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Abstract

Background: The aim of this study was to explore the relationship between follow-up imaging characteristics and
overall survival (OS) in advanced hepatocellular carcinoma (HCC) patients under sorafenib treatment.

Methods: Associations between OS and objective response (OR) by mRECIST or early tumor shrinkage (ETS; ≥20%
reduction in enhancing tumor diameter at the first follow-up imaging) were analyzed in HCC patients treated with
sorafenib within a multicenter phase II trial (SORAMIC). 115 patients were included in this substudy. The relationship
between survival and OR or ETS were explored. Landmark analyses were performed according to OR at fixed time
points. Cox proportional hazards models with OR and ETS as a time-dependent covariate were used to compare
survival with factors known to influence OS.

Results: The OR rate was 29.5%. Responders had significantly better OS than non-responders (median 30.3 vs. 11.4
months; HR, 0.38 [95% CI, 0.22–0.63], p < 0.001), and longer progression-free survival (PFS; median 10.1 vs. 4.3
months, p = 0.015). Patients with ETS ≥ 20% had longer OS (median 22.1 vs. 11.4 months, p = 0.002) and PFS
(median 8.0 vs. 4.3 months, p = 0.034) than patients with ETS < 20%. Besides OR and ETS, male gender, lower
bilirubin and ALBI grade were associated with improved OS in univariate analysis. Separate models of multivariable
analysis confirmed OR and ETS as independent predictors of OS.

Conclusion: OR according to mRECIST and ETS in patients receiving sorafenib treatment are independent
prognostic factors for OS. These parameters can be used for assessment of treatment benefit and optimal
treatment sequencing in patients with advanced HCC.
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Introduction
Hepatocellular carcinoma (HCC) is the most frequent
primary liver cancer and the third leading cause of
cancer-related death [1]. Approximately 60–80% of
patients with newly diagnosed HCC have an under-
lying liver disease, including chronic hepatitis B or C
infections, alcoholic liver cirrhosis, and non-alcoholic
steatohepatitis. Despite screening populations at risk,
only about 30% of patients are diagnosed at early
stages that might benefit from potentially curative
treatments.
Sorafenib is a multitarget tyrosine kinase inhibitor

that interrupts tumor proliferation and angiogenesis,
and was shown in the phase III SHARP trial and the
Asia-Pacific trial to improve overall survival (OS) in
HCC [2, 3]. Although OS and time to progression
were improved in the sorafenib arm in both studies,
the objective response (OR) rate according to RECIST
was 2–3% and this failed to capture patients with sur-
vival benefit. To overcome this problem, mRECIST
has been proposed for response assessment in pa-
tients with HCC, which, in contrast to RECIST, em-
ploys the arterially enhancing portion of the target
lesions only [4]. Whereas some retrospective studies
showed better OS in patients with OR according to
mRECIST in patients receiving sorafenib, others failed
to demonstrate improved outcomes [5–9]. One study
which combined analysis of two prospective phase II
studies showed patients with an OR had significantly
longer survival; however, this significance was lost in
multivariate analysis including macrovascular invasion
and extrahepatic disease [10]. However, most of these
studies were single-center and retrospectively con-
ducted, and in none of them, statistical methods to
exclude biased estimates of survival were applied [11].
Recently a subanalysis of the phase III SILIUS trial
comparing sorafenib alone vs. sorafenib and hepatic
arterial infusion chemotherapy in Japan demonstrated
that OR was an independent prognostic factor for OS
using appropriate statistical methods [12].
Although patients continue to receive their assigned

treatment unless disease progression is encountered at
follow-up imaging, not all patients with disease con-
trol benefit equally from treatment. A retrospective
analysis of HCC patients receiving sorafenib revealed
that patients who had stable disease (SD) for more
than three months had similar OS to patients who
had an OR, while patients with SD for a shorter dur-
ation had worse outcomes, similar to patients with
progressive disease (PD) [6].
In clinical practice, early identification of patients

benefitting from sorafenib treatment is crucial to avoid
overtreatment, which may lead to toxicities or subopti-
mal treatment sequencing, especially in light of

alternative treatments [13–15]. Early tumor shrinkage
(ETS) is defined as a reduction in tumor size at the first
radiological follow-up evaluation and it has been shown
to predict treatment outcome in patients with metastatic
colorectal carcinoma, pancreatic cancer, renal cell car-
cinoma, and also in patients with HCC receiving lenvati-
nib treatment [16–19].
This study aimed to evaluate the prognostic role of

OR and ETS in patients receiving sorafenib therapy for
the treatment of advanced HCC in a Western cohort.

