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BACKGROUND: Second-line treatment options in advanced hepatocellular carcinoma (HCC) are limited. Axitinib, a selective potent

tyrosine kinase inhibitor (TKI) of vascular endothelial growth factor VEGF) receptors 1, 2, and 3, merits exploration in HCC. METHODS:

This was a single-arm phase II trial of axitinib in advanced HCC. Eligible patients were Child-Pugh A/B7, with measurable progressive

disease after TKIs/antiangiogenic drugs. Axitinib was started at 5 mg twice daily orally, titrated from 2 to 10 mg twice daily as toler-

ated. The primary end point was tumor control at 16 weeks by RECIST1.1; secondary end points were response rate, comparing

response by RECIST1.1 to Choi and modified RECIST, exploring dynamic contrast-enhanced imaging models, safety, progression-free

(PFS), and overall survival (OS). RESULTS: Thirty patients were treated. Of 26 patients evaluable for response, there were 3 partial

responses (PR) per RECIST1.1; 13 PR by Choi, 6 PR and 1 complete response by modified RECIST. Tumor control rate at 16 weeks was

42.3%. Two-week perfusion changes were noted on functional imaging. Of 21 patients with evaluable a-fetoprotein response, 43% had

>50% decrease from baseline. Most common axitinib-related grade 3/4 adverse events (AEs) were hypertension, thrombocytopenia

and diarrhea. Of 11 patients with any grade hypertension, 7 had disease control >36wks. Four patients discontinued treatment due to

AEs. Median PFS was 3.6months. Median OS was 7.1months. CONCLUSIONS: With 42.3% tumor control at 16weeks, primary endpoint

was met. Axitinib has shown encouraging tolerable clinical activity in VEGF-pretreated HCC patients but further study should be in a

selected population incorporating potential biomarkers of response. Cancer 2015;121:1620-7. VC 2015 American Cancer Society.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related mortality worldwide.1 Angiogenesis plays a
key role in growth and metastasis of many tumors, including HCC.2 Sorafenib (oral multikinase inhibitor), has been
established as standard first-line therapy for advanced HCC.3,4

There is no standard systemic therapy for patients who progress on prior antiangiogenics in advanced HCC. In
recent phase III studies in patients with advanced HCC that progressed on sorafenib, reported median time to progression
(TTP) for the placebo arms were 2.7 months5 and 2.6 months,6 whereas median overall survival (OS) for the placebo
groups was 8.2 months5 and 7.33 months.6 Axitinib, an oral, potent selective inhibitor of vascular endothelial growth fac-
tor (VEGF) receptors 1, 2, and 3 may have activity in HCC refractory to first-line therapy with multikinase inhibitors and
is a treatment option for second-line therapy of advanced renal cell carcinoma progressing on first-line VEGF therapy,7

allaying concerns that prior exposure (any length) to antiangiogenics may alter the efficacy of axitinib.
Standard assessment of treatment efficacy in patients receiving antiangiogenics is particularly challenging in the

HCC population. Modified Response Evaluation Criteria in Solid Tumors (mRECIST) assesses response in patients with
HCC based on measurement of presumed viable tumor with arterial enhancement on a computerized tomography (CT)
scan. Modified RECIST assessment of response to sorafenib in 1 study8 identified a population of patients who included
22.6% responders, possibly more in line with treatment efficacy in terms of OS than the 2%-3% response rate (RR) as
assessed by RECIST reported in the SHARP study.3
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The Choi criteria, incorporating tumor density and
tumor size, were developed to evaluate tumor response in
patients with metastatic gastrointestinal stromal tumors
undergoing treatment with imatinib mesylate.9 It has been
suggested that Choi criteria and mRECIST are more
appropriate than RECIST1.110 for identifying responders
with long survival among advanced HCC patients benefit-
ing from sorafenib.11 Prospective validation is lacking.
Finally, dynamic contrast-enhanced ultrasound (DCE-US)
may provide an early measure of efficacy for antiangiogen-
ics such as sorafenib in patients with advanced HCC.12

In this study we aimed to evaluate axitinib as
second-line treatment in advanced HCC to compare
response by RECIST1.1 with Choi and mRECIST crite-
ria and to explore early tumor vasculature changes on
DCE-US.

