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A B S T R A C T

Purpose
The PI3K/Akt/mTOR pathway is activated in the majority of pancreatic cancers, and inhibition of
this pathway has antitumor effects in preclinical studies. We performed a multi-institutional,
single-arm, phase II study of RAD001(everolimus), an oral inhibitor of mTOR, in patients who
experienced treatment failure on first-line therapy with gemcitabine.

Patients and Methods
Thirty-three patients with gemcitabine-refractory, metastatic pancreatic cancer were treated
continuously with RAD001 at 10 mg daily. Prior treatment with fluorouracil in the perioperative
setting was allowed. Patients were observed for toxicity, treatment response, and survival.

Results
Treatment with single-agent RAD001 was well-tolerated; the most common adverse events were
mild hyperglycemia and thrombocytopenia. No patients were removed from the study because of
drug-related adverse events. No complete or partial treatment responses were noted, and only
seven patients (21%) had stable disease at the first restaging scans performed at 2 months. Median
progression-free survival and overall survival were 1.8 months and 4.5 months, respectively. One
patient (3%) had a biochemical response, defined as � 50% reduction in serum CA19-9.

Conclusion
Although well-tolerated, RAD001 administered as a single-agent had minimal clinical activity in
patients with gemcitabine-refractory, metastatic pancreatic cancer. Future studies in metastatic
pancreatic cancer should assess the combination of mTOR inhibitors with other agents and/or
examine inhibitors of other components of the PI3K/Akt/mTOR pathway.

J Clin Oncol 27:193-198. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Pancreatic cancer is the fourth leading cause of
cancer-related mortality in the United States.1 More
than 95% of patients with pancreatic cancer will
ultimately develop metastatic disease, yet tradi-
tional cytotoxic agents have little therapeutic
efficacy. Initial treatment with gemcitabine has
demonstrated modest improvements in cancer-
related symptoms and survival.2 Multiple other
chemotherapeutic agents have been added to gem-
citabine, without clear therapeutic benefit.3-9 Re-
cently, the addition of erlotinib, an inhibitor of the
epidermal growth factor receptor, to gemcitabine
led to a statistically significant improvement in
overall survival, yet median survival remained
approximately 6 months.10 After treatment failure
of a gemcitabine-containing regimen, the utility of
second-line therapy is unclear, with no generally
accepted standard of care.11

A strong need exists to investigate novel thera-
peutics that exploit the molecular basis of pancre-
atic cancer. The vast majority of pancreatic ductal
adenocarcinomas harbor activating mutations in
K-RAS, which promote cellular proliferation and
survival through engagement of several downstream
effector pathways, including the PI3K/Akt/mTOR
pathway.12,13 Increased activation of the PI3K/Akt/
mTOR pathway has been noted in approximately
half of pancreatic cancers14-19 and has been associ-
ated with a poorer prognosis.14,16 In preclinical
models of pancreatic cancer, inhibition of this path-
way has demonstrated antitumor activity.20-25

To evaluate whether downstream inhibition of
the PI3K/Akt/mTOR pathway is safe and effective in
patients with pancreatic cancer, we initiated a multi-
institutional, nonrandomized, phase II study of
RAD001 (everolimus), an oral small-molecule in-
hibitor of mTOR, in patients with gemcitabine-
refractory, metastatic pancreatic cancer.
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PATIENTS AND METHODS

Patient Population

The study population consisted of patients with histologically con-
firmed, metastatic pancreatic ductal adenocarcinoma who had experienced
treatment failure with prior gemcitabine-based chemotherapy. Patients may
have received prior fluorouracil-based perioperative therapy with or without
external-beam radiotherapy. Patients were excluded if they received more
than one prior chemotherapy regimen for the treatment of metastatic
disease. Participating centers included Brigham and Women’s Hospital,
Dana-Farber Cancer Institute, and Massachusetts General Hospital (all in
Boston, MA). The study was approved by the institutional review boards of the
participating institutions, and all patients provided informed consent.

Patients were further required to have measurable disease (by Response
Evaluation Criteria in Solid Tumors [RECIST]); Eastern Cooperative Oncol-
ogy Group performance status of 1 or better; life expectancy of at least 12
weeks; and adequate renal function (serum creatinine � 1.5), hepatic
function (serum bilirubin � 1.5� the upper limit of normal [ULN] and
AST/ALT � 2.5� the ULN or � 5� the ULN if there was evidence of liver
metastases), bone marrow function (absolute neutrophil count � 1,500 �L;
platelets � 100,000 �L; hemoglobin � 9.0 g/dL), and coagulation parameters
(International Normalized Ratio � 1.3). If the marker lesion was previously
irradiated, evidence of progression after radiation was required.

