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Abstract
Objectives To investigate the safety of transarterial chemo-
embolisation (TACE) in combination with sorafenib in patients
with hepatocellular carcinoma (HCC).
Methods Patients with Child–Pugh A/B liver function,
ECOG performance status 0–2 and HCC treatable with
TACE received continuous sorafenib 800 mg/day, and TACE
with doxorubicin (75, 50 and 25 mg/m2 according to serum
bilirubin: <1.5, 1.5–3, and >3 mg/dL) and lipiodol 2 weeks
after sorafenib initiation and repeated every 4 weeks.
Results Fifteen patients were included (Child–Pugh A/B,
n012/3; Barcelona Clinic Liver Cancer-A/B/C, n01/9/5;
ECOG 0/2, n014/1). Median time on sorafenib was
5.2 months (2.6–7.4 months); median number of TACE
sessions was 3. Common adverse events were abdominal
pain (n014), weight loss (n013), alopecia (n012), fatigue
(n012) and hyperbilirubinaemia (n011). There were 32
serious adverse events (grade ≥3); 9/10-unscheduled hospital

admissions and 4/5 deaths were considered TACE-related.
The study was stopped prematurely because of safety concerns.
At 6months, 2 and 5 patients had complete or partial responses;
1 had stable disease. Median overall survival was 10.6 months
(95% CI: 5.2–16 months).
Conclusion These findings do not support use of an intensive,
high-dose doxorubicin-based TACE regimen in combination
with sorafenib in this study population.
Key Points
• Transarterial chemoembolisation (TACE) is widely used in
patients with hepatocellular carcinoma (HCC)

• Various antiangiogenic and other agents have been used to
augment this treatment

•We tested lipiodol-TACEwith bilirubin-adjusted doxorubicin
dosing in combination with sorafenib

•This trial was stopped prematurely because of safety reasons
• Our safety results do not support the combination of
sorafenib with this TACE regimen
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Introduction

Hepatocellular carcinoma (HCC) is the most common primary
liver cancer worldwide [1] and prevalent among patients with
liver cirrhosis. Hepatitis B or C virus infections, or chronic
alcoholism are the most common underlying causes of the
disease [2]. The management of HCC depends on tumour
stage and the degree of liver dysfunction. Patients with
intermediate-stage HCC are defined by moderately preserved
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liver function [Child–Pugh stage A or B], good Eastern
Cooperative Oncology Group performance status [ECOG PS
0] and absence of macrovascular invasion or extrahepatic
spread [EHS]. These patients are ineligible for surgical or
local ablative treatments [3] and current treatment guidelines
[3–5], including the Barcelona Clinic Liver Cancer (BCLC)
group [6], recommend treatment with transarterial chemoem-
bolisation (TACE).

Conventional TACE (TACE), is performed by embolis-
ing the tumour-feeding vessels with a mixture of lipiodol
and doxorubicin or cisplatin, followed by vascular occlusion
with gelatine particles or other embolising agents [7]. This
leads to fairly selective hypoxic tissue damage within the
tumours, while preserving the integrity of the surrounding
liver tissue. Despite an improvement in survival of 4 months
with TACE compared with symptomatic management in
two clinical studies [8, 9] and in a meta-analysis [10],
tumour recurrence after TACE is universal and the survival
benefit is relatively small. Hence, new strategies are needed
to improve the outcome of HCC patients undergoing TACE.

Sorafenib has been approved for the treatment of HCC after
two successful phase III studies [11, 12]. Recently, the com-
bination of sorafenib with systemically administered doxoru-
bicin has shown promising overall survival in advanced HCC
patients [13].

Sorafenib is a multityrosine kinase inhibitor with activity
against RAF kinase, vascular endothelial growth factor
(VEGF) receptors -1, -2, and -3, platelet-derived growth
factor receptor-β, c-kit and RET [14]. The anti-angiogenic
effects of sorafenib [15, 16] warrant its use in combination
with TACE as VEGF-induced angiogenesis is implicated in
tumour progression and post-TACE-survival [17, 18].

