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ABSTRACT

Purpose. For patients with metastatic colorectal cancer
(mCRC), no standard therapy exists after progression
on 5-fluorouracil, oxaliplatin, irinotecan, bevacizumab,
and cetuximab or panitumumab. Preclinical data dem-
onstrated that combined vascular endothelial growth
factor and mammalian target of rapamycin inhibition
has greater antiangiogenic and antitumor activity than
either monotherapy. A phase I study of bevacizumab
plus everolimus demonstrated that the combination is
safe; activity was seen in several patients with refrac-
tory mCRC.

Methods. Fifty patients with refractory mCRC were
enrolled and received bevacizumab at 10 mg/kg every 2
weeks and everolimus at 10 mg orally daily.

Results. Of the 50 patients enrolled, the median age
was 56 years and the median number of prior regimens
was four. Forty-seven patients (96%) had prior bevaci-
zumab exposure and 42 patients (84%) had documented
progression on prior bevacizumab-based therapy. For-

ty-nine patients were evaluable for response; eight pa-
tients had minor responses (16%) and an additional 15
patients (30%) had stable disease (SD). No complete or
partial responses were seen. The median progression-
free survival interval was 2.3 months; however, 26% of
patients achieved prolonged SD for >6 months, and
three patients (6%) were on study for >1 year. The me-
dian overall survival duration was 8.1 months. The most
common grade 1–2 toxicities were mucositis (68%) and
hyperlipidemia (64%). Clinically significant grade >3
toxicities included hypertension (14%), fistula/abscess/
perforation (8%), mucositis (6%), and hemorrhage
(2%).

Conclusions. Bevacizumab plus everolimus is gener-
ally tolerable but may have risks related to mucosal
damage and/or wound healing. Bevacizumab plus
everolimus appears to have modest activity in refrac-
tory mCRC in patients. The Oncologist 2011;16:
1131–1137

Correspondence: Herbert I. Hurwitz, M.D., Seeley G. Mudd Building, 10 Bryan Searle Drive, Box 3052, Durham, North Carolina 27710,
USA. Telephone: 919-681-6006; Fax: 919-684-9712; e-mail: hurwi004@mc.duke.edu Received March 11, 2011; accepted for publi-
cation May 16, 2011; first published online in The Oncologist Express on July 27, 2011. ©AlphaMed Press 1083-7159/2011/$30.00/0
doi: 10.1634/theoncologist.2011-0078

TheOncologist®

Gastrointestinal Cancer

The Oncologist 2011;16:1131–1137 www.TheOncologist.com



INTRODUCTION

Colorectal cancer continues to be the second leading cause
of cancer deaths for men and women in the U.S. [1]. Bev-
acizumab, the monoclonal antibody against vascular endo-
thelial growth factor (VEGF), when administered in
combination with 5-fluorouracil (FU)-based cytotoxic che-
motherapy, has emerged as a standard first-line treatment
for metastatic colorectal cancer (mCRC) [2, 3]. Recent data
suggested that continued use of bevacizumab following
progression may be associated with a longer median overall
survival (OS) time [4]. However, eventually all patients
progress on these bevacizumab-based treatments, which
suggests that acquired resistance to VEGF inhibition may
contribute to disease progression. For patients with mCRC,
treatment options are absent after progression on 5-FU, ox-
aliplatin, irinotecan, bevacizumab, and cetuximab or pani-
tumumab (if clinically appropriate). Everolimus is an
inhibitor of the mammalian target of rapamycin (mTOR)
pathway and is approved for use in patients with metastatic
renal cell carcinoma, for which trials have shown a longer
OS time than with best supportive care in the refractory set-
ting [5]. The mTOR pathway receives upstream signals
from the phosphoinositide 3-kinase (PI3K)/AKT pathway,
and these pathways are key regulators of tumor and endo-
thelial cell proliferative and survival functions, including
compensatory responses to hypoxia [6]. In endothelial
cells, the mTOR and PI3K/AKT pathways mediate many of
the functions associated with VEGF stimulation [7, 8].
Therefore, combined blockade of these two pathways may
overcome several possible mechanisms of tumor- and en-
dothelial cell–mediated resistance to monotherapy. Phase I
data by our group demonstrated that the combination of be-
vacizumab and everolimus is safe, and prolonged stable
disease (SD) (16 –112 weeks) and minor responses were
observed in several patients with mCRC previously refrac-
tory to bevacizumab-based therapy [9]. We sought to fur-
ther evaluate this combination in a phase II trial in
refractory mCRC patients to better define the activity and
tolerability of this regimen. In addition, this study included
blood and tumor-related biomarkers analyses, which are re-
ported separately.

