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ABSTRACT 

Gynecologic cancers represent a significant 
problem worldwide. Advanced, recurrent gyne- 
cologic cancers are often refractory to chemo- 
therapy, so new treatment regimens are needed. 
Pemetrexed is a third-generation, multi-targeted 
antifolate that has been approved for use in non- 
squamous non-small cell lung cancer and ma- 
lignant pleural mesothelioma in both the United 
States and European Union. This paper reviews 
the safety and efficacy of pemetrexed in gyne- 
cologic cancers, which were defined as malig- 
nancies of the ovaries (including fallopian tubes 
and primary peritoneum), uterine endometrium, 
and uterine cervix. A search of English-language 
literature via PubMed and American Society of 
Clinical Oncology proceedings was performed 
from database inception to June 2012. Thirteen 
clinical trials involving the use of pemetrexed 
(alone and in combination with other agents) in 
gynecologic cancers were identified. These were 
phase I and phase II trials; there were 9 studies 
in ovarian cancer, 1 study in endometrial cancer, 
and 3 studies in cervical cancer. Pemetrexed 
with vitamin supplementation was tolerable in all 
clinical trials and had activity in ovarian and 
cervical cancers. Therefore, it may be reason- 
able to further explore the use of pemetrexed in 
ovarian and cervical malignancies. 
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1. INTRODUCTION 

Antimetabolites act by disrupting cell replication and 
division [1]. This disruption can occur directly through 

incorporation of analogues into cellular DNA or indi- 
rectly through interference with pathways involved in 
DNA synthesis. Eukaryotic cells require folates, which 
transfer 1-carbon units needed for the biosynthesis of 
pyrimidines, purines, and some amino acids, for growth 
[2,3]. Diet-derived folic acid must be reduced to tetrahy- 
drofolate (THF), which then serves as the 1-carbon (me- 
thyl group) donor in biosynthetic processes. Deletion of 
intracellular THF co-factors inhibits the biosynthesis of 
purine nucleotides and thymidine, thereby inhibiting 
DNA synthesis [4]. Consequently, antifolates have the 
greatest effect on rapidly growing and dividing cells, but 
also affect rapidly growing normal cells, such as those in 
bone marrow and the gastrointestinal tract, thereby ex- 
plaining toxicities of this compound class [5]. 

Pemetrexed (Alimta®; LY231514) is a third-generation 
antifolate [6]. Unlike older agents that target a single en- 
zyme, pemetrexed targets multiple enzymes: thymidylate 
synthase (TS), glycinamide ribonucleotide formyltrans- 
ferase (GARFT), 5-aminoimidazole-4-carboxamide ribo- 
nucleotide formyltransferase (AICARFT), and dihydro- 
folate reductase (DHFR) [3,7-9]. Pemetrexed enters the 
cell through the reduced folate carrier (RFC), which is 
the major transporter for folates, and is also a substrate 
for the folate receptor-alpha (FR-α) [10,11]. A low pH 
transporter may also be involved in pemetrexed inter- 
nalization [12,13]. Pemetrexed is activated intracellularly 
to a polyglutamated form, with the pentaglutamated form 
being most active [8]. Pentaglutamated pemetrexed po- 
tently inhibits TS and also inhibits GARFT and AICARFT, 
but has a low affinity for DHFR [6,8,14,15]. 

Currently, pemetrexed with vitamin supplementation is 
approved in the United States (US) for use in locally ad- 
vanced or metastatic nonsquamous non-small cell lung 
cancer (NSCLC) as initial treatment in combination with 
cisplatin, as maintenance treatment for patients whose 
disease has not progressed after 4 cycles of platinum-  

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 

mailto:David.Miller@utsouthwestern.edu


D. S. Miller et al. / Modern Chemotherapy 2 (2013) 19-32 20 

based first-line chemotherapy, and after prior therapy as 
a single agent; pemetrexed is also approved for use in 
combination with cisplatin for malignant pleural meso- 
thelioma [16-22]. Pemetrexed has similar indications in 
the European Union [23]. Use of pemetrexed in patients 
with nonsquamous NSCLC is based on subset analyses 
(prespecified for the first-line and maintenance studies) 
of phase III trials showing that pemetrexed relative to a 
comparator confers overall survival (OS) and progres- 
sion-free survival (PFS) advantages in patients with non- 
squamous tumors relative to squamous tumors [16,17,20, 
24,25]. 

Herein, the results from clinical trials involving the 
use of pemetrexed in gynecologic cancers are reviewed. 
For the purpose of this article, gynecologic cancers in- 
clude malignancies of the ovaries (including fallopian 
tubes and primary peritoneum), uterine endometrium, 
and uterine cervix. The purpose of this review was to ex- 
amine the efficacy and safety of pemetrexed, alone and 
in combination with other agents, in patients with these 
cancers. 

2. METHODS 

English-language literature was identified through 
searches of PubMed (database inception through mid 
June 2012) and Proceedings of the American Society of 

Clinical Oncology (ASCO) (database inception through 
ASCO June 2012). Title search terms included combina- 
tions of pemetrexed, MTA, multi-targeted antifolate, 
LY231514, ovarian, cervical, and endometrial. Refer- 
ences within identified articles were also reviewed. Re- 
view articles and retrospective analyses were excluded 
from this review, as was one report involving compas- 
sionate use. 

3. RESULTS 

Thirteen phase I and phase II clinical trials met the 
search criteria. There were 9 studies in ovarian cancer 
(Tables 1 and 2), 1 study in endometrial cancer (Table 3), 
and 3 studies in cervical cancer (Table 4). 

