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Assessment of Treatment With Sorafenib Plus Doxorubicin
vs Sorafenib Alone in Patients With Advanced Hepatocellular Carcinoma
Phase 3 CALGB 80802 Randomized Clinical Trial
Ghassan K. Abou-Alfa, MD; Qian Shi, PhD; Jennifer J. Knox, MD; Andreas Kaubisch, MD; Donna Niedzwiecki, PhD; James Posey, MD;
Benjamin R. Tan Jr, MD; Petr Kavan, MD; Rakesh Goel, MD; Philip E. Lammers, MD; Tanios S. Bekaii-Saab, MD; Vincent C. Tam, MD;
Lakshmi Rajdev, MD; Robin K. Kelley, MD; Imane El Dika, MD; Tyler Zemla, MD; Ryan I. Potaracke, MD; Jennifer Balletti, BS;
Anthony B. El-Khoueiry, MD; James J. Harding, MD; Jennifer M. Suga, MD; Lawrence H. Schwartz, MD; Richard M. Goldberg, MD;
Monica M. Bertagnolli, MD; Jeffrey Meyerhardt, MD; Eileen M. O’Reilly, MD; Alan P. Venook, MD

IMPORTANCE Previous communication has reported significant improvement in overall
survival (OS) when using doxorubicin plus sorafenib in the treatment of advanced
hepatocellular cancer (HCC).

OBJECTIVE To determine if doxorubicin added to sorafenib therapy improves OS, with
stratification for locally advanced and metastatic disease.

DESIGN, SETTING, AND PARTICIPANTS This unblinded randomized phase 3 clinical trial was led
by Alliance in collaboration with Eastern Cooperative Oncology Group–American College of
Radiology Imaging Network, Canadian Cancer Trials Group, and Southwest Oncology Group.
It was launched in February 2010 and completed in May 2015; data were also analyzed during
this time frame. Patients with histologically proven advanced HCC, no prior systemic therapy,
Child-Pugh grade A score, Eastern Cooperative Oncology Group performance status of 0 to 2
(later amended to 0-1), and adequate hematologic, hepatic, renal, and cardiac function were
eligible. The OS primary end point had a final analysis planned with 364 events observed
among 480 total patients with 90% power to detect a 37% increase in median OS.

INTERVENTIONS OR EXPOSURES Patients received either 60 mg/m2 of doxorubicin every 21
days plus 400 mg of sorafenib orally twice daily or the sorafenib alone, adjusted to half doses
for patients with bilirubin levels of 1.3 to 3.0 mg/dL.

MAIN OUTCOMES AND MEASURES The primary end point was OS, and progression-free
survival (PFS) was a secondary end point.

RESULTS Of 356 patients included in the study, the mean (SD) age was 62 (10.1) years,
and 306 (86.0%) were men. Although it was planned to include 480 patients, the study was
halted after accrual of 356 patients (180 patients treated with doxorubicin plus sorafenib and
176 with sorafenib alone) with a futility boundary crossed at a planned interim analysis.
Median OS was 9.3 months (95% CI, 7.3-10.8 months) in the doxorubicin plus sorafenib arm
and 9.4 months (95% CI, 7.3-12.9 months) in the sorafenib alone arm (hazard ratio, 1.05;
95% CI, 0.83-1.31). The median PFS was 4.0 months (95% CI, 3.4-4.9 months) in the
doxorubicin plus sorafenib arm and 3.7 months (95% CI, 2.9-4.5 months) in the sorafenib
alone arm (hazard ratio, 0.93; 95% CI, 0.75-1.16). Grade 3 or 4 neutropenia and
thrombocytopenia adverse events occurred in 61 (36.8%) and 29 (17.5%) patients,
respectively, being treated with doxorubicin plus sorafenib vs 1 (0.6%) and 4 (2.4%) patients
treated with sorafenib.

CONCLUSIONS AND RELEVANCE This multigroup study of the addition of doxorubicin to
sorafenib therapy did not show improvement of OS or PFS in patients with HCC.