MATERIALS AND METHODS

Patient Eligibility
Patients were required to have histologically proven adeno-
carcinoma of the colon or rectum and must have progressed
on, or could not tolerate, all of the following standard of
care treatments for mCRC: fluoropyrimidines, oxaliplatin,
irinotecan, and the epidermal growth factor receptor inhib-
itor cetuximab and/or panitumumab (if wild-type KRAS).

Additional inclusion criteria included the following: a Kar-
nofsky performance status score �70%; adequate hemato-
logic, hepatic, and renal function; and adequately
controlled hypertension �150/100 mmHg. All patients
were required to have measurable disease defined by the
Response Evaluation Criteria in Solid Tumors (RECIST)
[10]. Key exclusion criteria included treatment for cancer
�28 days prior to the study, known central nervous system
metastases, poorly controlled cardiovascular disease, and a
history of an abdominal fistula, perforation, abscess, or ma-
jor bleeding event within 6 months.

This study (ClinicalTrials.gov identifier, NCT00597506)
was approved by the Duke University Institutional Review
Board and followed the Helsinki Guidelines and Good
Clinical Practice. All patients provided informed written
consent prior to any study-related procedure. Subjects were
accrued at Duke University Medical Center and at Commu-
nity Memorial Healthcenter in South Hill, Virginia through
the Duke Oncology Network.

Safety Evaluations
Toxicity and safety clinical assessments, including a phys-
ical examination and hematology and biochemistry analy-
ses, were performed weekly during the first cycle and on
day 1 and day 15 of each subsequent cycle. Monthly safety
assessments included evaluation of the urine protein-to-
creatinine ratio, fasting lipid profile, creatinine phosphoki-
nase for patients on statins, and pregnancy �-human
chorionic gonadotropin for women of child-bearing poten-
tial. An electrocardiogram, the prothrombin time and par-
tial thromboplastin time, and the thyroid-stimulating
hormone level were assessed every two cycles; cardiac
ejection fractions were obtained every 6 months. Guide-
lines for supportive care and toxicity management, includ-
ing dose modifications, were included in the protocol.

Tumor response as assessed by serum carcinoembry-
onic antigen and radiographic imaging by computed to-
mography or magnetic resonance imaging were completed
at baseline and every two cycles. Toxicities were graded us-
ing the National Cancer Institute Common Terminology
Criteria for Adverse Events (version 3.0) [11].

Study Treatment Schedule
Bevacizumab (Avastin�; Genentech/Hoffmann-La Roche,
Basel, Switzerland) was administered as a biweekly i.v. in-
fusion of 10 mg/kg on day 1 and day 15 of each 28-day cy-
cle. Everolimus (Afinitor�; Novartis Pharmaceuticals
Corporation, East Hanover, NJ) was orally administered
daily at 10 mg. Treatment was discontinued for disease pro-
gression, unacceptable toxicity, or physician and/or patient
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decision. Patients whose therapy was discontinued for any
reason were followed for survival every 3 months.

Statistical Methods
This was an open-label, nonrandomized, phase II trial to as-
sess the safety, tolerability, and efficacy of bevacizumab
and everolimus in patients with refractory mCRC. The pri-
mary endpoints were overall response (complete and partial
response) as defined by the RECIST (version 1.0) and pro-
gression-free survival (PFS). Complete response was de-
fined as the disappearance of all target and nontarget
lesions, and partial response was defined as a �30% de-
crease in the sum of the diameters of target lesions. Second-
ary endpoints included OS, safety, and tolerability.