Material and methods
Study population
SORAMIC was a prospective, randomized, controlled,
phase II trial comparing the effects of sorafenib mono-
therapy and a combination of selective internal radiation
therapy (Yttrium-90 radioembolization) and sorafenib,
performed in 38 centers in 12 countries in Europe and
Turkey. The inclusion criteria for SORAMIC have been
described previously [20]. The main criteria were a diag-
nosis of HCC with Barcelona Clinic Liver Cancer
(BCLC) B (not eligible for transarterial chemoemboliza-
tion) or C, preserved liver function (Child-Pugh scores A
to B7), and an Eastern Cooperative Oncology Group
performance status ≤2. Extrahepatic metastases were
permitted if the disease was liver-dominant and did not
involve the lungs.
The present study represents a post hoc analysis of

patients in the sorafenib-only arm of the palliative
trial cohort. The study cohort comprised 208 patients
randomized to receive sorafenib monotherapy. The
study protocol was approved by the institutional re-
view board of participating centers. Written, informed
consent was obtained from all patients. The primary
aim of the analysis was to explore the radiological re-
sponse rate to sorafenib treatment and its correlation
with OS. Criteria were OR, ETS, and depth of
response (DpR).
Follow-up imaging every three months was recom-

mended, but was not a mandatory part of the SORAMIC
trial. The imaging modality – computed tomography
(CT) or magnetic resonance imaging (MRI) – was
chosen by the local investigator. Centralized image as-
sessment was not included in the main study. Imaging
follow-up of a total of 136 patients was available for re-
view. The following inclusion criteria were applied for
this study: (1) at least one follow-up before 6months or
6 months follow-up other than PD, (2) follow-up im-
aging until death or PD (last imaging within 6 months)
or disease control (SD, partial response [PR], complete
response [CR]) at 12 months after randomization, (3)
minimum follow-up duration of 6 months unless PD was
encountered before. A total of 115 patients were in-
cluded in this study (Supplementary Fig. 1).
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Table 1 Patient characteristics of responders and non-responders

Variable Total n = 115 Responders n = 34 Non-responders n = 81 p-value

Sex

Female 15 (13.0%) 7 (20.6%) 8 (9.9%) 0.1196

Male 100 (87.0%) 27 (79.4%) 73 (90.1%)

Age, years

Mean (SD) 65.3 (8.7) 66.1 (7.8) 65.0 (9.1) 0.5156

Median (IQR) 65.0 (12.0) 67.0 (13.0) 65.0 (12.0)

Age category, years

≤ 65 55 (47.8%) 15 (44.1%) 40 (49.4%) 0.606

> 65 60 (52.2%) 19 (55.9%) 41 (50.6%)

Ethnicity

Missing 10 (8.7%) 4 (11.8%) 6 (7.4%) 0.6638

Hispanic or Latin 5 (4.8%) 1 (3.3%) 4 (5.3%)

Other 100 (95.2%) 29 (96.7%) 71 (94.7%)

Race

Missing 11 (9.6%) 4 (11.8%) 7 (8.6%) 0.2326

Black 2 (1.9%) 0 2 (2.7%)

Other 3 (2.9%) 2 (6.7%) 1 (1.4%)

White 99 (95.2%) 28 (93.3%) 71 (95.9%)

ECOG status

0 90 (78.3%) 27 (79.4%) 63 (77.8%) 0.8463

1 25 (21.7%) 7 (20.6%) 18 (22.2%)

HCC diagnosis by:

Missing 2 (1.7%) 1 (2.9%) 1 (1.2%) 0.7518

EASL criteria 50 (43.5%) 13 (38.2%) 37 (45.7%)

Histology 50 (43.5%) 15 (44.1%) 35 (43.2%)

Other 13 (11.3%) 5 (14.7%) 8 (9.9%)

Hepatitis B

No 104 (90.4%) 31 (91.2%) 73 (90.1%) 0.8609

Yes 11 (9.6%) 3 (8.8%) 8 (9.9%)

Hepatitis C

No 81 (70.4%) 26 (76.5%) 55 (67.9%) 0.3581

Yes 34 (29.6%) 8 (23.5%) 26 (32.1%)

