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Abstract

A case of hepatocellular carcinoma (HCC) with pulmo-
nary recurrence after liver transplantation for HCC is
presented in this report. The patient showed disease
progression on sorafenib therapy demonstrated by
computed tomography scans as well as serial serum
o-fetoprotein (AFP) elevation. After his immunosuppres-
sion therapy was successfully transitioned to sirolimus
and a continuation of sorafenib, he achieved partial re-
mission based on RECIST criteria and normalization of
AFP. Mammalian target of rapamycin inhibitors including
sirolimus alone or in conjunction with sorafenib may be
useful in the treatment of post transplant HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a major health prob-
lem with a rising incidence in Western countries™”. Tt is
the third leading cause of cancer-related deaths worldwide,
the seventh in the United States, and also the most com-
mon cause of death in patients with liver cirrhosis. The
trend parallels an increase in advanced hepatitis C virus
(HCV) related liver disease. The prevalence is much higher
in developing countries and is associated with a significant
morbidity and mortality. The treatment of HCC remains
challenging due to the comorbidities with hepatitis B or
C virus infection combined with decompensated liver cit-
rhosis. Only about 30% of patients with HCC are eligible
for potentially curative treatment modalities such as liver
resection, liver transplantation, or local ablation". Con-
ventional cytotoxic chemotherapeutic agents have been
proven ineffective for patients with HCC". Based on the
SHARP trial”, the Raf/vascular endothelial growth factor
receptor (VEGF)/platelet detived growth factor receptor
inhibitor, sorafenib, has increased the overall survival rate
in patients with advanced HCC. The study was carried out
in a highly selected population of HCC patients with liver
function classified as Child-Pugh A and a small percentage
of patients classified as Child-Pugh B. Orthotopic liver
transplantation (OLT) for HCC has been highly success-
ful with a low tumor recurrence rate in selected patient
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Figure 1 Serum o-fetoprotein level measured as related to the treatment history. Serum a-fetoprotein (AFP) level was trending up after sorafenib therapy but
normalized after sirolimus was initiated. Events are outlined in the Figure. CT: Computed tomography; HCC: Hepatocellular carcinoma.

populations'®. Tumor recurrence post OLT is the major
obstacle in preventing successful liver transplantation in
patients with HCC. Therefore, it is important to develop
strategies for preventing HCC recurrence post OLT. Here,
we present a case of HCC recurrence post OLT that was
treated with sorafenib in addition to switching from tacro-
limus to sirolimus as an immunosuppressant.