3.1. Pemetrexed in Ovarian Cancer 

Among woman, ovarian cancer comprises about 3% of 
all cancers and causes more deaths than any other cancer 
of the female reproductive system [26]. In 2012, an esti- 
mated 22,280 new cases of ovarian cancer are expected 
in the US, with an estimated 15,500 deaths. Worldwide, 
225,000 new cases of ovarian cancer and 140,200 deaths 
were expected in 2008 [27]. Because there is no good 
screening test, the majority of cases (63%) are diagnosed 
at an advanced stage. For women with distant disease,  

 
Table 1. Phase I trials of pemetrexed in ovarian cancer. 

Author Population Treatment ORR MTD and DLTs 

Hensleya 
2008 [37] 

N = 30 enrolled solid tumors 
N = 24 enrolled ovarian 
Advanced ovarian not 
considered curable by 
standard treatments 
Unlimited prior therapies 

Pemetrexed 300 - 600 
mg/m 2 + gemcitabine 
1500 mg/m2 biweekly 
q14d  
with vitamins 

28% 
(28% PRs in 21 
evaluable ovarian 
cancer pts) 

In ovarian cancer, MTD = pemetrexed 600 
mg/m2 + gemcitabine 1500 mg/m2 

DLTs (ovarian cancer): Grade 3 
thrombocytopenia failure to recover ≤1 week 
(1 pt); febrile neutropenia (3 pts); Grade 3 rash 
(1 pt) 

Richardsa 
2011 [40] 

N = 29 enrolled/treated 
Ovarian (n = 16), Peritoneal 
(n = 3), Breast (n = 10)  
Cancer 
Refractory to treatment 
(≤3 prior cytotoxic 
regimens) 

Pemetrexed 400 - 500 
mg/m2 d1 and 15 + 
PLD 30 - 45 mg/m2 d1 
q28d  
with vitamins 

35.7% in ovarian 
(35.7% PRs in 14 
evaluable ovarian 
pts) 
No responses in 
peritoneal or breast 
mTtP = 6.1 mos in 
ovarian cancer 

MTD = Pemetrexed 500 mg/m2 + PLD 40 
mg/m2 
DLTs = Grade 4 thrombocytopenia (2 pts); 
Grade 3 febrile neutropenia (2 pts); Grade 4 
febrile neutropenia, Grade 4 neutropenia lasting 
>7 days, and Grade 4 thrombocytopenia (1 pt) 

Sehouli 
2010 [41] 
NCT0048
9359 

N = 20 enrolled 
Platinum-sensitive recurrent 
ovarian, primary peritoneum 
≤2 previous lines of therapy 

Pemetrexed 500, 600, 
700, 800, 900 mg/m2 +
carboplatin AUC 5, 
AUC 6 q21d  
with vitamins 

84.3% 
(63.2% CR and 
21.1% PR in 19 
evaluable pts) 

MTD not reached; RP2D = pemetrexed 500 
mg/m2 + carboplatin AUC 6 
DLTs = Grade 4 neutropenia for 7 days (1 pt) 

Chambers 
2012 [42] 
NCT0070
2299 

N = 15 enrolled/treated 
Stage III optimally debulked 
ovarian, peritoneal, or  
fallopian tube cancer 
First-line 

Intraperitoneal 
pemetrexed 60 - 1000 
mg/m2 d1 + cisplatin 
75 mg/m2 d2 +  
paclitaxel 60 mg/m2 d8
q21d  
with vitamins 

In 14 evaluable pts, 
mPFS = 30.1 mos 
100% CA-125 
response (n = 13; 12 
CR + 1 PR) 

MTD = 500 mg/m2 pemetrexed 
(not determined definitively) 
DLTs = 1 death (opportunistic infection with 
Grade 4 neutropenia and thrombocytopenia and 
Grade 3 diarrhea and oral mucositis) and 1 
infection with Grade 4 neutropenia,  
thrombocytopenia, anemia, and Grade 3  
diarrhea 

aClinical trial registration number not available. AUC: area under curve; CR: complete response; d: day; DLT: dose-limiting toxicity; mos: months; mPFS: 
median progression-free survival; MTD: maximum-tolerated dose; N: population size; ORR: overall response rate; mTtPD: median time to progression; PLD: 
pegylated liposomal doxorubicin; PR: partial response; pt: patient; q: every; RP2D: recommended Phase II dose. 
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Table 2. Phase II trials of pemetrexed in ovarian cancer. 

Author Population Treatment ORR mPFS and mOS Common Grades 3-4 AEsa 

Miller 
2009 [43] 
NCT00087087 

N = 51 entered 
Platinum-resistant recurrent or 
metastatic epithelial ovarian or 
primary peritoneal; 
1 prior platinum-based regimen 

Pemetrexed 
900 mg/m2  
q21d 
with vitamins 

21% (2% CR; 
19% PR in 48 
evaluable pts) 

mPFS = 2.9 mos 
mOS = 11.4 mos 

Neutropenia 42% 
Leukopenia 25% 
Anemia, constitutional 15% 
Thrombocytopenia 12.5% 
Infection, neurologic 10% 

Vergote 
2009 [34] 
NCT00109096 

N = 47 treated (500 mg/m2 arm) 
N = 51 treated (900 mg/m2 arm) 
Platinum-resistant epithelial 
ovarian or primary peritoneal 
≤2 prior chemo regimens 

Pemetrexed 
500 mg/m2  
q21d  
(Pem500) 
versus  
Pemetrexed 
900 mg/m2 

q21d 
(Pem900) 
both with vitamins

91 evaluable pts 
(43 pts on 
Pem500;  
48 pts on 
Pem900): 
9.9%  
(9.3% PRs on 
Pem500;  
10.4% PRs on 
Pem900) 

mPFS = 2.8 mos 
(Pem500) 
2.8 mos (Pem900) 
mOS = 11.9 mos 
(Pem500) 
10.3 mos  
(Pem900) 

