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Background: Early clinical studies of bevacizumab and erlotinib in advanced hepatocellular
carcinoma (HCC) have a tolerable toxicity and a promising clinical outcome. We evaluated
the efficacy and tolerability of this combination as a second-line therapy for HCC refractory
to sorafenib.

Methods: For this single-arm, Phase II study, we recruited patients with Child—Pugh class A
or B liver disease, Eastern Cooperative Oncology Group performance status 0—2, and advanced
HCC that was not amenable to surgical or regional therapies and treatment with sorafenib had
failed (disease progressed or patient could not tolerate sorafenib). Patients received 10 mg/kg
intravenous bevacizumab every 14 days and 150 mg oral erlotinib daily for 28-day cycles
until progression. Tumor response was evaluated every two cycles using Response Evaluation
Criteria in Solid Tumors. The primary end point was the 16-week progression-free survival
rate. Secondary end points included time to progression and overall survival.

Results: A total of 44 patients were enrolled and had a median follow-up time of 33.8 months
(95% confidence interval [CI]: 23.5 months — not defined). The 16-week progression-free
survival rate was 43% (95% CI: 28%—59%), median time to progression was 3.9 months
(95% CI: 2.0-8.3 months), and median overall survival duration was 9.9 months (95% CI:
8.3—15.5 months). Grade 3-4 adverse events included fatigue (13%), acne (11%), diarrhea
(9%), anemia (7%), and upper gastrointestinal hemorrhage (7%).

Conclusion: Bevacizumab plus erlotinib was tolerable and showed a signal of survival benefit in the
second-line setting for patients with advanced HCC. Because standard-of-care options are lacking
in this setting, further studies to identify predictors of response to this regimen are warranted.
Keywords: hepatocellular carcinoma, targeted therapy, bevacizumab, erlotinib, second-line
therapy

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common malignancy worldwide and
the third leading cause of cancer-related mortality, and HCC is now the leading cause
of death in patients with cirrhosis.! In the USA, HCC is the fastest growing cause of
cancer-related mortality in American men.> Notably, poor outcomes with HCC are
mainly due to late stages of disease at diagnosis and lack of effective treatments.
Approximately 80% of HCC patients are initially diagnosed with advanced-stage
disease with underlying cirrhosis, which precludes curative treatment options such
as surgical resection or liver transplantation. Sorafenib is the only approved systemic
therapy for advanced HCC, but it has shown only modest activity in randomized Phase
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IIT trials.* Therefore, patients eventually develop either
progressive disease or intolerance to sorafenib, presenting a
major challenge that warrants the development of second-
line therapies for HCC.

Given that HCC is an angiogenesis-driven tumor, agents
targeting angiogenesis have been investigated, with unsatis-
factory results.>”” Our group and others have reported prom-
ising activity in HCC for the combination of bevacizumab,
an intravenous monoclonal antibody that binds circulating
vascular endothelial growth factor-A ligand, and erlotinib,
an oral tyrosine kinase inhibitor that inhibits phosphorylation
of the intracellular domain of the epidermal growth factor
receptor (EGFR). Notably, several studies showed overex-
pression of EGFR in HCC,*® and the potential involvement
of EGFR in angiogenesis.'

Recent Phase II HCC studies, including two studies in
the first-line setting conducted by our group, indicated that
this combination showed activity in HCC.!""'* However,
variable survival outcomes suggested potential differential
effects with patient demographics, geographic location, HCC
risk factors, and tumor and cirrhosis grade. Furthermore, to
date, no Phase II studies of this combination in the second-
line setting have been reported in the US patients with HCC.
Thus, currently, there are no approved systemic therapies for
patients with advanced HCC that progressed in response to
sorafenib.

We hypothesized that the combination of bevacizumab
plus erlotinib is a viable second-line therapy for advanced
HCC in which treatment with sorafenib has failed. The
primary end point of the current study was the 16-week
progression-free survival (PFS) rate, and secondary end
points included time to progression (TTP), overall survival
(0S), and rates of adverse events.

Methods

We conducted a Phase II, single-arm, open-label study of
bevacizumab plus erlotinib as a second-line therapy for
advanced HCC in which first-line treatment with sorafenib
failed owing to disease progression or drug intolerance. The
study was approved by the Institutional Review Board of The
University of Texas MD Anderson Cancer Center and was
conducted in accordance with the principles of the Declaration
of Helsinki. All patients provided written informed consent.