TRIAL REGISTRATION ClinicalTrials.gov identifier: NCT01015833
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T he tyrosine kinase inhibitor sorafenib was shown in 2
randomized phase 3 clinical trials to lead to superior
overall survival (OS) compared with placebo in the treat-

ment of patients with advanced hepatocellular carcinoma
(HCC).1,2 Doxorubicin has also been considered an effective sys-
temic therapy for HCC.3 A phase 1 clinical trial proved the fea-
sibility and tolerability of sorafenib in combination with
doxorubicin.4 A randomized, double-blind, phase 2 study of
doxorubicin plus sorafenib and doxorubicin plus placebo fol-
lowed and demonstrated a significant improvement in OS with
doxorubicin plus sorafenib.5 Cancer and Leukemia Group B
(CALGB), now part of the Alliance for Clinical Trials in Oncol-
ogy, designed CALGB 80802 to determine if doxorubicin plus
sorafenib improved survival compared with the single agent
sorafenib in the treatment of advanced HCC.

Methods
This Alliance-led National Clinical Trials Network multi-
group trial was approved by the institutional review
boards at all sites and/or the National Cancer Institute (NCI)
central institutional review board and was registered at
ClinicalTrials.gov (NCT01015833). The study was conducted
in accordance with the US Department of Health and Human
Services guidelines. Written informed consent was obtained
from all patients. The Alliance Data and Safety Monitoring
Board (DSMB) reviewed this trial semiannually for toxic
effects and scheduled interim efficacy analyses. The trial
protocol is available in Supplement 1.

Patients’ Eligibility
Patientswithmeasurable,histologicallyproven,locallyadvanced
(with disease not amenable to curative interventions) or meta-
static HCC who had received no prior systemic therapy for HCC
were eligible. Patients with known central nervous system tu-
mors, including brain metastases, were ineligible. In view of the
differing causes and backgrounds of HCC, ethnicity was reported
by participants. Patients were required to have an Eastern Co-
operative Oncology Group performance status of 0 to 2 (later
amended to 0-1), Child-Pugh grade A score status, an absolute
neutrophil count of 1500/mm3 or greater, a platelet count of 75
× 109/L or greater, a hemoglobin level of 8.5 g/dL or greater, and
a prothrombin time–international normalized ratio of 1.7 or less.
Patients who were therapeutically anticoagulated were allowed
to participate provided that no prior evidence of underlying ab-
normality in prothrombin time–international normalized ratio
existed.Adequatehepatic(bilirubin,≤3mg/dL;alaninetransami-
nase and aspartate aminotransferase, ≤5 × upper limit of normal)
and renal (serum creatinine, ≤1.5 × upper limit of normal or cre-
atinine clearance, ≥60 cc/min) function were required.

Any hypertension must have been well controlled (<140/90
mm Hg). Patients with known history of congestive heart fail-
ure greater than New York Heart Association class II, cardiac
arrhythmias requiring antiarrhythmic therapy other than beta
blockers or digoxin, or myocardial infarction within 6 months
prior to study entry were not eligible. Patients were required
to have an absolute left ventricular ejection fraction (LVEF) of

45% or greater or the normal lower limit of the specific insti-
tution at which they were seen.

Patients could have had prior liver-directed treatment pro-
vided there was a measurable target lesion that had not been
subjected to local therapy and/or progressed since last treat-
ment. Such therapy must have been completed 4 or more
weeks prior to study entry. Patients having undergone liver
transplantation were not eligible.

Current antiviral therapy was allowed except for inter-
feron. Patients with known HIV were not eligible.

