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Highlights
� Adjuvant sorafenib after local ablation for HCC does

not extend time-to-recurrence.

� Similarly, sorafenib treatment has no effect on local
recurrence rate.

� Adjuvant sorafenib has a significantly higher
adverse event rate compared with placebo.

� Sorafenib is associated with early decrease (at 2
and 3 months) in quality-of-life compared with
placebo.

Impact and implications
Local ablation is the standard of care treatment in
patients with early stages of hepatocellular carcinoma,
along with surgical therapies. However, there is a risk
of disease recurrence during follow-up. Sorafenib, an
oral medication, is a routinely used treatment for pa-
tients with advanced hepatocellular carcinoma. This
study found that sorafenib treatment after local abla-
tion in people with early hepatocellular carcinoma did
not significantly improve the disease-free period
compared with placebo.
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Background & Aims: The aim of the study was to evaluate the efficacy and safety of adjuvant sorafenib treatment compared
with placebo in patients with hepatocellular carcinoma who underwent local ablation.
Methods: The SORAMIC trial is a randomised controlled trial with diagnostic, local ablation, and palliative sub-study arms.
After initial imaging within the diagnostic study, patients were assigned to local ablation or palliative arms. In the local
ablation cohort, patients were randomised 1:1 to local ablation + sorafenib vs. local ablation + placebo. The primary endpoint
was time-to-recurrence (TTR). Secondary endpoints were local control rate and safety in terms of adverse events and quality-
of-life.
Results: The recruitment was terminated prematurely after 104 patients owing to slow recruitment. One patient was
excluded because of a technical failure. Fifty-four patients were randomised to local ablation + sorafenib and 49 to local
ablation + placebo. Eighty-eight patients who underwent standardised follow-up imaging comprised the per-protocol pop-
ulation. The median TTR was 15.2 months in the sorafenib arm and 16.4 months in the placebo arm (hazard ratio 1.1; 95% CI
0.53–2.2; p = 0.82). Out of 136 lesions ablated within the trial, there was no difference in local recurrence rate between
sorafenib (6/69, 8.6%) and placebo groups (5/67, 5.9%; p = 0.792).
Overall (92.5% vs. 71.4%, p = 0.008) and drug-related (81.4% vs. 55.1%, p = 0.003) adverse events were more common in the
sorafenib arm compared with the placebo arm. Dose reduction because of adverse events were common in the sorafenib arm
(79.6% vs. 30.6%, p <0.001).
Conclusions: Adjuvant sorafenib did not improve in TTR or local control rate after local ablation in patients with hepato-
cellular carcinoma within the limitations of an early terminated trial.
Impact and implications: Local ablation is the standard of care treatment in patients with early stages of hepatocellular
carcinoma, along with surgical therapies. However, there is a risk of disease recurrence during follow-up. Sorafenib, an oral
medication, is a routinely used treatment for patients with advanced hepatocellular carcinoma. This study found that sor-
afenib treatment after local ablation in people with early hepatocellular carcinoma did not significantly improve the disease-
free period compared with placebo.
Clinical trial number: EudraCT 2009-012576-27, NCT01126645.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Hepatocellular carcinoma; Sorafenib; Local ablation; Adjuvant; Time-to-
recurrence.
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Introduction
Hepatocellular carcinoma (HCC) patients with very early Barce-
lona Clinic Liver Cancer (BCLC-0) and early (BCLC-A) stages are
potential candidates for curative therapies.1 Surgical resection,
liver transplantation, or local ablation are the standard of care in
these patients. The primary ablation method is thermal ablation
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inducing coagulative tumour necrosis with heat up to 60–100 �C
by either radiofrequency ablation (RFA) or microwave ablation
(MWA).

However, resection and local ablation are associated with
high recurrence rates by up to 80% within 5 years.2,3 Tumour
recurrence is seen either as a result of progression of concomi-
tant micrometastases or development of de novo primary lesions
in underlying cirrhosis or chronic liver disease. Currently, no
benefit of an adjuvant therapy has been shown in patients with
HCC after resection or local ablation. The trials that evaluated
adjuvant therapy with interferon, vitamin K2, and retinoids have
failed to meet their endpoints.4–7

Sorafenib, a multikinase inhibitor, improved the overall sur-
vival in patients with unresectable HCC,8,9 and was the only
systemic therapy option for more than a decade. Its mechanism
of action by inhibiting tumour cell proliferation and angiogenesis
offers a potential rationale for adjuvant therapy after curative
therapies.

SORAfenib in combination with local MICro-therapy guided
by gadolinium-EOB-DTPA-enhanced MRI (SORAMIC; EudraCT
2009-012576-27, NCT01126645) is a prospective study that
comprised three sub-studies: (i) comparison of gadoxetic acid-
enhanced magnetic resonance imaging (MRI) vs. contrast-
enhanced multislice computed tomography (CT) for the stratifi-
cation of patients to a local ablation (curative treatment) or
palliative treatment group; (ii) comparison of local ablation plus
sorafenib vs. control (local ablation plus matching placebo) on
time-to-recurrence; and (iii) comparison of selective internal
radiation therapy (SIRT) with 90Y resin microspheres combined
with sorafenib compared with control (sorafenib alone) on
overall survival.