Various studies investigate sorafenib in combination
with TACE, including a Phase I trial [19], three Phase
II trials [20–23] and two Phase III trials (ECOG 1208
[ClinicalTrials.gov: NCT01004978] and TACE-2 [EudraCT:
2008-005073-36]). A Phase I study of sorafenib plus TACE
[19], an interim analyses of two Phase II studies with TACE
[20, 21] and one Phase II study with DEB-TACE [22, 23] all
suggest a similar safety profile of this combination to that of
each individual treatment, but final analyses of these studies
are pending.

Although sorafenib in combination with TACE may be a
promising strategy, further data are needed. There are ques-
tions regarding the optimal scheduling of anti-angiogenic
therapies with TACE (continuous/interrupted/sequential
schedules [24]), the optimal TACE schedule and doxorubi-
cin dose to be used in combination with sorafenib [25],
which require prospective studies.

The aim of this study was to evaluate the safety and
efficacy of a fixed schedule of TACE with bilirubin-adjusted
doxorubicin doses in combination with continuous sorafenib
treatment in patients with HCC.

Materials and methods

Patient selection

Patients aged ≥18 years with cirrhosis of any aetiology and
HCC confirmed by histology or European Association for
the Study of the Liver (EASL) criteria [4] and not suitable
for surgery were eligible for inclusion. Additional inclusion
criteria were liver function at Child–Pugh stage A or B [26],
ECOG-PS 0–2, ANC >1×109/L, platelet count >40×109/L,
haemoglobin >9 g/dL, INR<2.3, total bilirubin ≤3 mg/dL,
serum creatinine <2.0 mg/dL and a life expectancy of >3months.

Patients had to give written informed consent before any
study-specific procedures were performed. Patients were ex-
cluded if they had complete portal vein thrombosis (PVT) or
Child–Pugh stage C. Peripheral PVT was not an exclusion
criterion. Additional exclusion criteria were previous TACE,
history of variceal bleeding within the last 2 weeks, large
oesophageal varices without prophylactic band ligation, any
malignancies except for HCC and clinical findings reasonably
contraindicating the use of sorafenib or TACE [25].

This study was approved by the local ethics committee of
the Medical University of Vienna. This study was registered
at ClinicalTrials.gov (Identifier: NCT00768937).

Study design

This was an open-label, single-arm, 6-month pilot study to
evaluate the safety of TACE in combination with continuous
sorafenib administration in up to 22 eligible patients with
HCC. The study design is shown in Fig. 1.

Patients received sorafenib 400 mg twice daily (BID) p.o.
starting 2 weeks before the first TACE session and every
day thereafter until the patient withdrew consent, adverse

Informed consent, Screening

Sorafenib 400 mg BID continuously

1st cTACE

2nd cTACE

4 weeks until inclusion

2 weeks, CT scan

4 weeks, CT scan

4 weeks, CT scan

4 weeks, CT scan

q4 weeks Optional TACE
if feasible

Safety according
to CTCAEv3

q4 weeks until death/lost to follow up

3rd cTACE

Follow up within study

CT-scan at 6 months (Response)

Follow up out of study

Fig. 1 Flow diagram of the study. BID twice weekly, CT computed
tomography, TACE conventional transarterial chemoembolisation,
CTCAE common toxicity criteria adverse event
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events precluded continuation, or patient death. In the event
of significant adverse events, sorafenib dose was reduced to
200 mg BID (if National Cancer Institute Common Toxicity
Criteria [NCI-CTC] adverse event grade 3), interrupted or
discontinued (if NCI-CTCAE grade ≥4). Dose reduction
was also performed in cases of NCI-CTCAE grade 2 adverse
events if intolerable for the patient. Dose re-escalation or
restart of sorafenib was allowed after recovery to NCI-
CTCAE grade <2 within 30 days, while otherwise the patient
was permanently discontinued from sorafenib.

The first TACE session was performed 2 weeks after sor-
afenib administration started and repeated twice at 4-week
intervals if both clinically feasible and contrast-enhanced
tumour tissue on control CT was present. Additional TACE
sessions were permitted if indicated (through consensus at
the tumour board) and clinically feasible. No TACE was
performed in the presence of complete radiological response.