Treatment and Dose Modifications
All patients received sorafenib and were randomly assigned on
a 1:1 basis to receive doxorubicin or not using a permuted block
allocation procedure.6 Randomization was stratified by ex-
tent of disease (locally advanced vs metastatic). Hepatitis sta-
tus (no hepatitis, hepatitis B, hepatitis C, or hepatitis B and C)
was considered as a covariate. Patients received either 60
mg/m2 of doxorubicin intravenously every 21 days (1 cycle) for
a maximum total dose of 360 mg/m2, plus 400 mg of sorafenib
orally twice daily or 400 mg of sorafenib orally twice daily
alone. Three dose reductions were allowed for doxorubicin
(45, 30, and 22.5 mg/m2) and 2 for sorafenib (400 mg daily and
400 mg every other day) for drug-related toxic effects based
on the NCI Common Toxicity Criteria, version 4.0.

Patients with bilirubin levels between 1.3 and 3.0 mg/dL re-
ceived either 30 mg/m2 of doxorubicin intravenously every 21
days for a maximum of 360 mg/m2 plus 400 mg of sorafenib
orally once daily or 400 mg of sorafenib orally once daily.7 Only
1 dose reduction was allowed for doxorubicin (22.5 mg/m2) and
sorafenib (400 mg every other day) for drug-related toxic effects.

After the maximal doxorubicin dose, patients continued
treatmentwithsingle-agentsorafenib.Inapprovedcircumstances
when a patient was benefitting from therapy and continued to
have normal ejection fraction, treatment with doxorubicin was
allowed up to a maximum total dose of 450 mg/m2, following
which sorafenib could be continued as a single agent. Cardiac
functionwasfollowedwithmultigatedacquisitionscansobtained
at baseline before start of doxorubicin therapy and every 3 cycles,
then every cycle after the cumulative dose reached 360 mg/m2.
Patients were removed from protocol therapy in cases of
clinical heart failure (eg, left ventricular systolic dysfunction

Key Points
Question Does adding doxorubicin to sorafenib therapy improve
overall survival in patients with advanced hepatocellular cancer?

Findings This phase 3 clinical trial randomized 356 eligible
patients to treatment with doxorubicin plus sorafenib vs sorafenib
alone. Results demonstrated no difference in median overall
survival (9.3 months for the doxorubicin plus sorafenib arm and
9.4 months for the sorafenib arm).

Meaning The addition of doxorubicin to sorafenib therapy did not
improve overall survival and resulted in higher toxicity; the
combination of doxorubicin and sorafenib should not be used for
the treatment of advanced hepatocellular cancer.
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≥ grade 3) or LVEF value decline by a relative 20% from
baseline (eg, a decline in LVEF from 55% to 44%).

Specific sorafenib dose modifications were implemented
for hypertension (eTable 1 in Supplement 2). Specific sorafenib
dose modifications were used for hand-foot skin reaction,
palmar-plantar erythrodysesthesia (eTable 2 in Supplement 2),8

and for hepatic toxicity (eTable 3 in Supplement 2).
If dose reductions beyond the lowest dose level were re-

quired, or either agent was held for more than 3 weeks, all pro-
tocol therapy was to be discontinued.

Disease Assessments and Follow-up
Patients were evaluated at the start of every cycle. Imaging was
performed every 2 cycles. Posttreatment survival and progres-
sion follow-up was conducted every 3 months for 1 year, then
every 6 months until 3 years after registration. Survival
follow-up was conducted through available means, including
but not limited to clinic visits, phone calls, and death reports.