CASE REPORT

A 60-year-old male with a history of hepatitis C virus in-
fection and liver cirrhosis was found to have several liver
lesions consistent with HCC with an elevated a-fetoprotein
(AFP) level on routine surveillance in December 2006.
Based on his typical images and serum AFP level, the pa-
tient was diagnosed as HCC. He underwent an uneventful
OLT at our liver transplant center in January 2007. Patholo-
gy showed multi-focal HCC with 4 lesions (3 lesions preop-
eratively), the largest measuring 5.0 cm X 3.0 cm X 2.9 cm.
The tumors were moderately differentiated with vascular
invasion and the pathologic staging was pT2NOMx. The
patient was given tacrolimus 4 mg twice a day for im-
munosuppression with serum tacrolimus levels at a range
of 5-15 ng/mL after liver transplantation. HCV hepatitis
recurrence was diagnosed by liver biopsy and serology in
February 2008 when the patient had laboratory evidence
of transaminase elevation. He continued on tacrolimus
with no anti-HCV therapy and was followed up by the
liver transplant team. In August 2008, he was admitted to
the hospital for renal failure and hyperkalemia suspicious
for tacrolimus toxicity with an elevated tacrolimus level at
16 ng/ml.. His creatine level was 1.7 mg/dL. His tacroli-
mus dose was reduced to 2 mg twice a day orally and his
tacrolimus target levels were at a low normal therapeutic
range. During hospitalization, he was found to have new
pulmonary nodules on a computed tomography (CT) scan.
A biopsy confirmed those lesions to be metastatic HCC
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with its morphology similar to his original HCC. Due to
bilateral pulmonary metastasis, the patient was not a candi-
date for surgery. He was referred to the medical oncology
clinic in October 2008 for treatment. The recommenda-
tion was sorafenib therapy for his recurrent metastatic
HCC after liver transplantation. Four weeks after he started
on oral sorafenib at a dose of 400 mg twice a day from
November 20, 2008, he developed the adverse effects
of painful hand/foot syndrome. The dose of sorafenib
was reduced to 200 mg orally twice a day on December
18, 2008. He tolerated sorafenib at 200 mg orally twice
daily very well with less chest wall pain and resolution of
hand/foot syndrome. His CT scan on January 26, 2008
showed progression of the disease based on RECIST cri-
teria. Since the patient had improvement in symptoms, he
wanted to continue taking sorafenib at 200 mg orally twice
daily. Unfortunately, his AFP continued rising and reached
a peak level of 19817 ng/ml. on March 26, 2009 (Figure
1). The metastatic tumors in his lungs were also increasing
in size based on a CT scan performed on January 26, 2009.
He was advised to consider systemic chemotherapy due
to his excellent performance status and good graft liver
function, but there was no other evidence based treatment
available for him. He refused systemic chemotherapy after
the literature of chemotherapy in HCC was reviewed with
him. He was not eligible for an experimental trial since he
was on an immunosuppressant and had active hepatitis C
virus infection.

Given the positive preclinical data on mammalian
target of rapamycin (mTOR) inhibitors in HCC as well
as the potential benefit of sirolimus for HCC patients
requiring immunosuppression, his immunosuppres-
sant was switched from tacrolimus to sirolimus at 2 mg
orally once daily for a week after the visit on March
26, 2009. He continued taking sorafenib at 200 mg
orally twice a day against advice from his physician be-
cause he believed that it helped him symptomatically. He
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Figure 2 Computed tomographys of chest at different time points of the treatment. The lung lesions were increased in size after sorafenib therapy but signifi-
cantly reduced in size after sirolimus was introduced in combination with sorafenib. The dates were August 6, 2008 (A), January 26, 2009 (B) and August 26, 2009 (C).

tolerated sirolimus at 2 mg orally daily with no obvious
toxicity, and a desirable serum level (4-12 ng/mL) of si-
rolimus was achieved shortly after sirolimus therapy was
initiated. His AFP dropped to normal limits and the CT
showed a partial response (Figure 2). The dates for the
representative images shown in Figure 2 were August 6,
2008, January 26, 2009 and August 26, 2009. There was
no evidence of biochemical or radiographical progres-
sion when he was seen in the clinic on February 4, 2010.

DISCUSSION

The treatment algorithm for HCC is based on functional
status, liver functional reserve and stage of the tumor’.
Surgical resection of HCC can be achieved in patients
with a tumor that is amenable to surgical resection and

has a good liver functional reserve. For smaller tumors,
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local therapy with radiofrequency ablation is used. OLT in
selected patients is the most desirable modality because it
cures both liver cirrthosis and HCC. Tumor recurrence is
a cause of transplant failure in this population of patients.
Adjuvant therapy for HCC post liver transplantation is an
active reseatch area but currently thete is no evidence that
supports the practice.

The treatment of recurrent HCC after liver transplan-
tation is a great challenge in clinical practice. The use of
immunosuppressant and liver transplantation are usually
exclusion criteria for participation in clinical trials. The use
of sorafenib in this setting is an extrapolation of data and
by no means evidence-based care.

