a high rate of
dropout, given the 35.3% risk of NTR at 1 year and the
median time-to-NTR of 4.5months after PTA. From a
pragmatic perspective, offering preemptive LT in these
high-risk patients representing only 6.1% of PTA candi-
dates would have limited impact on organ supply and is
a realistic option. Based on the Metroticket 2.0 and AFP
models, approximately50% of 5-year OS can be ex-
pected,!”*® which is far greater than the OS observed in
these patients with upfront PTA (median: 19.1 months).
However, the high risk of rapid NTR suggests that such
preemptive LT should be prioritized, raising the difficult
question of graft allocation priority in a context in which
prioritizing HCC with aggressive tumor biology over
advanced liver disease without HCC may be ethically
questionable. In this high-risk category, adjuvant/neo-
adjuvant trials are therefore also needed.

Several limitations to our study must be acknowl-
edged. First, this is a retrospective, single-center
study, although data came from a prospectively main-
tained database. An RCT comparing upfront PTA to
LT in small HCCs, although ideal, is very unlikely to
be conducted, which emphasizes the role of robust
retrospective data that could help design further stud-
ies or clinical trials focusing on subpopulation at in-
termediate or high risk of NTR. Second, our model
requires external validation, even though it has been
internally validated using bootstrapping. Third, we in-
vestigated the NTR risk after PTA of small HCC using
the AFP model that was actually used in our country
during the whole study period. As mentioned previ-
ously, the results regarding Milan criteria are explor-
atory. The NTR risk in the context of other policies
such as University of California San Francisco, up to
seven, or Metroticket 2.0 remains to be investigated.
The strengths of this study include the selection of
all potentially transplantable patients in line with cur-
rent recommendations, the stringent follow-up (every
3 months for life; none lost to follow-up before recur-
rence or death), and the competing-risk analysis of a
relevant outcome for transplantation centers.

CONCLUSIONS

Most patients who are eligible for primary PTA remain
eligible for salvage LT. Simple and noninvasive covari-
ates (HCC naivety and AFP) obtained before PTA of <3-
cm HCC(s) accurately stratified patients' risk of NTR,
ranging from 9.3% to 61.5% (AFP model) and 12% to
53.8% (Milan). Patients without history of HCC and
with low AFP are excellent candidates to upfront PTA,
with excellent outcome and preserved chances for sal-
vage transplantation. Patients with recurrent HCC have
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an increased risk of NTR, which remains acceptable.
Adjuvant/neoadjuvant trials should certainly focus on
this frequently overlooked subpopulation. Finally, pa-
tient candidates for PTA with AFP=100ng/ml have a
high risk of NTR and poor RFS and OS. Clinical trials
evaluating preemptive transplantation and/or adjuvant/
neoadjuvant strategies are highly needed in this small
subset of patients.
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