Statistical Methods
Efficacy analysis was based on an intent-to-treat principle with
all eligible patients belonging to the treatment arm in which they
were randomized. The primary outcome measure was OS, de-
fined as the time from the date of randomization to the date of
death due to any cause. Patients who were alive at the primary
analysis time were censored at the time they were last known to
be alive. Assuming a median OS of 10.7 months in the sorafenib
alone group, 480 patients enrolled over 2 years and followed up
for 15 months were required to achieve 90% power to detect a
37% increase in median OS in the sorafenib plus doxorubicin arm
(ie, 10.7-14.7 months; hazard ratio [HR], 0.73), using stratified log-
rank test at a 1-sided significance level of α = .05. A total of 364
deaths were expected at the time of the final analysis. Formal in-
terim analyses for OS began when 15% of expected events were
observed and subsequently occurred every 6 months. Futility
interimanalysesbasedontheOSendpointwereconductedusing
aconfidenceintervalapproach.TheLan-DeMetsboundaries9 and
O’Brien-Fleming10 analogue were used to test the superiority and
futilityhypothesesateachinterim(1-sidedα = .05).Apreplanned
early-stopping analysis based on progression-free survival (PFS)
was conducted when 130 events were observed, which provided
90% power to detect a 50% increase in median PFS (ie, 4.0-6.0
months in the sorafenib alone and sorafenib plus doxorubicin
arms, respectively [HR, 0.66]), at a 1-sided significance level
α = .15. If PFS was not statistically superior on the sorafenib plus
doxorubicin arm vs the sorafenib alone arm at α = .15, the trial
would have closed to further accrual. Cardiac toxicity was moni-
tored by a formal statistical plan among patients randomized to
treatment with sorafenib plus doxorubicin beginning when 33
patients were enrolled on the combination treatment arm and
subsequently every 6 months coinciding with Alliance DSMB
meetings. Cardiac toxicity was defined as the development of a
grade 3 or higher decrease in ejection fraction per Common Ter-
minology Criteria for Adverse Events, version 4.0.

Secondary end points were PFS, time to progression (TTP),
and response by Response Evaluation Criteria in Solid Tu-
mors (RECIST), version 1.1.11 The PFS was defined as time from
randomization to disease progression or death due to any

cause. The TTP was measured from randomization to docu-
mented disease progression, and patients who died without
progression were censored at time of death. For both PFS and
TTP, patients lost to follow-up were censored at the date of their
most recent disease assessment (or contact).

The Kaplan-Meier method was used to estimate the distri-
butions of time-to-event end points.12 Stratified log-rank test was
used to compare time-to-event end points between treatment
groups.13-15 A stratified Cox proportional hazards regression
model was used to estimate HRs and 95% CIs.16 For all analyses
regarding time-to-event end point (eg, log-rank test and Cox
model), extent of disease (locally advanced vs metastatic) was
included as the stratification factor for controlling confounding
effect. Hepatitis status was considered as a covariate. A P < .05
level was considered statistically significant. Data collection and
statistical analyses were conducted by the Alliance Statistics and
Data Center. Data quality was ensured by review of data by the
Alliance Statistics and Data Center and by the study chairperson
(G.K.A.) following Alliance policies. All analyses were based on
the study database frozen on December 19, 2017. Analyses were
performed by using SAS, version 9.4 (SAS Institute Inc.).

Correlative Studies
A series of correlative studies were planned and are being com-
pleted.Theseincludetheevaluationoftumornecroticareasusing
a new volumetric method of assessing nonviable tumor as a cor-
relate for response,17 the effect of sorafenib on hepatitis C viral
titers, quasispecies in patients with virologic failure, and corre-
lation with radiologic evaluation. Results from these studies will
be reported separately.

Results
Study Population
Patient enrollment began February 15, 2010, and was halted on
May 21, 2015, per recommendation of the DSMB after the fifth in-
terim analysis demonstrated a low probability that OS of the com-
bination group would surpass that of the sorafenib alone group.
A total of 356 patients were enrolled from Alliance, Eastern Co-
operative Oncology Group (now part of the Eastern Cooperative
Oncology Group–American College of Radiology Imaging Net-
work), National Cancer Institute of Canada (now Canadian Can-
cerTrialsGroup),andSouthwestOncologyGroupsites.Allresults
are based on an intent-to-treat population of 356 patients
(Figure 1). A total of 180 patients were randomized to the doxo-
rubicin plus sorafenib arm and 176 to the sorafenib alone arm. All
patients were evaluated for the toxicity analysis. Baseline demo-
graphic and disease characteristics of randomized patients are
summarizedinTable1andweresimilarbetweenthe2studyarms.

