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Abstract

Introduction: Extrahepatic spread is reported as a prognostic factor in patients with ad-
vanced hepatocellular carcinoma (HCC) receiving systemic therapy. However, clinical studies
have reported conflicting results for the clinical impact of the pattern of tumor progression
during treatment and the role of new extrahepatic metastases in length of survival. Objective:
To evaluate the impact of extrahepatic metastases on survival in patients with HCC treated
with sorafenib or with a combination of sorafenib and selective internal radiation treatment
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(SIRT). Methods: SORAMIC is a randomized, controlled trial comprising diagnostic, local abla-
tion, and palliative cohorts. In the palliative cohort, patients not eligible for transarterial che-
moembolization (TACE) were randomized 11:10 to SIRT plus sorafenib (SIRT + sorafenib) or
sorafenib alone. This exploratory subanalysis evaluated the impact of extrahepatic metastases
on survival. Results: In the intent-to-treat cohort, 216 patients were randomized to SIRT +
sorafenib and 208 to sorafenib alone. Seventeen patients with distant organ metastases
(bone, n = 11; adrenal glands, n = 5; peritoneum, n = 1) and 262 without distant metastases
at study entry were analyzed in this substudy. Patients with (Group A) and without (Group B)
distant organ metastases at study entry presented with a median survival of 11.3 and 14.8
months, respectively (p = 0.2807). During follow-up of patients with no organ metastases at
baseline, extrahepatic disease progression occurred in 50 patients (19.1%). No statistically sig-
nificant difference in survival was observed between patients without extrahepatic progres-
sion and those with new extrahepatic disease during treatment (14.8 vs. 14.9 months; p =
0.6483). Development of new pulmonary metastases during treatment significantly shortened
median survival (7.6 vs. 15.0 months, p = 0.0060). Conclusions: This subanalysis of the SORAM-
IC trial suggests that in patients with liver-dominant advanced HCC, metastases to distant
organs with the exception of pulmonary metastases do not in general exert a negative impact
on patient prognosis. The choice of palliative treatment should incorporate a personalized

analysis of the pattern of tumor distribution. © 2020 The Author(s).
Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) represents the second most common cause of cancer-
related deaths. Hepatitis C and B virus infections continue to drive the burden of HCC in devel-
oping countries [1], whereas in developed countries, alcoholic liver cirrhosis and increasing
epidemics of nonalcoholic steatohepatitis are the predominant factors responsible for the
incidence of HCC [2-4].

In patients with HCC, factors related to the tumor itself, liver function, and clinical perfor-
mance status influence survival. The majority of patients with HCC are diagnosed in advanced
tumor stages. The standard of care in intermediate-stage HCC according to the Barcelona
Clinic Liver Cancer (BCLC) classification is transarterial chemoembolization (TACE) [5].
Patients with large tumor or portal vein thrombosis are not suitable for TACE for technical
reasons and are offered radioembolization with selective internal radiation treatment (SIRT)
or systemic therapy [5, 6]. In patients with advanced disease, treatment with the multikinase
inhibitor, sorafenib, has been the standard of care since 2008; sorafenib prolongs overall
survival but does not result in radiological objective response [7]. Except for select subgroups,
SIRT in combination with sorafenib did not provide superior benefit compared to either type
of therapy alone in our recent trial of patients with advanced HCC [8].

It remains uncertain whether tumor control impeding tumor progression or preser-
vation of liver function is the key factor in survival prolongation. Effective treatment of the
primary in the liver has the potential to provide both effects, as deterioration of liver function
is frequently a consequence of intrahepatic tumor progression.

Distant metastases are depicted by imaging at the time of diagnosis in 13-36% of patients
with HCC, while the prevalence of distant metastases reaches up to 68% in autopsy studies
[9-11].Extrahepaticspread hasbeenreported asaprognosticfactor in patients withadvanced
disease receiving sorafenib [12]. However, the clinical impact of the pattern of tumor
progression during treatment and the role of new extrahepatic metastases in the length of
survival are unclear. Clinical studies have reported conflicting results [13, 14].
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While analyses of well-characterized and prospectively followed patients with HCC
receiving sorafenib treatment suggest that new extrahepatic metastases, developed over the
course of treatment, have a significantimpact on survival [13, 15, 16], other studies emphasize
the important role of intrahepatic tumor control even in patients with metastases [17-19].