Pem500: 
Neutropenia 12.7% 
Anemia 10.7% 
Leukopenia, febrile neutropenia, 
ascites, fatigue, ileus 6.4% each 
Vomiting 4.3%, 
Thrombocytopenia 4.2%, 
Pem900:  
Anemia 13.8%, 
Neutropenia 13.7%, 
Fatigue 13.7% 
Thrombocytopenia 11.8%, 
Leukopenia 9.8% 

Matulonis 
2008 [47] 
NCT00230542 

N = 45 enrolled 
Platinum-sensitive epithelial 
ovarian or peritoneal serous, or 
fallopian tube, ≤2 prior regimens 
in recurrent setting 

Pemetrexed 
500 mg/m2 + 
Carboplatin 
AUC 5 q21d 
with vitamins 

51.1% 
(51.1% PR in  
ITT pts) 

mPFS = 7.6 mos 
Mean OS = 20.3 mos 
mOS not reached 

Neutropenia 41% 
Carboplatin allergic reaction 36%
Thrombocytopenia 23% 
Leukopenia 16% 
Fatigue 11% 

Sehouli 
2012 [48] 
NCT00489359 

N = 66 treated 
Recurrent platinum-sensitive 
ovarian or primary peritoneal, ≤2
prior platinum-based regimens 

 
AUC 6 q21d 

Pemetrexed 
500 mg/m2 + 
Carboplatin 

with vitamins 

31.8% 
(1.5% CR;  
30.3% PR  
in 66 ITT pts) 

mPFS = 9.4 mos 
mOS not reached due to 
high censoring rate 

Neutropenia 39.4% 
Thrombocytopenia 24.2% 
Carboplatin hypersensitivity, 
leukopenia 9.1% 
Nausea, vomiting 6.1% each 
Anemia 4.5% 

Hageman 
2012 [49] 
Abstract 
NCT00868192 

N = 34 treated 
Recurrent or persistent epithelial 
ovarian, fallopian tube, or  
primary peritoneal, <2 prior 
cytotoxic chemo regimens 

Pemetrexed 
500 mg/m2 +  
bevacizumab  
15 mg/kg  
q21d  
with vitamins 

41% (41% PRs in 
34 treated pts) 

Median follow-up 
17.1 mos 6-mos PFS  
(all pts) = 58.2%; 
6-mos PFS  
(platinum-resistant pts) = 
50%; 
12 mos OS = 88% 
mPFS = 7.8 mos 

Neutropenia 50% 
Metabolic 29% 
Leukopenia 26% 
Constitutional, pain 18% each 
Gastrointestinal 15% 

aFive most common (by incidence) grades 3 and 4 AEs. AEs: adverse events; AUC: area under curve; chemo: chemotherapy; CR: complete response; d: day; 
ITT: intent-to-treat; mOS: median overall survival; mos: months; mPFS: median progression-free survival; N: population size; ORR: overall response rate; pem: 
pemetrexed; PR: partial response; pt(s): patient(s); q: every. 
 
Table 3. Phase II trial of pemetrexed in endometrial cancer. 

Author Population Treatment ORR mPFS and mOS Common Grades 3-4 AEs 

Miller 
2009 [52] 
NCT00087100 
NCT00377520 

N = 27 entered 
Advanced/recurrent 
1 prior regimen 

Pemetrexed 900 mg/m2 
q21d with vitamins 

4% (1 PR) in 25 
evaluable pts 

mPFS = 2.7 mos 
mOS = 9.4 mos 

Neutropenia 48% 
Leukopenia 40% 
Anemia 20% 
Constitutional 16% 

AEs: adverse events; d: day; mOS: median overall survival; mos: months; mPFS: median progression-free survival; N: population size; PR: partial response; 
pt(s): patient(s); ORR: overall response rate. 
 
the 5-year survival rate is only 27% [26]. 

Ovarian cancer treatment involves cytoreductive sur- 
gery followed by chemotherapy using platinum-based, 
multi-agent regimens [28]. Most patients respond to 
treatment initially; however, the disease often recurs, and 
responses to subsequent therapy are not durable [29]. 
The 4th Ovarian Cancer Consensus Conference of The 
Gynecologic InterGroup recently defined subgroups of 
ovarian cancer patients as those with: 1) progression 
while receiving the last line of platinum-based therapy, 

or within 4 weeks of the last platinum dose; 2) progres- 
sion-free interval since last platinum line of >1 month 
and <6 months; 3) progression-free interval since the last 
platinum line of 6 to 12 months; and 4) progression-free 
interval since the last platinum line of >12 months [30]. 

In preclinical models of ovarian cancer, pemetrexed 
demonstrated activity in combination with cisplatin [31]. 
In ovarian epithelial cells undergoing malignant trans- 
formation, the FR-α, a potential pemetrexed transporter, 
is overexpressed [32]. In ovarian cancer cells, the RFC   
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Table 4. Phase II trials of pemetrexed in cervical cancer. 

