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LESSONS LEARNED

x Combination therapies in patients with hepatocellular carcinoma can be associatedwith overlapping toxicity and are therefore
poorly tolerated.

x Using sorafenib at the maximum tolerated dose can lead to a higher incidence of toxicities. Consequently, combination studies
might evaluate sorafenib at alternative schedules or doses to improve tolerance, recognizing this could affect sorafenib efficacy.

x Although this combination was poorly tolerated, it does not exclude further evaluation of new-generation immunomodulator
drugs or immune checkpoint inhibitors in the hope of optimizing tolerance and safety.

ABSTRACT

Background. Sorafenib is thestandardtreatment foradvanced
hepatocellular carcinoma (HCC), and to date, no combination
therapy has demonstrated superior survival compared with
sorafenib alone. The immunosuppressive microenvironment
in HCC is a negative predictor for survival. Lenalidomide is an
immunomodulator and antiangiogenic agent, with limited
single-agent efficacy inHCC. Based on these data,wedesigned
aphase I studyof sorafenibplus lenalidomide todetermine the
safety and preliminary antitumor activity of this combination.
Methods.This was an open-label, phase I study with a 313
dose escalation/de-escalation design. The starting dose of
sorafenibwas400mgp.o. b.i.d. andof lenalidomidewas15mg
p.o. dailywith a planneddose escalation by 5mgper cohort up
to 25 mg daily. Dose de-escalation was planned to a sorafenib
dose of 400 mg p.o. daily combined with two doses of
lenalidomide: 10mgp.o. daily for a 28-day cycle (cohort 1) and
10 mg p.o. daily for a 21- or 28-day cycle (cohort 2). Patients
with cirrhosis, a Child-Pugh score of A-B7, and no previous
systemic therapy were eligible.
Results. Five patients were enrolled. Their median age was 56
years (range39–61), and theECOGstatuswas0–2. Fourpatients
were treated at dose level (DL) 1. Because of the poor tolerance
to the combination associated with grade 2 toxicities, onemore
patient was treated at DL 21. No dose-limiting toxicity was
observed as specified per protocol.Themost common toxicities
were nausea, anorexia, pruritus, elevated liver enzymes, and

elevated bilirubin. Three patients experienced one or more of
the following grade 3 toxicities: fatigue (DL 1), increased
bilirubin (DL 1), skin desquamation (DL 21), and elevated
transaminase levels (DL1).Themediandurationof therapywas1
cycle (range 1–3). All patients discontinued the study, 4 because
of progressive disease and 1 by patient preference. The best
confirmed response was progressive disease. The median
progression-free survival was 1.0 month (95% confidence
interval 0.9–2.8), and the median overall survival was 5.9
months (95% confidence interval 3.68–23.4).
Conclusion. Inoursmall study, thecombinationof lenalidomide
and sorafenib was poorly tolerated and showed no clinical
activity. Although the study was closed early because of toxic-
ity concerns, future studies assessing combinations of sorafenib
with new-generation immunomodulator drugs or other
immunomodulatory agents, should consider lower starting
doses of sorafenib to avoid excessive toxicity. The Oncologist
2016;21:664–665d

DISCUSSION

PatientswithHCChave limited therapeutic options. Sorafenib,
a multi-tyrosine kinase inhibitor, is the only Food and Drug
Administration (FDA)-approved systemic therapy for this
disease, with marginal improvement in median overall
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survival. HCC is commonly associated with chronic inflammation
and is thought tobecapableofevading local immunesurveillance.
Tumor infiltrationwithregulatoryTcells (Tregs)hasbeenassociated
with disease progression and a higher riskof relapse after curative
therapy.

Lenalidomide is a second-generation immunomodulator
drug (IMID) and has been approved by the FDA for the ther-
apy of multiple myeloma and 5q deletion myelodysplastic
syndrome. Lenalidomideexhibits its antitumoreffects through
antiangiogenic and immunomodulating properties. Lenalidomide
modulates mononuclear and activated macrophage secreted
cytokines and increases the secretion of the T-cell lympho-
kines that stimulate clonal T-cell proliferation. In preclinical
models, lenalidomide enhanced the antitumor activity of
sorafenib, presumably through immune modulation and
increased CD81 in tumor infiltrating lymphocytes (TILs) and
decreased Tregs among TILs. Lenalidomide as a single agent
demonstratedpreliminaryefficacy inphase II clinical trialswith
a partial response (PR) rate of 15%, including 2 patients with
durable responses of 32 and 36 months. In another study, the
PRandstabledisease (SD) rateswere5%and36%, respectively.