Contraindications for TACE cycles were defined as clinical
features obviating further TACE applications (occurrence of
extrahepatic lesions, complete PVT, diffuse tumour growth
and total bilirubin >5 mg/dL, deterioration to ECOG-PS ≥3 or
to Child–Pugh-stage C).

After catheterisation of a femoral artery with a 5-french
sidewinder catheter (Cordis©, Waterloo, Belgium) super-
selective embolisation of the hepatic artery branches feeding
the tumour was performed. A microcatheter (Renegade
HiFlo Kit 3Fr™ or Tracker, Boston Scientific, Nanterre,
France or Progreat, Terumo, Somerset, NJ, USA) could be
used to select the branch feeding the tumour depending on
the anatomy of the individual patient.

TACE was done with doxorubicin (Pfizer Corporation©,
Vienna, Austria) using 75, 50 and 25 mg/m2 according to
serum bilirubin levels (<1.5, 1.5–3, and >3 mg/dL) and lip-
iodol (Guerbet©, Sulzbach, Germany) in a 1:1 ratio in a total
volume of 20 mL as published [8]. Thereafter, embolisation
was performed with beadblock microspheres (Beadblock™,
Biocompatibles©, Farnham, UK) of 100–500 μm in size until
stasis in the second- or third-order branches of the right or left
hepatic artery occurred. For safety reasons only one liver lobe
per session was treated in the case of bilobular tumour
nodules.

Assessments

The primary endpoint was the safety of TACE in combina-
tion with sorafenib in patients with HCC.

Safety was assessed by documenting all adverse events
from the start of treatment for at least 6 months of sorafenib
therapy or until 12 weeks after the third TACE cycle. All
adverse events were coded following the system organ class
(SOC) and terminology of the Medical Dictionary for
Regulatory Activities (MedDRA), and were graded using
NCI-CTCAE version 3.0.

Patients visited the outpatient clinic at baseline, at week
2, 4 weeks after each TACE cycle (before the next TACE),
and every 4 weeks thereafter during non-TACE cycles.
Blood was drawn at all time points mentioned above and
whenever clinically indicated. For TACE, patients were
admitted to hospital and observed for at least 48 h after
TACE, with daily adverse event assessments. All sorafenib
dose interruptions, reductions or discontinuations, unsched-
uled hospital admissions and the median length of post-
TACE hospital stays were recorded.

Secondary endpoint was treatment response 6 months
after sorafenib initiation and overall survival.

Computed tomography (CT) was performed at baseline,
before each TACE cycle, and 6 months after sorafenib initia-
tion as recommended by Lencioni and Llovet [27]. Thereafter,
routine CT was performed every 3 months. Response evalu-
ation was performed according to modified response evalua-
tion criteria in solid tumours (mRECIST) [27, 28]. Complete
response (CR) reflected the disappearance of any intratumoral
arterial enhancement of all target lesions. Partial response
(PR) was at least 30% decrease in the sum of diameters of
viable (enhancement in the arterial phase) target lesions, tak-
ing as a reference the baseline sum of the diameters of target
lesions. Stable disease (SD) was defined as any cases not
qualifying for either PR or progressive disease (PD). PD was
an increase of at least 20% in the sum of the diameters of
viable target lesions recorded since treatment started.

Statistics

All patients who received at least one dose of sorafenib were
included in the safety assessments. Adverse events and serious
adverse events were summarised by NCI-CTC severity and
relationship to study treatment for each baseline bilirubin level
subgroup (<1.5 versus ≥1.5 mg/dL) using descriptive statistics.

All patients who completed the 6-month study were includ-
ed in the response analysis. Survival curves were calculated
for all patients using Kaplan–Meier methods. The median
overall survival was calculated together with the 95% confi-
dence interval (CI), with survival defined as the time from
sorafenib initiation until death from any cause. Median overall
survival and 1-year survival were calculated for certain patient
subgroups (BCLC stage, Child–Pugh liver function, baseline
bilirubin levels) in post hoc analyses. Differences in overall
survival between subgroupswere evaluated using a log rank test.

Results

Demographics

Between October 2008 and June 2010, 17 patients were
screened and 15 patients were included. Reasons for exclusion
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were impossibility of TACE due to intrahepatic arteriovenous
shunts (n01) or massive bilobular tumour load (n01).