Alcohol etiology

No 63 (54.8%) 16 (47.1%) 47 (58.0%) 0.2809

Yes 52 (45.2%) 18 (52.9%) 34 (42.0%)

Previous therapies

TACE 28 (24.3%) 9 (26.5%) 19 (23.5%) 0.7311

TAE 2 (1.7%) 0 2 (2.5%) 0.3553

Resection 21 (18.3%) 9 (26.5%) 12 (14.8%) 0.1398

RFA 12 (10.4%) 6 (17.6%) 6 (7.4%) 0.1012

Brachytherapy 5 (4.3%) 1 (2.9%) 4 (4.9%) 0.6318

Max. diameter of largest lesion

Mean (SD) 68.0 (59.6) 69.8 (85.5) 67.3 (44.6) 0.2678

Median (IQR) 57.0 (45.0) 50.0 (40.0) 59.5 (52.0)
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Sorafenib treatment
Patients were administered sorafenib with a starting
dose of 200 mg b.i.d. for 1 week. After the first week,
the dose was increased to the target dose of 400 mg
b.i.d., and, in case of toxicity, the sorafenib dose was
modified according to pre-defined dosing guidelines.
The lowest accepted dose was 200 mg b.i.d. on alter-
nate days. Following the resolution of toxicities, main-
taining the highest tolerable dose level was attempted
with a stepwise dose re-escalation. Treatment-related
adverse events and routine laboratory tests were re-
corded every two months, and sorafenib treatment
was continued until disease progression (evaluated by
the local investigator) or toxicity which required
discontinuation.

Image analysis
All patients underwent CT and MRI at baseline for
study inclusion according to previously published pro-
tocols [21]. Follow-up CT in 60 patients, MRI in 45
patients, and both MRI and CT in 10 patients were
available. Review was performed by a fully blinded,

board-certified radiologist specialized in gastrointes-
tinal imaging. mRECIST was used for all assessments
(Supplementary Fig. 2). Two liver lesions were se-
lected as target lesions, according to published criteria
[22]; in the case of extrahepatic disease at baseline,
up to three extrahepatic lesions were selected as tar-
get lesions. As described in mRECIST, overall tumor
diameter measurements were used in intrahepatic
lesions with atypical enhancement patterns and all
extrahepatic lesions.
In addition to routine response analysis according

to mRECIST, progression-free survival (PFS; from
randomization to disease progression or death, cen-
sored at last imaging in patients without progres-
sion), time to response (from randomization to first
objective response), DpR (relation of smallest target
lesion diameter to baseline diameter), ETS (≥20% re-
duction in enhancing tumor diameter at the first
follow-up imaging), and time to DpR (from
randomization to DpR) was evaluated. For DpR and
ETS assessments, only hepatic target lesions were
evaluated and diameter measurements were taken

Table 1 Patient characteristics of responders and non-responders (Continued)

Variable Total n = 115 Responders n = 34 Non-responders n = 81 p-value

Portal vein infiltration

Yes 60 (52.2%) 21 (61.8%) 39 (48.1%) 0.1822

Baseline metastasis

Yes 6 (5.2%) 0 6 (7.4%) 0.1031

BCLC

B 34 (29.6%) 9 (26.5%) 25 (30.9%) 0.6375

C 81 (70.4%) 25 (73.5%) 56 (69.1%)

Up-to-7 criterion

Inside 17 (14.8%) 7 (20.6%) 10 (12.3%) 0.2558

Outside 98 (85.2%) 27 (79.4%) 71 (87.7%)

Total bilirubin (μmol/L)

Mean (SD) 16.1 (7.1) 15.4 (7.3) 16.3 (7.1) 0.4752

Median (IQR) 14.9 (10.0) 14.4 (9) 15.0 (9.5)

Albumin g/L

Mean (SD) 37.8 (8.3) 38.9 (8.5) 37.4 (8.2) 0.3823

Median (IQR) 39.0 (7.7) 39.9 (6.5) 39.0 (8.0)

ALBI score

Mean (SD) −2.5 (0.7) −2.6 (0.8) −2.4 (0.7) 0.2331

Median (IQR) −2.5 (0.8) −2.7 (0.7) −2.5 (0.7)