MATERIALS AND METHODS

Study Design

This was a single-arm, open-label phase II study employing
Simon’s optimum 2-stage design13 in which axitinib was
administered in the second-line setting in patients with unre-
sectable and/or metastatic HCC. The trial (NCT01334112)
was run in 2 institutions (Princess Margaret Cancer Centre,
Toronto, Ontario, and Tom Baker Cancer Centre, Calgary,
Alberta, Canada) and carried out in accordance with the
ethics committees of the participating institutions. Informed
consent was obtained from each patient.

Using axitinib as second-line treatment, it was desir-
able that tumor control such as response (RECIST1.1) or
stable disease (SD) be seen in >20% of patients at 16
weeks versus a 5% tumor control rate as the null hypothe-
sis, considered a clinically meaningful radiological end
point in this population14,15 at the time of protocol devel-
opment, based on median time to symptom progression
with first-line sorafenib,3 TTP, and median progression-
free survival (PFS)/PFS rate in second-line studies.16,17

The power was set at 80% and type I error at .05.
Ten patients were to be accrued in stage 1, an additional
20 patients in stage 2, for a total of 30. If no responses by
RECIST1.1 or excessive toxicity were seen at the end of
stage 1, the plan was to terminate the study.13

Inclusion and Exclusion Criteria

Inclusion criteria included unresectable and/or metastatic
HCC, either biopsy proven or with clinical evidence of
HCC (fulfilling standard imaging criteria for HCC and
having an a-fetoprotein [AFP] level >200 ng/mL),18,19

with recorded disease progression following treatment
with antiangiogenics; measurable tumor lesions not

treated with local therapy; >2 weeks since prior systemic
treatment, radiotherapy, or surgery; no uncontrolled
hypertension; ECOG performance status 0-1; Child-
Pugh A/stable B7 cirrhosis; Cancer of the Liver Italian
Program score �4; adequate hematological function (ini-
tially absolute neutrophil count [ANC] �1.5 3 109/L,
platelets �75 3 109/L, amended after 12 patients were
enrolled to allow patients with ANC�1.2 3 109/L, plate-
lets �60 3 109/L), hepatic function (total bilirubin
<2.9 mg/dL, AST/ALT �5 times the upper limit of nor-
mal [ULN]), and renal function (serum creatinine �1.5
3 ULN or calculated creatinine clearance� 60 mL/min).

Key exclusion criteria included active gastrointesti-
nal bleeding (screening upper endoscopy required), re-
fractory ascites, concomitant cytochrome P4503A4
(CYP3A4) inhibitors/inducers or CYP1A2 inducers, con-
comitant oral anticoagulants, or prior allograft.

Study End Points

The primary end point was tumor control rate including
response rate as assessed by CT scan at 16 weeks using
RECIST1.1 criteria.14,15 Secondary end points were safety
(including adverse events profile and rate of grade 3/4 toxic-
ity, graded according to NCI CTCv4.03),20 OS, and PFS.
In addition, response was estimated using Choi and mRE-
CIST criteria; changes in tumor vascular perfusion were
evaluated by DCE-US. An exploratory analysis of axitinib-
induced hypertension to explore the association between
hypertension and survival outcomes was conducted.

Treatment

Starting dose of axitinib was 5 mg twice daily orally with
food on a continuous 28-day cycle until progressive dis-
ease (PD)/intolerable toxicity. Dose was reduced accord-
ing to protocol-specified criteria or for lower grade
toxicities, if investigator deemed dose reduction/delay was
required in the interest of patient safety. Two dose reduc-
tion levels were permitted — initially 3 mg twice daily
and then 2 mg twice daily.

Patients who tolerated axitinib with no AEs related
to the study drug above NCI CTC AE grade 2 for a con-
secutive 4-week period had their dose increased to 7 mg
twice daily and to a maximum of 10 mg twice daily
(unless the patient’s blood pressure was >150/90 mm
Hg; an amendment allowed escalation if hypertension was
controlled medically).21

Efficacy Assessment

Tumor response was assessed every 8 weeks via CT using
RECIST1.1,10 Choi criteria,9 and mRECIST.8 All 3
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assessment methods were completed by a radiologist
blinded to clinical outcome. There was adherence to
standard definitions for response.8-10 As per protocol, all
patients who had received at least 2 cycles of therapy and
had their disease reevaluated were considered evaluable
for response (exceptions were those who exhibited objec-
tive PD prior to end of cycle 1, also considered evaluable).
Individual patient numbers were assigned to patients
evaluable for response by RECIST1.1 for use in figures/
tables to enable ease of reader comparison with other
imaging/biomarker modalities.

