
Abstract. Background: Post-transplant hepatocellular
carcinoma recurrence has been reported to be between 15-
18% and is higher among patients with high-risk features
(bilobar tumor, macrovascular invasion, or multifocality).
There are no known treatments which reduce risk of
recurrence post-transplant. Sorafenib is currently approved
for the treatment of advanced hepatocellular carcinoma. The
objective of this phase I trial was to establish the safety and
toxicity profile of sorafenib in high-risk patients with
hepatocellular carcinoma who have undergone orthotopic
liver transplantation. Patients and Methods: Patients with
hepatocellular carcinoma on explant with above high risk
features were eligible to start the study drug between 28 and
60 days after liver transplantation. Sorafenib was
administered and escalated twice daily on three cohort dose
levels: ⅰ) 400 mg/day, ⅱ) 600 mg/day and ⅲ) 800 mg/day.
Results: Four patients newly transplanted were enrolled and
received standard post-transplant medications. Dose-limiting
toxicity was reached at the first cohort dose, with three out of
four patients experiencing grade 3 toxicities. One patient
experienced emerging grade 3 hand foot skin reaction
leading to discontinuation of the study drug. Duration of
sorafenib in the four patients was 0.7 months, 1.6 months,
3.5 months and 1.6 months, respectively. Conclusion:

Although a small number of patients were studied, toxicity
seen at 400 mg/day is consistent with toxicity reported by a
small parallel study by Siegel AB. 

Hepatocellular carcinoma (HCC) is the fifth most common solid
tumor worldwide. Surgical tumor resection and local ablation
therapy are potentially curative for selected patients with
adequate liver function. For those patients with poor liver
function reserve, orthotopic liver transplantation (OLT)
represents the only curative modality in this selected group of
patients. Post-transplant hepatocellular carcinoma recurrence has
been reported at between 15-18% (1, 2), typically within the first
two years following OLT, and is higher among patients with
high-risk features (bilobar tumor, macrovascular invasion, or
multifocality). Those with high risk features may be at risk for
recurrence as high as 66.7% (3). Traditional adjuvant systemic
chemotherapy has not been shown to prolong survival in HCC
with or without local neoadjuvant treatment modalities after OLT
(4). The median survival for patients with tumor recurrence is
only around nine months (1). Thus, there is a clinical urgent need
to develop an effective adjuvant therapy following OLT.

Sorafenib is a signal transduction inhibitor that prevents
tumor cell proliferation and angiogenesis through blockade
of the Raf/mitogen-activated protein kinase-extracellular
signal-regulated kinase (MEK)/extracellular signal-regulated
kinase (ERK) pathway. Sorafenib as compared to placebo
demonstrated modest improvement in overall survival in two
large phase III trial in advanced HCC (5, 6). Sorafenib is the
only approved medication in the US and Asia for the
treatment of advanced HCC. This phase I study aimed at
establishing the safety profile of sorafenib post OLT in
patients with high risk features for HCC recurrence.
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Patients and Methods

Patient eligibility. Patients with high risk HCC histological features
(bilobar tumor, macrovascular invasion, or multifocality) on explant
who had not received prior systemic anticancer treatment for HCC
were eligible. If patients had well-differentiated HCC, they were
required to have all three features. Other inclusion criteria were: age
>18 years; Eastern Cooperative Oncology Group (ECOG)
performance status (PS) 0-2; life expectancy of at least 12 weeks;
four weeks beyond and less than 60 days from liver transplant
surgery (to first study treatment); adequate hematopoiesis (absolute
platelet count ≥60×109/L, hemoglobin ≥8.5 g/dl), normal
coagulation (prothrombin time ≤6 above the control and
international normalized ratio ≤2.3); normal renal function [serum
creatinine concentration ≤1.5×the upper limit of normal (ULN)];
normal liver (serum total bilirubin level ≤3.0 mg/dl, serum aspartate
and alanine transaminase levels ≤5.0×ULN) and pancreatic
laboratory tests (serum amylase and lipase levels ≤1.5×ULN); and
written informed consent from the patient. 

Exclusion criteria included clinically evident congestive heart
failure, serious cardiac arrhythmia, active or symptomatic coronary
artery disease or ischemia, uncontrolled hypertension, active
clinically serious infection, history of human immunodeficiency
virus (HIV) infection, central nervous system tumors including
metastatic brain disease, clinically significant gastrointestinal
bleeding within 30 days prior to study entry, previous or concurrent
malignancy that was distinct in primary site or histology from HCC
(any cancer treated curatively more than three years prior to entry
was not excluded), prior use of systemic anticancer therapy, any
condition that was unstable or which could jeopardize the safety of
the patient and their compliance in the study, and pregnancy or
lactation for women. The study was approved by the Fred
Hutchinson Cancer Research Center (#6697). 