Child-Pugh score

A 105 (91.3%) 33 (97.1%) 72 (88.9%) 0.1559

B 10 (8.7%) 1 (2.9%) 9 (11.1%

ALBI albumin-bilirubin, BCLC Barcelona Clinic Liver Cancer, EASL European Association for the Study of the Liver, ECOG Eastern Cooperative Oncology Group, HCC
hepatocellular carcinoma, IQR interquartile range, RFA radiofrequency ablation, SD standard deviation, TACE transarterial chemoembolization, TAE
transarterial embolization
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according to mRECIST. In patients with disease pro-
gression, the first progression site was noted (hep-
atic, extrahepatic, or both). In order to evaluate
whether further subgrouping of patients translated to
better survival prediction, patients with the best re-
sponse of PR were dichotomized according to me-
dian DpR.

Statistical analysis
All statistical analyses were performed using SAS ver-
sion 9.4 for Windows (Copyright SAS Institute Inc.,
Cary, NC, USA) and R statistical and computing soft-
ware, version 3.5.0 (http://www.r-project.org). Numer-
ical data are presented as means with standard
deviations. For categorical data, results are given as
absolute numbers with percentages. For comparison
of categorical data between responders and non-
responders, chi-square tests were applied; for continu-
ous data, T-tests or Mann-Whitney U tests were used

for testing the homogeneity of independent samples.
OS in responders and non-responders was estimated
by the unweighted Kaplan-Meier method. The same
analysis was repeated for patients with and without
ETS. The Mantel-Byar test was used to assess statis-
tical significance. Landmark analysis of OS by the ob-
jective response was conducted at 6 and 12 months
after randomization. The log-rank test was used for
the inference associated to the landmark analysis. For
all variables, univariate Cox proportional hazard re-
gression was performed as time-fixed covariates, while
objective response and ETS were analyzed as a time-
dependent variable. Statistically significant variables in
the univariate analyses (including objective response
as a time-dependent covariate) were analyzed in a
multivariate Cox regression model to explore prog-
nostic factors for OS. A separate multivariate Cox re-
gression model was used to explore the prognostic
value of ETS.

Fig. 1 Overall survival of patients with, compared to patients without, objective response. CI, confidence interval; HR, hazard ratio; OR, objective
response; OS, overall survival
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Results
At the end of study, 93 (80.8%) patients had died, with a
median OS of 14.3 months. Out of 115 patients, 34
(29.5%) were responders and the remaining 81 (70.4%)
were non-responders according to mRECIST. Best re-
sponse during follow-up was CR in 6 (5.2%) patients, PR
in 28 (24.3%) patients, SD in 50 (43.4%) patients, and PD
in 31 (26.9%) patients. Median time to response was 3.8
(range 1.3–8.1) months. The baseline and clinical char-
acteristics of patients with and without OR are shown in
Table 1. No significant differences were observed in the
baseline characteristics of responders and non-
responders.
The median OS was 30.3 months (95% CI, 16.3–44.8)

in responders and 11.4 months (95% CI, 9.7–16.1) in
non-responders (HR, 0.38 [95% CI, 0.22–0.63, p < 0.001)

(Fig. 1). Landmark analyses at 6 and 12 months showed
longer OS in responders compared to non-responders
(Supplementary Figs. 3&4). According to best response
by mRECIST, the median OS in patients with CR was
49.1 (95% CI, 38.8–59.5), PR 17.6 (95% CI, 14.8–44.8),
SD 14.3 (95% CI, 12.9–20.4), and PD 8.0 (95% CI, 6.3–
11.4) months (Supplementary Fig. 5). Patients with PR
had significantly longer OS than patients with SD (HR,
0.56 [0.32–0.97], p = 0.037). Median DpR of patients
with PR was 54.4% (range, 33–88.2). There was no sig-
nificant OS difference between PR patients with a DpR
greater than or lower than the median (HR, 1.09 [0.44–
2.67], p = 0.854; Supplementary Fig. 6). Median time to
DpR was 4.8 months in responders.
Responders also had longer PFS than non-responders

(10.1 vs. 4.3 months, p = 0.015; Fig. 2). Progression was

Fig. 2 Progression-free survival of patients with, compared to patients without, objective response. CI, confidence interval; PFS,
progression-free survival