Biomarker Assessments

Tumor blood volume was measured using DCE-US22 at
baseline and 2 weeks after starting axitinib (correlated
with PFS and OS). DCE-US was only available in the
Princess Margaret Cancer Centre. Serum AFP levels were
collected every 4 weeks. Patients who had baseline AFP
>ULN and at least 1 on-study AFP measurement were
analyzed. An AFP response was defined as>50% decrease
in AFP level.

Statistical Methods

Baseline demographics and clinical characteristics of
patients treated/AEs are summarized. Response rate (RR)
was defined as the percentage of patients with a confirmed
CR/PR on treatment. Tumor control was defined as the
percentage of patients with a CR/PR/SD at the 16-week
CT scan. Kaplan-Meier estimates of OS were calculated
from date of first dose until death or censored on date of
last follow-up, and PFS was calculated to date of progres-
sion or death. The score test was performed to test the
associations between survival outcomes and percentage
change in sum of diameters of tumor lesions from baseline
using RECIST1.1, Choi criteria, mRECIST, and percent-
age change from baseline in DCE-US. Survival differences
between groups with and without hypertension or with
and without AFP reduction while on axitinib were exam-
ined using the log-rank test. All analyses were performed
using SAS v9.3 (Cary, NC). Apart from the primary end
point, there was no adjustment for multiple testing, as all
secondary end points were exploratory. Multivariable
analysis was not performed because of insufficient events.

RESULTS

Patient Characteristics

Thirty patients were enrolled in this trial (January 2011-
October 2013). Baseline characteristics are summarized in
Table 1. Median duration on prior systemic treatment
was 4 months. Median duration of axitinib treatment was
4 cycles (range, 1-23 cycles). Twenty-six patients were
evaluable for tumor control. Thirty patients were evalu-
able for toxicity.

Toxicity

Treatment-related AEs are summarized in Table 2. The
most frequently reported grade 3/4 AEs were hyperten-
sion (16.7%), thrombocytopenia (13.3%), and diarrhea
(10.0%). No bleeding events and no grade 4 hyperten-
sion/diarrhea were recorded. There were 2 patients with
grade 4 thrombocytopenia; neither had portal vein throm-
bosis. One of these patients had a dose delay of 1 week,
and axitinib was restarted at dose minus 1 on platelet re-
covery, which was tolerated. The other patient had treat-
ment discontinued and was treated with intravenous
immunoglobulin and then with prednisone for idiopathic
thrombocytopenic purpura, with some recovery of plate-
lets prior to eventual death secondary to PD. Eleven
patients (36.7%) experienced palmar-plantar erythrody-
sesthesia syndrome, with 9 patients (30%) experiencing
only grade 1/2 events. Dose escalation >5 mg twice daily
was achieved in 6 patients (20%). No patient had dose

TABLE 1. Baseline Characteristics of All Patients
Treated (n 5 30)

Characteristic n (%)

Male 21 (70)

Female 9 (30)

Median age, years (range) 64 (18-78)

Asian 13 (43)

Non-Asian 17 (57)

Eastern Cooperative Oncology Group performance status

0 9 (30)

1 21 (70)

Child-Pugh status

A 22 (73)

B7 8 (27)

Cancer of the Liver Italian Program score

1 9 (30)

2 7 (23)

3 11 (37)

4 3 (10)

Barcelona Clinic Liver Cancer staging system

C 30 (100)

Hepatocellular carcinoma etiology

Hepatitis B 10 (33)

Hepatitis C 7 (23)

Alcohol 5 (17)

Unknown 8 (27)

Portal vein thrombus 7 (23)

Extrahepatic spread 27 (90)

Prior systemic therapy

Sorafenib alone 24 (80)

Sorafenib/Doxorubicin (Clinical trial) 4 (13)

Temsirolimus/Bevacizumab (Clinical trial) 2 (7)

Prior local therapy

Surgery 11 (37)

Radiofrequency ablation 4 (13)

Transcatheter arterial chemoembolization 4 (13)

Radiotherapy 5 (17)
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escalation >7 mg twice daily because of patient intoler-
ance of grade 1/2 events. Dose interruptions or reductions
were common: 40% and 43%, respectively, with no dif-
ference in dose density between Child-Pugh A/B7
patients. Eight patients (26.7%) discontinued treatment
because of AEs, 4 (13.3%) considered related to axitinib
(diarrhea, 2; thrombocytopenia, 1; fatigue, 1; progression,
4). Nineteen patients (63.3%) discontinued treatment
secondary to PD.