The local ablation study arm of the SORAMIC trial (part ii) was
designed to determine the efficacy and safety of adjuvant sor-
afenib in patients with HCC who underwent local ablation.
Patients and methods
Study design and participants
SORAMIC is a randomised, double-blind, placebo-controlled,
multicentre phase II trial conducted at 38 sites in 12 countries in
Europe and Turkey. The study was approved by the institutional
review boards of all participating centres as well as the compe-
tent authorities. All patients gave written informed consent
before entering the study.

In the local ablation study arm of the SORAMIC trial, the
primary objective was to determine if the sorafenib in combi-
nation with tumour ablation prolongs the time-to-recurrence
(TTR) compared with local ablation and placebo. Secondary ob-
jectives were to assess the safety of the combination of local
ablation and sorafenib in comparison with local ablation and
placebo, and the local control rate. Recruitment in this arm was
stopped owing to lack of recruitment when the endpoints of part
i (diagnostic arm) and part iii (palliation arm) reached their
endpoints. The study herein summarises the results of 104 pa-
tients randomised, when the recruitment goal had initially been
290 patients.

After study inclusion, patients with a diagnosis of HCC un-
derwent gadoxetic acid-enhanced MRI and contrast-enhanced
CT according to the imaging protocol of the SORAMIC study.10

Patients aged between 18 and 85 years with a diagnosis of
treatment-naive HCC, Child-Pugh scores A or B up to 7 points, an
Eastern Cooperative Oncology Group performance status (ECOG
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PS) <−2 were eligible. The disease stage was evaluated by the local
investigator using all available clinical information, including CT
and MR imaging. Patients were allocated to either local ablation
(part of the following analysis) or palliative treatment (previ-
ously reported11) by the treating physicians at the study sites
based on the disease stage. Patients with up to four lesions of a
maximum diameter of 5 cm each were recruited to the local
ablation study arm. Main exclusion criteria in this study arm
were: invasion of the portal vein (any extent), extrahepatic me-
tastases, and patients in whom the surgical resection was the
most appropriate treatment. Additionally, patients with signifi-
cant cardiovascular disease (including myocardial infarction
within 6 months of inclusion), uncontrolled hypertension,
thrombotic or embolic events (including transient ischemic at-
tacks) within the past 6 months, and history of organ trans-
plantation were excluded (full list is in the Supplementary
material).

Local ablation
Percutaneous or laparoscopic RFA or MWAwere allowed for local
tumour ablation. Local ablation was performed according to the
manufacturer’s instructions, and routine procedures of the
participating hospital were followed as far as possible. Applica-
tors were selected according to the size, location, and configu-
rations of the lesions to be treated. The imaging guidance was at
the discretion of the operator. A maximum of two ablation ses-
sions (maximum of 2 weeks apart) were permitted per patient,
with a maximum of two liver lesions treated in each session. If
ablation was deemed incomplete for any reason, one reinter-
vention of a maximum of two lesions was allowed within 2
weeks of the last session. Patients who do not complete local
therapy as planned were excluded from the study (technical
failures).

Randomisation and masking
Following a pre-defined randomisation plan, patients eligible for
the study were randomised 1:1 to the local ablation + sorafenib
or local ablation + placebo after completion of local ablation
sessions. Randomisation was performed using an interactive
voice response system. The randomisation was done by centres
and separately for patients with one, two, or three ablation
sessions.

Sorafenib treatment
Patients received continuous treatment with sorafenib or
matching placebo until disease recurrence. Treatment was star-
ted at a reduced dose of 200 mg b.i.d. at Day 3 after completion
of local ablation and was increased to the full dose of
400 mg b.i.d. at Day 10. In case of toxicity, the sorafenib dose was
modified according to pre-defined dosing guidelines. In brief, the
lowest accepted dose was 200 mg b.i.d. on alternate days.
Following the resolution of toxicities, maintaining the highest
tolerable dose level was attempted with a stepwise dose re-
escalation (Fig. S1). Treatment was continued until tumour
progression or the emergence of a drug-related adverse event
requiring discontinuation. Patients in whom sorafenib treatment
had to be permanently discontinued because of adverse events
within the first 28 days of treatment were excluded.

Follow-up
Patients were followed at 2 months intervals until recurrence or
death. At each follow-up visit, gadoxetic acid-enhanced MRI and
2vol. 5 j 100699



Received RFA + sorafenib
according to protocol

n = 44

Received sorafenib according to
protocol
n = 44

Per-protocol
population

Withdrawal of consent (n = 3)
Death within 2 months (n = 1)
Sponsor decision (drug not dispensed
between 3-7 days) (n = 1)

Withdrawal of consent (n = 4)
Sorafenib intolerance within 28 days (n = 3)
Death within 2 months (n = 1)
Lost to follow-up (n = 2)
Inappropriate imaging (n = 1)

Intention-to-treat
population

104 patients assigned to
the local ablation arm

Randomized to RFA + sorafenib
n = 54

Randomized to RFA + placebo
n = 49

Technical failure (n = 1)

Fig. 1. CONSORT diagram. CONSORT, consolidated standards of reporting trials; RFA, radiofrequency ablation.
contrast-enhanced CT were repeated to assess disease recur-
rence. During the trial, the recurrence was diagnosed by the local
investigator and confirmed by one external radiologist from the
core centre with experience in liver imaging.