Patients were excluded if they had another malignancy (other than basal
cell or squamous cell cancer of the skin), uncontrolled CNS metastases or
carcinomatous meningitis, uncontrolled concomitant medical illnesses (eg,
diabetes mellitus, hypertension, severe infection, congestive heart failure, ven-
tricular arrhythmia, symptomatic coronary artery disease, or myocardial in-
farction within the last 6 months), or any of the following within 2 weeks of
enrollment: major surgery, radiotherapy, or systemic anticancer treatment.
Patients who were pregnant or lactating, chronically receiving immunosup-
pressant therapy, receiving treatment doses of a vitamin K antagonist, or had a
history of HIV were excluded from study entry.

Treatment Program

RAD001 was administered continuously at a dose of 10 mg daily by
mouth until disease progression, unacceptable toxicity, or withdrawal of con-
sent. Four weeks of study drug was considered to be one cycle of treatment. For
grade 3 to 4 hematologic or grade 3 nonhematologic toxicity, RAD001 was
interrupted and supportive management was instituted. RAD001 was reiniti-
ated with a 50% dose reduction if resolution of toxicity to less than grade 2
occurred within 14 days; otherwise, treatment was discontinued. Treatment
was also discontinued for grade 4 nonhematology toxicity, grade 2 or higher
pneumonitis, or continued toxicity after reinstitution of RAD001 at 2.5
mg daily.

On-study evaluations included toxicity assessments and measurement of
peripheral-blood counts and a full chemistry panel every other week. Lipid
panel and serum CA19-9 were measured monthly. Patients were evaluated
with computed tomography every 8 weeks; response and progression were
evaluated using RECIST by independent radiologic review.

Statistical Methods

The study was designed with a primary end point of progression-free
survival (PFS), defined as the time from study entry to documentation of
progressive disease or death from any cause. On the basis of prior studies of
second-line treatment in metastatic pancreatic cancer, we estimated that such
treatment has been associated with a median PFS of 2 months. Our study
design used a one-stage design with a target accrual of 35 eligible patients, with
the assumption that an improvement in PFS at 2 months from 50% to 71%
would warrant further study in this patient population. The secondary objec-
tives of the study were to assess toxicity, tumor response rate, biochemical
response rate (defined as � 50% reduction in serum CA19-9), and overall
survival. Overall survival was defined as the time from study entry until death
from any cause.

RESULTS

A total of 33 eligible patients were enrolled between January 2007
and March 2008. All patients received at least 1 week of study drug
and are included in our toxicity and efficacy analyses. Baseline
characteristics of the study population are listed in Table 1. The
median age of this patient population was 61 years; 55% were male
and 45% were female. As anticipated in a second-line study, most
patients were symptomatic from their disease; only 24% had an
ECOG performance status of 0, and 76% had a performance status
of 1. Four patients (12%) had undergone surgery, and three of
these patients had received subsequent adjuvant chemoradiother-
apy. One patient received neoadjuvant chemoradiotherapy, but
was not able to undergo subsequent resection. All 33 patients had
received prior therapy with a gemcitabine-containing regimen for
metastatic disease.

Patient compliance with self-administration of the study drug
was good; only two patients reported missing more than one dose of
RAD001 while on study. One patient reported missing one dose dur-
ing cycle 1 and three doses during cycle 2, whereas a second patient
reported missing four doses during cycle 1 and one dose during
cycle 2.

Table 1. Baseline Patient Characteristics (N � 33)

Characteristic No. %

Age, years
Median 61
Range 39-78

Sex
Male 18 55
Female 15 45

ECOG performance status
0 8 24
1 25 76

Location of metastases�

Lymph nodes 12 36
Liver 32 97
Lungs 14 24

Prior surgical resection
Whipple procedure 3 9
Distal pancreatectomy 1 3

Prior perioperative chemotherapy† 4 12
Prior perioperative radiotherapy† 4 12
Prior treatment regimens for metastatic disease

Gemcitabine 15 45
Gemcitabine/erlotinib 8 24
Gemcitabine/oxaliplatin 2 6
Gemcitabine/sunitinib‡ 1 3
Gemcitabine/erlotinib/bevacizumab‡ 6 18
Gemcitabine/erlotinib/cisplatin 1 3

Serum CA19-9, U/mL
Median 4,299
Range 3-149,096

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
�Does not sum to 100%, as patients may have metastases to more than

one location.
†One patient received preoperative chemoradiotherapy, but was not able

to undergo subsequent tumor resection. Three patients received adju-
vant chemoradiotherapy.

