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Abstract
Objective—To evaluate the efficacy and safety of combination bevacizumab/pemetrexed for the
treatment of recurrent epithelial ovarian cancer (EOC).

Methods—Platinum-sensitive or -resistant patients with recurrent or persistent EOC were
eligible if they had received up to 2 prior chemotherapy regimens, including a platinum/taxane
regimen without prior bevacizumab. Pemetrexed 500 mg/m2 IV and bevacizumab 15 mg/kg IV
were administered every 3 weeks. The primary endpoint was 6-month progression-free survival
(PFS); other endpoints included toxicities, PFS and overall survival (OS).

Results—Thirty-four patients received a median of 7 treatment cycles (range, 2–26). Median
follow-up was 25.7 months (range, 3.0–47.2). Six month progression-free survival (PFS) was 56%
(95%CI: 38–71). The following response rates were documented (%; 95%CI): 0 complete
response, 14 partial responses (41%; 25–59), 18 stable disease (53%; 35–70) and 2 progressive
disease (6%; 1–20). Median PFS was 7.9 months (95%CI, 4.6–10.9), with a median OS of 25.7
months (95% CI, 15.4–29.8). Twenty-two patients (64.7%) had a platinum-free interval (PFI) of
>6 months prior to enrollment. Grade 3–4 hematologic toxicities included neutropenia (50%),
leukopenia (26%), thrombocytopenia (12%) and anemia (9%). Non-hematologic grade 3–4
toxicities included metabolic (29%), constitutional (18%), pain (18%) and gastrointestinal (15%).
Two patients developed hematologic malignancies within one year of treatment.

© 2013 Elsevier Inc. All rights reserved.
*Corresponding Author: Andrea R. Hagemann, 4911 Barnes-Jewish Hospital Plaza, Campus Box 8064, Washington University School
of Medicine, Phone: (314)362-1763. Fax: (314)362-2893, hagemanna@wudosis.wustl.edu.

This study was presented at a poster discussion session at the 48th ASCO Annual Meeting, June 1–4, 2012, Chicago, IL.

Conflict of Interest Statement
Andrea R. Hagemann, Akiva P. Novetsky, Feng Gao, L. Stewart Massad, Premal H. Thaker, Matthew A. Powell and David G. Mutch
have no conflicts of interest. Israel Zighelboim and Jason D. Wright have each received research funding and support from Genentech
for clinical trials evaluating bevacizumab in other gynecologic cancer populations.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Gynecol Oncol. Author manuscript; available in PMC 2014 December 01.

Published in final edited form as:
Gynecol Oncol. 2013 December ; 131(3): 535–540. doi:10.1016/j.ygyno.2013.09.032.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Conclusions—Combination bevacizumab/pemetrexed is an active option for both platinum-
sensitive and -resistant recurrent EOC. Further investigation of cost and novel toxicities associated
with this regimen may be warranted.

INTRODUCTION
Ovarian cancer remains the most lethal gynecologic malignancy(1). While 70–80% of
women achieve complete responses to upfront therapy with surgery and chemotherapy, the
majority will experience recurrence and have incurable disease. Goals for second-line
therapy are to improve disease-free intervals and quality of life. While incidence has been
relatively stable since the 1990s, death rates for ovarian cancer have decreased by 2% per
year from 2005–2009(2). Combinations of targeted and cytotoxic therapies that improve
efficacy while minimizing toxicity are necessary for continued progress in lengthening
progression-free intervals.

Vascular endothelial growth factor (VEGF) and other markers of angiogenesis appear to
correlate with prognosis in ovarian cancer. Bevacizumab, a monoclonal antibody targeting
VEGF, is now a well-established component of treatment programs for recurrent ovarian
cancer(3). Maintenance bevacizumab increases progression-free survival when given after
adjuvant chemotherapy in the upfront(4, 5) and recurrent platinum-sensitive(6) and
platinum-resistant(7) settings.