SORAfenib in combination with local MICrotherapy guided by gadolinium-EOB-DTPA-
enhanced MRI (SORAMIC) (EudraCT 2009-012576-27, NCT01126645) is a prospective study
that comprises 3 substudies: (i) comparison of Gd-EOB-DTPA (gadoxetic acid; Primovist®,
Eovist®)-enhanced magnetic resonance imaging (MRI) versus contrast-enhanced multislice
computed tomography for the stratification of patients to alocal ablation (curative treatment)
or palliative treatment group; (ii) comparison of radiofrequency ablation (RFA) plus sorafenib
versus control (RFA plus matching placebo) on time to recurrence; and (iii) comparison of
SIRT with yttrium-90 (°°Y) resin microspheres combined with sorafenib with control
(sorafenib alone) on overall survival [8]. The aim of our current study was to evaluate the
impact of extrahepatic metastases on survival in patients with HCC treated with sorafenib or
with a combination of sorafenib and SIRT within this randomized multicenter study.

Methods

The randomized, controlled, multicenter phase II SORAMIC study in its palliative treatment arm
aimed - among other primary objectives - to evaluate the impact of °°Y microspheres (SIRT) combined with
systemic therapy using sorafenib compared to sorafenib alone on survival in patients with advanced HCC.
The primary results have been published recently [8].

Patients aged 18-85 years with a diagnosis of HCC were eligible for the palliative arm of the SORAMIC
trial in case of liver-dominant disease BCLC B or C and liver function in Child-Pugh stage A or B up to 7 points,
if they were ineligible for TACE and after providing written informed consent to participate in the study.
Metastases to bone, lymph nodes, and adrenal glands at baseline did not constitute exclusion criteria, but all
other sites of extrahepatic spread impeded inclusion in the trial. The primary study endpoint in this part of
the study was overall survival.

Patients were randomized in 11:10 ratio to receive either systemic therapy with sorafenib or SIR-
Spheres therapy in combination with sorafenib. Patients randomized but in whom radioembolization could
not be performed for technical reasons remained in the study and were switched to the sorafenib-only arm.
In patients with HCC nodules in both liver lobes, radioembolization was initially performed on the dominant-
diseased liver lobe, followed by radioembolization to the untreated contralateral lobe 4-6 weeks later. On
day 3 after the last radioembolization, systemic treatment with sorafenib was initiated at a dose of 200 mg
twice daily that was escalated, if tolerated, to 400 mg twice daily after 1 week.

Patients were followed at 2-month intervals by clinical assessment, assessment of adverse events, and
laboratory workup for at least 2 years or until death; diagnostic imaging was not required in the palliative
group in the context of the SORAMIC trial but was performed at the discretion of local investigators. If diag-
nostic imaging was performed during follow-up, results were to be reported on the case report form. Patients
who needed to discontinue sorafenib remained on the study.

In the intent-to-treat (ITT) cohort of the SORAMIC trial, 216 patients were randomized to SIRT +
sorafenib and 208 to sorafenib alone. Median overall survival was 12.1 months in the SIRT + sorafenib arm
and 11.4 months in the sorafenib arm (hazard ratio [HR] 1.01, 95% confidence interval [CI] 0.81-1.25; p =
0.9529). Median overall survival in the per-protocol (PP) population was 14.0 months in the SIRT + sorafenib
arm (n=114) and 11.1 months in the sorafenib arm (n = 174; HR 0.86; p = 0.2515). Subgroup analyses of the
PP population indicated a survival benefit for SIRT + sorafenib in patients without cirrhosis (HR 0.46, 95%
C10.25-0.86; p = 0.02), cirrhosis of nonalcoholic etiology (HR 0.63, 95% CI 0.45-0.89; p = 0.012), or age <65
years (HR 0.65,95% CI 0.43-1.0; p = 0.05) [8].

The exploratory subanalysis presented here evaluated the impact of extrahepatic metastases beyond
metastases to the lymph nodes on survival in these patients. Patients were included in this analysis if they
received study treatment within the palliative arm of SORAMIC and were followed up with imaging. Of the
424 patients randomized after assignment to the palliative arm, 279 fulfilled these criteria within the ITT
population, comprising 147 patients treated with sorafenib alone, 129 patients treated with the combination
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Intention-to-treat population SORAMIC -
(n = 424) Exclusion due to:
- No treatment (n = 44)
- No follow-up imaging
P available (n = 100)
A 4 - Pulmonary metastases at
Final study population inclusion (n = 1)
(n=279)
(n = 147) received sorafenib
(n = 129) received sorafenib + SIRT
(n = 3) received SIRT
v v
Metastases at inclusion No metastases at inclusion
(n = 17) (Group A) (n = 262) (Group B)
v v
Metastases at follow-up No metastases at follow-up
(n = 50) (Group B1): (n = 212) (Group B2):
(n = 24) Sorafenib (n = 116) Sorafenib
(n =26) Sorafenib + SIRT (n = 96) Sorafenib + SIRT