Image assessment
After completion of the study, all follow-up CT and MRI images
were collected centrally and independently read according to a
pre-specified imaging charter by two radiologists blinded to all
clinical information. A third reader served as an adjudicator and
evaluated only the image sets in which the two readers have
reached different conclusions with respect to recurrence or time
point of recurrence.

A newly detected hepatic lesion on either CT or MRI was
classified as HCC (evidence of recurrence) when the longest
diameter was at least 10 mm and it showed the typical vascular
pattern of HCC (wash-in and wash-out); or in case of absent
typical vascular pattern, by evidence of at least 1 cm interval
growth in subsequent scans. Recurrence time was recorded at
first visualisation of that lesion without matching the criteria.
Local recurrence was diagnosed if the centre of the new lesion
was located within 5 mm of the thermal scar.

Statistical analysis
A one-sided log-rank test with an overall sample size of 290
subjects (of which 145 are in the local ablation + sorafenib group
and 145 are in the local ablation + placebo group) achieves at
least 80% power at a one-sided 0.05 significance level to detect a
difference of 0.11160 between 0.52738 and 0.63898-the pro-
portions with no recurrence in the local ablation + sorafenib
group and the local ablation + placebo group after 12 months
assuming median times with no recurrence of 13 and 18.57
months, respectively. The hazard ratio (HR) was assumed to be
0.70. An accrual period of approximately 52 months had been
planned, and 50% of the enrolment had been expected to be
complete when 50% of the accrual time had passed. A follow-up
period of 24 months of the last patient enrolled adds up to a total
study period of 76 months. A 10% loss from the local ablation +
sorafenib group and a 10% loss from the local ablation + placebo
JHEP Reports 2023
group per year of follow-up were considered for the sample size
calculation. However, because of difficulties in enrolling the
targeted number of participants after reaching endpoints in the
other arms of the trial and the publication of another rando-
mised study showing no benefit of sorafenib treatment in the
adjuvant setting, recruitment was stopped prematurely on 19
April 2016 after enrolment of 104 patients.

TTRas theprimaryendpointwasevaluatedby theKaplan–Meier
method (product-limit method) to compute non-parametric esti-
mates of the survivor functions. Patientswhowere lost to follow-up
or withdrawn from the study were censored at the date of the last
visit. Similarly, patientswho had transplantationwere censored for
time-to-recurrence analysis at the time of the last available follow-
up images, unless they had already recurrence. However, those
patients were followed until death or the end of the trial for overall
survival analysis. Subjects alive who did not have any follow-up
imaging were censored 1 day after the date of randomisation for
TTR evaluation. Superiority of local ablation + sorafenib could be
concluded when the one-sided log-rank test was significant. All
subgroup analyses and other study testing were considered
exploratory with a = 5%. All safety analyses were performed by
study group and treatment arm.

Subgroup analyses
As pre-defined, separate analyses were performed (a) for pa-
tients complying with the Milan criteria, (b) patients outside the
Milan criteria, (c) patients with complete local ablation after the
first (one or two) local ablation session(s), and (d) patients
requiring an additional local ablation procedure because of
incomplete ablation. In addition, analyses according to age (<65
years, >−65 years), sex (male), Child-Pugh class (A, B), hepatitis B
(yes, no), hepatitis C (yes, no), alcoholic aetiology (yes, no), and
lesion number (single, multiple) were done.
Results
Patients were recruited into SORAMIC between 5 January 2011
and 19 April 2016, and 104 patients were allocated to the local
ablation treatment arm. One patient was excluded from the
3vol. 5 j 100699



Treatment effect on time to recurrence in subgroups (per protocol population)

Overall

Number

88

Weight

100%

HR (95% CI)

Age >65 52 59% 0.77 (0.26-2.2)

Age <65 36 41% 1.3 (0.43-3.8)

Male 77 87% 1.1 (0.51-2.2)

Child-Pugh A 77 87% 1.3 (0.61-2.8)

Child-Pugh B 11 12% 0.27 (0.024-3.1)

Alcohol 47 53% 0.83 (0.31-2.2)

Single session 66 75% 1.1 (0.45-2.6)

Two sessions 22 25% 0.81 (0.21-3.1)

Single lesion 57 64% 0.65 (0.25-1.7)

>1 lesions 31 35% 1.7 (0.43-6.7)

Inside MILAN 76 86% 0.9 (0.4-2)

Outside MILAN 12 13% 1.7 (0.28-10)

1.1 (0.54-2.2)

0.10 0.5 1 1.5 2 2.5 3
Favours placeboFavours sorafenib

Fig. 2. Forest plot of factors associated with time-to-recurrence in patients treated with RFA + sorafenib and RFA + placebo. Subgroup analysis of time-to-
recurrence by Cox regression based on independent assessment. The group effect was calculated with a Cox proportional-hazards model with hazard ratio (HR)
and 95% confidence intervals. There was no significant difference in time-to-recurrence in any subgroup analyses. RFA, radiofrequency ablation.