Treatment methods. Patients started the study medication between
28 and 60 days after liver transplantation. Sorafenib was
administered twice daily, and the dose was escalated on three
cohort dose levels: ⅰ) 400 mg, ⅱ) 600 mg and ⅲ) 800 mg.
Sorafenib was given to all patients orally twice daily, in the
morning and in the evening (every 12 h, as far as possible).
Planned treatment was six 28-day cycles of adjuvant therapy. The
sorafenib dose was determined by the escalation dose level at the
time of entry into study. Patients continued therapy with the study
medication until a criterion was met for stopping therapy. Criteria
for discontinuing therapy included recurrence of HCC,
deterioration of ECOG PS to greater than 3, intolerable adverse
events, and withdrawal of consent. 

Examination and observation for safety was conducted every
week in the first four weeks then monthly during the treatment
period, and administration of the drug was terminated immediately
when the patient met the criteria for removal from the study, as
described in this protocol with due consideration for the patient’s
safety. 

Study design. This phase I trial was conducted to establish the
safety and toxicity profile of sorafenib administered twice daily
to HCC patients who had undergone OLT. The study was
designed to evaluate 20 patients who had undergone transplant
for HCC to establish the dose-limiting toxicity (DLT). There was
no formal pharmacokinetics analysis. The DLT was defined as:

non-hematological/hematological toxicity≥grade 3 as defined by
the Common Terminology Criteria for Adverse Events (CTCAE)
version 3.0 (7) that occurred during the first 28-day cycle of
sorafenib. In the absence of a DLT at the end of the initial four
weeks of treatment, the next cohort of three patients was
enrolled. If any patient developed a DLT, three additional
patients were enrolled at that dose level. These three patients
were to complete the first 28-day cycle without developing DLTs
before additional patients could be entered at the next dose level.
If DLTs occurred in two or more patients at any dose level, then
accrual at that dose level stopped. The maximum tolerated dose
(MTD) was the dose level below which two or more patients
developed DLT.

Clinical assessments. Medical history, physical examination and
electrocardiogram were carried out at baseline. All patients
underwent complete blood cell counts, serum chemistries and
coagulation panel at baseline and at least once weekly in the first
four weeks, then monthly during the treatment period after initiating
treatment with sorafenib. During treatment, patients had weekly
assessment of non-hematological toxicities in the first four weeks,
and then monthly. Computed tomographic (CT) scan and serum
alpha-fetoprotein (AFP) measurements were performed at study
entry and every three months thereafter. 

Results 

A total of four patients newly receiving transplants out of a
planned 20 were enrolled. Patient characteristics are shown
in Table Ⅰ. The mean age was 49 years (range 18-65 years;
male: female=3:1). Three patients had multifocal tumor on
explants, and two had bilobar disease. Patients received
standard post-transplant medications, including anti-herpes
virus prophylaxis (acyclovir or ganciclovir), Pneumocystis
jirovecii prophylaxis (trimethoprim/sulfamethoxazole), anti-
fungal prophylaxis (clotrimazole or fluconazole), and
immunosuppressant agents (sirolimus and/or tacrolimus).
Adverse events in these four patients are shown in Table Ⅱ.
The most common drug-related adverse event was hand foot
skin reaction (4/4). The other adverse events were mostly
grade 1 headache and pleural and abdominal pain, which is
atypical in the sorafenib experience with advanced HCC.
One out of three patients on tacrolimus experienced grade 1
neuropathy. We reached the DLT among the first cohort of
four patients with three patients who experienced grade 3
hand foot skin reaction, diarrhea, and abnormal liver function
tests, respectively, and the fourth patient begin to experience
emerging grade 3 hand foot skin reaction, which led to
withholding of study medication due to safety concerns for
this patient (Table Ⅱ). There were no drug-related grade 4 or
5 toxicities. The duration of sorafenib use in the four patients
was: 0.7 months, 1.6 months, 3.5 months and 1.6 months,
respectively. One patient died from progressive HCC and the
other three patients are currently free of HCC recurrence as
of last follow-up after 23.4 months, 16.8 months and 19.2
months, respectively.
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Discussion

We were among the first two groups to study adjuvant
sorafenib in patients post OLT and found DLT at the first
cohort of patients at the 400 mg dose level. Siegel et al also
found DLT for sorafenib at the 400 mg level (8). Thus, our
data supports the recommended MDT for sorafenib post OLT
of 200 mg once daily. The expanded cohorts were continued
at this dose. 