Pemetrexed (Alimta, Eli Lilly, Indianapolis, IN) is a multi-targeted anti-folate agent that
inhibits several enzymes required for DNA synthesis including thymidylate synthase,
dihydrofolate reductase and glycinamide ribonucleotide formyl transferase(8). Its multiple
targets may help to achieve a broader spectrum of anti-tumor efficacy compared to other
antimetabolites. Pemetrexed has demonstrated activity in non-small-cell lung cancer,
mesothelioma, breast, colorectal, pancreas, bladder and head and neck cancers(9). Its
activity in platinum-resistant ovarian cancer was demonstrated in a Gynecologic Oncology
Group trial of single-agent pemetrexed in 51 women with recurrent ovarian cancer that
demonstrated a response rate of 19%, including one (2%) complete response, and disease
stabilization in 35% of patients(10). Two phase II trials of combination pemetrexed/
carboplatin in platinum-sensitive patients with recurrent ovarian cancer have been reported,
demonstrating overall response rates of 51%(11) and 33%(12) with minimal toxicity.

With continued interest in bevacizumab combinations, evidence of pemetrexed’s activity in
ovarian cancer, and the need for efficacious treatments for recurrent ovarian cancer with
minimal toxicity, we studied the combination of bevacizumab/pemetrexed in patients with
recurrent ovarian cancer.

METHODS
Eligibility Criteria

Patients with recurrent epithelial ovarian, fallopian tube or primary peritoneal cancer at
Washington University School of Medicine were deemed eligible for this study if they were
≥18 years of age, had a Gynecologic Oncology Group performance status of 0 or 1,
histologic confirmation of the primary tumor, and measurable disease with at least one target
lesion to assess response by Response Evaluation Criteria in Solid Tumors (RECIST,
version 1.0) criteria.

Patients were required to have had one prior platinum-based chemotherapeutic regimen for
management of primary disease along with one prior regimen containing a taxane
compound. First-line treatment could have been administered either intravenously or
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intraperitoneally. Patients were not permitted to have received prior therapy with
pemetrexed or bevacizumab. No more than 2 prior cytotoxic chemotherapy regimens
(adjuvant therapy plus one additional regimen) were allowed. Consolidation or extended
therapy as part of first-line treatment was considered a single regimen. There was no
minimum platinum-free interval required for eligibility.

Patients were required to have adequate bone marrow function, with an absolute neutrophil
count (ANC) greater than or equal to 1,500/μl and platelets ≥ 100,000/μl. Patients were also
required to have a creatinine clearance >45 ml/min, bilirubin ≤ 1.5x upper limit of normal
(ULN) and aspartate aminotransferase and alkaline phosphatase ≤ 2.5x ULN. Adequate
coagulation status was required, defined as an international normalized ratio ≤ 1.5 (or 2–3
for patients on stable doses of therapeutic warfarin). Sensory and motor neuropathy was
required to be ≤ grade 1 by common toxicity criteria (version 3.0). Due to the known ability
of NSAIDs to prolong renal excretion of antifolates(13, 14), patients were required to stop
NSAID use prior to treatment on study. Various comorbidities were also listed as exclusion
factors (see Supplemental Material).

The protocol was approved by the Institutional Review Board of Washington University
School of Medicine, and each patient gave informed consent prior to enrollment. The study
was registered on ClinicalTrials.gov (identifier: NCT00868192). This was an investigator-
initiated study sponsored and partially supported by Genentech, who provided bevacizumab,
and Eli Lilly, who provided pemetrexed, free of charge.

Treatment and Dose Modifications
Treatment was given on day 1 of a 21-day cycle. Pemetrexed was administered
intravenously (IV) at a dose of 500 mg/m2 IV over 10 minutes, followed by IV bevacizumab
at a dose of 15 mg/kg. Patients with prior radiation therapy for any cancer were required to
initiate pemetrexed at one dose level reduction, then escalated if no toxicity > grade 1
ensued. A maximum body surface area of 2.0 m2 was used for dose calculations according
to the GOG Chemotherapy Procedures Manual (2003) at the time of study.