Clinical Efficacy: Response

Twenty-six patients were evaluable for the primary end
point, tumor control rate using RECIST1.1 at 16 weeks.
Four patients were not evaluable. Axitinib induced a PR
in 1 patient and SD in 10 patients. The tumor control
rate was 42.3% (95% CI, 22.3%-63.1%). Two more
patients developed a PR by RECIST1.1 >32 weeks and
>93 weeks post commencement of axitinib, for an overall
RR of 11.5%.

Median duration of tumor control on treatment was
3.6 months (range, 1.1-23.4 months; Fig. 1). As of the
time of writing, 2 patients remain on axitinib treatment
without progression for 16.8 and 23.4 months (both pro-
gressed on sorafenib in<4 months).

Of 26 patients evaluable for response, best responses
to treatment with axitinib using RECIST1.1 were: PR, 3
patients (11.5%); SD,�16 weeks; 20 patients (77%); and
PD, 3 patients (11.5%). Best responses to treatment with
axitinib using Choi criteria were: PR, 13 patients
(50.0%); SD, 10 patients (38.5%); unable to determine
in 3. Best responses to treatment with axitinib using mRE-
CIST were: CR, 1 patient (3.8%); PR, 6 patients
(23.1%); SD, 14 patients (53.8%); and nonavailability of
arterially perfused target lesions (generally lung lesions) in

5 patients (19.3%). Responses to axitinib were higher
with Choi criteria than with RECIST1.1 or mRECIST.

Waterfall plots of the greatest percentage change in
the sum of diameters of tumor lesions, and in tumor
attenuation from baseline in patients with available repeat
scans by the 3 methods and in AFP changes from baseline
are shown in Figure 2a-d.

The greatest percentage change in the sum of diame-
ters of tumor lesions from baseline was prognostic for PFS
(P 5 .0005) and OS (P 5 .04) using RECIST 1.1.

The greatest percentage change in the sum of differ-
ence in tumor attenuation from baseline was prognostic for
PFS (P 5 .002) and for OS (P 5 .008) using Choi criteria.

The greatest percentage change in the sum of diame-
ters of tumor lesions from baseline was not prognostic for
PFS (P 5 .13) or OS (P 5 .07) using mRECIST.

Provided in Table 3 is a summary of best response
by RECIST1.1, Choi criteria, mRECIST, greatest AFP
percentage change on study, and 2-week DCE-US tumor
blood volume percentage change from baseline for indi-
vidual patients, with Child-Pugh status and tumor differ-
entiation correlation.

Clinical Efficacy: PFS and OS

With a median follow-up time of 7.0 months (range, 1.8-
27.3 months) for all patients, median PFS for all patients
was 3.6 months (95% CI, 2.8-9.2 months; Fig. 3a);
for Asians, it was 4.6 months versus 3.0 months for non-
Asians (P 5 .56); for Child-Pugh A, it was 4.1 months
versus 2.8 months for Child-Pugh B7 (P 5 .20).

Median OS for all patients was 7.1 months (95%
CI, 6.3-13.7 months; Fig. 3b); for Asians, it was 9.7
months versus 6.6 months for non-Asian (P 5 .19); for
Child-Pugh A, it was 8.2 months versus 3.0 months for
Child-Pugh B7 (P 5 .09).

TABLE 2. Treatment-Related Adverse Events (All Grades Occurring in More Than 10% of Patients)

Adverse event Grade1/2, n (%) Grade 3, n (%) Grade 4, n (%) Total, n (%)

Anorexia 19 (63.4) 1 (3.3) 0 20 (66.7)

Diarrhea 14 (46.7) 3 (10.0) 0 17 (56.7)

Fatigue 14 (46.7) 1 (3.3) 0 15 (50.0)

Hypertension 6 (20.0) 5 (16.7) 0 11 (36.7)

Palmar-plantar erythrodysesthesia

syndrome

9 (30.0) 2 (6.7) 0 11 (36.7)

Nausea 9 (30.0) 1 (3.3) 0 10 (33.3)

Dysphonia 9 (30.0) 0 0 9 (30.0)

Thrombocytopenia 3 (10.0) 2 (6.6) 2 (6.6) 7 (23.2)

Weight loss 7 (23.3) 0 0 7 (23.3)

Proteinuria 5 (16.7) 1 (3.3) 0 6 (20.0)