All 15 patients received sorafenib at the standard dose
(400 mg bid), and remained on therapy for a median of
5.2 months (95% CI: 2.6–7.4 months). Seven patients con-
tinued sorafenib treatment after the 6-month study period.
All patients received at least one TACE session and, overall,
37 TACE sessions were performed. The median number of
TACE sessions was 3 (range 1–4), with a median cumulative
doxorubicin dose of 183 mg (range 59–395 mg) per patient.
The median doxorubicin dose (mg) of the TACE sessions 1/2/
3/4 (n015/13/8/1) was 75 (range 13–153)/72 (range 18–122)/
74 (range 18–107)/137.

The baseline characteristics and a treatment overview are
provided in Tables 1 and 2.

Safety

Laboratory values of all patients during the 6 months study
period are given in Fig. 2a–e. Adverse events reported during
the study are shown in Table 3. All patients experienced at
least one adverse event. The most common adverse events
(any grade) were abdominal pain (n014), weight loss (n013),
alopecia (n012), fatigue (n012) and hyperbilirubinaemia (n0
11). A total of 32 serious adverse events (grade ≥3) were
reported, most commonly leukopaenia, thrombocytopaenia,
anorexia, abdominal pain and ascites (all n03). Grade 4/5
adverse events occurred more frequently in patients with
baseline bilirubin levels <1.5 mg/dL versus those with base-
line bilirubin levels ≥1.5 mg/dL (9 versus 2, respectively).

The most common sorafenib-related adverse events were
weight loss (n013), fatigue (n012), anorexia (n010), diar-
rhoea (n07) and hand–foot–skin reaction (HFSR, n04).
Twelve patients (80%) underwent sorafenib dose reduction
to 200 mg bid due to sorafenib-related adverse events
(HFSR, n02; rash, n02; diarrhoea, n02; anorexia, n02;
dizziness, n01; neutropaenic fever, n01; abdominal pain,
n01; deterioration of general condition to ECOG PS ≥3, n0
1), and in 5 patients (33%) sorafenib was discontinued
permanently owing to clinical deterioration (ECOG PS ≥3).

Abdominal pain was the most common TACE-related
adverse event. Serious adverse events clearly related to
synergistic effects of combination treatment included alope-
cia and grade 4 febrile neutropaenia, which occurred in 3 of
the first 8 patients included in this study.

Febrile neutropaenia presented 2–4 weeks after TACE fol-
lowing the first TACE session (n02) or the second TACE
session (n01). These patients received 99, 153 and 141 mg of
doxorubicin (depending on serum bilirubin levels), respectively,
during the TACE session preceding the event. Consequently,
doxorubicin doses were reduced by 25% for each bilirubin-
adjusted dose level in all subsequent patients. Thereafter, no
further febrile neutropaenia was observed.

Six patients experienced a total of 10 unscheduled hospital
admissions because of serious adverse events: 1 was associ-
ated with sorafenib (dehydration), whereas 9 admissions in 6