‡Received first-line therapy on a clinical trial.
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Treatment-related adverse events are listed in Table 2. Overall,
treatment with RAD001 was well-tolerated. Thrombocytopenia and
hyperglycemia were the most common grade 3 or 4 treatment-related
toxicities, observed in 12% and 18% of patients, respectively. Patients
were not required to fast before blood draws; the average peak glucose
in those patients with grade 3 hyperglycemia was 297 mg/dL (range,
256 to 413 mg/dL). Other adverse events included anemia, neutro-
penia, fatigue, oral mucositis/stomatitis, and nausea. Lymphope-
nia was the only grade 4 adverse event noted and occurred in a
single patient.

Eleven patients (33%) required delays in treatment of 7 to 14
days, but were able to restart therapy with RAD001 at a reduced dose.
The reasons for treatment delays were hyperglycemia (four patients),
thrombocytopenia (three patients), neutropenia (two patients), and
nausea or vomiting (two patients). Three patients (9%) had treatment
with RAD001 held because of grade 3 oral mucositis, neutropenia, or
thrombocytopenia, but did not restart treatment as a result of progres-
sive disease.

The majority of patients (67%) were removed from study be-
cause of progressive disease, documented by imaging studies per-
formed at or before the 2-month evaluation. Three patients were
removed from study before the 2-month follow-up because of with-
drawal of consent without documented progression by RECIST
guidelines. One patient was removed after only 8 days of treatment as
a result of worsening of a perineal abscess requiring surgical interven-
tion. No patient was removed from the study because of a treatment-
related adverse event.

No complete or partial responses by RECIST guidelines were
noted (Table 3). Seven patients (21%) had stable disease at the
2-month follow-up imaging study, of which only one patient (3%)
continued to have stable disease at 4 months. One patient with

stable disease also had a reduction in serum CA19-9 by greater than
50%. Best overall percentage change in target lesion measurement
from baseline was available for 29 patients (Fig 1). Only two pa-
tients (6%) had evidence of meaningful tumor regression (20%
and 12% reduction from baseline, respectively), yet both patients
demonstrated progressive disease by the 4-month evaluation.
Among all 33 patients, the median PFS time was 1.8 months. To
date, 29 patients (88%) have died, and median overall survival time
for the entire study population was 4.5 months.

DISCUSSION

Considerable evidence supports an important role for the PI3K/Akt/
mTOR pathway in pancreatic cancer biology.13 Point mutations in
K-RAS are an early molecular event in the progression of normal
pancreatic ducts to ductal adenocarcinoma.12,26 These mutations
lead to constitutive activation of the K-RAS protein, and subse-
quently, the activation of several downstream intracellular path-
ways, including the RAF/MAPK, PI3K/Akt/mTOR, and Ral GDS
pathways.13 In addition, excess energy balance, as noted with obe-
sity and a sedentary lifestyle, increases pancreatic cancer risk27,28

and leads to activation of the PI3K/Akt/mTOR pathway upstream
through the insulin and insulin-like growth factor receptors29 and
at the level of mTOR by energy and nutrient availability.30 When

Table 2. Treatment-Related Adverse Events

Adverse Event

Maximum Grade

1 2 3 4

No. % No. % No. % No. %

Hematologic
Lymphocytes 4 12 4 12 1 3 1 3
Neutrophils 5 15 — 3 9 —
Hemoglobin 9 27 8 24 — —
Platelets 8 24 6 18 4 12 —
Nonhematologic
Hypokalemia 7 21 — 2 6 —
Hyperglycemia� 5 15 11 33 6 18 —
ALT 3 9 — 1 3 —
AST 9 27 1 — —
Hypercholesterolemia 6 18 — 1 3 —
Other
Fatigue 10 30 6 18 3 9 —
Nausea 14 42 — 1 3 —
Vomiting 3 9 1 3 1 3 —
Oral mucositis/stomatitis 8 24 1 3 1 3 —
Anorexia 3 9 2 6 — —
Diarrhea 6 18 2 6 — —
Constipation 2 6 3 9 — —

�Serum glucose was not required to be measured after an overnight fast.