On the basis of these data, we designed a phase I “313”
dose escalation/de-escalation study to evaluate the safety,
maximum tolerated dose, and preliminary activity of the
combination of sorafenib and lenalidomide. In the present
phase I study, 3 of 5 patients experienced symptomatic

progressivedisease (PD)within the first cycle (TableofResults).
Poor tolerability was evident, even at substandard treatment
doses in 1 patient (sorafenib 400 mg and lenalidomide 10 mg
daily). Because of the high toxicity, especially fatigue and
elevated transaminase levels, potentially attributed to both
study agents, the study was discontinued early. Although no
responses were seen on our study, the small sample size
precluded the ability to judge the efficacy of this combination.

The prognosis remains poor for patients with advanced
HCC,with amedianoverall survival of less than12months.The
lack of predictive biomarkers, resistance to cytotoxic chemo-
therapy, and the underlying liver disease continue to be
major challenges in successfully treating HCC. No sorafenib-
based combination therapies have shown superior results to
sorafenib alone. Although the combination with lenalidomide
was intolerable, an ongoing clinical trial is evaluating a
newer generation IMID (CC-122) combined with sorafenib
(ClinicalTrials.gov identifier,NCT02323906).Asnovelcombina-
tions are being considered for this disease, it is crucial that
we better understand the biology associated with different
HCC etiologies and any overlapping toxicity with sorafenib.
The recent success with immune checkpoint inhibitors in HCC
is encouraging, but still, only 20% of patients benefited.With
the evolving field of gnomically and other biomarker-driven
precision therapeutics, patients with HCC will benefit from
rational combinations to further improve their outcome.

TRIAL INFORMATION

Disease Hepatocellular Carcinoma

Stage of disease / treatment Metastatic / Advanced

Prior Therapy None

Type of study - 1 Phase I

Type of study - 2 313 Dose Escalation/De-escalation

Primary Endpoint Maximum Tolerated Dose

Secondary Endpoint Toxicity

Secondary Endpoint Safety

Secondary Endpoint Recommended Phase II Dose

Investigator’s Analysis Poorly Tolerated/Not Feasible

DRUG INFORMATION

Drug 1

Generic/Working name Sorafenib

Trade name Nexavar

Company name Bayer

Table of Results

Subject Cycles (n) DLT Best response PFS (mo) OS (mo) Treatment after study

1 1 No PD 0.92 23.4 SBRT

2 3 No PD 2.76 5.86

3 1 No PD 1.02 3.68

4 1 No PD 0.95 16.09 Chemotherapy/bland embolization/radioembolization

5 1 No PD 0.92 5.36 Radioembolization

Abbreviations: DLT, dose-limiting toxicity; PD, progressive disease; PFS, progression-free survival; OS, overall survival; SBRT, stereotactic body
radiotherapy.
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Drug type Small molecule

Drug class Angiogenesis - VEGF

Dose Milligrams per flat dose

Route Oral (p.o.)

Schedule of Administration Cohort: Dose level22: Sorafenib 400 mg daily

Cohort: Dose level21: Sorafenib 400 mg daily

Cohort: Dose level 1: Sorafenib 400 mg b.i.d.

Cohort: Dose level 2: Sorafenib 400 mg b.i.d.

Cohort: Dose level 3: Sorafenib 400 mg b.i.d.

Drug 2

Generic/Working name Lenalidomide

Trade name Revlimid

Company name Celgene

Drug type Biological

Dose Milligrams per flat dose

Route Oral (p.o.)

Schedule of Administration Cohort: Dose level22: Lenalidomide dose level, 10 mg p.o. on
days 1–21

Cohort: Dose level21: Lenalidomide dose level, 10 mg p.o. daily

Cohort: Dose level 1: Lenalidomide dose level, 15 mg p.o. daily

Cohort: Dose level 2: Lenalidomide dose level, 20 mg p.o. daily

Cohort: Dose level 3: Lenalidomide dose level, 25 mg p.o. daily

DOSE ESCALATION TABLE

Dose level

Dose of drug

Enrolled (n) Evaluable for toxicity (n)Sorafenib Lenalidomide

1 400 mg p.o. b.i.d. 15 mg p.o. daily 4 Undefined

21 400 mg p.o. daily 10 mg p.o. daily 1 1

PATIENT CHARACTERISTICS
Number of patients, male 4

Number of patients, female 1

Stage Advanced or metastatic

Age Median (range): 56 (39–61)