Hyponatremia 3 (10.0) 2 (6.7) 0 5 (16.7)

Vomiting 5 (16.7) 0 0 5 (16.7)

Pruritis 4 (13.3) 0 0 4 (13.3)

Stomatitis 4 (13.3) 0 0 4 (13.3)
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Biomarker Results

Data were available for 12 patients using DCE-US infu-
sion technique at baseline and 2 weeks after starting axiti-
nib because of the inability to measure lesions at both

times in some patients. A decrease in tumor blood volume
as measured using DCE-US 2 weeks post commencement
of axitinib (8 of 12 patients), predicted better OS
(P 5 .05) but not PFS (P 5 .06).

Twenty-one patients had a baseline AFP >ULN.
Nine patients (43%) had an AFP response. The median
PFS for those patients who had <50% decline in AFP
levels was 3.5 months (95% CI, 2.3 months to not
reached), and 2.7 months (95% CI, 2.3 months to not
reached) in those patients whose AFP was within ULN
at baseline versus 6.7 months (95% CI, 3.6 months to
not reached) in those who had >50% AFP decline
(P 5 .33).

Median OS for those patients who had <50%
decline in AFP levels was 6.9 months (95% CI, 6.3
months to not reached), and 6.6 months (95% CI, 3.1
months to not reached) in those patients whose AFP was
within ULN at baseline, versus 12.0 months (95% CI, 6.6
months to not reached) in those who had a >50% AFP
decline (P 5 .13).

Figure 1. Stable disease duration (months) for evaluable
patients by RECIST including those with grades 1 (G1)23
hypertension (HTN; n 5 26).

Figure 2. Waterfall plots of the greatest percent change, in the sum of diameters of tumor lesions, and tumor attenuation, from
baseline in individual patients with available repeat scans by (a) RECIST 1.1 (n 5 26), (b) mRECIST (n 5 21), and (c) Choi criteria
(n 5 23) and in (d) AFP changes from baseline, in patients with baseline AFP greater than the upper limit of normal and at least 1
on-study AFP level. Dashed line represents the cutoff for partial response in a-c; dashed line represents 50% decrease from base-
line in d.

Original Article

1624 Cancer May 15, 2015



Results of Exploratory Analysis: Hypertension

Median time to hypertension on study was 2 weeks. Me-
dian PFS in 11 patients who developed CTCAEv4.03
grades 1-3 hypertension was 10.7 months (95% CI, 5.5
months to not reached) versus 2.8 months (95% CI, 2.3-
4.6 months) in those who did not (P 5 .0004).

Median OS in those 11 patients who developed
hypertension was 17.2 months (95% CI, 13.5 months
to not reached) versus 6.0 months (95% CI, 3.1-9.0
months) in those who did not (P< .0001). Five patients
had preexisting hypertension, which was controlled on
antihypertensives prior to entering the trial. It is also
interesting that 7 of these hypertensive patients
remained on axitinib for >36 weeks, and this was where
we saw most of the PRs by RECIST and the other
modalities.

DISCUSSION
Typical RR to first-line sorafenib for treatment of
advanced HCC was 2-8%, with SD as the best response:
33%-71%,3,23 (no cutoff for tumor control highlighted).
Second-line therapy would be expected to have a lower
RR and incidence of SD.

With a 16-week cutoff, axitinib induced a PR in 1
patient and SD in 10 patients, equivalent to a RR of 3.8%
and tumor control of 42.3%, thus meeting the primary
end point of this study. Overall RR was 11.5%.

The median PFS and OS assessed by RECIST 1.1
for all patients enrolled were disappointing, 3.6 and 7.1
months, respectively. Another agent previously studied in
the second-line setting was brivanib. The median TTP
and OS in that phase II study (modified WHO tumor
response criteria) were 2.7 and 9.8 months, respectively,16

TABLE 3. Summary of Best Response by RECIST 1.1, Choi Criteria, mRECIST, Greatest AFP Percentage
Change, and 2-Week DCE-US Tumor Blood Volume Percentage Change From Baseline for Individual
Patients With Child-Pugh Status and Tumor Differentiation Correlation

Patienta
Child-Pugh

Status
Tumor

Differentiation
Best Response

RECIST 1.1b

Best
Response Choi

Criteria

Best
Response
mRECISTc

Greatest AFPd

Change From
Baseline (%)

Two-Week DCE-USe

Tumor Blood Volume
Change From Baseline (%)