Folic acid (350–1000 micrograms) was provided by the study and given daily beginning 5–7
days prior to the first dose of pemetrexed and continued until 3 weeks after the last dose of
study therapy. Vitamin B12 (1000 micrograms) was also provided and administered
intramuscularly 1–2 weeks prior to the first dose of pemetrexed and repeated every 9 weeks
until 3 weeks after the last dose of study therapy. NSAIDs were required to be discontinued
2 days before (5 days for long-acting NSAIDs) pemetrexed administration and could not be
restarted until 2 days after pemetrexed. Dexamethasone 4 mg orally was given twice daily
for three days surrounding each dose of pemetrexed for rash prophylaxis.

Patients with treatment delays for toxicity were evaluated on a weekly basis until adequate
parameters were met. Delays of greater than two weeks resulted in removal from the study.
No bevacizumab dose modification was allowed during the study. A level-1 dose reduction
for pemetrexed was planned as 375 mg/m2, and 250 mg/m2 for a level-2 dose reduction.

Patients did not receive prophylactic or routine use of white blood cell growth factors
(filgrastim, sargramostim or pegfilgrastim) unless they experienced recurrent neutropenic
complications after treatment modifications. Growth factors were only allowed for ANC <
1500/μl, neutropenic fever or documented infections while neutropenic. Use of
erythropoiesis-stimulating agents was not allowed. Patients were continued on study
treatment until disease progression or intolerable toxicity.
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Study End Points
This was a Phase II study without randomization. The primary endpoint was 6-month
progression-free survival. Secondary endpoints included toxicity and objective clinical
response by RECIST and CA-125 criteria. A CA-125 response was defined as at least a 50%
reduction in CA-125 levels from a pretreatment sample following guidelines described by
the Gynecological Cancer Intergroup(15).

Statistical Analysis
The sample size for this study was determined based on Fleming’s single-stage Phase II
design. We assumed that a new agent with 6-month PFS of 15% or less would be considered
of little clinical significance and an agent with PFS 40% or higher would be of interest for
further investigation. With 90% power and at a 2-sided 0.05 significance level, at least 32
evaluable patients were required to detect the above difference.

Demographic and clinical characteristics, as well as toxicity by grade were summarized
using descriptive statistics. Response rates were calculated and an exact binomial 95%
confidence interval was computed for these estimates. Overall survival (OS) was defined as
time from patient registration to death for any reason. Patients remaining alive were
censored at the last clinical contact. Progression-free survival (PFS) was defined as the time
from patient registration to documented progression or death, whichever occurred first.
Patients without progression were censored at the last clinical contact. A Kaplan-Meier
product limit estimator was utilized to graphically describe PFS and OS, and to estimate the
6-month PFS, 12-month OS, and median PFS and OS. Patients were also stratified into 3
groups based on platinum-free intervals (<6 months, 6–12 months, >12 months) prior to
registration for this study. The between-group differences in PFS and OS were described
using Kaplan-Meier product limit methods and compared by log-rank tests. Hazard ratios
(HR) for PFS were estimated using a univariate Cox regression model. All statistical
analyses were performed using SAS version 9.2 (SAS Institutes, Cary, NC).

RESULTS
Patient Characteristics

Between May 2009 and November 2010, 39 patients were enrolled, and 34 eligible patients
were treated. 5 patients were enrolled but deemed ineligible prior to receiving any treatment.
Treatment on trial was completed for all patients by June of 2011. Demographic and
baseline patient characteristics are reported in Table 1. 33 (97%) patients were white and
one was black. Most patients had stage IIIC papillary serous cancer. All 34 patients had
received prior platinum and taxane-based therapy, with 20 patients (59%) receiving
treatment on this protocol for their first recurrence. Platinum-free intervals (PFI) from prior
treatment varied (range, 1–44 months); 12 patients (35.2%) had a PFI < 6 months, 11
(32.4%) had a PFI of 6–12 months, and 11 (32.4%) had a PFI >12 months.