Fig. 1. Consort diagram.

of SIRT and sorafenib, and 3 patients treated with SIRT alone. This represents the safety population of the
primary publication, excluding 100 patients with incomplete follow-up imaging and 1 patient with pulmonary
metastases at study entry [8] (for details, refer to Fig. 1). For baseline patient characteristics, see Table 1.

In a first analysis, patients with extrahepatic organ metastases at study entry (Group A) were compared
to patients without extrahepatic metastases at baseline (Group B) with respect to overall survival, regardless
of follow-up staging results. Metastases to lymph nodes were not considered as extrahepatic metastases for
this analysis as portal lymphadenopathy is a frequent finding in patients with chronic liver disease with a
prevalence of up to 42.2% [20-22].

A second analysis, in the patients who presented without extrahepatic metastases at baseline, evaluated
the impact on survival of new extrahepatic metastases in follow-up examinations (Group B1) compared to
absence of extrahepatic spread (Group B2). The influence of extrahepatic spread in general and with respect
to specific sites of metastases was considered.

In this analysis, any extrahepatic progression during follow-up was considered a follow-up metastasis.
If the location of extrahepatic progression was not recorded in the study case report form, imaging data were
re-read by an independent radiologist to determine the site, if possible. If enlarged lymph nodes evolve
during palliative treatment, the probability of metastases to these nodes is much higher and can be judged
as metastatic disease with reasonably high confidence. Therefore, patients who developed enlarged lymph
nodes during treatment in palliative intention were judged as being progressive with new extrahepatic
disease and included into the second step of the analysis.

Statistical Analyses

All statistical analyses were performed using SAS Version 9.4 for Windows (Copyright SAS Institute Inc.,
Cary, NC, USA). Numerical data are presented as means with standard deviations. For categorical data, results
are given as absolute numbers with percentages. For comparison of categorical data, x? tests were applied.
T tests or Mann-Whitney U tests were used for testing homogeneity of independent samples in continuous
data.

For analyses of factors impacting on development of metastases during follow-up, a stepwise variable
selection was used for the logistic regression model. Covariates with a high number of missing values, such
as the hepatoma arterial-embolization prognostic (HAP) score, were not considered for the model, as this
would decrease the already small sample size. The dataset for this analysis was therefore reduced to 44
patients with follow-up progression versus 200 patients with no metastases during follow-up. The param-
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Table 1. Baseline characteristics of cohort comparing patients with distant metastases at study entry to patients without distant
metastases

Variable Total Baseline metastases  No baseline metastases p value
n=279 n =17 (group A) n =262 (group B)

Treatment, n (%)

SIRT 3(1.1) 3(17.6) 0 <0.001

SIRT + sorafenib 129 (46.2) 7 (41.2) 122 (46.6)

Sorafenib 147 (52.7) 7 (41.2) 140 (53.4)

Sex, n (%)

Female 34 (12.2) 2 (11.8) 32 (12.2) 0.9563

Male 245 (87.8) 15 (88.2) 230 (87.8)

Age

Mean (SD) 65.7 (8.3) 61.3 (8.4) 66.0 (8.2) 0.0230

Median (IQR) 66.0 (12.0) 60.0 (10.0) 66.0 (12.0)

Age category, years

<65 124 (44.4%) 10 (58.8%) 114 (43.5%) 0.2182

265 155 (55.6%) 7 (41.2%) 148 (56.5%)

BMI

Missing 4 (1.4%) 4 (1.5%) 0.4317

Mean (SD) 27.5 (4.6) 26.7 (3.7) 27.6 (4.6)

Median (IQR) 26.9 (5.4) 26.3 (5.0) 27.0 (5.4)

ECOG, n (%)

Missing 4(1.4) 4(1.5) 0.6820

0 202 (73.5) 14 (82.4) 188 (72.9)

1 72 (26.2) 3(17.6) 69 (26.7)

2 1(0.4) 0 1(0.4)

Liver cirrhosis, n (%)

Missing 3(1.1) 0 3(1.1) 0.0507

No 49 (17.8) 6 (35.3) 43 (16.6)