Research article
study because of a technical failure (Fig. 1). In the intention-to-
treat (ITT) population, 54 patients were randomised to local
ablation + sorafenib and 49 to local ablation + placebo. The per-
protocol (PP) population comprised 44 patients randomised to
local ablation + sorafenib and 44 patients randomised to local
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Fig. 3. Time-to-recurrence in PP population based on independent
assessment. Kaplan–Meier curves comparing time-to-recurrence between two
treatment arms. No significant difference (p = 0.8, log-rank test). HR, hazard
ratio; ITT, intention to treat; PP, per protocol; RFA, radiofrequency ablation;
TTR, time-to-recurrence.

JHEP Reports 2023
ablation + placebo. Reasons for protocol violation were in the
local ablation + sorafenib arm: withdrawal of consent, four;
sorafenib intolerance within first 28 days, three; death before
first follow-up, one; lost to follow-up, two; inappropriate follow-
up imaging, one; and in the local ablation + placebo arm:
withdrawal of consent, three; death before first follow-up, one;
problem with drug dispensation at 3–7 days, one. Eighty-one
patients underwent a single session of local ablation, 21 pa-
tients two sessions, and one patient three sessions.

Baseline characteristics of the ITT and PP population are
summarised in Table 1. Most patients were male. Alcoholic liver
disease was the main cause of HCC in both groups. Most patients
had good liver function corresponding to Child-Pugh class A.
Follow-up and events
The median follow-up duration for TTR was 8.0 months (IQR
3.6–10.8 months) in the ITT population and 9.3 months (IQR
4.5–12.6 months) in the PP population. Blinded follow-up read
identified 32 recurrences (15 [34.1%] in the sorafenib group and
17 [38.6%] in the placebo group) in the PP population (n = 88). At
the end of the study, 38 deaths (16 in the sorafenib group and 22
in the placebo group) in the ITT population and 34 deaths (14 in
the sorafenib group and 20 in the placebo group) in the PP
population had occurred.
Time-to-recurrence
There was no significant treatment effect of sorafenib on TTR in
the ITT (HR 1.1; 95% CI 0.53–2.2; p = 0.82) and the PP population
(HR 1.1; 95% CI 0.54–2.2; p = 0.8). Median TTR was 15.2 months
(95% CI 12.4–not applicable [n.a.]) in the sorafenib group and
4vol. 5 j 100699



Table 1. Baseline characteristics.

ITT population PP population

RFA + sorafenib (n = 54) RFA + placebo (n = 49) RFA + sorafenib (n = 44) RFA + placebo (n = 44)

Age, years: median (IQR) 65.5 (10.8) 68 (12) 66 (11) 68 (13.5)
Age, >−65 years 28 (52) 32 (65) 23 (52) 29 (66)
Sex, male 45 (83.3) 45 (91.8) 37 (84.1) 40 (90.1)
Cirrhosis 51 (94.4) 42 (85.7) 43 (97.7) 37 (84.1)
ECOG

0 49 (90.7) 45 (91.8) 40 (90.1) 40 (90.1)
1 5 (9.3) 4 (8.2) 4 (9.9) 4 (9.9)

Alcoholic aetiology 32 (59.2) 22 (44.8) 29 (65.9) 18 (40.9)
Hepatitis

B 3 (5.5) 4 (8.1) 2 (4.5) 3 (6.8)
C 10 (18.5) 12 (24.4) 6 (13.6) 11 (25)

Child-Pugh
A 47 (87.1) 44 (89.7) 38 (86.3) 39 (88.6)
B 7 (12.9) 5 (10.3) 6 (13.7) 5 (11.4)

Number of lesions
1 33 (61.1) 34 (69.4) 27 (61.4) 30 (68.1)
2 15 (27.8) 6 (12.2) 12 (27.2) 6 (13.6)
3 4 (7.4) 6 (12.2) 3 (6.8) 5 (11.4)
4 2 (3.7) 3 (6.1) 2 (4.5) 3 (6.8)

Number of local ablation sessions
1 42 (77.7) 39 (79.6) 32 (72.7) 34 (77.3)
2 11 (20.3) 10 (20.4) 11 (25) 10 (22.7)
3 1 (1.9) 1 (2.3)

Maximum tumour diameter 24.5 (12-46) 25 (10-50) 24.5 (12-46) 25 (12-50)
Albumin (g/dl)* 38.3 (6.6) 39.7 (5.4) 38.5 (6.8) 39.7 (5.3)
Total bilirubin (lmol/L)* 19.2 (11.5) 18.4 (10.5) 19.2 (11.8) 18.6 (10.6)
Alpha-foetoprotein (ng/ml) 7 (0.01-6,499) 8 (1.2-4,450) 8.1 (0.01-6,499) 7.6 (1.2-4,450)