All patients received at least one cycle of study treatment. In total, 316 cycles were
administered with a median of 7 cycles per patient (range 2–26). 18 patients were
discontinued from the study due to objective progression by RECIST criteria, while 11
patients were electively discontinued, mainly for reasons of fatigue. Five patients were
discontinued for grade 3 or greater toxicity that included one case each of a high-grade
bowel obstruction, severe proteinuria, renal failure, an acute embolic cerebral vascular
accident and severe neutropenia. Median follow-up time was 25.7 months. At last contact,
27 patients had died of disease (79.4%) and 7 patients were alive with disease (20.6%).
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Efficacy
All patients were RECIST-evaluable, with a median follow-up of 25.7 months (range, 3.0–
47.2 months). Six-month PFS was 56% (95% CI, 38–71) with median PFS of 7.9 months
(95%CI, 4.6–10.9). 12-month OS was 79% (95% CI, 62–90) and median OS was 25.7
months (95% CI, 15.4–29.8), as shown in Figure 1.

The overall response rate was 41% (95% CI, 25–59). All responses were partial responses;
there were no complete responses. 18 patients had stable disease (53%; 35–70) and 2 had
progressive disease (6%; 1–20). The disease control rate was 94%. Twenty-seven patients
were evaluable by CA-125 criteria; a 50% CA-125 response was documented in 17 patients
(62%; 44–79), and a 75% CA-125 response in 8 patients (30%; 16–49).

After stratification by PFI prior to study treatment, median PFS for those with a PFI < 6
months was 6.7 months (95% CI, 4.1–9.9), compared to 8.4 months for those with a PFI ≥ 6
months (p = 0.097). Median PFS was 4.7 months (95% CI 2.8–8.4) for those with a PFI 6–
12 months, and 16.8 months (95% CI 4.6 – 23.2 mo.) for those with a PFI >12 months
(p=0.045). Compared to patients with a PFI < 6 months, those treated with bevacizumab/
pemetrexed after a PFI > 12 months have a 64% decreased risk of progression (HR=0.36,
95% CI 0.15–0.88; p=0.024). Median OS (95% CI) for patients with PFI <6 months was
16.7 months, compared to 26.5 months for those with PFI ≥ 6 months (p = 0.52). Median OS
was 24.9 months (6.2–28.6) for those with a PFI 6–12 months, and 28 months (95% CI not
estimable), for those with a PFI > 12 months (p=0.609). These results are shown in Table 2
and Figure 2.

Safety and Tolerability
All patients were evaluated for toxicity at the beginning of each cycle. Grade 3–4
hematologic toxicities occurred in 53% of patients (neutropenia 50%, leukopenia 26%,
thrombocytopenia 12%, anemia 9%). One patient was removed from the study due to
prolonged neutropenia, and eventually developed acute myeloid leukemia (AML) as
described further below. No other neutropenic dose delays were >2 weeks, and there were
no dose reductions used throughout the study. There were no febrile neutropenic events. One
patient developed a septic pulmonary embolus requiring hospitalization, anticoagulation and
intravenous antibiotics, but no dose delay was necessary.

Fatigue was the most common non-hematologic toxicity, experienced by 94% of patients,
but was predominantly low-grade (76% grade 1–2). Using a strict cut-off for creatinine
clearance (CrCl) of 45 ml/min, only 6% of patients experienced grade 3 renal toxicity;
similarly, strict monitoring for proteinuria was enforced. One patient’s bevacizumab was
held completely for a cycle due to proteinuria but recovered for subsequent cycles.
Gastrointestinal side effects were common, experienced by 91% of patients, and
predominantly low-grade (79% of GI toxicities were grade 1–2). There were no documented
bowel perforations. A summary of all toxicities is found in Table 3.