Dose and Duration of Therapy
In the doxorubicin plus sorafenib arm, the median total dose
of doxorubicin administered was 237.5 mg (range, 0-1036 mg)
given over a median of 3 cycles (range, 1-22 cycles), and the me-
dian daily dose of sorafenib was 433 mg (range, 19-895 mg).
In the sorafenib arm, the mean daily dose was 495 mg (range,
38-994 mg). The median duration of treatment was 8.9 weeks
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(range, 0.6-71.3 weeks) in the doxorubicin plus sorafenib arm
and 11.7 weeks (range, 0.6-223.4 weeks) in the sorafenib arm.

Overall Survival
A total of 302 deaths (154 in the doxorubicin plus sorafenib arm
and 148 in the sorafenib alone arm) were observed after a me-
dian follow-up of 36.1 months. The median OS was 9.3 months
(95% CI, 7.3-10.8 months) in patients treated with doxorubi-
cin plus sorafenib compared with 9.4 months (95% CI, 7.3-
12.9 months) among those who received sorafenib alone. The
stratified HRs were 1.05 (95% CI, 0.83-1.31; P = .68) and 1.03
(95% CI, 0.82-1.29; P = .83) without and with adjustment by
hepatitis status, respectively (Figure 2A).

Progression-Free Survival
The preplanned PFS interim analysis was completed per proto-
col in July 2013 after the first 170 patients were enrolled and 130
PFS events were observed. At that time, median PFS for patients
randomized to the doxorubicin plus sorafenib arm was 4.5
months (95% CI, 2.6-6.0 months) and median PFS for patients
randomized to the sorafenib alone arm was 3.5 months (95% CI,
2.6-5.0 months). The 1-sided log-rank P value was .12, which is
significant at α = .15 level. This satisfied the preplanned thresh-
old for activity of the doxorubicin plus sorafenib arm, and the
study continued accrual. With updated database information
available as of December 2017, the median PFS was 4.0 months
(95% CI, 3.4-4.9 months) among patients treated with doxoru-
bicin plus sorafenib compared with 3.7 months (95% CI, 2.9-4.5
months) among those who received sorafenib alone. The HR es-
timated by Cox model was 0.93 (95% CI, 0.75-1.16) with strati-
fied log-rank test (P = .54) (Figure 2B).

Time to Progression
The Kaplan-Meier estimate of the median TTP was 4.7 months
(95%CI,4.1-5.6months) inpatientstreatedwithdoxorubicinplus
sorafenib compared with 4.2 months (95% CI, 3.4-5.4 months)
for those who received sorafenib alone. The HR estimated by Cox
model was 0.92 (95% CI, 0.71-1.18) with log-rank test (P = .49).

Response Rate
There was 1 complete response in the doxorubicin plus sorafenib
arm. Partial response was noted in 14 (9.3%) patients in the doxo-
rubicin plus sorafenib arm, and 8 (5.4%) in the sorafenib alone
arm (χ2

4, 3.21; P = .52). Table 2 shows the detailed RECIST re-
sponse data. There was no significant difference in tumor re-
sponse between the doxorubicin plus sorafenib and sorafenib
alone arms.

Toxic Events
Grade 3 or 4 neutropenia and thrombocytopenia occurred in
61 (36.8%) and 29 (17.5%) patients, respectively, being treated
with doxorubicin plus sorafenib vs 1 (0.6%) and 4 (2.4%) pa-
tients, respectively, taking sorafenib; nonhematologic ad-

Figure 1. Cohort Flowchart
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Table 1. Patient Demographics and Disease Characteristics
by Treatment Arm

Characteristic

No. (%)
Doxorubicin Plus
Sorafenib (n = 180) Sorafenib (n = 176)

Age, median (range), y 62.0 (21.0-80.0) 61.5 (30.0-85.0)

Gender

Male 153 (85.0) 153 (86.9)

Female 27 (15.0) 23 (13.1)

Race

Unknown 3 (1.7) 6 (3.4)

White 121 (67.2) 118 (67.0)