For sample size determination, the trial was to be con-
sidered positive if either the response rate was �10% or the
8-week PFS rate was �67%. In refractory mCRC patients,
a response rate of 10% is considered promising. This study
of 50 patients had at least 82% power to simultaneously de-
tect a response rate of 10%, compared with 1%, and a
6-week longer median PFS interval, compared with a his-
torical median PFS duration of 8 weeks (which corresponds
to an improvement from 50% to 67% for the 8-week PFS
rate) given a type I error of 7.4%. If three or more responses
(6%) or �31 instances (62%) of an 8-week PFS time were
observed among the 50 evaluable patients, this treatment
regimen would be considered worthy of further investiga-
tion in this disease. Power calculations were based on the
assumption that the response rate and PFS rate were uncor-
related. If they were positively correlated, the overall power
would be slightly lower and the type I error would be
slightly higher. Survival duration was calculated using the
Kaplan–Meier method; 90% and 95% confidence intervals
(CIs) for the 8-week PFS rate were calculated, and 95% CIs
for the median PFS and OS times were also calculated.

The “general” PFS duration was defined as the interval
between the start of treatment and the date of disease pro-
gression or death. Patients who were alive were censored at
their last follow-up. The “on treatment” PFS interval was
defined as the start of study treatment to the date of disease
progression or death, whichever occurred earlier, with cen-
soring of patients at the time of loss to follow-up or start of
a new line of treatment (for patients who discontinued study
treatment for reasons other than disease progression).

RESULTS

The characteristics of the 50 enrolled patients are shown in
Table 1. The patient population was highly refractory, hav-
ing progressed on a median of four prior treatments (range,
two to eight). Forty-two patients (84%) had progressed on
prior bevacizumab-based therapy. Five patients (10%) had

received bevacizumab but had not progressed on bevaci-
zumab, and three patients (6%) had never received bevaci-
zumab. Forty-nine patients were evaluable for progression
and all 50 were evaluable for toxicity. Twenty-three pa-
tients (46%) had SD as their best response, and eight of
these 23 patients (16% overall) achieved a minor response,
defined as a radiographic decrease in tumor volume by
10%–20% (Fig. 1). Twenty-one patients (42%) had pro-
gressive disease as their best response on treatment; 17 pa-
tients (34%) progressed radiographically whereas four
(8%) progressed clinically. Five patients (10%) discontin-
ued study treatment because of toxicity in the absence of
progression or response, prior to their first restaging. No ob-
jective partial or complete responses were seen.

The 8-week PFS rate was 0.58 using the general definition
(95% CI, 0.43–0.70; 90% CI, 0.46–0.68) and 0.59 using the
on treatment definition (95% CI, 0.44–0.71; 90% CI, 0.47–
0.70). The median PFS interval, using the general and on treat-
ment definitions, was 2.3 months (95% CI, 1.9–3.7 months),
as seen in Figure 2. However, the median OS time was 8.1
months (95% CI, 5.5–11.5 months) (Fig. 3). Thirteen patients
(26%) achieved SD on treatment for a period lasting �6
months, eight of whom had seen and progressed through two
or more bevacizumab-containing regimens. Three patients
(6%) were treated in this study for �1 year.

Grade �3 treatment-related adverse events (AEs) are
listed in Table 2. The most common grade �3 AEs were lab-
oratory only; the only grade 4 AE was asymptomatic hypoka-
lemia. Clinically significant grade 3 AEs included mucositis,
abscess, fistula, perforation, and gastrointestinal hemorrhage.
The incidence of grade 1–2 mucositis (including oropharyngi-
tis, proctitis, and vaginitis) was 68% (n � 34), and the inci-
dence of grade 1–2 hyperlipidemia was 64% (n � 32).
Everolimus was dose reduced in 15 patients (30%), and either

Table 1. Patient characteristics

Characteristic Patients (n � 50)

Median age, yrs 56 (range, 32–78)

Gender

Male 30 (60%)

Female 20 (40%)

Race

White [I] 42 (84%)

Black 6 (12%)

Other 2 (4%)

Median number of prior treatments 4 (range, 2–8)

Progression on prior
bevacizumab-based therapy

42 (84%)
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bevacizumab or everolimus were temporarily held for toxicity
in 34% (n � 17) and 62% (n � 31) of patients, respectively.
There were no treatment-related deaths.