The data are represented as numbers (percentages).
ECOG, Eastern Cooperative Oncology Group; ITT, intention to treat; PP, per protocol; RFA, radiofrequency ablation.
* Mean (SD).
16.4 months (95% CI, 14.8–n.a.) in the placebo group. (HR 1.1; 95%
CI 0.53–2.2; p = 0.82; shown in Fig. S2). The 6-, 12-, and 24-
month recurrence rates calculated via Kaplan–Meier curves
were 18.8%, 22.4%, and 62.1% for the placebo arm and 14.9%,
23.9%, and 61.2% for the sorafenib group, respectively. Analysis of
TTR according to blinded read, in subgroups defined by baseline
Median OS, months (95% CI) 
RFA + sorafenib: 38.4 (31.0-n.a.) 
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HR: 0.77 (95% CI, 0.39-1.5)
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Fig. 4. Overall survival in PP population. Kaplan–Meier curves comparing
overall survival between two treatment arms. No significant difference (p =
0.45, log-rank test). HR, hazard ratio; ITT, intention to treat; n.a., not applicable;
OS, overall survival; PP, per protocol; RFA, radiofrequency ablation.
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stratification factor (number of local ablation sessions) as well as
age, sex, Child-Pugh class, underlying aetiology (hepatitis B,
hepatitis C, and alcoholic liver disease), lesion number (singe vs.
multiple), Milan criteria (inside vs. outside), showed no signifi-
cant benefit from sorafenib treatment compared with placebo
across subgroups (Fig. 2). Similar to blinded read, assessment by
investigators revealed the median TTR was 20.5 (95% CI,
15.1–29.8) months in the sorafenib group and 18.4 (95% CI,
13.8–29.1) months in the placebo group of the PP population,
and the difference was not significant (p = 0.91; Fig. 3).

In the PP population, local recurrence was diagnosed in 11 of
136 lesions were treated (i.e. 91.9% local control rate). There was
no difference in local recurrence rate between the sorafenib
group (6/69, 8.6%) and the placebo group (5/67, 5.9%; p = 0.792).

Overall survival
In the ITT population, the median overall survival was 38.4 (95%
CI, 28.3–n.a.) months in the sorafenib arm and 36.9 (95% CI,
30.0–58.6) months in the placebo arm. There was no significant
effect of sorafenib on overall survival (HR 0.81; 95% CI 0.42–1.5;
p = 0.51; Fig. S3). Similarly, in the PP population, there was no
significant difference (HR 0.77; 95% CI 0.39–1.5; p = 0.45; Fig. 4)
in the median overall survival of the sorafenib arm (38.4 months,
[95% CI, 31.0–n.a.]) and the placebo arm (37.7 months, [95% CI,
30.9–n.a.]).

Safety
Patients had received sorafenib for a mean number of 240.6 ±
233.8 days (range: 3 days to 33 months) and placebo for a mean
number of 411.3 ± 299.3 days (range: 24 days to 37 months).
5vol. 5 j 100699



Table 2. Adverse events and drug-related adverse events occurring in >−5% of the patients.

RFA + placebo (n = 49) RFA + sorafenib (n = 54)

Drug-related All Drug-related All

All 3 4 All 3 4 All 3 4 All 3 4

Total 27 (55.1) 6 (12.2) — 35 (71.4) 19 (38.7) 1 (2) 44 (81.4) 31 (57.4) 2 (3.7) 50 (92.5) 39 (72.2) 3 (5.5)
Blood and lymphatic

Anaemia — — — — — — 3 (5.5) — — 5 (9.2) 1 (1.8) 1 (1.8)
Constitutional symptoms

Asthenia 1 (2) — — 2 (4) — — 3 (5.5) 1 (1.8) — 3 (5.5) 1 (1.8) —

Fatigue 6 (12.2) 1 (2) — 7 1 (2) — 7 (12.9) 1 (1.8) — 8 (14.8) 1 (1.8) —

Dermatological events
Alopecia — — — — — — 7 (12.9) — — 7 (12.9) —

Hand-foot skin reaction 5 (10.2) 1 (2) — 5 (10.2) 1 (2) — 14 (25.9) 11 (20.3) — 14 (25.9) 11 (20.3) —

Gastrointestinal symptoms
Abdominal pain 1 (0.2) 1 (2) — 3 1 (2) — 3 (5.5) — — 4 (7.4) —

Ascites 3 — — 4 (8.1) — — 1 (1.8) — — 1 (1.8) —

Diarrhoea 8 5 (10.2) — 9 5 (10.2) — 17 (31.4) 4 (7.4) — 19 (35.1) 5 (9.2) —

Nausea 1 (2) — — 1 (2) — — 4 (7.4) 1 (1.8) — 4 (7.4) 1 (1.8) —

General disorders
General deterioration — — — — — — 4 (7.4) 3 (5.5) — 5 (9.2) 4 (7.4)

Laboratory investigations
Decreased platelets 4 (8.1) 2 (4) — 4 (8.1) 2 (4) — 1 (1.8) — — 4 (7.4) 1 (1.8) —

Respiratory
Cold — — — 2 (4) — — — — — 3 (5.5) —

Dyspnoea 1 (2) — — 1 (2) — — 1 (1.8) — — 4 (7.4) 1 (1.8) —

Pleural effusion — — — 2 (4) — — — — — 4 (7.4) 1 (1.8) —

Vascular disorders
Hypertension 1 (2) 1 (2) — 1 (2) 1 (2) — 9 6 (11.1) — 12 6 (11.1) —

The data are represented as numbers (percentages).
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The number of treatment days was significantly higher under
placebo than sorafenib (p = 0.002). Additionally, the daily dose
was higher in the placebo group (mean 409.2 ± 258.1 mg with
sorafenib vs. 701.0 ± 195.5 mg with placebo; p <0.001). Dose
reduction as a result of adverse events were more common in
the sorafenib arm (79.6% vs. 30.6%, p <0.001).