Öcal et al. Cancer Imaging            (2022) 22:1 Page 6 of 13



encountered in 24 (70.6%) responders and 63 (77.8%)
non-responders (p = 0.412). Although the difference is
not significant, in none of the responders was the first
progression extrahepatic (0/24 vs. 9/63, p = 0.058).
Besides OR, in univariate analysis, male gender (HR,

0.50 [95% CI, 0.27–0.91], p = 0.024) was associated with
better OS, while bilirubin ≥17 μmol/L (HR, 1.55 [95%
CI, 1.02–2.36], p = 0.039) and albumin-bilirubin (ALBI)
grade 2–3 (HR, 1.74 [95% CI, 1.14–2.66], p = 0.009) were
associated with poorer OS. Multivariate Cox regression
analysis revealed that OR assessed by mRECIST was an
independent prognostic factor (HR, 0.32 [95% CI, 0.18–
0.55], p < 0.001). Male gender (HR, 0.41 [95% CI, 0.22–
0.75], p = 0.004) and ALBI grade (HR, 1.88 [95% CI,
1.21–2.92], p = 0.005) were also independent prognostic
factors for OS (Table 2).
Among the 115 patients, ETS ≥20% was achieved in

32 (27.8%) patients. The baseline clinical characteristics
of patients with ETS ≥20% compared with ETS < 20%
are shown in Table 3. There were no significant differ-
ences between patients with ETS ≥20% and ETS < 20%,
except for more patients with a history of hepatitis C in
the ETS < 20% group (34.9% vs. 15.6%, p = 0.041).
Median time from randomization to the imaging used
for ETS evaluation was 2.2 (range, 0.8–5.2) months. In
patients with OR, the median time to ETS was

significantly shorter than the time to response (2.2 vs.
3.8 months, p = 0.004). Patients with ETS ≥20% had a
longer OS (median 22.1 vs. 11.4 months, p < 0.001) and
PFS (median 8.0 vs. 4.3 months, p = 0.034) than patients
with ETS < 20% (Fig. 3 and Supplementary Fig. 7). Only
6 (7.2%) of 83 patients with ETS < 20% had an OR
during follow-up and an ETS ≥20% was significantly
associated with OR (p < 0.001). The multivariate
analysis with a second model (using ETS instead of OR,
Table 4) confirmed ETS (p < 0.001) as an independent
prognostic factor, besides gender (p = 0.004) and ALBI
grade (p = 0.022).

Discussion
This analysis of data from the SORAMIC trial showed
that OR by mRECIST is an independent predictor of
OS and PFS in patients receiving sorafenib treatment.
The OR rate was 29.5%, and responders had signifi-
cantly longer median OS than non-responders (30.3
vs. 11.4 months). Besides OR assessment, ETS was an
independent predictive factor in our study, identifying
responders to treatment earlier than assessment by
mRECIST.
Following the demonstration of clinical efficacy in

the SHARP trial and Asia-Pacific trial, sorafenib has
been the primary treatment of advanced HCC in

Table 2 Univariable and multivariable analysis of factors associated with overall survival

Parameter Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Best response (CR + PR vs. SD + PD) 0.38 (0.22–0.63) < 0.0001 0.32 (0.18–0.55) < 0.001

