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SUMMARY
Background—Standard of practice involves using transarterial therapy for multifocal
hepatocellular carcinoma (HCC) alone and sorafenib only for more advanced HCC, but the
sorafenib and transarterial therapy combination may provide greater efficacy.

Aim—To evaluate the safety and efficacy of concurrent sorafenib and transarterial therapy in
HCC.

Methods—Consecutive cases of HCC were treated with sorafenib and transarterial therapy,
receiving sorafenib 2 to 4 weeks before transarterial therapy. Baseline clinical parameters, adverse
events (AEs) and survival were collected.

Results—A total of 47 patients received sorafenib and transarterial therapy. The majority of the
patients were male (70%) with HCV (60%), median age of 60 years, good performance status (0–
1), stable cirrhosis (Child: A 72%; B 28%), unresectable turnour (stage: B 81%; C 19%) and
median AFP of 24 ng/mL. Median follow-up was 12 months and median time on sorafenib was 6
months. LC Bead TACE was used with a median frequency of 3. The majority of the patients
(89%) experienced AEs. The most common AEs were fatigue (51%), hand-foot skin reaction
(51%) and diarrhoea (43%). Grade 3 and 4 AEs included fatigue (13%) and hand-foot skin
reaction (26%). Most patients required a dose reduction (66%). The main AE related to
transarterial therapy was post-TACE syndrome (23%). The disease control rate was 68% at 6
months. Overall median survival rate was 18.5 months (95% CI 16.1–20.9 months).

Conclusion—Concurrent sorafenib and transarterial therapy is overall safe with no unexpected
side effects and encouraging efficacy that warrants further study.
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INTRODUCTION
While the incidence of most cancers is declining, that of hepatocellular caricinoma (HCC)
continues to increase, accounting for over 600 000 deaths world-wide each year.1, 2 HCC is
the third leading cause of cancer-related death and the leading cause of death among patients
with cirrhosis in Europe and the United States (US).3, 4 The overriding risk factor in 80–
90% of HCC is the presence of the preneoplastic cirrhotic liver.5 The projected increase in
HCC over the next two decades is mainly related to the epidemic of chronic hepatitis C
(HCV) infection. Furthermore, the increasing incidence in the US of obesity and diabetes,
which have also been independently linked to the development of cirrhosis and HCC, is
likely to further augment the number of people afflicted with HCC.6

The management of HCC is complex. The co-existence of the oncogenic cirrhotic liver and
the HCC in the same organ is unique. As implied in the Barcelona Clinic Liver Cancer
Staging (BCLC) system, both the status of the cirrhosis and the stage of the HCC have
substantial influence on the choice of therapy and survival.7 Most patients with HCC have
poor outcomes as they present with significant tumour burden when treatment with the best
potential for cure with liver transplantation, resection and/or ablative therapies are not
options.8

The current standard of practice is to treat multifocal (intermediate BCLC stage B) HCC
with transarterial chemoembolisation (TACE) alone and more advanced (BCLC stage C)
HCC with sorafenib (S) only.9 These treatments have only modest survival benefit when
used alone with an average increase in survival of 3 months, highlighting the urgent need for
novel treatment approaches. Moreover, TACE is a potent stimulator of neo-angiogenesis.
The observed angiogenesis is related to up regulation of local angiogenic factors which in
turn promote tumour regrowth, increasing the risk of metastases and worsening outcome.10

By contrast, sorafenib down regulates angiogenesis and induces apoptosis.11 As a result,
combining TACE and sorafenib has the potential to increase efficacy of treatment. Our
centre has established an institutional treatment paradigm that combines sorafenib and
transarterial therapy (T+S) for synergy.12 The objectives of this study were to evaluate the
safety, tolerability and efficacy of T+S in patients with intermediate or advanced stage HCC
that reflect our institutional protocol.