Yes 227 (82.2) 11 (64.7) 216 (83.4)

Child-Pugh, n (%)

A 262 (93.9) 17 (100) 245 (93.5) 0.2785

B 17 (6.1) 0 17 (6.6)

Hepatitis B, n (%)

No 254 (91.0) 16 (94.1) 239 (90.8) 0.6466

Yes 25(9.0) 1(5.9) 24(9.2)

Hepatitis C, n (%)

No 206 (73.8) 11 (64.7) 195 (74.4) 0.3768

Yes 73 (26.2) 6 (35.3) 67 (25.6)

Alcohol, n (%)

No 156 (55.9) 13 (76.5) 143 (54.6) 0.0781

Yes 123 (44.1) 4(23.5) 119 (45.4)

Previous therapies, n (%)

TACE 73 (26.2) 4 (23.5) 69 (26.3) 0.7986

TAE 3(1.1) 0 3(1.1) 0.6573

Resection 34 (12.2) 2(11.8) 32 (12.2) 0.9563

RFA 28 (10.0) 0 28 (10.7) 0.1553

Brachytherapy 5(1.8) 0 5(1.9) 0.5655
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Variable Total Baseline metastases  No baseline metastases p value
n=279 n =17 (group A) n =262 (group B)
Number of lesions, n (%)
Missing 3(1.1) 0 3(1.1) 0.5781
1 45 (16.3) 3(17.6) 42 (16.2)
2 34 (12.3) 2(11.8) 32(12.4)
3 23(8.3) 1(5.9) 22 (8.5)
4 10 (3.6) 2(11.8) 8(3.1)
5-10 27 (9.8) 2(11.8) 25(9.7)
>10 137 (49.6) 7 (41.2) 130 (50.2)
Max. diameter of largest lesion
Missing 12 (4.3%) 0 12 (4.6%) 0.0605
Mean (SD) 66.2 (40.5) 84.0 (48.6) 65.0 (39.7)
Median (IQR) 57.0 (56.0) 79.0 (47.0) 56.0 (55.0)
Portal vein infiltration, n (%)
Yes 122 (43.7) 5(29.4) 117 (44.7) 0.2195
Site of distant organ metastases, n (%)
Bone 11 (3.9) 11 (64.7) 0
Adrenal gland 5(1.8) 5(29.4) 0
Peritoneum 1(0.4) 1(5.9) 0
BCLC stage, n (%)
A 5(1.8) 0 5(1.9) 0.1716
B 85 (30.5) 2(11.8) 83 (31.7)
C 189 (67.7) 15 (88.2) 174 (66.4)
HAP score, n (%)
Missing 66 (23.7) 4 (23.5) 62 (23.7) 0.3043
1 110 (51.6) 5(38.5) 105 (52.5)
2 74 (34.7) 4 (30.8) 70 (35.0)
3 23(10.8) 3(23.1) 20 (10)
4 6(2.8) 1(7.7) 5(2.5)
AFP, ng/mL
Missing 14 (5.0%) 0 14 (5.3%) 0.8502
<400 177 (66.8%) 11 (64.7%) 166 (66.9%)
2400 88 (33.2%) 6 (35.3%) 82 (33.1%)
Up-to-7 criterion, n (%)
Missing 13 (4.7) 0 13 (5.0) 0.0730
Inside 40 (15.0) 0 40 (16.1)
Outside 226 (85.0) 17 (100) 209 (83.9)
Duration of follow-up, months
Missing 4 (1.4%) 0 4 (1.5%) 0.7854
Mean (SD) 13.9 (9.6) 16.1 (15.1) 13.8(9.1)
Median (IQR) 11.8 (12.0) 9.9 (15.5) 12.0 (11.7)

AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; HAP, hepatoma
arterial-embolization prognostic; RFA, radiofrequency ablation; SIRT, selective internal radiation treatment; TACE, transarterial
chemoembolization; TAE, transarterial embolization.
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Variable Total Follow-up No follow-up p value

n=262 metastases metastases

n =50 (group B1) n=212 (group B2)