The heightened toxicities at the exceedingly low dose of
sorafenib in patients post OLT raises the question of whether
there is a potential drug drug interaction between sorafenib
and concomitant medications. Sorafenib is metabolized
through the Cytochrome P450, family 3, subfamily A
(CYP3A) system in the liver and acyclovir is also
metabolized through the same liver microsome, thus raising
the possibility of this agent being a potential culprit.
Unfortunately, the current study did not employ the use of
pharmacokinetics, thus, we could not ascertain if increased
drug levels or metabolites were present. Interestingly,
patients with recurrent HCC post OLT are able to initiate
sorafenib at a dose of 400 mg twice daily; however, 36% to
66% of patients typically require dose modification due to
untoward side-effects (9-11). There was no drug-drug
interaction between sorafenib and immunosuppressant agents
in a study with a limited number of patients and follow-up
period (9). In the sorafenib hepatocellular carcinoma
assessment randomized protocol (SHARP) and Asian studies,
dose reduction for sorafenib occurred in 26% and 30.9% of
the patients who had Child A cirrhosis, respectively (5,6). 

Tacrolimus is associated with neurotoxicity (12). The
degree of neurological toxicity may be underestimated due to
the concurrent hand foot skin reaction caused by sorafenib. 

Previous groups had attempted to deliver adjuvant
conventional chemotherapy based on doxorubicin for patients
post OLT in randomized trials and found no net benefits (13,

14). Licartin, a 131I-radiolabeled murine monoclonal
antibody that specifically binds to HCC cells that express an
HCC-specific molecule, Hab18G/CD147, was tested in a
randomized study (15). The HCC recurrence rate
significantly decreased (27% vs. 57%). However, the number
of patients was limited, and the follow-up was only once per
year. This encouraging agent therefore needs further
evaluation. Currently, sorafenib as adjuvant treatment in the
prevention of recurrence of hepatocellular carcinoma
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Table Ⅰ. Patient characteristics.

Characteristic Patient

No.1 No. 2 No. 3 No. 4

Gender Male Female Male Male
Age years 59 18 55 65
Site of tumor Bilobar,multifocal tumor Bilobar tumor Multifocal tumor Multifocal tumor
Pathology Poorly differentiated Poorly differentiated Moderately Moderately 

HCC HCC differentiated HCC differentiated HCC
Tumor stage (T) on explant 2 3 2 2
Duration of sorafenib (months) 0.7 1.6 3.5 1.6
Concurrent medications TMP-SMZ, sirolimus, TMP-SMZ, tacrolimus, TMP-SMZ, TMP-SMZ, sirolimus, 

tacrolimus ganciclovir sirolimus, acyclovir Tacrolimus

HCC: Hepatocellular carcinoma; TMP-SMZ: Trimethoprim/sulfamethoxazole.

Table Ⅱ. Adverse events.

CTC Grade CTC Grade All grades 
1/2 (n=4) 3 (n=4) (n=4)

Hematological
Leucopenia 1 - 1

Non-hematological
Hypertension 2 - 2
Fatigue 2 - 2
Hand foot skin reaction 3* 1 4
Rash 1 - 1
Pruritus 1 - 1
Diarrhea - 1 1
Ascites - 1 1
Edema: limb - 1 1
AST - 1 1
ALT - 1 1
GGT - 1 1
Alkaline phosphatase 1 - 1
Neuropathy: sensory 2 - 2
Insomnia 1 - 1
Colitis, infectious 1 - 1
Pain 3 - 3

CTC: Common terminology criteria for adverse events; ALT: Serum
alanine transaminase; AST: Serum aspartate transaminase; GGT: γ-
glutamyl transpeptidase; *One patient experienced grade 2 (emerging
grade 3) hand foot skin reaction.



(STORM) trial has completed accrual of patients, and this
study randomized patients to placebo versus sorafenib in
patients who underwent HCC resection. This study will shed
light on the potential role of adjuvant sorafenib for resected
HCC akin to adjuvant sorafenib in the post OLT setting. 

In summary, sorafenib in the patients post OLT was
complicated by DLT at the 400 mg dose level and it appears
that MTD at 200 mg daily is established in this cohort of
patients. Further studies are needed to establishe safety and
efficacy in the adjuvant setting in this disease. 
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