Table 3. Tumor Response Among Patients Receiving RAD001

Disease Response No. %

Complete or partial response 0 0
Stable disease, months 7 21

� 2 6 18
� 4 1 3

Progressive disease 22 67
Not assessable� 4 12

�Three patients were removed from study because of withdrawal of consent
without documented progressive disease by Response Evaluation Criteria in
Solid Tumors guidelines. One patient was removed from study after 8 days of
treatment because of worsening of a preexisting perirectal fistula, requiring
surgical intervention.
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Fig 1. Best overall percentage change from baseline in target lesion measure-
ment by Response Evaluation Criteria in Solid Tumors guidelines. Note: Eleven
patients had progressive disease as a result of the development of new lesions,
rather than growth of the target lesions by � 20%.
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activated by these mechanisms, the PI3K/Akt/mTOR pathway pro-
vides important downstream signaling that promotes cellular pro-
liferation, survival, and neoangiogenesis.31 In preclinical studies,
inhibitors of PI3K, Akt, and mTOR have demonstrated antitumor
activity in pancreatic cancer cells, both alone and in combination
with other agents, suggesting their possible utility in patients with
pancreatic cancer.20-25 Therefore, there is a strong rationale to
examine inhibitors of mTOR in patients with pancreatic cancer.

In this multi-institutional, single-arm phase II study, the oral
mTOR inhibitor RAD001 was successfully administered to patients
with gemcitabine-refractory, metastatic pancreatic cancer with mod-
est toxicity. When necessary, treatment delays and dose reductions
were due primarily to resultant grade 3 hyperglycemia and thrombo-
cytopenia. Nonetheless, RAD001 as a single agent failed to demon-
strate meaningful clinical activity in this patient population, with no
objective treatment responses and relatively brief median PFS and
overall survival times.

Traditional chemotherapeutic agents have limited efficacy
in patients with metastatic pancreatic cancer.2,10 After these pa-
tients experience progressive disease on a gemcitabine-containing
regimen, appropriate second-line therapy is poorly defined.11 Sev-
eral second-line studies of cytotoxic agents have demonstrated me-
dian survival times of 3 to 7 months.32-38 Recently, we reported that
the combination of capecitabine and erlotinib in patients with
gemcitabine-refractory disease had an overall response rate of 10%, a
median PFS of 3.4 months, and median survival time of 6.5 months.39

In contrast, in the current study of RAD001 conducted at the same
institutions and for the same indication, we observed no objective
responses, a median PFS of 1.8 months, and median overall sur-
vival of 4.5 months.

In phase I studies, 10 mg of daily RAD001 has demonstrated the
ability to inhibit mTOR activity in peripheral mononuclear cells, skin
cells, and tumors, as measured by abrogated phosphorylation of
downstream target proteins.40-42 In addition, these studies have sug-
gested that once-daily dosing may result in more profound and
persistent inhibition of mTOR activity than other schedules of
administration. In the current study, patient compliance with oral
RAD001 was good, with only two of 33 patients reporting missing
more than a single dose of the drug. Therefore, inconsistent adminis-
tration of drug or lack of target inhibition seems to be less likely
reasons for the ineffectiveness of RAD001 in this patient population.

In recent years, the complexity of the PI3K/Akt/mTOR pathway
has become increasingly apparent, particularly in relation to its poten-
tial as a therapeutic target in cancer.43,44 Recent data suggest the
presence of a negative feedback loop, whereby increased activation of
mTOR leads to a physiologic brake on further stimulation of this
pathway (Fig 2).45-48 In some tumor types, mTOR inhibitors may
interfere with this inhibitory feedback, resulting in a paradoxical in-
crease in signaling by PI3K and increased activation of other Akt-
target proteins that promote cell survival. Although the loss of this
negative feedback from mTOR inhibition may limit the efficacy of
single-agent mTOR inhibitors in these tumor types, it also supports
the investigation of treatment regimens that combine mTOR inhibi-
tors with other agents, such as inhibitors of PI3K and upstream recep-
tor tyrosine kinases.

In conclusion, daily RAD001 administered as a single agent had
minimal clinical activity in patients with gemcitabine-refractory, met-
astatic pancreatic cancer. Nonetheless, given substantial preclinical

data implicating activation of the PI3K/Akt/mTOR pathway in
pancreatic cancer, this pathway remains an interesting target in the
treatment of patients with this disease. To realize the potential of
this strategy, future studies of mTOR inhibitors will likely need to
assess the combination of these agents with drugs that inhibit
upstream components of the PI3K/Akt/mTOR pathway. Concur-
rent work will be necessary to verify target inhibition and investi-
gate potential mechanisms of resistance in patients with this
difficult to treat disease.
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