Eligibility criteria

We recruited patients aged 18 years or older who had
advanced HCC that were not amenable to surgical or regional
therapies and for which prior treatment with sorafenib had
failed. All patients had measurable disease as per modified

Response Evaluation Criteria in Solid Tumors. Prior non-
systemic treatments such as surgical resection, transarte-
rial embolization or chemoembolization, radiofrequency
ablation, or percutaneous ethanol injection were allowed,
provided that evaluable lesions were separate from previ-
ously treated lesions. Other inclusion criteria were Eastern
Cooperative Oncology Group performance status of =2;
Child—Pugh liver function class A or B (with a score of up
to 7 points), absolute neutrophil count =1,500 mm’, plate-
let count =40,000 mm?, hemoglobin level =10 g/dL, total
bilirubin level =2.0 g/dL, serum albumin level =2.5 g/dL,
aspartate aminotransferase and alanine aminotransferase
levels up to five times the upper limit of institutional normal
(46 TU/L for aspartate aminotransferase and 56 1U/L for
alanine aminotransferase), and prothrombin time no more
than 3 seconds longer than institutional normal.

Treatment schedule

All patients received a 30-minute infusion of 10 mg/kg
bevacizumab intravenously once every 2 weeks and 150 mg
of erlotinib orally once daily on an outpatient basis. Cycles
were repeated every 28 days. Erlotinib was self-administered
in an open-label, unblinded manner to all patients enrolled in
the study. Treatment was continued until disease progression,
occurrence of an unacceptable adverse event, or patient with-
drawal of consent. Treatment modifications were permitted
according to study protocol.

Disease assessment

Each patient’s medical history, Eastern Cooperative Oncol-
ogy Group performance status, physical examination find-
ings, laboratory results, and adverse events were recorded at
the start of every cycle. Restaging evaluation was performed
after every two cycles. Tumor response was evaluated using
modified Response Evaluation Criteria in Solid Tumors
criteria.!” Evaluable patients included any patient who
received at least one 28-day cycle. Patients were observed
until death or until a maximum of 3 years after enrollment. All
tumor measurements were obtained by the investigator and
were reviewed by a collaborating diagnostic radiologist.

Statistical methods

The primary end point was the 16-week PFS rate. PFS
was defined as the time from initiation of therapy until
documented disease progression or death. The proportion
of patients who were progression-free at 16 weeks was esti-
mated with a 95% confidence interval (CI) and tested using
a one-sided binomial exact test. Because objective tumor
responses are not expected with the use of biologic agents
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in HCC, the combination of bevacizumab plus erlotinib was
considered potentially active, if the 16-week PFS rate was
similar to that of historic controls."

The secondary end point of TTP was defined as the time
between treatment assignment and radiologic progression.
Other secondary end points included response rate (complete
and partial response); median OS duration; safety; toxicity
and tolerability; stable disease at 16, 24, and 36 weeks; and
duration of response.

A one-sided binomial exact test was applied to compare
the success rate with the null hypothesis; Simon’s two-stage
optimal design was implemented. Specifically, we used
the optimal two-stage design to test the null hypothesis of
16-week PFS success rate P =0.350 compared with the
alternative of 2, =0.550 with 80% power at a one-sided alpha
level of 0.05. With this design, if 20 or fewer patients out
of 44 were alive and progression-free at 16 weeks, the drug
would be considered not effective. To evaluate predictors of
outcome (OS and PFS), we initially used Cox proportional
hazards regression models and log-rank tests to uncover

Table | Baseline characteristics of patients included in our final

analysis (n=44)

Variable

N

Age (median £ SD [range]), years
Sex

Female

Male

63.05x11.46 (32-82)

Il (25)
33 (75)

Reason for ceasing previous treatment with sorafenib

Mean duration of treatment +
SD (range), months
Progressive disease

Progressive disease and toxic effects

Toxic effects
Cirrhosis
Hepatitis C virus
Hepatitis B virus
Nonalcoholic fatty liver disease
Alcoholism
Diabetes mellitus
Metabolic syndrome
Follicular nodular hyperplasia
ECOG performance status
0
|
BMI (median %+ SD [range]), kg/m?