Sex (male vs. female) 0.50 (0.27–0.91) 0.0241 0.41 (0.22–0.75) 0.004

Age (≥65 vs. < 65 years) 1.01 (0.67–1.54) 0.9310

ECOG (1 vs. 0) 0.80 (0.48–1.35) 0.4184

Cirrhosis (yes vs. no) 1.22 (0.63–2.37) 0.5457

Hepatitis B etiology (yes vs. no) 1.22 (0.61–2.44) 0.5677

Hepatitis C etiology (yes vs. no) 1.17 (0.74–1.85) 0.4847

Alcohol etiology (yes vs. no) 0.78 (0.51–1.21) 0.2798

TACE history (yes vs. no) 0.86 (0.54–1.37) 0.5434

PVI (yes vs. no) 1.10 (0.73–1.67) 0.6260

Child-Pugh (B vs. A) 1.59 (0.78–3.20) 0.1950

BCLC (C vs. B) 1.06 (0.67–1.67) 0.7845

Beyond up-to-7 (yes vs. no) 1.28 (0.66–2.47) 0.4636

Bilirubin (≥17 vs. < 17 μmol/L) 1.55 (1.02–2.36) 0.0391

Albumin (≥36 vs. < 36 g/L) 0.66 (0.42–1.04) 0.0759

ALBI (grade 2/3 vs. grade 1) 1.74 (1.14–2.66) 0.0091 1.88 (1.21–2.92) 0.005

AFP (≥400 vs. < 400 ng/mL) 1.06 (0.67–1.66) 0.8012

All covariates were time-fixed except for best response, which was time dependent
AFP alfa-fetoprotein, ALBI albumin-bilirubin, BCLC Barcelona Clinic Liver Cancer, CR complete response, ECOG Eastern Cooperative Oncology Group, HR hazard
ratio, PD progressive disease, PR partial response, PVI portal vein invasion, SD stable disease, TACE transarterial chemoembolization
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Table 3 Baseline characteristics of patients with ETS ≥20% compared to ETS < 20% (no ETS)

Variable Total n = 115 ETS ≥ 20% n = 32 ETS < 20% n = 83 p-value

Sex

Female 15 (13.0%) 7 (21.8%) 8 (9.6%) 0.0808

Male 100 (87.0%) 25 (78.1%) 75 (90.4%)

Age, years

Mean (SD) 65.3 (8.7) 67.4 (7.4) 64.5 (9.1) 0.1106

Median (IQR) 65.0 (12.0) 67.5 (12.0) 64.0 (13.0)

Age category, years

≥ 65 55 (47.8%) 13 (40.6%) 42 (50.6%) 0.3371

> 65 60 (52.2%) 19 (59.4%) 41 (49.4%)

Ethnicity

Missing 10 (8.7%) 4 (12.5%) 6 (7.2%) 0.6299

Hispanic or Latin 5 (4.8%) 1 (3.1%) 4 (4.8%)

Other 100 (95.2%) 27 (84.3%) 73 (87.9%)

Race

Missing 11 (9.6%) 4 (12.5%) 7 (8.4%) 0.2052

Black 2 (1.9%) 0 2 (2.6%)

Other 3 (2.9%) 2 (7.1%) 1 (1.3%)

White 99 (95.2%) 26 (92.9%) 73 (96.1%)

ECOG status

0 90 (78.3%) 24 (75.0%) 66 (79.5%) 0.5986

1 25 (21.7%) 8 (25.0%) 17 (20.5%)

HCC diagnosis by

Missing 2 (1.7%) 0 2 (2.4%) 0.6537

EASL criteria 50 (43.5%) 12 (37.5%) 38 (45.8%)

Histology 50 (43.5%) 16 (50.0%) 34 (41.0%)

Other 13 (11.3%) 4 (12.5%) 9 (10.8%)

Hepatitis B

No 104 (90.4%) 29 (90.6%) 75 (90.4%) 0.9657

Yes 11 (9.6%) 3 (9.4%) 8 (9.6%)

Hepatitis C

No 81 (70.4%) 27 (84.4%) 54 (65.1%) 0.0419

Yes 34 (29.6%) 5 (15.6%) 29 (34.9%)

Alcohol etiology

No 63 (54.8%) 17 (53.1%) 46 (55.4%) 0.8245

Yes 52 (45.2%) 15 (46.9%) 37 (44.6%)

Previous therapies

TACE 28 (24.3%) 6 (18.8%) 22 (26.5%) 0.3851

TAE 2 (1.7%) 0 2 (2.4%) 0.3757

Resection 21 (18.3%) 8 (25.0%) 13 (15.7%) 0.2454

RFA 12 (10.4%) 4 (12.5%) 8 (9.6%) 0.6528

Brachytherapy 5 (4.3%) 1 (3.1%) 4 (4.8%) 0.6897

Max. diameter of largest lesion

Mean (SD) 68.0 (59.6) 59.1 (41.3) 71.6 (65.3) 0.2127

Median (IQR) 57.0 (45.0) 50.0 (38.0) 59.5 (55.0)
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recent years [2, 3]. Response assessment used RECIST
in both these studies, where the OR rate was 2 and
3.3% and failed to capture patients who benefited
more from treatment. Failure to differentiate patients
who do not benefit from sorafenib may delay a switch
in treatment and patients may present with progres-
sion that precludes further treatment. In 2010, mRE-
CIST was proposed to address the drawbacks of
RECIST caused by the unique complexities of both
HCC and its treatment. A meta-analysis confirmed
that OR by mRECIST can predict outcome after loco-
regional therapies [23]. However, additional data are
needed to establish the role of mRECIST in follow-up
of systemic therapies [1].
Five retrospective studies used mRECIST for re-