Two patients in our study have subsequently developed hematologic malignancies. One, a
46-year-old who initially received IV/IP platinum/taxane therapy with a complete response,
upon recurrence (PFI 13 months) had an optimal secondary debulking including
splenectomy and distal pancreatectomy, followed by treatment with pemetrexed/
bevacizumab on study. She was taken off study after 7 cycles for severe neutropenia and
was diagnosed with acute myeloid leukemia (AML) 4 months later. She received treatment
with fludarabine, high-dose cytosine arabinoside, idarubicin and G-CSF followed by an
allogeneic stem cell transplant. At the time of last follow-up, she had stable disease treated
with single-agent bevacizumab.
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The second patient to develop a hematologic malignancy was a 60-year-old previously
treated with IV platinum/taxane with a complete response and disease-free interval of 8
months. She was then treated with 25 cycles of single-agent weekly topotecan at recurrence,
followed by 10 cycles of pemetrexed/bevacizumab on study. She was taken off study due to
extreme fatigue, continued to have persistent fatigue and anemia, and 6 months later
underwent a bone marrow biopsy showing hypercellular marrow with trilineage dysplasia
consistent with myelodysplastic syndrome (MDS). She did not receive further chemotherapy
for ovarian cancer and has since died.

DISCUSSION
In this cohort of patients with recurrent ovarian, fallopian tube and primary peritoneal
cancer, the combination of pemetrexed and bevacizumab demonstrated favorable efficacy
with a 6-month PFS of 56% and an overall response rate of 41%. This is a novel
combination of cytotoxic and biologic agents for recurrent ovarian cancer showing response
rates comparable to those seen in published platinum doublets for both platinum-sensitive
and -resistant recurrent disease.

No dose reductions were required throughout the entire trial, and only 5 patients (14.7%)
were discontinued from study due to grade 3 or greater toxicities. Grade 1–2 fatigue was the
predominant symptom noted, but was not dose limiting. Routine use of corticosteroids,
vitamin B12 and folic acid seemed to effectively control rash and mucositis, toxicities that
have been reported in prior trials(16). Grade 3 hematologic toxicities did occur at a high
rate, with 50% of patients experiencing at least grade 3 neutropenia, but short dose delays
were enough for counts to recover quickly.

Therapy-related myeloid neoplasms (t-MN)(17), defined as AML and MDS occurring after
cytotoxic chemotherapy or radiation, have been reported to develop in 0.17% of ovarian
cancer patients, with a median latency of 4 years(18). A wide range of cytotoxic therapies
have been associated with t-MN, including alkylating agents, topoisomerase II inhibitors,
antimetabolites and anti-tubulin agents, with a latency period ranging from one to 10
years(19). Two out of 34 patients (5.8%) in our study did eventually develop hematologic
malignancies after completion of treatment, with a latency range of only 4–6 months
following treatment. One of our affected patients had received 25 cycles of weekly
topotecan, but this therapy would be expected to cause abrupt AML, not MDS; the other had
only received standard platinum/taxane therapy. To our knowledge, neither pemetrexed nor
bevacizumab has previously been associated with t-MN, but the antimetabolite actions of
pemetrexed could conceivably predispose to a higher risk of t-MN. Therefore, this may
represent a new subgroup within t-MN, although our small sample size prohibits any
definitive attribution to this particular regimen. Long-term follow up and monitoring of
blood counts after treatment with bevacizumab and pemetrexed is certainly recommended.