7.53%10.31 (0.5-60)

33 (75)
4(9)

7 (16)
19 (43)
13 (30)
8 (18)
0 (0)
10 (23)
16 (36)
8 (18)

1 Q)

15 (34)
29 (66)
28.2:+6.52 (18.6-49.5)

associations between patient clinicopathologic characteristics  gennicity
and OS or PFS. Then, multivariate Cox models of variables Asian 3(7)
with P<<0.1 in univariate analysis were fitted to identify C;:_Ca” American 52’6(!;
independent prognostic factors, and the backward selection His;:]ic 9 (2(0))
procedure was used for model selection. All data were ana- Unknown 12
lyzed using SAS (SAS Institute, Cary, NC, USA) and Splus  o-fetoprotein level
software v8.2 (TIBCO, Palo Alto, CA, USA), and P=<0.05 =400 32(73)
idered statistically sienifi t >400 12 (27)
was considered statistically significant. Child—Pugh class
A 43 (98)
Results B 1)
Patient characteristics Albumin level
) . 2.5-2.8 g/dL 1(2)
A total of 44 patients were enrolled and received at least 28-3.5 gldL 8 (18)
one dose of bevacizumab plus erlotinib and were included >3.5g/dL 35 (80)
in the final analysis, they had the median follow-up time of ~ Tumor volume
33.8 months (95% CI: 23.5 months — not defined). Table 1 =50% 920
, . , =50% 32 (73)
shows the baseline characteristics of these patients. The U
nknown 3(7)
median age at baseline was 63 years; 33 patients (75%)  Tumor morphology
were male and eleven patients (25%) were female; 19 Multicellular 34.(77)
patients (43%) had pathologic or radiographic evidence of IL:Jnlcellular ;g;’)
ree
cirrhosis; 26 patients (59%) were white; 43 patients (98%) g, celona Clinic Liver Cancer stage
had Child-Pugh class A liver function; and 34 patients (77%) A 2 (5)
had a Cancer of the Liver Italian Program (CLIP) score of B 1)
0-2 and seven patients (16%) had a CLIP score of 3—4. The c N ) . 463
ancer of the Liver Italian Program score
CLIP score, a prognostic system that has been prospectively 0 5(11)
validated in several studies, assigns points for the following: | 17 (39)
Child—Pugh score, tumor morphology (solitary, =50% of ; ;2( |(2)7)
the liver, massive), serum o-fetoprotein level, and presence 4 0
or absence of portal vein thrombus." Almost all of the Unknown 3(7)
patients (41; 93%) had a stage C tumor according to the (Continued)
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Table | (Continued)

Variable N
American Joint Committee on Cancer TNM stage
Il 7 (16)
1A 3(7)
11]:) 5(1n
\% 29 (66)
Okuda stage
0 27 (61)
| 13 (30)
2 1(2)
Unknown 3(7)

Note: Data presented as N (%), unless otherwise stated.
Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology
Group; SD, standard deviation.

Barcelona Clinic Liver Cancer staging classification.!” The
mean (+ standard deviation) baseline o-fetoprotein level was
4,918.98%+16,077.99 ng/mL and the mean baseline hemoglo-
bin level was 12.51£1.46 g/dL.

Response and survival

The 16-week PFS rate was 43% (95% CI: 28%—-59%); 19 of
44 patients were alive and progression-free at 16 weeks. This
percentage was not significantly greater than the null hypoth-
esized value of 35% of patients (one-sided binomial exact
test, P=0.16). At 16 weeks, 4 patients (9%) achieved partial
response, 18 patients (41%) had stable disease, 4 patients
(9%) had progressive disease, and 3 patients (7%) were not
evaluable for response evaluation. The median TTP was
3.9 months (95% CI: 2.0-8.3 months) and the median OS
duration was 9.9 months (95% CI: 8.3—15.5 months).

Clinical predictors of outcome

Table 2 shows the results of the log-rank test to evaluate
associations between baseline categorical clinical predictors
and OS or PFS. The analysis showed a significant associa-
tion between tumor volume and OS (P=0.0128) and tumor
morphology and OS (P=0.0291). Patients with a tumor
volume of >50% had shorter OS durations than those with
a tumor volume of =50%, and patients with multicellular
tumor morphology had shorter OS durations than those
with unicellular tumor morphology. The log-rank test also
showed that focal nodular hyperplasia (P<<0.0001), tumor
volume >50% (P=0.002), multicellular tumor morphology
(P=0.0042), and lymph node metastasis (P=0.0353) were
associated with reduced PFS duration.