DISCUSSION

Targeting molecular pathways of tumor growth has re-
cently become a major focus of anticancer treatments, and
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Figure 1. Waterfall plot of best radiographic response. Data from 37 of 50 patients are presented. Not pictured are: three patients
with new radiographic lesions, four patients with clinical progression, five patients who came off treatment for toxicity prior to first
restaging, and one nonevaluable patient who died from a nontreatment-related illness.
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Figure 2. Kaplan–Meier curve of general progression-free survival.
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rational combinations of targeted agents have the potential
for better efficacy through mediating sensitivity and/or re-
sistance to therapy. The mTOR inhibitors temsirolimus and
everolimus are approved by the U.S. Food and Drug Ad-
ministration for the treatment of patients with refractory re-
nal cell cancer [5, 12]. For other cancers, mTOR inhibition
has shown single-agent activity; phase II and phase III trials
in several cancer types are currently ongoing. Many mech-
anisms of resistance to VEGF inhibitors have been de-
scribed, with recent emphasis on hypoxia responses [13,
14]. In cell culture models, mTOR inhibition by sirolimus
specifically abrogated hypoxia-mediated proliferation and
angiogenesis [15]. Rapamycins have also been shown, in
cell culture, to inhibit hypoxia-inducible factor 1�, a tran-
scription factor that regulates expression of VEGF, sug-
gesting that combined VEGF and mTOR inhibition could
have greater antiangiogenic and antitumor activity than ei-
ther monotherapy [16–18].

In this trial, it is noteworthy that bevacizumab and
everolimus were tolerable at full doses of each agent, with
only one treatment-related grade 4 toxicity of clinically
asymptomatic hypokalemia. This regimen also appears to
be well tolerated based on preliminary data from several
other ongoing studies in patients with other tumor types
[19–21]. However, a study evaluating the combination of
another mTOR inhibitor, temsirolimus, with bevacizumab
in renal cell carcinoma patients found that full doses of both
agents could not be administered as a result of unacceptable
toxicities [22]. The reasons for these apparent differences
may be related to specific toxicities among the different
mTOR agents. In the present study, mucositis was the most

Table 2. Grade �3 treatment-related adverse events

Toxicity
Grade 3–4
(n � 50)

Nonhematologic

Hypertension 3

Fistula/abscess 3

Oral mucositis/proctitis/vaginitis 3

Azotemia/proteinuria 2

Fatigue 2

Rhabdomyolysis 1

Neuropathy 1

Volume depletion 1

Prolonged QTc interval 1

Gastrointestinal hemorrhage 1

Bowel perforation 1

Diarrhea 1

Hematologic

Thrombocytopenia 2

Neutropenia 1

Laboratory only

Hypokalemia 7

Hyperglycemia 6

Alkaline phosphatase elevation 6

Hyperlipidemia 3

Hypophosphatemia 2

Hypoalbuminemia 2

Hyperbilirubinemia 2

Hyponatremia 1

All listed toxicities were grade 3 except for one grade 4
hypokalemia event.
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Figure 3. Kaplan–Meier curve of overall survival.
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common toxicity, reported by 64% of patients at grade 1–2
and by 12% of patients at grade 3, which was readily man-
aged with standard supportive care and appropriate dose
holding and/or reductions.

In mCRC patients, neither bevacizumab nor everolimus
has shown clinically significant single-agent activity [2,
23]. Although there were no objective responses, treatment
with bevacizumab plus everolimus led to prolonged SD of
�6 months in a subset of patients, and three patients were
treated on study for �1 year. Even without tumor regres-
sion, SD can be clinically meaningful, provided it is pro-
longed and not associated with significant toxicity. In our
study, 11 of the 13 patients achieving prolonged SD had
progressed on at least one prior bevacizumab-containing
regimen, and eight had been treated with bevacizumab in at
least two and as many as four lines of treatment. This find-
ing suggests that, for some patients, the combination of be-
vacizumab plus everolimus may help overcome resistance
to bevacizumab.

In summary, in this heavily pretreated CRC population,
bevacizumab plus everolimus is tolerable but has limited
clinical activity, primarily seen as prolonged SD.
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