Black or African American 24 (13.3) 26 (14.8)

Asian 27 (15.0) 23 (13.1)

American Indian or
Alaska Native

2 (1.1) 1 (0.6)

Not reported 3 (1.7) 2 (1.1)

ECOG performance status

0 65 (36.1) 70 (39.8)

1 111 (61.7) 100 (56.8)

2 4 (2.2) 6 (3.4)

Extent of disease

Locally advanced 75 (41.7) 75 (42.6)

Metastatic 105 (58.3) 101 (57.4)

Hepatitis status

Missing 81 (45.0) 86 (48.9)

None 36 (20.0) 37 (21.0)

Hepatitis B 16 (8.9) 17 (9.7)

Hepatitis C 38 (21.1) 32 (18.2)

Hepatitis B and C 9 (5.0) 4 (2.3)

Histologic grade

Missing 3 5

Grade cannot be assessed 33 (18.6) 39 (22.8)

Well differentiated 41 (23.2) 39 (22.8)

Moderately differentiated 68 (38.4) 58 (33.9)

Poorly differentiated 35 (19.8) 31 (18.1)

Undifferentiated 0 4 (2.3)

Baseline AFP, median
(range), ng/mL

137.0
(0.0-514 014.0)

134.4
(0.0-494 082.0)

Prior therapy

Surgery 47 (26.6) 51 (29.5)

Locoregional therapy 33 (18.6) 33 (19.1)

Adjuvant 4 (2.3) 1 (0.6)

Abbreviations: ECOG, Eastern Cooperative Oncology Group;
AFP, alpha-fetoprotein.
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verse events were comparable (138 [83.1%] and 118 [76.9%] pa-
tients, respectively). Observed nonhematologic grade 3 and 4
toxicities that occurred with an incidence of more than 4% in
at least one arm included fatigue (21 [12.6%] patients in the
doxorubicin plus sorafenib arm, and 17 [10.1%] in the sorafenib
only arm), hypertension (8 [4.8%] and 23 [13.6%] patients),
hand-foot skin reaction (22 [13.3%] and 24 [14.2%] patients),
nausea (11 [6.6%] and 12 [7.1%] patients), mucositis (15 [9.0%]
and 4 [2.4%] patients), abdominal pain (8 [4.8%] and 14 [8.3%]
patients), and diarrhea (12 [7.2%] and 12 [7.1%] patients)
(eTable 4 in Supplement 2).

Grade 3 and 4 cardiac toxic events were limited to pa-
tients in the doxorubicin plus sorafenib arm. Left ventricular
systolic dysfunction and decreased ejection fraction rates were
noted in 5 (3.0%) and 8 (4.8%) patients taking doxorubicin plus
sorafenib, respectively.

Of 46 deaths (22 in the doxorubicin plus sorafenib arm and
24 in the sorafenib arm), 7 in the doxorubicin plus sorafenib arm,
and 3 in the sorafenib arm, were possibly related to treatment.

Discussion

This phase 3 randomized clinical trial evaluating the addition of
doxorubicin to sorafenib in the treatment of advanced HCC is a
landmark study. It represents, to our knowledge, the first US na-
tional effort of a phase 3 clinical trial for advanced HCC that was
ledbytheAllianceNationalClinicalTrialsNetworkgroupcollabo-
rating successfully with Eastern Cooperative Oncology Group–
American College of Radiology Imaging Network, Canadian Can-
cer Trials Group, and Southwest Oncology Group. This is also to
our knowledge the first published product of collaborative work
of the NCI Hepatobiliary Task Force that was established around
the same time with oversight from the NCI Gastrointestinal
Cancer Steering Committee.