MATERIALS AND METHODS
Study population

We prospectively treated forty-seven patients with unresectable HCC (n = 47) per our
institutional protocol with concomitant T+S between 2007 and 2010. The treatment
modality each patient received was decided by consensus in a multidisciplinary HCC
conference. HCC was diagnosed radiographically according to accepted guidelines.13, l4 The
study was approved by the institutional review board. The inclusion criteria included ECOG
(Eastern cooperative oncology group performance status) 0–1, total bilirubin <3.0 mg/dL,
albumin >3.0, Child-Pugh A-B (≤8) and BCLC B to C. Patients with portal vein thrombosis
and extrahepatic disease were not excluded. Similarly, patients with a history of
encephalopathy and ascites were also not excluded but sequela needed to be medically
controlled. All consecutive patients who met criteria were included except if they had the
following: active cardiac disease particularly with recent interventions; not agreeable to
close clinical follow-up and the potential daily side effects related to sorafenib treatment,
active healing wounds; and patients with uncontrolled hypertension. All patients were
started on S 2 to 4 weeks before undergoing T and remained on S during T. Data collected
included: age, gender, race, aetiology of cirrhosis, Child-Pugh status, modified end stage
liver disease score (MELD), bilirubin, albumin, INR, creatinine, AST, ALT, alkaline
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phosphatase, haemoglobin, WBC count, AFP; BCLC stage, presence or absence of
oesophageal varices, adverse events (AEs) related to T+S and tumour response at 6 months
using the conventional Response Evaluation Criteria in Solid Tumours (RECIST) and the
modified RECIST (mRECIST) criteria.l5, l6

Medical treatment
All patients received S 400 mg twice daily with close follow-up during and after
discontinuation of treatment with a general interval of every 2 to 6 weeks for assessment of
drug tolerance, compliance and AEs. Safety and tolerance evaluation involved documented
history and physical examinations, laboratory tests and grading of AEs was performed using
the National Cancer Institute-Common Terminology Criteria version 3.0. The follow-up
period for each patient was the time from the start of S to death or close of study in
December 2010. Dose reductions and temporary drug interruptions were used to manage
drug related toxicities (dermatologic reactions, diarrhoea, hypertension and fatigue).
Treatment was continued until there was an AE requiring permanent discontinuation,
radiologic and/or symptomatic progression or death. Patients with dose discontinuation
because of AEs during the study were not excluded when performing survival analysis.

Transarterial treatment
Transcatheter therapy was performed by Interventional Radiology per our institutional
protocol. Transarterial therapies included drug eluting beads loaded with doxorubicin (LC
bead TACE; Biocompatibles, Farnham, UK) and transarterial injection of yttrium-90
microspheres (SIR-Sphere, Sirtex Medical, Wilmington, MA, USA). Sirtex was reserved for
cases with portal vein involvement. During LC Bead TACE doses of doxorubicin (ranging
from 75 to 150 mg) were given. The number of treatments and the dose of doxorubicin
administered were based on tumour burden and underlying liver disease. Feeding vessels
were taken to near stasis. Pre-treatment angiography and technetium-99 m macroaggregated
albumin scanning were performed to assess for nontarget shunting. Dynamic imaging with a
four-phase CT was performed one to 2 months after T treatment to assess tumour response.
Further T was on demand based on the tumour response on imaging and decided by
consensus in conference. Patients were admitted to the in-patient gastroenterology service
for 24 h observation and AEs immediately after therapy were recorded.

Statistical analysis
Descriptive statistics was used for demographic, clinical and laboratory data. Continuous
variables were summarised as sample size, mean, median, and range. Categorical variables
were summarised as frequencies and percentages. The Kaplan–Meier method was used to
estimate survival and the duration of survival was derived from the survival curves. Survival
was calculated from the time S started. A patient was censored if he/she was alive at the end
of the study period. Log rank test was used to compare survival and difference was held
significant at a P value of less than 0.05. Statistical analysis was performed with the SPSS
version 17.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
Forty seven patients received the T+S combination. The majority of the patients were
Caucasian males with a mean age of 61 years (median 60 years) and HCV as the most
common underlying aetiology of their liver disease (Table 1). Patients were mostly BCLC
stage B (81%) and nearly 20% had stage C disease. Out of the BCLC stage C patients (n =
9), 11% had intra-abdominal nodal metastasis, 22% had portal vein invasion and 67% had
distant metastasis. Most patients had well compensated cirrhosis compatible with Child-
Pugh A while close to 30% of the patients had Child-Pugh B cirrhosis. On the staging
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imaging study, 19% of the patients had mild ascites. The ECOG performance status was 0–1
in all patients. Additional baseline characteristics included a low mean MELD of 8 (2–17)
and high mean AFP of 2639 ng/mL (median 24 ng/mL). The study population also included
13 patients (28%) who had received previously failed treatments (TACE and surgical
resection).