1 A5 Moderate SDf SD SD NA NA

2 A5 NA SD SD SD 262 NA

3 A5 Moderate SD PRg SD 246 NA

4 A5 Poor SD PR PR 249 229

5 A5 Moderate SD PR SD 271 280

6 A5 NA SD PR SD 285 NA

7 B7 Moderate SD PR CRh 285 NA

8 A5 NA SD PR SD 213 149

9 B7 NA SD SD SD 267 251

10 B7 NA SD PR SD 246 237

11 A5 Moderate PR PR PR 0 244

12 A5 Moderate SD SD SD 0 219

13 A5 Poor SD PR PR 264 NA

14 A5 Poor PDi NAj NA 0 NA

15 A5 Moderate PR PR PR 2100 284

16 A6 NA SD SD SD NA 1436

17 A5 Moderate SD SD SD NA 270

18 A5 Moderate SD PR PR 229 175

19 A5 Moderate SD PR PR 221 NA

20 A6 Moderate SD SD SD 269 123

21 A5 Moderate PR SD NA 211 NA

22 B7 Well SD SD SD NA NA

23 A5 Well SD SD NA 125 NA

24 A5 Well SD PR SD 138 NA

25 B7 Well PD NA NA NA NA

26 A5 Well PD NA NA 270 NA

a Individual patient numbers were assigned to 26 patients evaluable for response by
b Response Evaluation Criteria in solid tumors 1.1 (RECIST 1.1) for the purpose of this article to enable ease of reader comparison with other imaging and bio-

marker modalities
c mRECIST, modified Response Evaluation Criteria in Solid Tumors
d AFP, a-fetoprotein (patients included were those with baseline AFP greater than upper limit of normal and at least 1 on-study AFP measurement)
e DCE-US, dynamic contrast-enhanced ultrasound
f SD, stable disease
g PR, partial response
h CR, complete response
i PD, progressive disease
j NA, not available.
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and 4.2 and 9.4 months using mRECIST in the phase III
study, with no significant improvement in OS.5 Similarly,
everolimus demonstrated a median PFS and OS of 3.8
and 8.4 months, respectively,17 in the phase II setting,
with a negative phase III trial versus placebo reported.6

Therefore, despite variation in imaging assessments
between these studies, based on the failure of brivanib and
everolimus to demonstrate positive results in the phase III
second-line setting after sorafenib progression, it is
unlikely that axitinib, which yielded PFS and OS results
similar to these agents, would produce favorable results in
an unselected population of patients in a phase III clinical
trial.

However, clinical activity was observed in some
patients on this drug. Median PFS and OS in 11 patients
who developed hypertension while on axitinib treatment
were 10.7 and 17.2 months, respectively, which is in-
triguing. Median time to onset of hypertension in this
study was 2 weeks, negating lead-time bias. Hyperten-
sion is primarily a VEGF-mediated process,24 and these
results are comparable to findings in a phase III random-
ized study of axitinib in patients with metastatic renal
cell carcinoma.25 This phenomenon raises the query of
whether dose-escalating axitinib in an endeavor to
achieve hypertension, better antitumor activity and
hence better survival may improve patient benefit and
requires further study. In the present study, dose escala-
tion of axitinib above 5 mg twice daily was only achieved
in 20%; therefore, dose dependence could not be defini-
tively assessed, but we may have been too cautious with
escalation. It does introduce the possibility of a trial
design that selects patients to continue axitinib following
early observation of hypertension as a potential bio-
marker response of clinically relevant benefit.

In this study of axitinib as second-line treatment for
HCC, we report prospective, comparative changes in tu-
mor measurements using different radiological response
criteria. Changes in tumor density from baseline using
RECIST1.1 and Choi criteria9 were prognostic for both
PFS and OS. Modified RECIST (may be subjective when
no central review) was not prognostic for OS. Therefore,
Choi criteria, in addition to RECIST1.1, may be more
helpful as a standard treatment efficacy assessment, partic-
ularly in patients who are receiving antiangiogenics.

Contrast-enhanced US may warrant further study in
larger trials, as it may provide an early measure of efficacy
for antiangiogenics.12 In this preliminary study with a
small number of patients, a decrease in tumor blood vol-
ume, as measured using DCE-US, 2 weeks after starting
axitinib, predicted better OS.