Results of the univariate Cox proportional hazards regres-
sion analyses of associations between baseline continuous
variables and OS and PFS are shown in Tables 3 (OS) and 4
(PFS), respectively. Low alkaline phosphatase levels (hazard

ratio [HR]: 1.0020, 95% CI: 1.000-1.003, P=0.0476), small
tumors (HR: 1.1220, 95% CI: 1.021-1.232, P=0.0160), and
high hemoglobin levels (HR: 0.6958, 95% CI: 0.538-0.8991,
P=0.0055) were associated with increased OS duration in
the univariate analysis. In addition to low alkaline phos-
phatase levels and high hemoglobin levels, age and low
o-fetoprotein levels were associated with increased PFS
duration (Table 4).

The multivariate Cox proportional hazards regression
analysis indicated that hepatitis B virus infection was
associated with decreased OS duration (HR: 2.27, 95% CI.:
1-5.14, P=0.05) and high hemoglobin levels were associated
with increased OS duration (HR: 0.69, 95% CI: 0.53—0.89,
P=0.0046). Similarly, the multivariate Cox analysis for PFS
showed that hepatitis C virus infection (HR: 0.32, 95% CI:
0.14-0.76, P=0.009), age (HR: 0.96, 95% CI: 0.92-0.99,
P=0.01), and high hemoglobin levels (HR: 0.69, 95% CI:
0.53-0.89, P=0.0039) were associated with increased PFS
duration. However, high o-fetoprotein levels (HR: 1.00003,
95% CI: 1.00002—-1.00005, P=0.02) were associated with
decreased PFS duration.

Toxicity and dose modification

All patients were assessed for adverse events, which are
shown in Table 5. Grade 3 or 4 adverse events included
fatigue (n=6; 13%), acne (n=5; 11%), diarrhea (n=4; 9%),
anemia (n=3; 7%), upper gastrointestinal hemorrhage (n=3;
7%), elevated transaminases (n=1), hyperbilirubinemia
(n=1), wound infection (n=1), hand—foot syndrome (n=1),
nausea (n=1), anorexia (n=1), constipation (n=1), mucositis
(n=1), hypertension (n=1), syncope attack (n=1), and throm-
bus formation (n=1). At the time of enrollment, patients with
a history of substantial gastrointestinal bleeding requiring
procedural intervention within 3 months prior to treatment
day 1 and patients at risk for varices (on the basis of known
history of esophageal or gastric varices or evidence of hepatic
cirrhosis or portal hypertension, including biopsy-proven cir-
rhosis, radiographic evidence of cirrhosis, hypersplenism, or
radiographic findings of varices) were screened for esopha-
geal varices. Patients requiring intervention for varices did
not receive treatment with bevacizumab plus erlotinib until
the varices were treated.

Discussion

Despite not meeting the primary end point, we believe
that our study results demonstrate that the combination of
bevacizumab plus erlotinib is safe and possesses a signal of
survival benefit per our secondary end points and therefore
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Table 2 Baseline clinical predictors of OS and PFS according to the log-rank test

Clinical variable PFS os
Median PFS (95% CI), months P-value Median OS (95% CI), months P-value

Acneiform rash 0.2436 0.1945
No (n=9) 2.14 (1.81 to ND) 7.4 (5.03 to ND)
Yes (n=35) 5.69 (2.04-13.45) 10.33 (9.24-17.2)

Cirrhosis 0.0763 -
Absent (n=25) 2.14 (1.81-7.89) 9.8 (7.4-14.67)
Present (n=19) 7.4 (4.31 to ND) 11.61 (8.09 to ND)

HCV status 0.0701 0.2835
Negative (n=31) 2.83 (1.91-7.89) 9.8 (8.09-14.67)
Positive (n=13) 8.52 (1.91 to ND) I1.61 (5.82 to ND)

HBV status 0.0701 0.0573
Negative (n=36) 5.02 (2.14-10.33) 10.33 (8.32-16.58)
Positive (n=8) 1.92 (1.81 to ND) 8.26 (5.53 to ND)