Table 4 provides a summary comparing reported response rates to bevacizumab- and
platinum-containing regimens for recurrent ovarian cancer. 35% of our study patients were
platinum-resistant, with a median PFS of 5.6 months and a median OS of 16.7 months. For
these platinum-resistant patients, our results show a modest improvement compared to
historical controls of bevacizumab alone (3, 20), and comparable survival data with Phase II
studies of bevaciuzmab plus oral cyclophosphamide (21) or topotecan (22). Phase III data
provide the most meaningful statistical bar by which to judge proposed new chemotherapy
regimens; in a platinum-resistant population, the AURELIA trial demonstrated an
improvement in PFS by 3.3 months with the addition of bevacizumab to chemotherapy
alone(7). Our results add further support for the role of bevacizumab in combination with
cytotoxic chemotherapy in this population.
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Our platinum-sensitive patients showed a greater response than previously shown in phase II
trials of bevacizumab alone (3), with a median PFS of 8.4 months and a median OS of 26.5
months for those with a PFI > 6 months. Our results are comparable to other Phase II
doublets containing either bevacizumab or pemetrexed (11, 12, 21, 23) and furthermore
concur with the OCEANS trial, the first Phase III trial to demonstrate an improved PFS with
the addition of bevacizumab to treatment with combination gemcitabine and carboplatin
(12.4 months with bevacizumab versus 8.4 months without)(6) in a recurrent, platinum-
sensitive population. Our platinum-sensitive cohort data compare favorably to the 32.8%
response rate and 9.4-month PFS seen in platinum-sensitive patients treated with
carboplatinum/pemetrexed in a phase II study by Sehouli et al (12), but notably with half the
incidence of thrombocytopenia (12% in the current study versus 24%). While platinum-
based regimens would typically be considered in this patient population(24, 25), these
studies support the hypothesis that bevacizumab can be added to a variety of cytotoxic
agents to improve PFS and minimize delays due to thrombocytopenia. Since our study lacks
a comparator arm, we acknowledge that assessing relative contributions from either drug is
difficult. Furthermore, it is possible that the disease response gained with this regimen,
particularly in the platinum-sensitive population, simply reflects the stability of a relatively
indolent disease.

Our study is limited by the absence of any cost evaluation. Our patients received both study
drugs free of charge, rendering any economic evaluation of this combination inapplicable
and beyond the scope of this study. However, cost analyses have shown that while
bevacizumab may improve PFS, treatment is associated with significant increased direct and
indirect costs(26), and the addition of pemetrexed will only add to these.

In summary, this Phase II trial utilizing bevacizumab and pemetrexed demonstrates an active
combination regimen for recurrent epithelial ovarian, fallopian tube or primary peritoneal
cancer, particularly for those with longer platinum-free intervals, with lower risk of
thrombocytopenia than seen in platinum-containing doublets. However, the 5% rate of t-MN
in this series is cause for concern. If future studies involving this combination in platinum-
sensitive patients are carried out, they must carefully monitor for t-MN.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Research Highlights

• This phase II study of bevacizumab/pemetrexed in recurrent ovarian cancer
showed a response rate of 41%.

• Median OS was 16.7 months for platinum-resistant and 26.5 months for
platinum-sensitive patients.

• Two cases of therapy-related myeloid neoplasms were noted as a potential new
toxicity.
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Figure 1.
Kaplan-Meier analysis of progression-free (PFS) and overall survival (OS), where the
vertical bars represent the times of censoring.
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Figure 2.
Kaplan-Meier analysis of A) progression-free survival and B) overall survival based on
platinum-free interval prior to study enrollment.
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Table 1

Patient Demographics

n (%)

Age

 Mean (min-max) 61.5 (31–86)

Stage

 I/II 1 (2.9)

 III 27 (79.4)

 IV 6 (17.6)

Histology

 Serous 24 (70.6)

 Endometrioid 2 (5.9)

 Mixed 3 (8.8)

 Other 5 (14.7)

Tumor Grade

 1 3 (8.8)

 2 1 (2.9)

 3 30 (88.2)

Pathologic Diagnosis

 Ovarian 27 (79.4)

 Fallopian tube 1 (2.9)

 Primary peritoneal 6 (17.6)

Performance Status

 0 22 (64.7)

 1 12 (35.3)

Prior # Chemotherapy Regimens

 1 20 (58.8)

 2 14 (41.2)

Platinum-free Interval

 <6 months 12 (35.2)

 6–12 months 11 (32.4)

 >12 months 11 (32.4)
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Table 2

Progression-free and Overall Survival by Platinum-Free Interval.

Platinum-Free Interval Median PFS (months, 95% CI) Median OS (months, 95% CI)

0–6 months (n=12) 6.7 (4.1–9.9) 16.7 (7.5–33.4)

>6 months (n=22) 8.4 26.5

 6–12 mo. (n=11) 4.7 (2.8–8.4) 24.9 (6.2–28.6)

 >12 mo. (n=11) 16.8 (4.6–23.2) 28 (N/E)
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