Limitations of this study include that it was a single-
arm phase II trial whose objective was to provide an early
signal rather than proof of efficacy. Also, exploratory
pharmacokinetic or tumor molecular characterization was
not included. For treatment advancement, biomarker-
based trials, with enrichment of HCC subpopulations
may be crucial for seeing a benefit. This is the strategy
with MET-positive tumors and tivantinib.26

However, this is novel data on the use of axitinib as
second-line treatment for advanced HCC in a patient
population that presently has no proven therapeutic
options. Toxicity on axitinib was manageable, and a signal
of activity was observed. Three other phase II studies of
axitinib as second-line treatment of advanced HCC are
ongoing or in follow-up.27-29 One study has reported that
axitinib statistically significantly improved median PFS
(3.6 versus 1.9 months with placebo) but not OS. Re-
gional differences in efficacy were noted. However, the

Figure 3. (a) Kaplan-Meier curve for progression-free survival (n 5 30). Open circles represent censored patients. (b) Kaplan-
Meier curve for overall survival (n 5 30). Open circles represent censored patients.
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desired HR for OS, 0.6, may have been overoptimistic,
but the trend to better survival of 12.7 versus 9.7 months
is encouraging.28 The combined experience should help
to indicate the best design for taking this drug forward in
select HCC patients, with valuable experience being
gleaned from studies investigating agents in unselected
HCC populations.27-30

In conclusion, axitinib has shown interesting tolera-
ble clinical activity in this VEGF-pretreated HCC patient
population. Future studies should incorporate potential
biomarkers of response (AFP reduction, hypertension)
and pharmacokinetic analysis in an effort to improve the
therapeutic index of targeted drugs and guide biomarker
development, thus enabling a greater understanding of
the entity that is HCC.

FUNDING SUPPORT
This was an investigator-initiated study and was funded in part by
Pfizer Canada. Dr. Jennifer J. Knox acquired this funding.

CONFLICT OF INTEREST DISCLOSURES
The authors made no disclosures.

REFERENCES
1. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.

Estimates of worldwide burden of cancer in 2008: GLOBOCAN
2008. Int J Cancer. 2010;127:2893-2917.

2. Yang ZF, Poon RT. Vascular changes in hepatocellular carcinoma.
Anat Rec (Hoboken). 2008;291:721-734.

3. Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced hepa-
tocellular carcinoma. N Engl J Med. 2008;359:378-390.

4. Cheng AL, Kang YK, Chen Z, et al. Efficacy and safety of sorafenib
in patients in the Asia-Pacific region with advanced hepatocellular
carcinoma: a phase III randomized, double-blind, placebo-controlled
trial. Lancet Oncol. 2009;10:25-34.

5. Llovet JM, Decaens T, Raoul JL, et al. Brivanib in patients with
advanced hepatocellular carcinoma who were intolerant to sorafenib
or for whom sorafenib failed: results from the randomized phase III
BRISK-PS study. J Clin Oncol. 2013;31:3509-3516.

6. Zhu AX, Kudo M, Assenat E, et al. EVOLVE-1: Phase 3 study of
everolimus for advanced HCC that progressed during or after sorafe-
nib. J Clin Oncol. 2014;32(Suppl 3) :abstract 172.

7. Rini BI, Escudier B, Tomczak P, et al. Comparative effectiveness of
axitinib versus sorafenib in advanced renal cell carcinoma (AXIS): a
randomized phase 3 trial. Lancet. 2011;378:1931-1939.

8. Edeline J, Boucher E, Rolland, et al. Comparison of tumor response
by Response Evaluation Criteria in Solid Tumors (RECIST) and
modified RECIST in patients treated with sorafenib for hepatocellu-
lar carcinoma. Cancer. 2012;118:147-156.

9. Choi H, Charnsangavej C, de Castro Faria S, et al. CT evaluation
of the response of gastrointestinal stromal tumors after imatinib
mesylate treatment: a quantitative analysis correlated with FDG PET
findings. AJR Am J Roentgenol. 2004;183:1619-1628.

10. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evalua-
tion criteria in solid tumours: revised RECIST guideline (version
1.1). Eur J Cancer. 2009;45:228-247.

11. Ronot M, Bouattour M, Wassermann J, et al. Alternative response
criteria (Choi, European Association for the Study of the Liver, and
Modified Response Evaluation Criteria in Solid Tumors [RECIST])
versus RECIST 1.1 in patients with advanced hepatocellular carci-
noma treated with sorafenib. Oncologist. 2014;19:394-402.