CLIP score 0.5824 0.5939
0-2 (n=35) 5.02 (2.14-13.45) 11.05(9.24-17.2)
3—4 (n=9) 3.65 (1.78 to ND) 9.31 (7.27 to ND)

Child—Pugh class 0.6768 0.0219
A (n=43) 4.31 (2.04-8.52) 10.07 (8.32-15.49)
B (n=I) 3.65 (ND) 5.03 (ND)

FNH <0.0001 0.2132
No (n=43) 431 (2.04-8.52) 10.07 (8.32-15.49)
Yes (n=1) 1.32 (ND) 6.88 (ND)

Tumor volume® 0.002 0.0128

>50% (n=9)
=50% (n=32)

2.04 (1.81 to ND)
7.34 (4.31-16.58)

832 (7.4 to ND)
13.42 (9.51-21.74)

Tumor morphology

Multicellular (n=34) 3.01 (1.91-7.27)

Unicellular (n=7) 16.18 (8.32 to ND)

Free (n=3) 1.68 (1.32 to ND)
BCLC stage

A (n=2) ND (ND)

B (n=1) 1.81 (ND)

C (n=41) 3.65 (2.04-7.89)
Okuda stage®

0 (n=27) 7.89 (4.31-17.3)

I (n=13) 2.14 (1.91 to ND)

2 (n=1) 8.32 (ND)

0.0042 0.0291
10.07 (9.24-15.49)
16.18 (8.32 to ND)
6.41 (5.82 to ND)

0.0693 0.0235
ND (ND)
5.03 (ND)
9.8 (8.32-14.67)

0.0208 0.0057

15.49 (10.33-28.72)
8.09 (6.84 to ND)
8.32 (ND)

Note: *Three patients had recurrent distant metastasis following primary tumor resection with no liver tumors present at the time of study enroliment. Therefore, we could

not calculate percentage of liver involvement or OKUDA stage.

Abbreviations: Cl, confidence interval; PFS, progression-free survival; OS, overall survival; ND, not defined; HBV, hepatitis B virus; HCV, hepatitis C virus; CLIP, Cancer
of the Liver Italian Program; FNH, follicular nodular hyperplasia; BCLC, Barcelona Clinic Liver Cancer.

could be a promising regimen for select patients with
advanced HCC refractory to sorafenib.

The primary objective was to assess the 16-week PFS
rate, which was 43% with a one-sided 95% CI. Although

Table 3 Univariate Cox proportional hazards regression model
of associations between overall survival and baseline continuous

this is greater than the 35% historic value, we could not
reject the null hypothesis, which stipulated a 45% cutoff
at the one-sided significance level of 0.05 to be considered
successful. However, the survival outcome of our study

Table 4 Univariate Cox proportional hazards regression model
of associations between progression-free survival and baseline

variables continuous variables

Covariate HR (95% CI) P-value  Covariate HR (95% CI) P-value
Age at the time of inclusion 0.98 (0.96—1.01) 0.34 Age at the time of inclusion 0.96 (0.93-0.99) 0.04
Alkaline phosphatase levels 1.00 (1.000-1.003) 0.04 Alkaline phosphatase levels 1.00 (1.000-1.004) 0.02
o-fetoprotein levels 1.00 (1.00-1.00) 0.43 o-fetoprotein levels 1.00 (1.00-1.00) 0.00
Tumor size 1.12 (1.02-1.23) 0.01 Tumor size 1.06 (0.98-1.16) 0.12
Hemoglobin levels 0.69 (0.53-0.89) 0.005 Hemoglobin levels 0.73 (0.57-0.95) 0.01

Abbreviations: HR, hazard ratio; Cl, confidence interval.

Abbreviations: HR, hazard ratio; Cl, confidence interval.
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Table 5 Adverse events (n=44) by toxicity grade

Adverse event Toxicity grade, N (%)