Treatment, n (%)
SIRT + sorafenib 122 (46.6) 26 (52.0) 96 (45.3) 0.3917
Sorafenib 140 (53.4) 24 (48.0) 116 (54.7)
Sex, n (%)
Female 32 (12.2) 5(10.0) 27 (12.7) 0.5951
Male 230 (87.8) 45 (90) 185 (87.3)
Age
Mean (SD) 66.0 (8.2) 64.8 (6.9) 66.3 (8.5) 0.2230
Median (IQR) 66.0 (12.0) 65.5 (10.0) 66.0 (13.0)
Age category, years
<65 114 (43.5%) 21 (42.0%) 93 (43.9%) 0.8106
>65 148 (56.5%) 29 (58.0%) 119 (56.1%)
BMI
Missing 4 (1.5%) 0 4 (1.9%) 0.7466
Mean (SD) 27.6 (4.6) 27.4 (4.2) 27.6 (4.7)
Median (IQR) 27.0 (5.4) 26.8 (4.7) 27.1 (6.0)
ECOG, n (%)
Missing 4(1.5) 0 4(1.9) 0.3940
0 188 (72.9) 33 (66.0) 155 (74.5)
1 69 (26.7) 17 (34.0) 52 (25.0)
2 1(0.4) 0 1(0.5)
Liver cirrhosis, n (%)
Missing 3(1.1) 1(2.0) 2(0.9) 0.4265
No 43 (16.6) 10 (20.4) 33 (15.7)
Yes 216 (83.4) 39 (79.6) 177 (84.3)
Child-Pugh, n (%)
A 245 (93.5) 48 (96.0) 197 (92.9) 04271
B 17 (6.5) 2 (4.0) 15 (7.1)
Hepatitis B, n (%)
No 238(90.8) 46 (92.0) 192 (90.6) 0.7519
Yes 24 (9.2) 4(8.0) 20 (9.4)
Hepatitis C, n (%)
No 195 (74.4) 32 (64.0) 163 (76.9) 0.0603
Yes 67 (25.6) 18 (36.0) 49 (23.1)
Alcohol, n (%)
No 143 (54.6) 33 (66.0) 110 (51.9) 0.0714
Yes 119 (45.4) 17 (34.0) 102 (48.1)
Previous therapies, n (%)
TACE 69 (26.3) 18 (36.0) 51 (24.1) 0.0846
TAE 3(1.1) 1(2.0) 2(0.9) 0.5276
Resection 32 (12.2) 5(10.0) 27 (12.7) 0.5951
RFA 28 (10.7) 6(12.0) 22 (10.4) 0.7383
Brachytherapy 5(1.9) 0 5(24) 0.2729
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Variable Total Follow-up No follow-up p value
n=262 metastases metastases
n =50 (group B1) n=212 (group B2)
Number of lesions, n (%)
Missing 3(1.1) 1(2.0) 2(0.9) 0.8347
1 42 (16.2) 8(16.3) 34 (16.2)
2 32 (12.4) 4(8.2) 28 (13.3)
3 22 (8.5) 6(12.2) 16 (7.6)
4 8(3.1) 1(2.0) 7 (3.3)
5-10 25(9.7) 5(10.2) 20 (9.5)
>10 130 (50.2) 25 (51.0) 105 (50)
Max. diameter of largest lesion
Missing 12 (4.6%) 5(10.0%) 7 (3.3%) 0.0369
Mean (SD) 65.0 (39.7) 76.1 (41.9) 62.5(38.9)
Median (IQR) 56.0 (55.0) 70.0 (59.0) 54.0 (52.0)
Portal vein infiltration, n (%)
Yes 117 (44.7) 25 (50) 92 (43.3) 0.3982
Site of new extrahepatic metastases during follow-up (multiple sites possible), n (%)
Adrenal gland 9 (3.4 9 (18.0) 0
Bone 7 (2.7) 7 (14.0) 0
Pulmonary 13 (5.0) 13 (26.0) 0
Nodal 19 (7.3) 19 (38) 0
Peritoneal 1(0.4) 1(2) 0
Splenic 2(0.8) 2(4) 0
BCLC stage, n (%)
A 5(1.9) 0 5(2.4) 0.0120
B 83 (31.7) 8 (16.0) 75 (35.4)
C 174 (66.4) 42 (84.0) 132 (62.3)
HAP score, n (%)
Missing 62 (23.7) 10 (20.0) 52 (24.5) 0.7269
1 105 (52.5) 20 (50) 85 (53.1)
2 70 (35) 14 (35) 56 (35)
3 20 (10) 4(10) 16 (10)
4 5(2.5) 2 (5.0) 3(1.9)
AFP, ng/mL
Missing 14 (5.3%) 4 (8.0%) 10 (4.7%) 0.1881
<400 166 (66.9%) 27 (58.7%) 139 (68.8%)
2400 82 (33.1%) 19 (41.3%) 63 (31.2%)
Up-to-7 criterion, n (%)
Missing 13 (5.0) 3(6) 10 (4.7) 0.2607
Inside 40 (16.1) 5(10.6) 35(17.3)
Outside 209 (83.9) 42 (89.4) 167 (82.7)
Duration of follow-up, months
Missing 4 (1.5%) 0 4 (1.9%) 0.5604
Mean (SD) 13.8(9.1) 14.5 (10.1) 13.6 (8.9)
Median (IQR) 12.0 (11.7) 13.0 (9.9) 11.9 (12.1)

AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group;
HAP, hepatoma-arterial embolization prognostic; RFA, radiofrequency ablation; SIRT, selective internal

radiation treatment; TACE, transarterial chemoembolization; TAE, transarterial embolization.
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eters considered comprised treatment group, sex, age, maximum diameter of largest tumor lesion, BCLC
stage, Child-Pugh stage, portal vein infiltration, Eastern Cooperative Oncology Group (ECOG) performance,
presence of liver cirrhosis, and etiology of liver disease.

Finally, the impact of the site of metastases on survival was analyzed with a focus on bone and pulmonary
metastases. From these analyses, all patients with an unknown site of metastases during follow-up were
excluded. Overall survival was evaluated by the Kaplan-Meier method to compute nonparametric estimates
of the survivor functions. Right censoring was taken into account. Survival curves were compared between
both groups with the log-rank test.

All tests were carried out 2-sided. The level of significance was set to 0.05 without adjusting for multi-
plicity. All authors had access to the study data and reviewed and approved the final manuscript.

Results

Patient characteristics are summarized in Tables 1 and 2. Of 279 patients included in
analyses, 262 (93.9%) had no distant extrahepatic metastases at baseline, while 17 patients
(6.1%) had baseline metastases. The sites of organ metastases at study entry were bone (n =
11; 64.7%), adrenal glands (n = 5; 29.4%), and peritoneum (n = 1; 5.9%). In patients without
distant organ metastases at baseline, 31 (11.8%) presented with enlarged lymph nodes
judged to be metastases.

During follow-up of patients with no organ metastases at baseline, extrahepatic disease
progression occurred in 50 patients (19.1%), namely to adrenal glands (n = 9), bone (n = 7),
lungs (n = 13), lymph nodes (n = 19), peritoneum (n = 1), and spleen (n = 2). In 13 patients,
extrahepatic disease progression was reported by the investigator without specifying the
location. These images were not obtainable for re-read. In logistic regression to determine
the influence of factors on development of extrahepatic disease in patients without distant
organ metastases at baseline, the size of the largest tumor lesion (odd ratio [OR] 1.009 [95%
Wald CI 1.001-1.017]) and BCLC stage C versus A/B (OR 2.784 [95% Wald CI 1.216-6.375])
had significant inputs on the risk of developing extrahepatic disease during follow-up.

The overall survival time did not differ significantly between patients with and without
distant organ metastases at baseline. Patients with distant organ metastases at baseline
(Group A) presented with a median survival of 11.3 months and patients without distant
organ metastases at study inclusion (Group B) had a median survival of 14.8 months (p =
0.2807) (Fig. 2).

Focusing on the impact of extrahepatic progression on survival, no statistically signif-
icant difference was observed between patients without extrahepatic progression and those
with new extrahepatic disease. Patients who never developed extrahepatic progression and
who did not have distant organ metastases at baseline (Group B2) had a median survival of
14.8 months. In patients with extrahepatic progression (Group B1), median survival was 14.9
months (p = 0.6483) (Fig. 3a). The development of bone metastases in patients presenting
without metastases at study entry did not have a statistically significant impact on median
survival time (12.0 vs. 14.8 months; p = 0.6965) (Fig. 3¢).

However, progression with lung metastases in patients without pulmonary metastases
at study entry significantly shortened both progression-free survival (4.7 vs. 9.4 months, p =
0.0017) and median survival (7.6 vs. 15.0 months; p = 0.0060) (Fig. 3b). While none of the
patients who progressed with lung metastases received post-progression tumor-directed
therapy, TACE was performed in 2 patients with intrahepatic progressive disease without
pulmonary metastases, and 16 patients who did not develop pulmonary metastases received
at least one second-line systemic therapy (11 within a clinical study, 4 received chemo-
therapy, and 1 received cabozantinib).
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The cause of death in patients with pulmonary metastases was reported in 11 out of 13
patients. All these patients died from progressive malignant disease, while in patients with
no extrahepatic metastases, the cause of death was reported in 127 cases. Out of these, 95
died from progressive disease and 32 from other causes. In 5 out of 7 patients with bone
metastases the cause of death was reported. One patient died from liver failure, the others by
progressive disease. Treatment modality did not have an impact on survival of patients in this
analysis (Fig. 4).