In terms of tumour burden, the majority of the patients had multifocal (81%) and bilobar
(60%) disease with a mean cumulative size of 9.7 cm (Table S1). The median follow-up was
12 months (range, 2–46 months) and the median time on sorafenib was 6 months (0.8–26
months). While LC bead TACE (85%) was the most common transarterial treatment used,
some patients also received LC Bead and sirtex (13%) and sirtex alone (2.1%) (Table S2).
The median number of transarterial treatments was 3 (1–13). At study initiation, close to
80% of the patients began full dose sorafenib (400 mg b.d.), while the remaining patients
began with a lower dose of sorafenib (23%) because of baseline clinical characteristics.

A large number of patients (89%) experienced AEs during the study (Table 2). The most
common AEs were fatigue (51%), hand-foot skin reaction (51%) and diarrhoea (43%). At
least one grade 3/4 adverse effect was seen in 43% of the patients. Most of the grade 3 and 4
AEs included fatigue (13%) and hand-foot skin reaction (26%) out of which grade 4 adverse
events were <1%. Overall, close to 25% of the patients developed new onset ascites and
11% experienced worsening of previously controlled ascites. By contrast, new onset
encephalopathy was seen in a small number of patients (9%) and worsening of previously
controlled encephalopathy was seen in only 2%. Among the changes in liver function
parameters that include albumin, transaminases and INR, elevations were minimal and
increases in total bilirubin were seen in 13% of the patients (grade 3 and 4: 6.4%). Nearly all
of the AEs were manageable using dose reduction of sorafenib (66%) (Table 3). A number
of patients needed drug interruption (40%) and permanent dose discontinuation (43%)
because of multiple AEs. In this study, S was discontinued permanently because of AEs in
38% and because of disease progression with symptoms in 2% of the patients. The overall
incidence of AEs in Child-Pugh A vs. B cirrhosis was also similar (61% vs. 64%; not
significant – N.S.).

The main AE related to transarterial therapy was post-TACE syndrome (23%) that did not
require prolonged hospitalisation beyond 24 h post-treatment observation (Table 4).
Additional AEs occurring within 2 weeks after the TACE treatment included new onset
ascites (4.3%), ascites with hydrothorax (2.1%), persistent hiccups (2.1%) and cholecystitis
(2.1%). One patient developed haemorrhage into the tumour (2.1%) during treatment that
was immediately addressed in a transarterial fashion.

At the time of study analysis, 41 patients had follow-up imaging available to assess tumour
response at 6 months. Using the modified RECIST criteria, progressive disease was seen in
32%, stable disease in 12%, partial response in 29% and complete response in 27% (Table
5). The objective response rate was 56% and the disease control rate was 68%. The overall
median survival for the study group receiving T+S (Figure 1) was 18.5 months (95% CI
16.1–20.9). When sub-stratifying by BCLC stage, median survival for stage B was 18.5
months and for stage C was 17.0 months (N.S.). Similarly, the median survival for Child-
Pugh A was 20.9 months and for Child-Pugh B cirrhosis was 17.6 months (N.S.).

DISCUSSION
The current standard of practice is to treat multifocal HCC with TACE alone and more
advanced HCC with only sorafenib.17-20 In most centres patients receive these treatments
alone. These current treatments have a modest survival advantage but all patients eventually
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progress highlighting the need for new treatment strategies. Our centre uses both treatments
concurrently for synergy to complement each other. In this prospective study, we evaluate
the safety, tolerability and efficacy of concurrent TACE and sorafenib therapy in patients
with incurable HCC representing intermediate and advanced stage. In this series, we find
that concurrent TACE and sorafenib treatment is associated with expected side effects
mostly related to drug treatment. While the treatment approach had no unexpected side
effects, the majority of patients experienced AEs stressing the importance of close
monitoring of the patients during treatment. In addition, the combination did not appear to
lead to worse AEs that affected our ability to perform TACE or use sorafenib. Furthermore,
this initial clinical experience with combination therapy yielded encouraging efficacy results
with a disease control rate of 68% and overall median survival of 18.5 months (95% CI
16.1–20.9 months) particularly in patients with more advanced disease. Our study
population included a significant portion of patients with more advanced cirrhosis with
nearly 30% patients representing Child class B (median survival 17.6 months) and HCC
with close to 20% having stage C HCC (median survival 17.0 months). The possible
survival benefit in these subsets of patient can have substantial clinical impact over the
current standard of practice. However, these findings require additional evaluation using
appropriately powered, randomised studies.