1-2 3 4
Constitutional events
Fever without neutropenia 1(2) 0 (0) 0(0)
Fatigue 23 (51) 6 (13) 0(0)
Weight loss 10 (22) 0(0) 0(0)
Dyspnea 3(7) 0(0) 0(0)
Other 6 (13) 0(0) 0(0)
Gastrointestinal events
Anorexia 20 (44) 1(2) 0(0)
Nausea 16 (36) 1(2) 0(0)
Vomiting 13 (29) 0(0) 0(0)
Dysphagia 2(4) 0(0) 0(0)
Diarrhea 22 (49) 49 0(0)
Constipation 49 1(2) 0(0)
Other 6 (13) 0(0) 0(0)
Dermatologic events
Acne 40 (89) 5(I) 0(0)
Alopecia 1(2) 0(0) 0(0)
Dry skin 24 (53) 0(0) 0(0)
Pruritus 49 0 (0) 0(0)
Rash 3(7) 0(0) 0(0)
Bruising 1 (2) 0(0) 0(0)
Gastrointestinal hemorrhage
Lower gastrointestinal tract 6 (13) 1(2) 0(0)
Upper gastrointestinal tract 1(2) 3(7) 0(0)
Nose bleeding 10 (22) 0 (0) 0(0)
Pain
Head 7 (156) 0(0) 0(0)
Back 2(4) 0(0) 0(0)
Abdomen 409 0(0) 0(0)
Muscle 24 1 (2) 0(0)
Other 10 (22) 1 (2) 0(0)
Anemia 3(7) 3(7) 0(0)
Elevated transaminases S5(I) 1(2) 0(0)
Hand—foot syndrome 3(7) 1(2) 0(0)

Wound infection 1(2) 0(0) 0 (0)
Pulmonary hemorrhage 3(7) 0(0) 0 (0)
Hyperbilirubinemia 13 (29) 1(2) 0(0)
Hypokalemia 3(7) 0(0) 0(0)
Dry mouth 24 0(0) 0(0)
Dry eyes 1(2) 0(0) 0(0)
Hypertension 7 (16) 1(2) 0(0)
Hyperpigmentation 1 (2) 0 (0) 0(0)
Hypomagnesemia 7 (16) 0(0) 0 (0)
Nail changes 49) 0(0) 0(0)
Proteinuria 18 (40) 0 (0) 0(0)
Mucositis 25 (556) 1(2) 0(0)
Taste alteration 7 (16) 0 (0) 0(0)
Voice changes 7 (16) 0(0) 0(0)
Infection 409 1 (2) 1 (2)
Syncope attacks 0(0) 1(2) 0(0)
Thrombus formation 1 (2) 1(2) 0(0)

looks promising as compared with failed recent randomized
second-line studies in HCC. Furthermore, this could be
related to the inherit challenges of Phase II studies, including
under-power and false-negative rates. Therefore, the survival
signal of our combination should be investigated in future

studies in HCC patients in the second-line treatment setting
in the USA, focusing on biomarker studies that could help
select potential subset of patients who may benefit from
this combination. Such studies are critically important,
given the lack of any standard-of-care options for HCC in
the second-line treatment setting. Our recent frontline HCC
study of bevacizumab and erlotinib showed a significant
correlation between higher plasma level of angiopoietin 2 and
shorter OS." Other studies reported the potential prognostic
value of plasma expression of Ang-2,%*% and the potential
association with resistance to anti-angiogenesis therapy.!'s2
Furthermore, immunohistochemistry assay of EGFR from
prior HCC studies did not show a correlation between EGFR
expression and treatment outcomes.®® However, in our more
recent study," lower plasma level of EGFR was marginally
associated with resistance to therapy as defined by tumor
progression (P=0.076). Therefore, further studies to identify
predictors of response to this regimen are warranted.

Our findings indicate that the combination of bevaci-
zumab plus erlotinib was tolerated and showed some activity,
as demonstrated by the median TTP of 3.9 months and
median OS duration of 9.9 months. This is the second study
to examine the combination of bevacizumab plus erlotinib in
sorafenib-refractory disease and the only such study in the US
patients. Yau et al'® conducted a small second-line Phase I1
study in patients from Asia with sorafenib-refractory HCC,
but that study was halted after enrolling ten patients owing to
lack of efficacy, with a reported TTP of 1.81 months (95% CI:
1.08-1.74 months) and median OS duration of 4.37 months
(95% CI: 1.08-11.66 months). Yau et al'® reported that rash
(70%), diarrhea (50%), and malaise (40%) were the most
commonly encountered toxic effects, and they concluded
that the combination of bevacizumab plus erlotinib was well
tolerated but had no activity in an unselected population with
sorafenib-refractory advanced HCC.