Discussion

This study demonstrates thatin patients with liver-dominantadvanced HCC, the presence
of distant organ metastases, with the exception of metastases to the lung, does not have a
significant impact on treatment outcome. Even the metachronous development of extrahe-
patic disease while on systemic treatment does not modulate overall survival. By contrast,

Overall survival
1007 —— Group  Events/total Median (95% Cl) HR (95% ClI)
90 - —BL =No 212/262 14.8 (13.6-16.3) Reference
80 BL = Yes 15/17 11.3(9.4-39.3) 0.75(0.44-1.27)
logrank p value = 0.2807 O censor
70 4
60
g
= 50 A
Qo
= 40 oy
30
20
10 +
0 -
T T T T T 1
0 12 24 36 48 60
Months
Patients-at-risk
BL=No 262 150 51 12 3 0
BL = Yes 17 8 6 4 1 0

Fig. 2. Overall survival in patients with, compared to patients without, distant metastases at baseline (Groups:
A vs. B). BL = No: patients without distant organ metastases at baseline; BL = Yes: patients who presented
with distant organ metastases at baseline.

Fig. 3. Overall survival of patients who developed distant metastases during follow-up. a Comparison to pa-
tients who did not develop distant metastases: group B1 (FU = Yes) versus group B2 (FU = No). Patients with
baseline metastases were excluded. b Influence of new pulmonary metastases on survival. Analysis includes
all patients without pulmonary metastases at baseline and compares those who developed pulmonary me-
tastases during follow-up, FU(lung) = Yes, to those who did not, FU(lung) = No. ¢ Influence of new bone me-
tastases on survival. Analysis includes all patients without bone metastases at study inclusion and compares
those who developed bone metastases during follow-up, FU(bone) = Yes, to those who did not, FU(bone) =
No.

(For figure see next page.)
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Fig. 4. Influence of treatment modality on survival in patients who developed extrahepatic metastases dur-
ing follow-up.

lung metastases appear to convey a poor prognosis. The results of this study suggest that the
pattern of tumor progression is a major factor impacting survival [13] in that the site of
distant metastases requires special consideration. This is in line with observations from other
studies reporting that in patients with HCC and extrahepatic disease, progression of the intra-
hepatic tumor is the cause of death in more than 80% of patients [17]. Liver failure is reported
to be the cause of death in up to 89% of these patients [23]. We therefore confirm that patients
with advanced HCC and progression under palliative treatment need to be treated with
tailored approaches if second-line treatment modalities are evaluated.

The implementation of screening and surveillance strategies recommended by guide-
lines for the early detection of HCC is still insufficient even for high-risk cohorts. Accordingly,
the majority of patients with HCC are diagnosed in advanced tumor stages and are not suitable
for curative treatment [1, 24, 25]. Intrahepatic tumor burden, macrovascular invasion, and
extrahepatic metastases, as well as severe liver function impairment, are critical factors for
poor outcome [25, 26]. The incidence rate of extrahepatic metastasis is about 2.5% /year and
approximately 13% at 5 years [26]. Frequent sites of extrahepatic organ spread of HCC are
lungs, bones, and adrenal glands [17, 26, 27], in agreement with data we present here. In the
SORAMIC trial, 17 patients had extrahepatic distant metastases at study inclusion and were
considered suitable to be randomized with the option to receive additional radioemboli-
zation combined with systemic therapy. In addition, almost 20% of patients presented with
new extrahepatic disease during follow-up.

Although specific subgroups (age < 65, non-alcoholic etiology, and no cirrhosis) showed
increased overall survival with SIRT plus sorafenib, in the main SORAMIC study cohort,
addition of SIRT to sorafenib was not associated with improved overall survival; this was true
both for the ITT and the PP subcohorts. Therefore, patients from both treatment arms were
included in the present substudy, provided these treatment subgroups were balanced for
parameters associated with survival differences (age, nonalcoholic etiology, and cirrhosis).
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In subgroup analyses focusing on patients with metastases, the treatment effect was also
equal between both treatment arms (HR 0.70, 95% CI 0.42-1.18; p = 0.178) [8].