12. Zocco MA, Garcovich M, Lupascu A, et al. Early prediction of
response to sorafenib in patients with advanced hepatocellular carci-
noma: the role of dynamic contrast enhanced ultrasound. J Hepatol.
2013;59:1014-1021.

13. Simon R. Optimal two-stage designs for phase II clinical trials. Con-
trol Clin Trials. 1989;10:1-10.

14. Thomas MB, Morris JS, Chadha R, et al. Phase II trila of the com-
bination of Bevacizumab and erlotinib in patients who have
advanced hepatocellular carcinoma. J Clin Oncol. 2009;27:843-850.

15. Boige V, Malka D, Bourrediem A, et al. Efficacy, safety and bio-
markers of single-agent bevacizumab therapy in patients with
advanced hepatocellular carcinoma. Oncologist. 2012;17:1063-1072.

16. Finn RS, Kang YK, Mulcahy M, et al. Phase II, open-label study of
brivanib as second-line therapy in patients with advanced hepatocel-
lular carcinoma. Clin Cancer Res. 2012;18:2090-8.

17. Zhu AX, Abrams TA, Miksad R, et al. Phase 1/2 study of everoli-
mus in advanced hepatocellular carcinoma. Cancer. 2011;117:5094-
5102.

18. Bruix J, Sherman M. Management of hepatocellular carcinoma: An
update. Hepatology. 2011;53:1020-1022.

19. Arrieta O, Cacho B, Morales-Espinosa D, Ruelas-Villavicencio A,
Flores-Estrada D, Hernandez-Pedro N. The progressive elevation of
alphafetoprotein for the diagnosis of hepatocellular carcinoma in
patients with liver cirrhosis. BMC Cancer. 2007;7:28.

20. Common Terminology Criteria for Adverse Events v4.03 (CTCAE).
National Cancer Institute Division of Cancer Treatment and Diag-
nosis. Available at: 2010;http://evs.nci.nih.gov/ftp1/CTCAE/
CTCAE_4.03_2010-06-14_QucikReference_8.5x11.pdf. Accessed
May 12, 2014.

21. Rini BI, Melichar B, Ueda T, et al. Axitinib with or without dose ti-
tration for first line metastatic renal cell carcinoma: a randomized
double-blind phase 2 trial. Lancet Oncol. 2013;14:1233-1242.

22. Lamuraglia M, Escudier B, Chami L, et al. To predict progression-
free survival and overall survival in metastatic renal cancer treated
with sorafenib: pilot study using dynamic contrast-enhanced Doppler
ultrasound. Eur J Cancer. 2006;42:2472-2479.

23. Abou-Alfa GK, Schwartz L, Ricci S, et al. Phase II study of sorafenib
in patients with advanced hepatocellular carcinoma. J Clin Oncol.
2006;24:4293-300.

24. Yang R, Thomas GR, Bunting S, et al. Effects of vascular endothe-
lial growth factor on hemodynamics and cardiac performance.
J Cardiovasc Pharmacol. 1996;27:838-844.

25. Rini BI, Quinn DI, Baum M, et al. Hypertension among patients
with renal cell carcinoma receiving axitinib or sorafenib: analysis
from the randomized phase III AXIS trial. Target Oncol. 2014;Mar 5
[Epub ahead of print].

26. Santoro A, Rimassa L, Borbath I, et al. Tivantinib for second-
line treatment of advanced hepatocellular carcinoma: a random-
ized, placebo-controlled phase 2 study. Lancet Oncol. 2013;14:
55-63.

27. Axitinib as second-line treatment for advanced hepatocellular
carcinoma. Available at: http://clinical trials.gov/ct2/show/
NCT01273662.

28. Axitinib for the treatment of advanced hepatocellular carcinoma.
Available at: http://clinical trials.gov/ct2/show/NCT01210495.

29. Axitinib versus placebo in patients with advanced hepatocellular car-
cinoma therapy. Available at: http://public.ukcrn.org.uk/NCRN256.

30. Cainap C, Qin SQ, Huang WT, et al. Phase III trial of linifanib
versus sorafenib in patients with advanced hepatocellular carcinoma
(HCC). J Clin Oncol. 2013;31(Supp l4);abstr 249.

Axitinib as Second-Line Treatment in HCC/McNamara et al

Cancer May 15, 2015 1627

http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QucikReference_8.5x11.pdf
http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QucikReference_8.5x11.pdf
http://clinical
http://clinical
http://public.ukcrn.org.uk/NCRN256