Fifty (92.5%) of 54 patients who received sorafenib and 35
(71.4%) of 49 patients who received placebo had an adverse
event of any grade. Drug-related adverse events were more
common in the sorafenib arm compared with the placebo arm
(81.4% vs. 55.1%, p = 0.003). The most common adverse events in
the sorafenib arm were hand-foot reaction, diarrhoea, and hy-
pertension (Table 2). Drug-related adverse events of grade 3–4
were reported more commonly in sorafenib arm (61.1% vs. 12.2%,
p <0.001). Drug-related serious adverse events were seen in 22
(40.7%) patients in the sorafenib arm and 12 (24.4%) patients in
the placebo arm. Two patients died because of grade 5 adverse
events. One patient randomised to the sorafenib arm died as a
result of haemorrhagic complications related to intraoperative
local ablation. The other patient who was randomised to the
placebo arm died after pulmonary embolism following surgery
for a non-tumour related vertebra fracture 2 months after
randomisation.

Quality of life
In the second month, scores of physical well-being (p = 0.004)
and additional concerns (p = 0.012) were significantly lower in
the sorafenib group than the placebo group in the ITT population
(Table 3). Furthermore, there was a similar but marginally non-
significant difference between the two groups in functional
well-being score (p = 0.059) and FACT-HEP total score (p = 0.061)
in the second month (Fig. 5). Similarly, there was a marginally
non-significant decline in Functional Assessment of Cancer
Therapy - General (FACT-G) total score in the sorafenib arm at the
JHEP Reports 2023
third month (Fig. S4). Also, the physical well-being score (p =
0.007) was lower in the sorafenib arm in the third month. After
the third month, no clinically meaningful differences were noted
between the sorafenib and placebo groups.
Discussion
In this placebo-controlled randomised trial, which terminated
early because of the lack of recruitment after reaching endpoints
in other arms of the trial, adjuvant sorafenib treatment after local
ablation failed to meet the primary and secondary endpoints of
TTR and the local control rate. Additionally, there was no sig-
nificant improvement in overall survival after sorafenib
treatment.

Currently, no adjuvant therapy is recommended in patients
with HCC who received surgical resection or local ablation.1

There are currently ongoing randomised-controlled trials eval-
uating immune checkpoint inhibitors in adjuvant setting, after
showing safety in single-arm studies.12–14 The STORM trial, a
placebo-controlled phase III trial comparing testing the effi-
ciency of adjuvant sorafenib, did not show an improvement in
relapse free-survival (RFS; 33.3 vs. 33.7 months, HR 0.94;
0.78–1.13) and overall survival (HR 0.99; 0.76–1.33).15 Similar to
this trial, our results have demonstrated no additional benefit
from adjuvant sorafenib treatment after local ablation. The
STORM trial recruited patients who underwent either local
ablation (RFA or ethanol injection, n = 214) or resection (n = 900)
at 202 centres in 28 countries. Complete resection or ablation in
each patient was confirmed 3–7 weeks after the procedure with
imaging, and randomisation was done 6–12 weeks after the last
treatment sessionwith risk stratification based on images up to 4
months before treatment. Similar to the overall study population
of the STORM trial, subanalysis of patients who underwent local
ablation revealed no difference in RFS between sorafenib and
6vol. 5 j 100699



Table 3. Results of quality-of-life in the ITT population.

Local ablation

RFA + sorafenib RFA + placebo Total

n Mean SD n Mean SD n Mean SD p value

Physical well-being
Baseline 49 25.4 3.2 44 24.4 3.8 93 25.0 3.5 0.2440
2 months 39 21.8 5.0 34 24.9 3.6 73 23.2 4.6 0.0049
3 months 34 21.6 5.4 35 24.7 3.3 69 23.2 4.7 0.0074
6 months 26 22.3 5.9 36 23.9 4.2 62 23.2 5.0 0.4817
12 months 17 23.8 4.9 25 23.9 4.3 42 23.8 4.5 0.7667
18 months 12 25.0 2.4 13 25.3 2.9 25 25.1 2.6 0.4925
24 months 7 25.1 2.9 7 24.3 5.2 14 24.7 4.1 0.9476