Table 1 Patient baseline characteristics

Total no. patients, n 15

Age (years) Mean±SD 67±10

Range 46–79

Sex Male 13

Aetiology Alcohol 7

NASH 3

HBV/HCV 1/3

AIH 1

Child–Pugh stage A 12

B 3

Number of nodules 1/2/3/≥4 4/2/1/8

Ascites present 2

absent 13

Tumour size (cm) by mRecista <5 2

5–10 8

>10 5

Tumour size (cm) largest nodule mean±SD 6.9±2,7

Peripheral PVT Absent 13

Presentb 2

Extrahepatic spread Absent 13

Presentb 2

ECOG PS 0 14

2 1

UNOS TNM stage II 1

III 7

IVA1 3

IVA2 2

IV B 2

BCLC stage A 1

B 9

C 5

Previous therapy None 14

RFA+PEI 1

Bilirubin (mg/dL) <1.5 9

1.5–3 6

α-Fetoprotein (kU/l) <400 11

≥400 4

AIH autoimmune hepatitis; BCLC Barcelona clinic liver cancer; ECOG
PS Eastern cooperative oncology group performance status; HBV
hepatitis B virus; HCV hepatitis C virus; mRECIST modified response
evaluation criteria in solid tumours; NASH non-alcoholic steatohepatitis;
PEI percutaneous ethanol injection; PVT portal vein thrombosis; RFA
radiofrequency ablation; TNM tumour–node–metastasis; UNOS United
network for organ sharing
a Sum of diameters of all contrast-enhanced tumour lesions
b Two patients each reported left PVT and extrahepatic spread, i.e. n04
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patients were considered TACE-related. These serious adverse
events included acute renal failure (n01), hepatic decompen-
sation (n04), febrile neutropaenia (n02) (the third event of
febrile neutropaenia occurred during a hospital admission),
cholangitis (n01) and severe liver dysfunction with hypogly-
caemia (n01). Three unscheduled admissions resulted in the
patient’s death, while improvement with consequent discharge
from hospital was observed in 7 cases.

Overall, 10 patients died, 5 during the 6-month study period
(cholangitis, n01; liver failure, n02; variceal bleeding, n01;
rapid deterioration to ECOG-PS 4, n01). All but one death
(variceal bleeding) were considered TACE-related. At base-
line, the 5 patients who died during the first 6 months had an
ECOG-PS of 0, were in Child–Pugh stageA (n03) or B (n02),
and had BCLC-B (n04) or -C (n01) stage disease.

In June 2010, after the death of the 15th included subject,
we performed an unplanned interim safety analysis. Owing
to the adverse events observed and significantly shorter
survival in our study compared with published data [10],
we stopped the study for ethical reasons.

Response and survival

Ten patients (67%) were alive 6 months after the start of
sorafenib treatment and eligible for response analysis (Table 4).
Two patients achieved CR, 5 had a PR, and 1 patient had SD
for 6 months after sorafenib initiation. Two patients had PD.

Median overall survival was 10.6 months (95% CI: 5.2–
16 months) for all patients (n015, Fig. 3). The median overall
survival for patients with BCLC stage A/B who also had
Child–Pugh stage A cirrhosis (n07) was 17.6 months, 95%
CI 3.8–31.4 months. Interestingly, patients with baseline bili-
rubin levels ≥1.5 mg/dL (n06) lived almost twice as long as
those with baseline bilirubin levels <1.5 mg/dL (n09; median
overall survival: 20.5 vs. 10.4 months, respectively, P00.086).

Discussion

This is the first pilot study to evaluate the safety of TACE
with bilirubin-adjusted doxorubicin doses in combination

with sorafenib in patients with HCC. This study was termi-
nated prematurely because of safety concerns.

The incidence of some adverse events observed in our
study (Table 3), such as HFSR (27%), rash (20%), and diar-
rhoea (47%) were similar to those reported with sorafenib as
monotherapy [11, 29], and in a Phase I study of TACE in
combination with sorafenib [19]. However, we observed more
anorexia (67% vs. 29%), weight loss (87% vs. 30%), alopecia
(80% vs. 14%), fatigue (80% vs. 46%) and abdominal pain
(93% vs. 31%) than reported with sorafenib monotherapy in
the Phase III SHARP study [11] indicating a negative syner-
gism with TACE in this study. With the exception of weight
loss (71%), the incidence of these adverse events was also
reported to be lower by Dufour et al [19].

Of even more concern, we observed a 47% incidence of
neutropaenia and three cases (20%) of febrile neutropaenia.
Febrile neutropaenia was not reported by Dufour et al [19]
who used a similar TACE schedule but lower doxorubicin
doses and has not been observed in any sorafenib monother-
apy [11, 12, 29] or TACE study [25]. Furthermore, our find-
ings of neutropaenia are contrary to those from the second
interim analysis of START, an ongoing Phase II study evalu-
ating TACE (doxorubicin: 30–60 mg) in combination with
continuous sorafenib with interruptions 4 days before and
after TACE in patients with intermediate stage HCC, where
only 8 cases of neutropaenia have been reported [20].