Author Population Treatment ORR mPFS and mOS 
Common Grades 3-4 AEs  
(Unless Noted) 

Goedhalsa 
2006 [65] 

N = 35 enrolled 
Locally advanced 
recurrent, metastatic 
SCC  
Chemonaïve 

Pemetrexed 600 mg/m2

reduced to 
pemetrexed 500 mg/m2

q21d 

18% 
(18% PR in 34 evaluable pts)

mOS = 15.2 mos 
mTtTF = 7.5 mos 

All Grade 4:  
Neutropenia 37%, 
Leukopenia 9% 
Anemia, cutaneous rash 6% 
Thrombocytopenia, stomatitis,  
vomiting 3% 

Miller 
2008 [66] 
NCT00087113 
NCT00190983 

N = 29 entered 
Persistent/recurrent 
1 prior regimen 

Pemetrexed 900 mg/m2

q21d  
with vitamins 

15% 
(15% PR in 27 evaluable pts)

mPFS = 3.1 mos 
mOS = 7.4 mos 

Anemia 41%, 
Leukopenia 30% 
Neutropenia 26%, 
Constitutional 26% 
Infection 22% 

Lorusso 
2010 [64] 
Eudra CT 
2006-005626-24 

1 prior regimen 

N = 43 entered 
Advanced/recurrent 

Pemetrexed 500 mg/m2

q21d  
with vitamins 

14% 
(14% PRs in 43 evaluable pts)

mPFS = 10 weeks
mOS = 35 weeks 

Neutropenia 30%, 
Leukopenia 28% 
Anemia 12%, 
Thrombocytopenia 9% 
Note: non heme AEs not included 
because they were reported by cycle

aClinical trial registration number for clinical trial not available. AEs: adverse events; mOS: median overall survival; mos: months; mPFS: median progres- 
sion-free survival; mTtTF: median time to treatment failure; N: population size; PR: partial response; q: every; ORR: overall response rate; SCC: squamous cell 
carcinoma. 
 
may have a more important role than the FR-α in trans- 
porting 5-methyltetrahydrate folate into ovarian cancer 
cell lines [33]. It is hypothesized that cancer cells that 
overexpress folate analogue transporters may exhibit 
preferential uptake of pemetrexed [34]. These observa- 
tions provided the rationale for testing pemetrexed alone 
and in combination with other agents in ovarian cancer 
(Tables 1 and 2). 

3.1.1. Phase I Trials 
Combined, pemetrexed and gemcitabine were found to 

have synergistic activity in preclinical models [35,36]. In 
a phase I trial, Hensley and colleagues reported the re- 
sults of combined bi-weekly gemcitabine (1500 mg/m2 
every 14 days) and pemetrexed (escalated from 300 
mg/m2 every 14 days) in patients with solid tumor ma- 
lignancies or advanced epithelial ovarian cancer [37]. 
The trial was designed to determine whether bi-weekly 
dosing with vitamin support would allow efficacious 
doses of pemetrexed to be delivered. Twenty-four pa- 
tients with unlimited prior cytotoxic regimens were en- 
rolled in the ovarian cancer cohort. In this cohort, the 
maximum-tolerated dose (MTD) occurred at 600 mg/m2 
pemetrexed, with 2 of 9 patients experiencing a dose- 
limiting toxicity (DLT). The most common grades 3 and 
4 adverse events (AEs) were neutropenia (83%), leuko- 
penia (67%), lymphopenia (73%), and febrile neutron- 
penia (12.0%). Six of 21 evaluable patients (28%) had a 
confirmed partial response (PRs) (Table 1). 

In preclinical models, pemetrexed and doxorubicin 
were found to have additive cytotoxicity [38]. Pegylated 
liposomal doxorubicin (PLD) is a formulation that im- 
proves the pharmacodynamic, pharmacokinetic, and tox- 
icity profiles relative to doxorubicin [39]. This provided 

a rationale for testing pemetrexed and PLD in refractory 
breast, ovarian, primary peritoneal, or fallopian tube can- 
er [40]. c 

A phase I dose-escalation trial tested pemetrexed (400 - 
500 mg/m2 on days 1 and 15) and PLD (30 - 45 mg/m2 
on day 1) in a 3 + 3 design [40]. Cycles were 28 days, 
and all patients received folic acid and vitamin B12. 
Twenty-nine patients were enrolled with pathologically 
confirmed, locally advanced, unresectable breast, ovar- 
ian, or primary peritoneal cancer that was refractory to 
conventional treatment. The median age was 60.6 (range: 
47.5 - 80.1) years. The distribution of cancers was: ovar- 
ian (n = 16), breast (n = 10), and peritoneal (n = 3). Most 
patients had an Eastern Cooperative Oncology Group 
performance status (ECOG PS) of 1 (72%). Ovarian/ 
peritoneal cancer patients had received a mean of 2.3 
(range: 1 - 4) prior chemotherapy regimens, and 17 had 
platinum-refractory disease.  

In this trial, the MTD was pemetrexed 500 mg/m2 and 
PLD 40 mg/m2 (Table 1) [40]. Because the day 15 pe- 
metrexed dose could not be administered in 66% of pa- 
tients, the recommended phase II dose was pemetrexed 
500 mg/m2 and PLD 40 mg/m2, both on day 1 only. The 
most common drug-related grades 3 and 4 AEs were neu- 
tropenia (86%), leukopenia (59%), thrombocytopenia 
(48%), anemia (41%), mucosal inflammation (24%), feb- 
rile neutropenia (24%), hand-foot syndrome (14%), and 
hypokalemia (10%). Of the 24 evaluable patients (breast 
+ ovarian + peritoneal), 5 (21%) ovarian cancer patients 
achieved a PR, and the median time to progression (TtP) 
was 6.1 months. In evaluable platinum-refractory ovar- 
ian/peritoneal cancer patients (89% of ovarian/peritoneal 
cancer patients), the overall response rate (ORR) was 
36% with a median TtP of 6.3 months. Because this TtP 
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appeared superior to published data for this patient popu- 
lation, the authors suggested consideration of a random- 
ized phase II trial comparing pemetrexed + PLD to PLD 
alone [40]. 