Our study is distinct from this prior study in that the
prior study was conducted in an Asian population, in which
the incidence of hepatitis B virus infection was higher than
in Western populations.!® Evidently, 82% of patients in that
study had hepatitis B virus-associated HCC, whereas only
18% of patients in our study had a hepatitis B virus infection.
It is quite clear from analysis of sorafenib trials that patient
demographics and the etiology of HCC may be responsible,
at least partially, for differential outcomes in patients with
HCC,; therefore, a dedicated study in a US population is
needed to establish the efficacy of the bevacizumab plus
erlotinib regimen.**"

These observations concerning geographic location of the
study population are consistent with data from prior pivotal
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studies of local and systemic therapies for HCC and highlight
the need to assess and compare results from HCC clinical
trials in the context of geographic location, demographics, and
HCC risk factors. For example, a Phase III study of sorafenib
(Sorafenib HCC Assessment Randomized Protocol)® reported
a median OS duration of 10.7 months in the sorafenib arm
and 7.9 months in the placebo arm (P<<0.001) and a median
TTP of 5.5 months in the sorafenib arm and 2.8 months in the
placebo arm (P<<0.001). An Asia-Pacific Phase III sorafenib
study also reported improvement in the median OS duration
(6.5 months compared with 4.2 months; P=0.014) and TTP
(2.8 months compared with 1.4 months; P=0.0005) with
sorafenib compared with placebo, but the magnitude of the
improvement was marginal. In addition, further subgroup
analyses of data from sorafenib Phase I1I studies also showed
differential outcomes in patients based on demographics and
hepatitis status.?’

Notably, multiple studies have evaluated the role of
bevacizumab plus erlotinib in the treatment of HCC in the
first-line setting. The observed 16-week PFS rate in our cur-
rent second-line study was lower than in our earlier first-line
trials of this combination in patients with advanced HCC.
Thomas et al'® reported a 16-week PFS rate of 62.5% and
Kaseb et al'® reported a rate of 64%. However, in a similar
study of 51 Asian patients with advanced untreated HCC,
Hsu et al'? reported a 16-week PFS rate of only 35.3%. In
another Phase II study of 27 patients with advanced HCC,
Philip et al'* reported a partial response in one patient and
stable disease in eleven patients (48%). The median TTP
was 3.0 months (95% CI: 1.8-7.1 months) and the median
OS duration was 9.5 months (95% CI: 7.1-17.1 months).
However, one major limitation of this US study was that
the primary end point was objective response rate, which
is an inadequate surrogate marker for response in HCC in
the context of targeted therapy. Govindarajan et al'' also
reported a nonsignificant 27-week PFS rate of 28% among
a group of 20 patients with HCC, who were not candidates
for local therapy. The rate is lower than that of the historic
control arm of the Sorafenib HCC Assessment Randomized
Protocol trial. The authors suggested that lack of adminis-
tration of any prior therapy with radiofrequency ablation or
transarterial chemoembolization could have led to inferior
results because these procedures are known to improve
survival outcomes.

The adverse event rates in the current study were simi-
lar to those reported in earlier trials.'>!* The dose was not
modified in any of the patients in our study, although one
patient withdrew consent after receiving two cycles. Most
of the patients had Barcelona Clinic Liver Cancer stage C

disease and a CLIP score of 2 or 3, and the median age of
the population was older than 60 years. Our results showed
that clinical predictors such as Child—Pugh class B, age,
low baseline hemoglobin levels, high baseline o.-fetoprotein
levels, high baseline alkaline phosphatase levels, tumor
volume =50%, presence of lymphatic metastasis, multicellu-
lar tumor morphology, CLIP score >3, and Okuda stage =2
were indicators of poor prognosis in HCC.

As in other single-arm, Phase II trials, the limitations of
this study include single-institution enrollment, small sample
size, lack of a control arm, and potential for institutional and
investigator selection bias. In addition, patients referred to
a tertiary care cancer center may represent a patient popula-
tion with more favorable outcomes than would otherwise be
expected, particularly in HCC.

In conclusion, in this first US study of bevacizumab
plus erlotinib as second-line therapy after progression on
sorafenib, the treatment combination appears to be safe and
shows interesting activity in advanced HCC. Our study find-
ings are relevant to the US patients, given the recent failure
of multiple other systemic therapies in this setting, especially
in light of the tolerability of the combination, and given that
the natural history of HCC and treatment outcomes differ
by patient demographics, geographic location, and HCC
risk factors.”®
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