Presently, because standard of practice involves either TACE or sorafenib alone, few studies
document the simultaneous use of TACE and sorafenib. Our study shows that the
combination is associated with the types of AEs similar to the characteristics of sorafenib
alone. However, some patients experienced a greater number and increased intensity of AEs.
The principal toxicities observed that represent established AEs related to sorafenib included
fatigue, hand-foot skin reaction and diarrhoea. These toxicities were leading causes of dose
reductions and interruptions. While the toxicity profile was similar to the SHARP
registration trial, the toxicities occurred with a higher incidence.17 Despite the higher
intensity of AEs, sorafenib was discontinued with a frequency similar to the registration
trials of sorafenib alone. This study used LC bead TACE as the dominant transarterial
technique. The majority of patients tolerated the TACE well. The incidence of post-TACE
syndrome in our study (23%) was similar to prior reports and the more recent PRECISION
V study (24.7%).21,22 Overall the incidence of AE related to the technique of TACE (34%)
was also similar to published data.

The increases in AEs are likely due to our study population. The increase in incidence and
intensity of AEs may be related to severity of underlying cirrhosis. This study uniquely
included patients with Child-Pugh B cirrhosis. In particular, nearly 30% of the patients in
our study had Child-Pugh B cirrhosis. Moreover, 20% had advanced, stage C HCC. Patients
with Child-Pugh B cirrhosis were excluded from the pivotal clinical trials which had only
Child-Pugh A cirrhosis. Moreover, our study had a much smaller sample size which can
skew results and findings. In addition, the combination of T+S can make sorafenib harder to
tolerate. However, as patients received combination therapy and we lack a comparator arm,
it is difficult to conclude that the AEs were completely related to the combination of T+S.
Furthermore, the higher incidence of sequelae from cirrhosis progression make this
interpretation more challenging as it can represent natural progression of cirrhosis and/or
HCC and not necessarily to treatment-related toxicity. The current Phase IV GIDEON
study23 evaluating safety and tolerance profile in patients seen in real clinical settings across
different disease subclasses and stages could provide very useful information to help clarify
these issues. Lastly, it is important to note that although there was a relatively high level of
AEs reported that were likely related to S, there was no reported interruption in scheduled
TACE events. Thus, using S at our centre did not negatively impact candidacy for
appropriate TACE intervention.
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A strong rationale exists for combining T+S therapy – two treatments with proven survival
and established safety profiles that can complement each other.24, 25 Combining the
antiangiogenic agent sorafenib to target the observed up regulation of post-TACE
angiogenic factors can potentially enhance the efficacy of TACE. While the combination
approach appears promising randomised control studies are required to illustrate the clinical
benefit of the combination approach. Ideally we want to see randomised studies and so we
look forward to efficacy and safety results of the randomised, controlled phase II trial –
sorafenib or placebo in combination with TACE for intermediate-stage HCC (SPACE
study). However, if a clinical benefit is not found with the T+S combination, a number of
questions will remain to be addressed. Primarily, was the study design optimal to assess the
clinical benefit of the combination? Potentially, transient use of sorafenib for a short period
only around the time on transarterial intervention may be all that is needed to blunt the rise
of pro-tumour promoting angiogenic factors. This treatment approach can lower overall cost
of treatments and dramatically limit the frequency and severity of AEs observed with the
combination treatment.

To date, this study represents the largest clinical experience of combined therapy using T+S
in HCC. Our cohort study largely affirms the potential efficacy of the combination of
sorafenib and TACE in patients with HCC and liver dysfunction, but highlights tolerability
issues. The concurrent use of sorafenib and TACE is associated with expected AEs similar
to sorafenib alone but with higher frequency. However, no unexpected or serious adverse
events occurred in the cohort. In summary, this study is largest centre experience with
sorafenib in combination with transarterial treatment outside of a clinical trial. The findings
suggest that the combination appears promising particularly in patients with more advanced
liver disease that are typically excluded from controlled trials. However, the clinical benefit
of the combination approach requires further study.