Sehouli and colleagues performed a phase I-II trial 
testing the combination of carboplatin and pemetrexed. 
In 2010, the authors reported the results of the phase I 
portion, which consisted of a standard 3-patient dose 
escalation scheme in 20 patients with platinum-sensitive 
recurrent ovarian cancer or primary peritoneal (Table 1) 
[41]. The dose-escalation trial started at carboplatin area 
under curve (AUC) 5 and pemetrexed 500 mg/m2. Pa- 
tients also received folic acid and vitamin B12. The max- 
imal dose was carboplatin AUC 6 and pemetrexed 900 
mg/m2 every 21 days; the MTD was not reached. There 
was 1 DLT (grade 4 neutropenia for 7 days) in dose level 
3 (600 mg/m2 pemetrexed + carboplatin AUC 6). In 19 
evaluable patients, the complete response (CR), PR, and 
stable disease (SD) rates were 63.2%, 21.1%, and 5.3%, 
respectively. The committee chose 500 mg/m2 peme- 
trexed plus carboplatin AUC 6 for the phase II portion of 
the trial [41]. 

Chambers and colleagues recently reported the first 
front-line trial in stage III optimally debulked ovarian, 
peritoneal, or fallopian tube cancer in which 3 drugs 
were administered intraperitoneally (IP) (Table 1) [42]. 
Fifteen patients with a median age of 65 (range: 46 - 76) 
years and an ECOG PS of 0 (47%) or 1 (53%) were en- 
rolled. The primary sites were ovarian (67%), fallopian 
tube (20%), and peritoneal (13%). Most patients had 
serous tumors (87%), grade 3 tumors (93%), and residual 
disease <1 cm (67%). Only 20% had received neoadju- 
vant chemotherapy. 

In this trial, IP pemetrexed (60 - 1000 mg/m2 on day 1) 
was dose-escalated in combination with IP cisplatin (75 
mg/m2 on day 2) and IP paclitaxel (60 mg/m2 on day 8) 
[42]. Patients received folic acid and vitamin B12. Three 
patients accrued to each of 5 dose levels. Cycles were 
repeated every 21 days for 6 cycles. Fifteen patients were 
enrolled and treated, with a 6-cycle completion rate of 
80%. One patient at dose level 2 (120 mg/m2) experi- 
enced a seizure of unclear etiology in cycle 5 and discon- 
tinued, and 2 patients at dose level 5 (1000 mg/m2) ex- 
perienced ≥grade 3 DLTs (hematologic, infection, gas- 
trointestinal) and discontinued. One of these patients 
died from an opportunistic infection, having grade 4 
neutropenia and thrombocytopenia and grade 3 diarrhea 
and oral mucositis; the second patient survived an infec- 
tion. Due to the severity of the toxicities at the pe- 
metrexed dose of 1000 mg/m2, the trial was put on hold 
pending pharmacokinetic analyses. These toxicities re- 
main unexplained by pharmacokinetic analyses or ho- 
mocysteine levels.  

At the lower pemetrexed doses (60 - 750 mg/m2), there 

were no grade 4 AEs; the most common grade 3 AE was 
fatigue (25%) [42]. At these dose levels, the incidences 
of alopecia (17% grade 1) and sensory neuropathy (8% 
grade 1) were low. Fourteen patients were evaluable for 
efficacy. Of the 13 patients evaluable by CA-125, 12 
experienced CR and 1 had a PR. The median PFS was 
30.1 months, with an 18-month PFS rate of 78.6% (me- 
dian follow-up, 22.4 months). The authors recommended 
proceeding to phase II trials of this regimen with IP pe- 
metrexed at 500 mg/m2, which appeared to be the MTD. 

3.1.2. Phase II Trials Involving 
Platinum-Resistant Disease 

The Gynecologic Oncology Group (GOG) evaluated 
pemetrexed (900 mg/m2 every 21 days) with folic acid 
and vitamin B12 in a single-arm phase II trial involving 
patients with recurrent or metastatic ovarian or primary 
peritoneal carcinoma (Table 2) [43]. Patients must have 
had no more than 1 prior platinum-based regimen for 
treatment of primary disease. Fifty-one patients were 
entered, and 48 were treated. Most patients were Cauca- 
sian (n = 47), and had a GOG performance status (PS) of 
0 (n = 30), serous histology (n = 34), and grade 3 tumors 
(n = 31). The median TtP or recurrence following initial 
platinum-based therapy was 9 months. The median pla- 
tinum-free interval was 3 (range: 0 - 6) months. Patients 
received a median of 4 (range: 1 - 19) cycles, with 40% 
receiving ≥6 cycles. The ORR was 21% (95% CI: 10.5 - 
35.0); there was 1 CR. The median response duration 
was 8.4 (range: 2.0 - 45.1+) months. The disease stabili- 
zation rate was 35%, with a median duration of 4.1 mon- 
ths. Eighteen patients (38%) progressed during therapy. 
The median OS was 11.4 (range: 1.6 - 34.4) months and 
the median PFS was 2.9 (range: 1.0 - 33.1) months. 
Grades 3 and 4 AEs occurring in ≥10% of patients were: 
neutropenia (42%), leukopenia (25%), thrombocytopenia 
(13%), anemia (15%), constitutional (15%), infection 
(10%), and neurologic (10%). Seven patients were with- 
drawn due to toxicity, but there were no treatment-related 
deaths. 

Vergote and colleagues performed a randomized, dou- 
ble-blind, phase II trial of 2 pemetrexed doses in patients 
with platinum-resistant epithelial ovarian or primary 
peritoneal cancer [34]. Patients having received >2 prior 
chemotherapy regimens were excluded. Patients received 
either pemetrexed 500 mg/m2 (Pem500) or pemetrexed 
900 mg/m2 (Pem900), both on 21-day cycles with folic 
acid and vitamin B12. The primary endpoint was com- 
parison of response rates. This study also included as- 
sessment of potential biomarkers. 