Number of prior systemic therapies Median (range): 0

Performance Status: ECOG 0— 3
1— 2
2—
3—
Unknown—

Other Not Collected

PRIMARY ASSESSMENT METHOD

Control Arm: Total Patient Population

Number of patients screened 5

Number of patients enrolled 5

Number of patients evaluable for toxicity 5

Number of patients evaluated for efficacy 5

Response assessment PD n5 5 (100)

(Median) duration assessments PFS 1.0 months

(Median) duration assessments OS 5.9 months

(Median) duration assessments duration of treatment 28 days
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ADVERSE EVENTS
Adverse Events At All Dose Levels, Cycle 1

Name *NC/NA 1 2 3 4 5 All Grades

Fatigue 60% 20% 0% 20% 0% 0% 40%

Nausea 40% 40% 20% 0% 0% 0% 60%

Pruritus 40% 40% 20% 0% 0% 0% 60%

Anorexia 60% 20% 20% 0% 0% 0% 40%

Blood bilirubin increased 60% 20% 0% 20% 0% 0% 40%

Alanine aminotransferase increased 60% 20% 0% 20% 0% 0% 40%

Aspartate aminotransferase increased 60% 20% 0% 20% 0% 0% 40%

Platelet count decreased 60% 20% 20% 0% 0% 0% 40%

Palmar-plantar erythrodysesthesia syndrome 60% 20% 20% 0% 0% 0% 40%

Diarrhea 80% 0% 20% 0% 0% 0% 20%

Hypertension 80% 0% 20% 0% 0% 0% 20%

Mucositis oral 80% 20% 0% 0% 0% 0% 20%

Rash acneiform 80% 0% 0% 20% 0% 0% 20%

Dysgeusia 80% 20% 0% 0% 0% 0% 20%

Neutrophil count decreased 80% 20% 0% 0% 0% 0% 20%

Dehydration 80% 0% 20% 0% 0% 0% 20%

Adverse Events Legend
*No Change From Baseline/No Adverse Event

DOSE-LIMITING TOXICITIES

Dose level

Dose of drug

Enrolled (n) Evaluable for toxicity (n)Sorafenib Lenalidomide

1 400 mg p.o. b.i.d. 15 mg p.o. daily 4 Undefined

21 400 mg p.o. daily 10 mg p.o. daily 1 1

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study terminated before completion

Terminated reason Toxicity

Pharmacokinetics / Pharmacodynamics Not Collected

Investigator’s Assessment Poorly Tolerated/Not Feasible

Hepatocellular carcinoma (HCC) is the third leading cause
of cancer death worldwide [1]. For patients with advanced
disease, few effective options exist. Sorafenib is a multi-
tyrosine kinase inhibitor against the vascular endothelial
growth factor (VEGF) receptor and rapidly accelerated
fibrosarcoma. In a randomized controlled clinical trial,
sorafenib improved overall survival compared with pla-
cebo, 10.7 versus 7.9 months [2]. HCC is an inflammation-
associatedmalignancywithanability that is thoughtcapableof
evading local immune surveillance [3]. Indirect evidence
suggests the immune microenvironment plays an important
role in tumor progression [4–7]. Tumor infiltration with
regulatory T cells (Tregs) has been associated with disease
progression [4] and with a higher risk of relapse after curative
therapy [5–7].

Lenalidomide is a second-generation immunomodulator
drug (IMID) that modulates mononuclear and activated
macrophage secreted cytokines such as tumor necrosis
factor-a and interleukin (IL)-1, IL-6, and IL-12 [8]. Lenalidomide

also increases the secretion of the T-cell lymphokines

interferon-g and IL-2, which stimulate clonal T-cell pro-
liferation [9]. IMIDs also exhibit antiangiogenic activity by
decreasing the secretion of VEGF and fibroblast growth factor
from tumor and stromal cells [10]. VEGF has a significant role
in impairing dendritic cell differentiation and their role as
antigen-presenting cells. VEGF blockade can improve den-
dritic cell differentiation [11] and synergize with immunother-
apy [12]. In preclinical models, lenalidomide enhanced the
antitumor activity of sorafenib, presumably through immune
modulation and increased CD81 of tumor infiltrating lympho-
cytes (TILs) and decreased Tregs among TILs [13].