Supplementary Material
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Figure 1.
The overall median survival of study group (N = 47) receiving concurrent sorafenib and
transarterial treatment was 18.5 months.
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Table 2

Adverse events of the study group

System Side effect Grade 1/2 Grade 3/4 Total

Overall 42 (89%)

Constitutional Fatigue 18 (38.3%) 6 (12.8%) 24 (51.1%)

Weight loss 3 (6.4%) 3 (6.4%)

Anorexia 3 (6.4%) 1 (2.1%) 4 (8.5%)

Gastrointestinal Dysguesia 2 (4.3%) 2 (4.3%)

Nausea 7 (14.9%) 7 (14.9%)

Vomiting 1 (2.1%) 1 (2.1%)

Diarrhoea 17 (36.2%) 3 (6.4%) 20 (42.6%)

Variceal bleeding 2 (4.3%) 2 (4.3%)

Lower extremity oedema 1 (2.1%) 1 (2.1%)

Abdominal pain 8 (17%) 3 (6.4%) 11 (23.4%)

Nonvariceal bleeding 2 (4.3%) 2 (4.1% 4 (8.5%)

Hypoalbuminaemia 1 (2.1%) 1 (2.1%) 2 (4.3%)

Pancreatitis 2 (4.3%) 2 (4.3%)

Hepatobiliary (Cirrhosis Sequelae) Ascites (new) 7 (14.9%) 4 (8.5%) 11 (23%)

Ascites (worsening) 3 (6.4%) 2 (4.3%) 5 (10.6%)

Encephalopathy (new) 3 (6.4%) 1 (2.1%) 4 (8.5%)

Encephalopathy (worsening) 1 (2.1%) 1 (2.1%)

Lower extremity oedema 1 (2.1%) 1 (2.1%)

Transamnitis (over baseline) 1 (2.1%) 1 (2.1%)

INR elevation (over baseline) 1 (2.1%) 1 (2.1%)

Increase in bilirubin 3 (6.4%) 3 (6.4%) 6 (12.8%)

Hypoalbuminaemia 1 (2.1%) 1 (2.1%) 2 (4.3%)

Dermatologic Hand-foot reaction 12 (25.5%) 12 (25.5%) 24 (51.1%)

Truncal rash 7 (14.9%) 7 (14.9%)

Facial rash 1 (2.1%) 1 (2.1%)
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System Side effect Grade 1/2 Grade 3/4 Total

Scalp rash 2 (4.3%) 2 (4.3%)

Alopecia 2 (4.3%) 2 (4.3%)

Cardiovascular Hypertension 9 (19.3%) 9 (19.2%)

Hypotension 3 (6.4%) 3 (6.4%)

Haematological Leucopenia 1 (2.1%) 4 (8.5%) 5 (10.6%)

Electrolyte abnormalities Hyponatraemia 1 (2.1%) 1 (2.1%)

Hypokalaemia 1 (2.1%) 1 (2.1%)

Hypophosphataemia 1 (2.1%) 1 (2.1%)

Hypomagnesaemia 2 (4.3%) 2 (4.3%)
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Table 3

Tolerance profile for sorafenib

Event N (%)

Overall adverse affects 42 (89.4%)

Median length on medication, months (range) 5.5 (0.8-26)

Number of patients with at least one grade 3/4 adverse affect 21 (46.8%)

Dose reduction 31 (66%)

Temporary drug discontinuation 19 (40.4%)

Permanent drug discontinuation because of adverse effect 18 (38.3%)

Permanent drug discontinuation because of progression of disease and symptomatic progression 2 (2.1%)

Self-discontinuation of medication 1 (2.1%)
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Table 4

Adverse events developing within 2 weeks after TACE

Event N (%)

Post-TACE syndrome 11 (23.4)

New ascites 2 (4.3)

Ascites with hydrothorax 1 (2.1)

Active haemorrhage into tumour 1 (2.1)

Cholecystitis 1 (2.1)

Hiccups 1 (2.1)

Aliment Pharmacol Ther. Author manuscript; available in PMC 2013 October 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cabrera et al. Page 17

Table 5

Tumour response at 6 months

Amended RECIST at 6 months N (%)

Complete response 11 (26.8)

Partial response 12 (29.3)

Stable disease 5 (12.2)

Progression of disease 13 (31.7)

Disease control rate* 28 (68.2)

Objective response rate† 23 (56.1)

*
Calculated as complete response plus partial response plus stable disease.

†
Calculated as complete response plus partial response.
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