Of 102 patients randomized, 98 were evaluable for 
safety (47 Pem500; 51 Pem900), and 91 were evaluable 
for efficacy (43 Pem500; 48 Pem900) [34]. The treat- 
ment arms were well-balanced, except more patients in 
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the Pem900 arm progressed on prior platinum (12% vs 
0%) than did those in the Pem500 arm, and the Pem900 
arm contained fewer stage IV patients than the Pem500 
arm (6% vs 19%). Compared with the Pem500 arm, a 
higher percentage of evaluable patients on the Pem900 
arm had a platinum-free interval of <3 months (30% vs 
44%), although this difference was not statistically sig- 
nificant. The median number of delivered cycles was 4 
(range: 1 - 11) for Pem500 and 3 (range: 1 - 8) for 
Pem900. The combined ORR was 9.9% (95% CI: 4.6 - 
18.0); four patients (9.3%; 95% CI: 2.6 - 22.1) on the 
Pem500 arm and 5 (10.4%; 95% CI: 3.5 - 22.7) on the 
Pem900 arm had a best response of PR. There were no 
between-arm differences in any of the time-to-event pa- 
rameters (Pem500 vs Pem900): median PFS, 2.8 (95% 
CI: 2.6 - 4.2) months vs 2.8 (95% CI: 2.1 - 4.2) months; 
median OS 11.9 (95% CI: 7.9 - 14.8) months vs 10.3 
(95% CI: 7.7 - 14.8) months; median time to response, 
2.1 (95% CI: 1.4 - 3.4) months vs 1.5 (95% CI: 1.1 - 2.3) 
months; and median response duration, 4.0 (95% CI: 3.1 
- 6.0) months vs 4.3 (95% CI: 3.2 - 6.1) months (Table 
2). 

In the Vergote trial, higher percentages of Pem900- 
treated patients experienced drug-related serious AEs 
(28% vs 17%) and discontinuations (10% vs 2%) than 
Pem500-treated patients [34]. There were 2 potentially 
drug-related deaths on the Pem900 arm resulting from 
sepsis and neutropenic sepsis. In general, there were 
lower rates of grades 3 and 4 hematologic AEs in the 
Pem500 arm (Pem500 grade 3%/Pem500 grade 4% vs 
Pem900 grade 3%/Pem900 grade 4%): anemia, 6/4 vs 
12/2; leukopenia, 4/2 vs 6/4; neutropenia, 2/11 vs 8/6; 
febrile neutropenia, 2/4 vs 4/0; and thrombocytopenia, 
2/2 vs 6/6. 

In the translational research component of the Vergote 
trial, low excision repair cross-complementation group 1 
messenger RNA (mRNA) was significantly associated 
with longer PFS, time to progressive disease (TtPD), and 
time to treatment failure (TtTF) [34]. Lower levels of 
reduced folate carrier mRNA were associated with im- 
proved best ORR and TtTF. Additionally, high folylpoly- 
glutamate synthase and low glutathione-S-transferase pi 
mRNA were significantly associated with response, and 
low glycinamide ribonucleotide reductase formyl trans- 
ferase expression was significantly associated with TtTF. 

3.1.3. Phase II Trials Involving  
Platinum-Sensitive Disease 

The standard first-line treatment of advanced ovarian 
cancer is paclitaxel and carboplatin, but cumulative neu- 
rotoxicity of this combination compromises re-treatment 
with these agents [44-46]. This, in combination with the 
preference of patients to avoid alopecia, prompted the 
exploration of non-taxane-containing platinum combina- 

tions, such as pemetrexed and carboplatin [41,47,48].  
Matulonis and colleagues reported the results of a 

phase II trial testing pemetrexed (500 mg/m2) plus car- 
boplatin (AUC 5), both administered on day 1 every 21 
days for 6 or up to 8 cycles, if clinical benefit occurred 
(Table 2) [47]. Eligible patients had platinum-sensitive 
recurrent epithelial ovarian cancer, peritoneal serous can- 
cer, or fallopian tube cancer. Patients received folic acid 
and vitamin B12. Forty-five patients were enrolled, and 
44 were treated. The median age was 57.5 (range: 36 - 78) 
years. Most patients had ovarian cancer (93%), papillary 
serous histology (68%), and ECOG PS of 0 (57%). Half 
of the patients had no prior treatment for recurrence, 
36% received 1 prior regimen, and 14% received 2 prior 
regimens for recurrent cancer. The median platinum-free 
interval was 19 (range: 6 - 52) months. In the intent- 
to-treat population (n = 45), the ORR was 51.1% (95% 
CI: 35.8 - 66.3); there were no CRs. The SD rate was 
31.1%. Most responses were recorded after 2 therapy 
cycles (n = 13), and the mean response duration was 6.7 
(±4.2) months. Seven patients completed the 8-cycle 
maximum; of these, there were 6 PRs and 1 SD. The 
median PFS was 7.6 (95% CI: 6.4 - 10.2) months, and 
the mean OS was 20.3 months, whereas the median OS 
had not been reached. The mean number of cycles deliv- 
ered was 5.3 (range: 1 - 8). Twenty-eight patients re- 
ceived ≥6 cycles. Grades 3 and 4 AEs occurring in ≥10% 
of patients were: neutropenia (41%), carboplatin allergic 
reaction (36%), thrombocytopenia (23%), leukopenia 
(16%), and fatigue (11%) [47].  