Social/family well-being
Baseline 50 22.4 6.3 42 22.5 5.3 92 22.5 5.8 0.7586
2 months 39 22.2 6.0 33 22.2 5.8 72 22.2 5.9 0.9278
3 months 33 21.5 5.5 34 23.2 4.9 67 22.4 5.2 0.0825
6 months 24 23.4 2.6 36 22.7 5.7 60 23.0 4.7 0.6716
12 months 16 22.2 3.5 24 22.5 5.8 40 22.4 4.9 0.3973
18 months 12 22.1 3.3 12 22.8 4.8 24 22.4 4.1 0.6927
24 months 7 22.9 2.1 6 24.3 4.1 13 23.5 3.1 0.4335

Emotional well-being
Baseline 49 19.2 3.6 43 18.0 3.8 92 18.6 3.7 0.1169
2 months 38 19.3 3.0 33 19.6 2.9 71 19.5 3.0 0.6846
3 months 34 18.8 4.1 35 19.8 2.9 69 19.3 3.6 0.4769
6 months 27 19.1 4.4 36 18.6 4.1 63 18.8 4.2 0.5529
12 months 17 19.7 4.7 25 19.8 2.9 42 19.8 3.7 0.6145
18 months 12 20.2 1.6 13 19.8 3.7 25 20.0 2.8 0.7254
24 months 7 21.0 1.2 7 20.3 3.9 14 20.6 2.8 0.6597

Functional well-being
Baseline 50 19.2 5.8 43 18.6 5.0 93 18.9 5.4 0.3998
2 months 40 17.3 5.2 33 19.6 4.0 73 18.3 4.8 0.0596
3 months 34 18.2 5.6 35 19.5 4.3 69 18.9 5.0 0.2853
6 months 27 18.2 5.1 36 20.2 4.6 63 19.3 4.9 0.1158
12 months 16 20.1 3.4 25 18.5 5.0 41 19.1 4.5 0.2607
18 months 12 20.7 4.5 13 19.3 4.9 25 20.0 4.7 0.4819
24 months 7 21.4 4.6 7 20.1 5.6 14 20.8 5.0 0.7475

FACT-G total score
Baseline 48 85.8 12.0 41 83.0 13.9 89 84.5 12.9 0.3586
2 months 37 81.0 12.5 32 85.9 12.4 69 83.3 12.6 0.1105
3 months 33 81.2 13.0 34 87.0 11.7 67 84.2 12.6 0.0617
6 months 24 84.0 13.9 36 85.3 14.2 60 84.8 14.0 0.6891
12 months 16 87.8 7.8 24 84.2 14.0 40 85.7 11.9 0.3068
18 months 12 87.9 10.0 12 86.1 11.9 24 87.0 10.8 0.7037
24 months 7 90.4 9.5 6 87.3 16.0 13 89.0 12.4 0.6703

Additional concerns-HCS subscale
Baseline 50 63.8 5.9 44 63.6 5.9 94 63.7 5.9 0.8197
2 months 39 59.0 5.3 34 62.3 5.7 73 60.5 5.7 0.0127
3 months 32 59.1 8.6 35 61.7 5.7 67 60.5 7.3 0.2605
6 months 26 60.1 8.3 36 62.9 6.3 62 61.7 7.3 0.1551
12 months 16 62.0 5.3 25 62.1 7.1 41 62.1 6.4 0.6974
18 months 12 62.6 5.9 13 62.4 6.5 25 62.5 6.1 0.9384
24 months 7 66.4 4.4 7 64.6 4.9 14 65.5 4.6 0.4817

FACT-HEP total score
Baseline 49 149.9 16.4 41 146.5 18.3 90 148.4 17.3 0.3621
2 months 37 140.5 15.4 32 147.7 16.2 69 143.9 16.1 0.0611
3 months 31 141.3 18.2 34 148.6 15.5 65 145.1 17.1 0.1048
6 months 24 145.1 19.9 36 148.2 19.1 60 147.0 19.3 0.5922
12 months 16 149.8 11.9 24 146.0 18.9 40 147.5 16.4 0.5808
18 months 12 150.4 14.7 12 148.2 16.7 24 149.3 15.4 0.7279
24 months 7 156.8 13.7 6 151.4 19.9 13 154.3 16.3 0.5723

TOI score
Baseline 49 108.4 12.6 43 106.6 12.8 92 107.6 12.7 0.4620
2 months 38 98.6 12.3 33 106.6 11.6 71 102.3 12.6 0.0026
3 months 32 99.0 17.7 35 105.9 11.4 67 102.6 15.0 0.1226
6 months 26 100.7 16.5 36 106.9 13.4 62 104.3 14.9 0.1708
12 months 16 107.0 9.2 25 104.5 14.0 41 105.5 12.2 0.7586
18 months 12 108.2 11.4 13 107.0 12.1 25 107.6 11.5 0.8026
24 months 7 113.0 11.2 7 109.0 14.0 14 111.0 12.3 0.5686