The most commonly used immunosuppressant after
liver transplantation is a calcineurin inhibitor. In contrast,
sirolimus, 2 mTOR inhibitor has also been used success-

fully for immunosuppression after liver transplantation'”.
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In comparison to tacrolimus as an immunosuppressant,
the advantages of sirolimus include less nephrotoxicity
and potential antineoplastic properties. This makes it suit-
able for patients with renal insufficiency or HCC. The
drug development for mTOR inhibitors has generated
several novel anti-cancer mTOR inhibitors which have
been approved by the FDA for the treatment of renal cell
carcinoma®™”. The use of sirolimus has been limited to im-
munosuppression in organ transplantation patients. There
is an ongoing phase 3 clinical trial (SILVER trial) studying
the use of sirolimus as an immunosuppressant in liver
transplantation for high risk HCC to reduce tumor recut-
rence (ClinicalTrials.gov Identifier: NCT00355862). Cur-
rently, there is no standard therapy for HCC recurrence
post OLT. Sorafenib has been used empirically for relaps-
ing HCC after OLT, but there are no data supporting the
use of sorafenib in this setting. Our own experience with
sorafenib for recurrent HCC post liver transplantation
is disappointed. Preclinical and clinical data indicate that
mTOR inhibitors have significant anti-tumor activity for
HCC""". There was a case report of complete remis-
sion of lung metastases from HCC post liver transplan-
tation under therapy with sirolimus and mycophenolate
mofetil'”, and experience with the use of sirolimus as an
immunosuppressant for patients with HCC post OLT.
The use of sirolimus as an immunosuppressant is a
reasonable approach for patients with HCC post liver
transplantation for HCC or for patients with relapsing
HCC post liver transplantation. The PI3K/Akt/mTOR
signal pathway is involved in multiple cellular functions
including proliferation, differentiation, tumorigenesis, and
apoptosis. In about 15%-41% HCC patients, activation
of the mTOR pathway is reported™"” and implicated in
metastasis, invasion and prediction of poor prognosis“o’lsj.
Blocking of the mT'OR pathway confers combined an-
ticancer and immunosuppressive properties. Therefore,
mTOR inhibitor treatment for HCC is directed by the
molecular biology of HCC. Multiple clinical trials have
been carried out using an mTOR inhibitor as an antican-
cer agent for HCC. Experimental data indicate that tumor
inhibition can be accomplished by mTOR inhibitors while
protecting allografts against rejection. The role of mTOR
inhibitors as an immunosuppressant in HCC patients post
OLT can be further determined depending on data from
the SiLIVER trial. The case presented in this report cleat-
ly suggests that an mTOR inhibitor, sirolimus, may have
antitumor activity in this patient with advanced metastatic
relapsing HCC post OLT. This conclusion is also sup-
ported by published preclinical data?, The patient was at
a high risk of tumor recurrence based on the presence of
multifocal liver lesions and vascular invasion. Molecular
evaluation of tumor samples from patients with HCC
may give us an insight about post surgical or post trans-
plantation adjuvant therapy using either sorafenib, siroli-
mus or their combination. The hypothesis that sirolimus
synergizes with the anti-tumor activity of sorafenib is sup-
ported by pre-clinical data”, but whether this applies to
the patient reported here is unknown. The tumor sample
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is being analyzed for Etk/MAPK pathway and PI3/Akt/
mTOR pathway abnormalities. The fact that the patient
did not detive any apparent benefit from more than 4 mo
of sorafenib therapy alone after his tumor recurrence in-
dicated that his HCC had inherent resistance to the Raf/
VEGF/platelet detived growth factor receptor inhibitor,
sorafenib. No reports ate available on the delayed anti-
tumor effects of sorafenib. Biomarkers that predict the ef-
fectiveness of mTOR inhibitor and/or sorafenib therapy
and clinical trials to explore the effectiveness of sirolimus
alone and in combination with sorafenib with molecular
pathway correlation analysis are justified.

In conclusion, mTOR inhibitor, sirolimus, may have
anti-tumor activity in HCC. Use of sirolimus as an immu-
nosuppressant for HCC post OLT is being investigated,
and its use in HCC alone or in combination with sorafenib
warrants further investigation with biomarker correlation.
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