Therefore, the adverse events observed here could happen
because of the high doxorubicin dose used. The concomitant
administration of doxorubicin and sorafenib affects the phar-
macokinetics of doxorubicin, with an approximately 21%
increase in the area under the curve reported for doxorubicin
[30]. An increase in adverse events, particularly (febrile)
neutropaenia, has also been reported in studies combining
systemic doxorubicin at 60 mg/m2 with sorafenib [13, 30].
In a randomised Phase II study of systemic doxorubicin
(60 mg/m2) in combination with sorafenib or placebo in
patients with advancedHCC and Child–Pugh stage A cirrhosis,
neutropaenia was reported in 38% of patients in the sorafenib
group compared with 31% in the placebo group [13].

The better tolerability observed in the Phase I study by
Dufour et al [19] and in the START trial [20] may, at least in
part, be attributable to the lower dose of doxorubicin used.

Table 2 Summary of treatment
received, duration of therapy,
and related hospital stay

CI confidence interval; TACE
transarterial chemoembolisation
aSix dose interruptions were
observed in a total of 5 patients.
Numbers in parentheses
indicate the duration of respec-
tive dose interruptions

Follow-up (months), median (95% CI) 5.3 (4.9–5.7)

Sorafenib treatment (months), median (95% CI) 5.2 (2.6–7.4)
aDose interruptions, n (<7 days/<14 days/<30 days) 6 (4/1/1) in 5 patients

Dose reductions/permanent discontinuations, n 12/5

Continuation of sorafenib after end of follow-up, n 7

Number of TACE cycles 1/2/3/4, n; median 15/13/8/1; 3

Cumulative doxorubicin dose (mg), median (range) 183 (59–395)

Days of hospitalisation after TACE 1/2/3/4, median (range) 4 (2–18)/3 (2–9)/3 (2–7)/2 (–)

Unscheduled admissions 10 in 6 patients
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In our study, following a 25% reduction in doxorubicin
dose at each bilirubin-adjusted dose level, no more febrile
neutropaenia was observed, although the synergism between
doxorubicin and sorafenib with regard to other adverse events
remained unchanged.

Overall, 9 out of 10 unscheduled hospital admissions,
mostly due to liver-related adverse events, and 4 of the 5
deaths within the 6-month study period were considered
TACE-related. These findings are thought to be mainly
attributed to the bilirubin-adjusted doxorubicin dosing used,

Fig. 2 Laboratory data of all patients during the first 6 months of the study. a bilirubin, b alanine aminotransferase (ALT), c gamma-glutamyl
transferase (GGT), d alkaline phosphatase (ALP), e prothrombin activity
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as patients with bilirubin levels <1.5mg/dL at baseline received
a 1.5-fold higher cumulative doxorubicin dose than those with
baseline bilirubin levels ≥1.5 mg/dL (mean doxorubicin dose:
219 mg vs. 147 mg, respectively). This could explain the

somewhat surprising and paradoxical survival results, as there
was a clear trend towards shorter median overall survival
among patients with baseline bilirubin levels <1.5 mg/dL com-
pared with those with bilirubin levels ≥1.5 mg/dL.

Table 3 Cumulative adverse
events during the 6-month study
period according to baseline
bilirubin levels

Adverse event Patients with bilirubin
<1.5 mg/dL (n09)

Patients with bilirubin
≥1.5 mg/dL (n06)