In a phase II studyof thalidomide in advancedHCC, activity
included 5% with partial responses (PRs), 5% with minor

responses, and 31% with stable disease (SD) [14]. A retro-

spective analysis of low-dose thalidomide (100 mg/day)

showed PR and SD rates of 5% and 21%, respectively, with

an overall survival (OS) of 3.2 months [15]. Lenalidomide

is a potent thalidomide analog with antiangiogenic and
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immunomodulating effects and has been approved by the
Food and Drug Administration for therapy for multiple
myeloma and 5q deletion myelodysplastic syndrome. It has
been studied in 40 HCC patients (35 each with Child-Pugh A
andB)with progression or intolerance to sorafenib, at a dose
of 25 mg p.o. daily3 21 days in 28-day cycles. Lenalidomide
was well tolerated, with rare grade 3 toxicities. The PR rate
was 15%, including 2 patients with a durable response of 32
and 36 months [16].

Based on these data, we designed a phase I “313” dose
escalation study to evaluate the safety, maximum tolerated
dose, and preliminary activity of the combination of sorafenib
and lenalidomide. In this phase I study, 3 of 5 patients
experienced symptomatic PD within the first cycle. Poor
tolerability was evident, even at substandard treatment doses
in 1 patient (sorafenib 400 mg and lenalidomide 10 mg daily).
Because of the high toxicity, especially fatigue and elevated
transaminase levels, potentially attributed to both study
agents, and no preliminary signs of efficacy, our study was
discontinued early, without further attempts to reduce the
sorafenib dose.

Theprognosis remainspoor forpatientswithunresectable,
advanced HCC, with a median OS of less than 12 months. The
lack of predictive biomarkers, relative resistance to cytotoxic
chemotherapy, and theunderlying liver disease continue to be
major challenges in successfully treating HCC. No sorafenib-
based combination therapies to date have shown superior
results to sorafenib alone [17]. Sorafenib is currently used at
the maximum tolerated dose; therefore, combining sorafenib

with novel agents that have overlapping toxicities will likely
be unsuccessful. Although the combination with lenalido-
mide was intolerable and ineffective in our small study, an
ongoing clinical trial is evaluating a newer generation IMID
(CC-122) combined with sorafenib (ClinicalTrials.gov identi-
fier, NCT02323906). As novel combinations and therapies
are being considered for this disease, it is crucial that we
better understand the biology associated with different HCC
etiologies (i.e., hepatitis B and C, alcohol-related cirrhosis
versus nonalcoholic steatohepatitis) because these could be
associated with differential responses to molecularly or
immunologically targeted therapies [18].The recent success
with immune checkpoint inhibitors in HCC is encouraging,
but still, only 20% of the patients benefited [19]. With the
evolving field of genomically and other biomarker-driven
precision therapeutics, patients with HCC will benefit from
rational combinations or, rather, select therapeutics to
further improve outcomes.
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Click here to access other published clinical trials.

Table 2. Results

Subject Cycles (n) DLT Best response PFS (mo) OS (mo) Treatment after study

1 1 No PD 0.92 23.4 SBRT

2 3 No PD 2.76 5.86

3 1 No PD 1.02 3.68

4 1 No PD 0.95 16.09 Chemotherapy/bland embolization/radioembolization

5 1 No PD 0.92 5.36 Radioembolization

Abbreviations: DLT, dose-limiting toxicity; PD, progressive disease; PFS, progression-free survival; OS, overall survival; SBRT, stereotactic body
radiotherapy.

Table 1. Patient characteristics

Subject Age (yr) Gender Underlying liver disease CPS BCLC Previous therapies

1 56 Male Cirrhosis/Hep C B-7 C None

2 61 Male Cirrhosis/Hep C A-5 B Chemoembolization/radioembolization

3 53 Male Cirrhosis/Hep C A-5 C SBRT

4 57 Male Cirrhosis/Hep B A-5 C Radioembolization

5 39 Female None A-6 C DEB/bland embolization/radioembolization

Abbreviations: BCLC, Barcelona Clinic Liver Cancer Score; CPS, Child-Pugh score; DEB, drug eluding beads; Hep B, hepatitis B; Hep C, hepatitis C; SBRT,
stereotactic body radiotherapy.

TABLES
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