Extrahepatic metastases of HCC frequently lead to the decision to abstain from locore-
gional treatment of intrahepatic cancer [17, 28]. Whether local tumor control in the liver in
the setting of advanced disease with extrahepatic spread improves the prognosis of patients
has been controversial and needs to be readdressed in the context of recently approved novel
systemic drugs that allow sequential therapies in the palliative setting.

When analyzing factors that impact on prognosis in patients with advanced HCC, several
aspects need to be taken into account. A subclassification of the heterogeneous BCLC stage C
patients has been proposed using clinical features [29]. Based on criteria that lead to
assignment to advanced tumor stage (performance status, macrovascular invasion, or extra-
hepatic spread), differences in median overall survival were obvious in a retrospective
analysis of 835 consecutive BCLC stage C patients [30]. Others show that, in particular, the
extent of portal vein invasion and the type of extrahepatic spread matter. Metastases to lymph
nodes were not associated with shorter survival in a retrospective analysis from a Korean
HCC registry, while the presence of organ metastases significantly impacted overall survival
[31]. While the presence of macroscopic vascular invasion was confirmed to be prognostic for
survival in patients with unresectable HCC in a pooled analysis of the SHARP and Asia-Pacific
trials, extrahepatic spread was associated with shorter survival only in patients treated with
sorafenib and in these patients predicted to have less benefit from treatment [12]. Analysis
of 254 patients with HCC and extrahepatic spread treated with sorafenib confirmed, among
other factors, liver function and macrovascular invasion as prognostic factors [32].

In a retrospective analysis of 240 patients with HCC and extrahepatic metastases, Child-
Pugh stage, smaller hepatic tumor size, absence of portal venous invasion, single metastatic
organ involvement, and objective treatment response of the intrahepatic tumor were
favorable prognostic factors [18]. A retrospective analysis from the SEER registry of 529
patients with HCC and extrahepatic metastases with resectable primary tumors even revealed
that resection of the primary was associated with improved overall survival [33]. Patients
with advanced HCC treated with sorafenib benefited from additional locoregional treatment
with prolonged survival in a retrospective analysis of 312 cases [19]. Some experts have
therefore stated that the majority of patients with HCC and extrahepatic metastases should
undergo concurrent treatment of intrahepatic tumor manifestations, although high-quality
data from prospective, randomized controlled trials to support these combined treatment
approaches have been lacking [34, 35].

Several studies have focused on analysis of prognostic factors in patients progressing
under systemic therapy with sorafenib. Different patterns of tumor progression have been
categorized, including increase in intrahepatic/extrahepatic tumor size, development of new
intrahepatic lesions, and progression with new extrahepatic lesions [13]. Progression with a
new extrahepatic lesion and/or new vascular invasion is an independent predictor of post-
progression survival in these studies [14, 16]. The site of extrahepatic spread has not been
taken into account in published analyses. We advise to take the site of new metastases into
account in future studies, as in our analysis progression with pulmonary metastases points
at a more aggressive phenotype of disease and was associated with shorter post-progression
survival, while development of bone metastases was not.

In patients with HCC without extrahepatic metastases, several studies have elucidated
risk factors for the development of extrahepatic disease during follow-up. These include
HBsAg positivity, positive serology for hepatitis C virus, number and size of hepatic nodules,
and vascular tumor invasion [26]. Our data confirm the risk of developing metastases in
patients with large tumors and advanced disease.
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In interpreting the data presented here, several factors should be taken into account.
Withrespectto prognosis in patients with metastases atbaseline, the small number of patients
may bias the analysis, as SORAMIC aimed at inclusion of patients with liver-dominant disease,
while patients with pulmonary metastases were excluded by protocol. Furthermore, imaging
procedures during follow-up in the palliative arm were not regulated in the study protocol,
so reducing the number of patients available for this analysis. Stratification of factors signifi-
cantly impacting patients’ prognosis (e.g., cirrhosis vs. non-cirrhotic liver, age <65 vs. >65
years, alcoholic vs. nonalcoholic liver disease) would have been desirable but was not
performed due to the small numbers of patients in the subgroups. Most likely, however, this
would not have impacted the main findings of this study.

In conclusion, our results suggest that in patients with liver-dominant advanced HCC,
metastases to distant organs, with the exception of lung metastases, do not in general exert a
negative impact on prognosis and should therefore not influence the selection of first-line
palliative treatments. Once progression with extrahepatic disease has occurred during palli-
ative systemic therapy, close and personalized review of the progression pattern is mandatory
in choosing second-line treatment options.
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