sponse assessment in patients receiving sorafenib.
While four of these studies showed that OR success-
fully predicts OS [5–8], the other failed to show OS
benefit [9]. A combined analysis of two phase II stud-
ies showed that OR by mRECIST predicted OS bene-
fit, but, in multivariate analysis, significance was

marginally lost [10]. As this was a combined analysis
of patients receiving sorafenib and nintedanib, the
total number of patients receiving sorafenib was only
63. Another limitation of these studies was the
utilization of a simple comparison of responders with
non-responders, leading to guarantee-time bias or im-
mortal time bias. Recently, subgroup analysis of a
phase III study conducted in Japan showed superior
OS (27.2 vs. 8.9 months, p < 0.001) in patients with
OR after sorafenib treatment [12]. In this analysis,
landmark analyses, Mantel-Byar test were used to
eliminate guarantee-time bias, and OR was incorpo-
rated into multivariable analysis as a time-dependent
variable, as in our study. Our study confirms these
findings in a Western population. Univariate analysis
revealed gender, total bilirubin, and ALBI grade as
predictive factors, besides OR, and multivariate ana-
lysis confirmed these findings (bilirubin was excluded
because of interactions with ALBI). Patients with
ALBI grade 2 and 3 had worse OS than those with
grade 1 in our study (HR, 1.88 [95% CI, 1.21–2.92],

Table 3 Baseline characteristics of patients with ETS ≥20% compared to ETS < 20% (no ETS) (Continued)

Variable Total n = 115 ETS ≥ 20% n = 32 ETS < 20% n = 83 p-value

Portal vein infiltration

Yes 60 (52.2%) 19 (59.4%) 41 (49.4%) 0.3371

Baseline metastasis

Yes 6 (5.2%) 0 6 (7.2%) 0.1182

BCLC

B 34 (29.6%) 8 (25.0%) 26 (31.3%) 0.5053

C 81 (70.4%) 24 (75.0%) 57 (68.7%)

Up-to-7 criterion

Inside 17 (14.8%) 5 (15.6%) 12 (14.5%) 0.8744

Outside 98 (85.2%) 27 (84.4%) 71 (85.5%)

Total bilirubin (μmol/L)

Mean (SD) 16.1 (7.1) 15.3 (7.3) 16.3 (7.1) 0.3959

Median (IQR) 14.9 (10.0) 14.0 (9.3) 15.1 (9.9)

Albumin g/L

Mean (SD) 37.8 (8.3) 40.0 (6.1) 37.0 (8.9) 0.2368

Median (IQR) 39.0 (7.7) 40.0 (6.0) 38.9 (8.0)

ALBI score

Mean (SD) −2.5 (0.7) −2.7 (0.7) −2.4 (0.8) 0.1644

Median (IQR) −2.5 (0.8) −2.7 (0.7) −2.5 (0.8)

Child-Pugh score

A 105 (91.3%) 31 (96.8%) 74 (89.1%) 0.2792

B 10 (8.7%) 1 (3.1%) 9 (10.8%)

ALBI albumin-bilirubin, BCLC Barcelona Clinic Liver Cancer, EASL European Association for the Study of the Liver, ECOG Eastern Cooperative Oncology Group, HCC
hepatocellular carcinoma, IQR interquartile range, RFA radiofrequency ablation, SD standard deviation, TACE transarterial chemoembolization, TAE
transarterial embolization
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p = 0.005), and this finding is in agreement with pre-
vious reports [24, 25]. A surprising result was the
better OS in male patients in our study, unlike most
previous reports [6, 12]. However, this may be the re-
sult of the small number of female patients (15, 13%).
ETS has been shown to predict treatment outcome

in various tumor types, but, to date, only one study
has evaluated ETS in patients with HCC. Takahashi
et al. showed that patients with ETS ≥10% had better
OS and PFS than patients with ETS < 10% after len-
vatinib treatment [19]. In that study, ETS was defined
based on RECIST criteria, and a cut-off of 10% was
chosen. However, in our study, measurement of en-
hancing tumor instead of overall diameter was used
to overcome problems related to the unique features
of HCC described above, and a cut-off of 20% was
chosen, as most previous authors have done [16–18].
ETS can detect patients who do not benefit from