The Student t test and Mann–Whitney U test were used to compare the quality-of-life of treatment arms appropriately after the normality of the data was determined using
the Kolmogorov-Smirnov test. Values of p in bold denote statistical significance.
FACT-G, functional assessment of cancer therapy - general; FACT-HEP, functional assessment of cancer therapy – hepatobiliary; HCS, hepatobiliary cancer subscale; RFA,
radiofrequency ablation; TOI, trial outcome index.
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Fig. 5. Longitudinal analysis of FACT-HEP questionnaire for ITT population. The blue line represents the RFA + sorafenib arm and red line represents the RFA +
placebo arm. FACT-HEP, functional assessment of cancer therapy-hepatobiliary; ITT, intention-to-treat; RFA, radiofrequency ablation.
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placebo arms. In the STORM trial, 106 patients were randomised
to the local ablation plus sorafenib arm and 108 patients to the
local ablation plus placebo arm, and RFS was 19.6 and 22.8
months (p = 0.97), respectively. As relevant differences to
STORM, in the SORAMIC trial, all patients underwent CT and MRI
with gadoxetic-acid according to a standardised protocol, and
local ablation was performed within 1 month after imaging.
Complete ablation was performed with contrast-enhanced im-
aging at the end of the procedure, and sorafenib treatment was
started on Day 3 after the last ablation session. Additionally, the
local ablation arm of the SORAMIC trial was conducted in a lower
number of centres (n = 17) from Europe with high experience in
local ablation in HCC, which provides fewer variations in tech-
nical approach as compared with the STORM trial. Furthermore,
while 52.4% of our patients had alcoholic liver disease, 75% of the
patients had viral hepatitis in the STORM trial. Thus, our study
delivers important novel information on the adjuvant use of
sorafenib and important data of a real adjuvant setting starting
immediately after ablation with drug treatment and reports for
the first-time results on local control rate.

TTR in our study (20.5 and 18.4 months in sorafenib and
placebo arms) was similar or shorter than previously reported
cohorts, being 18.2 months in the placebo arm of a vitamin K
trial, 6 and 38.5 months after sorafenib or 35.8 months after
placebo in the STORM trial.15 In SORAMIC, patients with up to
four lesions smaller than 5 cm were allocated to local ablation,
which also included patients with BCLC-B, who inherently have a
higher risk of disease progression. In contrast, only BCLC-A pa-
tients were recruited in the STORM trial.

Similar to TTR, sorafenib treatment did not improve local
tumour control rate compared with placebo. Local control rate
was 91.9% in the overall study population, which is consistent
with previous cohorts of local ablation in HCC with 90.4%,16

82.4%,17 90.0%,18 and 88.0%19 in the RFA arms of previous pro-
spective ablation trials. However, SORAMIC has reported that the
adjuvant sorafenib treatment has no beneficial effect on local
control rate for the first time in the literature.
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Adverse events reported during the trial were consistent with
the safety profile of sorafenib. However, the rate of grade >−3
drug-related (61.1%) and overall (81.4%) adverse events were
higher compared with the sorafenib group of the palliative
study-arm in SORAMIC trial (26.4% and 53.3%), as well as other
similar cohorts (37.7% and 74.7% in SIRveNIB, 63% and 94% in
SARAH, 39% and 98% in SHARP). This is probably because of the
longer duration of sorafenib treatment in this cohort of patients
with early HCC (240 days) than in patients with advanced HCC
(i.e. 135 days in palliative cohort or SORAMIC).

An additional important result of our study was deterioration
in the quality of life at 2 and 3 months after treatment start in
patients receiving sorafenib compared with patients receiving
placebo. Similar to our cohort, time to deterioration in global
health status was 2.6 months in the sorafenib arm of the SARAH
trial.20 Health-related quality of life analysis is important in the
assessment of clinical benefit and should be taken into consid-
eration in clinical decision-making. Additionally, public health
agencies also consider results of quality-of-life analyses before
approval of therapies.

The major limitation of our study was the small number of
patients because of the early discontinuation of the recruitment
after reaching endpoints in the other two arms of the trial and
the publication of a similar negative trial (STORM trial).
Although this published data potentially reduces the overall
novelty of our results, our paper reports for the first time a
cohort with early start of adjuvant sorafenib in a cohort of pa-
tients who received local ablation only in highly experienced
European centres. Geographical differences also reflect patient
characteristics, such as the main aetiology being alcoholic liver
disease in our cohort. Additionally, our paper reports the local
control rate after adjuvant sorafenib treatment for the first time
in a cohort allowing a maximum tumour diameter beyond
established guidelines for local ablation, with up to 5 cm
instead of up to 3 cm recruited.21 Up to 5 cm was allowed for
inclusion to mirror current clinical practice at the time of pro-
tocol development. In light of guidelines and likely clinical
8vol. 5 j 100699



practice today, inclusion of patients with up to four lesions with
a diameter of <−5 cm may suggest a limitation for a local ablation
cohort. The addition of BCLC-B patients also explains the rela-
tively short median overall survival in this trial with an adju-
vant setting. However, our local control rate was favourable
with >90% in both arms. The study endpoint had been time to
JHEP Reports 2023
tumour recurrence, and the risk of undertreatment at ablation
served as an additional risk factor for recurrence.

In conclusion, adjuvant sorafenib treatment did not improve
tumour control in terms of TTR or local tumour control rate, and
overall survival after local ablation for HCC compared with pla-
cebo in this early terminated randomised trial.
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