This study demonstrates that the addition of doxorubi-
cin to sorafenib treatment does not improve OS and also
strongly suggests that doxorubicin does not have a role as a
systemic therapy for patients with advanced HCC.18 This also
substantiates a previous finding that the addition of doxoru-
bicin to therapy does not improve outcomes when combined
with locoregional intrahepatic embolization.19

The experimental arm was designed following the results
from a randomized phase 2 trial3 that combined doxorubicin and
sorafenib based on laboratory evidence of the deactivation
of the multidrug resistance pathway by the Ras/Raf/MEK/ERK
pathway20 and bFGF-mediated activation of Raf-1 promoting the
formation of antiapoptotic Raf-1 and ASK1 complex, induced by
anthracyclines.21,22 The OS for those on sorafenib monotherapy
was in the expected range (9.4 months), but the patients receiv-
ing the doxorubicin and sorafenib combination had a survival of
just 9.3 months; that contrasts with the OS of 13.7 months in the
cohort of patients treated with doxorubicin and sorafenib in the
preceding randomized phase 2 trial.5

Although this study, like almost every other contempo-
rary study in HCC, was restricted to patients who could have
no worse than Child-Pugh grade A cirrhosis, HCC is a very
heterogeneous disease, and similar patient populations can
have very different outcomes (eg, the SHARP North American/
European and the Asia-Pacific sorafenib phase III trials).1,2

After 130 (of the planned 480) patients experienced dis-
ease progression, a statistically significant difference in PFS
favoring the doxorubicin plus sorafenib arm was mandatory
for the study to continue accrual. The study met that metric,
yet with continued accrual, OS did not prove to be any better
when accrual was complete.

Table 2. Observed Treatment Responses (RECIST 1.1) by Regimen

Characteristic

No. (%)
Doxorubicin Plus
Sorafenib (n = 180)

Sorafenib
(n = 176)

Missing, No. 30 28

Complete response 1 (0.7) 0

Partial response 14 (9.3) 8 (5.4)

Stable disease 85 (56.7) 89 (60.1)

Progressive disease 44 (29.3) 47 (31.8)

Not evaluable 6 (4.0) 4 (2.7)

Abbreviation: RECIST, Response Evaluation Criteria in Solid Tumors, version 1.1.

Figure 2. Overall and Progression-Free Survival
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A, The median overall survival was 9.3 months in patients treated with
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months among those treated with sorafenib alone.
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The doxorubicin plus sorafenib combination can be added
to a long list of phase 2 treatments in any cancer that were not
sustainedinphase3trials.Beyondthepossibleconfounderslisted
above, it appears that the toxicity of doxorubicin was a major fac-
tor despite the observed adverse events of both doxorubicin and
sorafenib as previously noted,3 with an observed and expected
increase in the rates of grade 3 or greater adverse events for the
doxorubicin plus sorafenib arm compared with the sorafenib
alone arm. The increased rate of doxorubicin-associated cardiac
toxic events in this study was not unexpected, and it is unclear
whether it was attributable to a sorafenib-induced increase in
doxorubicin area under the curve or to other factors.23

Limitations
Regardless of the outcome, this study has certain limitations. Raf
inhibition of sorafenib may play a limited role compared with
other attributes of the drug that would not necessarily support
the combination. It is also a reminder of the criticality of phase
3 trials in the setting of promising phase 2 data.5 Despite the de-
taileddescriptorsofthestudypopulationwithChild-Pughscores,
further details delineating portal vein thrombosis among others

would have been helpful. The relatively low median daily dose
of sorafenib and starting dose based on bilirubin level may also
explain the poor outcome of the study.

Conclusions
Despite the negative outcomes of this study, the data ob-
tained from patients enrolled in the sorafenib control arm are
of key importance. They will help provide insights into a se-
ries of correlative research questions that are being studied that
will provide data pertinent to patients with HCC. Ongoing
planned analyses include a prospective evaluation of radio-
graphic tumor necrosis for association with treatment re-
sponse building on prior studies,17,24 studies of hepatitis C vi-
ral load and quasispecies changes on therapy, and baseline
platelets level and correlation with biology and outcome,18 as
described in the methods section.

The study is timely considering the continued rising inci-
dence of HCC in the United States25 and the critical need for
better treatments for patients with advanced HCC.
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