Any
grade

Grade 3 Grade 4/5 Any
grade

Grade 3 Grade 4/5

Gastrointestinal

Anorexia 6 3 – 4 – –

Nausea 6 – – 2 – –

Emesis 6 – – 2 – –

Weight loss 9 – – 4 – –

Diarrhoea 4 1 – 3 – –

Stomatitis 2 – – – – –

Dry mouth 4 – – 1 – –

Abdominal pain 9 – 5 3 –

GI bleeding 3 – –/1 – – –

Skin

Hand/foot skin reaction 3 – – 1 – –

Rash 2 1 – 1 1 –

Dry skin 5 – – – – –

Alopecia 8 – – 4 – –

Pruritus 1 – – – – –

Infection

Infection with grade 3/4 neutropaenia 2 1 1/− 1 1 –

Cholangitis 1 – −/1 – – –

Liver

Liver dysfunction 3 – 2/1 1 – 1

Ascites 6 2 – 3 1 –

Hyperbilirubinaemia 7 – – 4 1 –

Hypoglycaemia 1 – 1/− – – –

Bone marrow

Leukopaenia 5 – 2/− 2 – 1/−

Anaemia 6 – – 2 – –

Thrombocytopaenia 4 2 – 5 1 –

Constitutional

Fatigue 8 1 – 4 – –

Dizziness – – – 1 – –

Headache – – – 1 – –

Other

Arterial dissection – – – 1 – –

Hypothyreosis 1 – – 3 – –

Haematoma 3 – – 1 – –

Renal failure 1 1 – – – –

Dehydration 1 1 – – – –

Arterial hypertension 2 – – – – –

Erectile dysfunction 1 – – – – –

Epistaxis 1 – – – – –
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Given the significant systemic toxicity of doxorubicin in
our study, one can assume that conventional TACE with
lipiodol and bilirubin adjusted doxorubicin dosing is not the
optimal choice for combination with sorafenib. Recently,
TACE performed with drug eluting beads (DEB-TACE)
showed a better safety profile than conventional TACE with
lipiodol and doxorubicin [31]. This observation can primarily
be attributed to lower systemic doxorubicin concentrations
after the procedure [32]. Thus, future trials combining TACE
and sorafenib should be rather performed with DEB-TACE
than with lipiodol-TACE.

Additionally, there is considerable heterogeneity between
TACE regimens in terms of intervals between sessions
(between 1 and 6 months) [33–36]. The high rate of serious
adverse events in this study may therefore also be explained
by the intensive TACE schedule we employed [7].

Taken together, the study regimens of those trials reporting
better safety outcomes than our study differ from the regimen
of our study to such an extent that our regimen cannot be
favoured for future clinical trials.

Finally, it is clear that TACE is most effective in a highly
selected patient population [10]. Indeed, the median overall
survival of BCLC-B patients with Child–Pugh stage A
cirrhosis and ECOG-PS of 0 was 17.6 months in our study.
However, the median overall survival for our overall popu-
lation (10.6 months) was similar to that of the SHARP study
(10.7 months) [11], which included patients with advanced
disease (BCLC-C), suggesting that the combination of an
aggressive TACE regimen with sorafenib was detrimental to
some patients in this study. Two of the five deaths during the
6-month study period had Child–Pugh B cirrhosis at baseline,
which also indicates that these patients were suboptimal can-
didates for TACE in combination with sorafenib.

The small number of patients, especially in some
subgroups is the main limitation of this study. Addition-
ally, radiologic tumour response determined by CT in
this trial has to be interpreted with caution as a recent
study [37] demonstrated superiority of MRI to CT for
the detection of viable tumour residuals after lipiodol based
TACE.

In summary, the safety results of our study do not
support the use of this intensive, high-dose doxorubicin-
based TACE regimen in combination with sorafenib in the
population studied. However, in a carefully selected,
intermediate-stage patient population (BCLC-B), the com-
bination of sorafenib with TACE may result in improved
clinical outcomes. Especially the use of DEB-TACE may
be associated with less systemic doxorubicin absorption
[32] and therefore a better toxicity profile in combination
with sorafenib. These strategies are currently being inves-
tigated in Phase II and III studies [20, 22] and final
efficacy and safety findings from these studies are eagerly
awaited.
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Table 4 Radiological tumour response at month 6 and overall survival of patients who received at least one transarterial chemoembolisation
session

N Tumour response, n Overall survival (months)

CR PR SD PD Median 95% CI

Overall 15 2 5 1 2 10.6 5.2–16.0

BCLC stage A/B, In patients with Child–Pugh A or B 1/9 2 3 1 – 14.6 0.0–36.9

BCLC stage A/B, In patients with Child–Pugh A 1/6 1 3 1 – 17.6 3.8–31.4

BCLC stage C 5 – 2 – 2 10.6 5.1–16.1

10/15 patients were available for radiological response analysis

BCLC Barcelona clinic liver
cancer; CI confidence interval; CR complete response; PR partial response; SD stable disease;
PD progressive disease
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Fig. 3 Overall survival of all patients included in this study calculated
by Kaplan–Meier method
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