The results of the phase II component of the trial by 
Sehouli and colleagues were reported in 2012 (Table 2) 
[48]. Patients must have had recurrent, platinum-sensi- 
tive ovarian or primary peritoneal cancer and could have 
received up to 2 courses of prior platinum-based therapy. 
Patients received pemetrexed (500 mg/m2) in combina- 
tion with carboplatin (AUC 6), both administered every 
21 days in combination with folic acid and vitamin B12 
[48]. Sixty-six patients were treated. The mean age was 
58 (range: 27 - 79) years. Most patients were Caucasian 
(89%), had an ECOG PS of 0 (70%) and had epithelial 
ovarian cancer (92%). The platinum-free intervals were: 
5%, <6 months; 35%, 6 to 12 months, and 61%, >12 
months. 

In the intent-to-treat population, the ORR was 31.8% 
(95% CI: 20.9 - 44.4); there was 1 CR [48]. The SD rate 
was also 31.8%. No patient had progressive disease, but 
36.4% of patients had unknown responses because no 
post-baseline assessment was performed or assessments 
were incomplete. The median time to response was 1.8 
(95% CI: 1.4 - 2.8) months and the median response du- 
ration was 8.3 (95% CI: 6.7 - 10.2) months. At a median 
follow-up time of 15.4 months, the median PFS was 9.4 
(95% CI: 8.3 - 11.1) months. Due to a high censoring 
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rate, an analysis of OS was not performed. Grades 3 and 
4 AEs were: neutropenia (39%), thrombocytopenia (24%), 
leukopenia (9%), hypersensitivity to carboplatin (9%), 
nausea (6%), vomiting (6%), and anemia (5%). There 
was 1 death due a possibly drug-related AE (multiple 
organ failure). These AEs are consistent with the phase I 
portion of the trial [41], as well as the unrelated trial re- 
ported by Matulonis [47]. According to the authors, the 
clinical activity of the pemetrexed-carboplatin combina- 
tion and the low incidence of serious toxicities suggest 
that a randomized phase III trial may be warranted [48]. 

At the 2012 ASCO Annual Meeting, Hageman and 
colleagues presented the results of a phase II trial testing 
the combination of bevacizumab and pemetrexed (Table 
2) [49]. Enrolled were patients with measurable disease 
and recurrent or persistent epithelial ovarian, fallopian 
tube, or primary peritoneal cancer after at least 1 prior 
platinum- or taxane-containing regimen. Patients may 
have received <2 prior cytotoxic chemotherapy regimens 
but no prior bevacizumab. Patients were treated with 
pemetrexed 500 mg/m2 (with vitamins) and bevacizumab 
15 mg/kg every 3 weeks until progression, unacceptable 
AEs, or patient/physician choice. Thirty-four patients 
were enrolled; of these, 28 were platinum-sensitive. Pa- 
tients received a median of 7 (range: 2 - 26) cycles and 
the median follow-up time was 17.1 (range: 2.7 - 31.2) 
months. The 6-month PFS rate, which was the primary 
endpoint, was 58.2% (95% CI: 40 - 73) in all patients 
and 50% (95% CI: 19 - 81) in platinum-resistant patients. 
The median PFS was 7.8 (95% CI: 4.7 - 10.7) months, 
and 12-month OS rate was 88% (95% CI: 71 - 95). The 
response rate was 41% (no complete responses) and the 
SD rate was 53%. Among CA-125 evaluable patients (n 
= 27), 62% and 30% of patients experienced CA-125 
declines of ≥50% and 75%, respectively. Grades 3 and 4 
AEs included neutropenia (50%), metabolic (29%), leu- 
kopenia (26%), constitutional (18%), pain (18%), gas- 
trointestinal (15%), thrombocytopenia (12%), and ane- 
mia (9%). There were no bowel perforations.  

Further supporting the addition of bevacizumab to 
chemotherapy are the results from AURELIA, a ran- 
domized phase III trial of bevacizumab plus chemother-
apy in platinum-resistant ovarian cancer [50]. These data 
were also presented at ASCO 2012. In AURELIA, the 
addition of bevacizumab to chemotherapy (PLD or topo- 
tecan or paclitaxel) provided a statistically significant 
improvement in PFS (6.7 vs 3.4 months; p < 0.001) and 
ORR (RECIST and CA-125) (30.9% vs 12.6%; p = 0.001) 
relative to chemotherapy alone. 

3.2. Pemetrexed in Endometrial Cancer 

In the European Union, the estimated number of new 
corpus uteri cancer cases in 2008 was 55,900, and 12,900 
women died of the disease [51]. In the US, an estimated 

47,130 cases of corpus uteri cancer will have been diag- 
nosed in 2012, with 8010 deaths reported [26]. Most of 
these cancers originate in the endometrium. The 1- and 
5-year relative survival rates for uterine corpus cancer 
are 92% and 82%, respectively. The 5-year survival rates 
decline if the cancer is diagnosed at the regional (67%) 
or metastatic (16%) stages. At every diagnostic stage, the 
relative survival of Caucasians exceeds that of African 
Americans by greater than 7 percentage points. 

Few chemotherapeutic agents have activity in metas- 
tatic or recurrent endometrial cancer that is not amenable 
to treatment by radiotherapy or surgery [52]. To date, ag- 
ents having definite activity are cisplatin [53,54], doxo- 
rubicin [55,56], and paclitaxel [57]. The agents 5-fluo- 
rouracil, ifosfamide, ixabepilone, and vincristine have 
possible activity in this setting [58-61]. More recently, 
pemetrexed has been evaluated in this setting [52]. A 
rationale for using pemetrexed comes from the observa- 
tion that some endometrial tumors lack expression of the 
enzyme, methylthioadenosine phosphorylase (MTAP) 
[62]. Cells deficient in MTAP are potentially more sensi- 
tive than MTAP-positive cells to inhibitors of de novo 
purine synthesis, such as pemetrexed. Additionally, folate 
receptors are overexpressed in endometrial cancers [63], 
which may facilitate the transport of pemetrexed into the 
cell [34]. 