treatment earlier than response assessment with mRE-
CIST, and makes possible necessary therapeutic ad-
justments before progression is encountered. Early
detection of patients who do not benefit from sorafe-
nib treatment gains greater importance in the light of
other emerging, effective second-line drugs [13, 15].
With early sequencing of treatment, progression pre-
cluding further treatment or associated with shorter
post-progression survival (i.e. new macrovascular inva-
sion) can be avoided.
This study has some limitations. First, follow-up im-

aging was not conducted according to a standardized
protocol, since follow-up imaging was at the discretion
of the local investigator. However, baseline imaging of
all patients was done in a standardized fashion within
the diagnostic arm of the SORAMIC trial, and the im-
ages used for follow-up assessment were high-quality
state-of-the-art triphasic images. Second, follow-up

Fig. 3 Overall survival of patients with ETS ≥ 20% vs. ETS < 20%. CI, confidence interval; ETS, early tumor shrinkage; HR, hazard ratio; OS,
overall survival
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imaging was not available in 30.9% of the patients who
received sorafenib treatment in the SORAMIC trial.
There is an inherent risk of selection of responders and
patients with longer survival. Patients with poorer per-
formance status or liver function might not have under-
gone cross-sectional follow-up imaging due to earlier
deterioration in their clinical situation. The OS of the
patients included in this study was a little longer than
the OS of the sorafenib arm in the SORAMIC study
(14.3 vs. 11.4 months). Nevertheless, this study was con-
ducted on patients using prospectively collected data
from the phase II SORAMIC trial, and it showed, for the
first time in a Western population, a correlation between
OR by mRECIST and OS in HCC patients receiving so-
rafenib, and also, for the first time, a correlation between
ETS and OS in the same cohort.

Conclusion
OR assessments by mRECIST and ETS in HCC patients
receiving sorafenib monotherapy are associated with
treatment outcome and survival. Both assessments can
be used to identify patients who do not benefit from so-
rafenib and to guide the decision-making process in the
era of effective second-line therapies. However, the use
of ETS needs further validation.
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Table 4 Univariable and multivariable analysis of factors associated with overall survival (model with ETS)

Parameter Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

ETS ≥ 20% vs. < 20% 0.44 (0.26–0.74) 0.002 0.44 (0.24–0.69) < 0.001

Sex (male vs. female) 0.50 (0.27–0.91) 0.0241 0.41 (0.22–0.75) 0.004

Age (≥65 vs. < 65 years) 1.01 (0.67–1.54) 0.9310

ECOG (1 vs. 0) 0.80 (0.48–1.35) 0.4184

Cirrhosis (yes vs. no) 1.22 (0.63–2.37) 0.5457

Hepatitis B etiology (yes vs. no) 1.22 (0.61–2.44) 0.5677

Hepatitis C etiology (yes vs. no) 1.17 (0.74–1.85) 0.4847

Alcohol etiology (yes vs. no) 0.78 (0.51–1.21) 0.2798

TACE history (yes vs. no) 0.86 (0.54–1.37) 0.5434

PVI (yes vs. no) 1.10 (0.73–1.67) 0.6260

Child-Pugh (B vs. A) 1.59 (0.78–3.20) 0.1950

BCLC (C vs. B) 1.06 (0.67–1.67) 0.7845

Beyond up-to-7 (Yes vs. No) 1.28 (0.66–2.47) 0.4636

Bilirubin (≥17 vs. < 17 μmol/L) 1.55 (1.02–2.36) 0.0391

Albumin (≥36 vs. < 36 g/L) 0.66 (0.42–1.04) 0.0759

ALBI (grade 2/3 vs. grade 1) 1.74 (1.14–2.66) 0.0091 1.65 (1.08–2.53) 0.022

AFP (≥400 vs. < 400 ng/mL) 1.06 (0.67–1.66) 0.8012

All covariates were time-fixed except for ETS, which was time dependent
AFP alfa-fetoprotein, ALBI albumin-bilirubin, BCLC Barcelona Clinic Liver Cancer, CR complete response, ECOG Eastern Cooperative Oncology Group, ETS early tumor
shrinkage, HR hazard ratio, PD progressive disease, PR partial response, PVI portal vein invasion, SD stable disease, TACE transarterial chemoembolization
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