The GOG evaluated single-agent pemetrexed (900 
mg/m2 every 21 days with folic acid and vitamin B12) in 
a phase II trial in women with recurrent or persistent 
endometrial carcinoma after 1 prior chemotherapy regi- 
men (Table 3) [52]. Of the 27 entered patients, 25 were 
eligible and evaluable. Most patients had a GOG PS of 0 
(52%), were Caucasian (84%), and had grade 3 tumors 
(52%). Forty-four percent had received prior radiother- 
apy, and 24 patients received prior combination therapy 
containing platinum and a taxane. In this trial, patients 
received a median of 2 (range: 1 - 16) cycles, with 28% 
of patients receiving ≥5 cycles. There was 1 PR (4%) 
lasting 4.5 months. Eleven patients (44%) experienced 
SD for a median duration of 5.3 months. Eleven patients 
experienced progressive disease. The estimated median 
PFS was 2.7 (range: 0.7 - 13.3) months, and the esti- 
mated median OS was 9.4 (range: 1.1 - 24.1) months. 
Grades 3 and 4 AEs included neutropenia (48%), leuko- 
penia (40%), anemia (20%), and constitutional (16%). 
There were no treatment-related deaths. The authors con- 
cluded that pemetrexed was well tolerated but had mini- 
mal activity in this setting. 

3.3. Pemetrexed in Cervical Cancer 

In the US, 12,170 new cases of invasive cervical can- 
cer were expected to be diagnosed in 2012, with an esti- 
mated 4200 deaths [26]. Due to prevention and early 
detection, mortality rates declined rapidly in past deca- 
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des, but this decline has slowed in recent years. In con- 
trast, cervical cancer is the third most commonly diag- 
nosed cancer and the fourth leading cause of cancer 
death in women worldwide, accounting for 529,800 new 
cases and 275,100 cancer deaths among women in 2008 
[27]. 

The high number of cervical cancer cases in develop- 
ing countries and medically underserved populations is 
largely due to a lack of screening for precancerous and 
early-stage lesions. The prognosis for patients with ad- 
vanced and recurrent cervical cancer that is not amenable 
to surgery or radiotherapy is poor, with a 1-year survival 
rate of 15% to 20% [64]. 

To date, pemetrexed has been tested in 3 single-arm 
phase II trials in patients with cervical cancer (Table 4). 
One trial involved chemonaïve patients [65], and 2 trials 
investigated the agent as second-line therapy [64,66]. 
The primary objective was measurement of antitumor 
activity in all 3 trials [64-66]. 

Goedhals and colleagues treated 35 chemonaive pa- 
tients with stages III and IV cervical squamous cell car- 
cinoma (SCC) [65]. Patients treated with prior chemo- 
therapy or radiotherapy were excluded, but patients with 
stage IV disease who underwent prior pelvic radiother- 
apy and then developed measurable lesions outside the 
pelvis were allowed to have undergone additional radio- 
therapy if they had completed their last session at least 6 
weeks prior to enrollment. Thirty-five patients were en- 
rolled with a median age of 47 (range: 26 - 76) years; 
most patients had stage IIIB disease (63%) and were of 
African descent (71%). The initial 24 patients received 
pemetrexed 600 mg/m2 every 21 days, but the dose was 
subsequently reduced to 500 mg/m2. Patients received a 
median of 3 (range: 1 - 8) cycles. For patients receiving 
600 mg/m2, the median number of received cycles was 3 
(range: 2 - 8), whereas patients receiving 500 mg/m2 
received a median of 4 cycles (range not reported).  

Of the 34 evaluable patients, 6 (18%) achieved a PR, 
24 patients (71%) had SD, 1 patient had progressive dis- 
ease (3%), and 3 were not evaluated for response [65]. 
The median response duration was 3.8 (95% CI: 3.3 - 3.9) 
months, the median TtTF was 7.5 (95% CI: 5.2 - 9.6) 
months, and the median OS was 15.2 (95% CI: 11.2 - 
21.4) months. The response rates were similar in both 
dose groups. Grade 4 toxicities were: neutropenia (37%), 
leukopenia (9%), anemia (6%), cutaneous rash (6%), 
thrombocytopenia (3%), stomatitis (3%), and vomiting 
(3%). There was 1 drug-related death; a patient in the 
600 mg/m2 group died of hypotensive shock associated 
with a rectal hemorrhage. Transient, nonsymptomatic 
grade 3 increases in liver enzymes were observed, and 2 
patients developed grade 3 kidney dysfunction (low crea- 
tinine clearance). In patients receiving 500 mg/m2 plus 
folic acid, the only grade 4 AEs were neutropenia (27%), 

leukopenia (9%), and lymphopenia (9%). 
The GOG evaluated pemetrexed (900 mg/m2 every 21 

days) with folic acid and vitamin B12 as second-line ther- 
apy in patients with persistent or recurrent carcinoma of 
the cervix [66]. Twenty-nine patients were entered, and 
27 received treatment and were evaluable. The median 
age was 49. Most patients were Caucasian (88%), had 
Grade II tumors (56%), SCC histology (70%), and a PS 
of 0 (60%). Prior platinum-based chemotherapy was re- 
ceived by all, and prior radiotherapy was received by 
most patients (85%). Patients received a median of 4 
(range: 1 - 10) cycles, with 37% of patients receiving ≥6 
cycles. Four patients (15%; 95% CI: 4.2 - 33.7) experi- 
enced a PR with a median duration of 4.4 months. The 
SD rate was 59%. The response rates for irradiated and 
nonirradiated disease sites were 7% and 25%, respec- 
tively. The median PFS was 3.1 (range: 0.9 - 23.7) mon- 
ths, and the median OS was 7.4 (range: 1.4 - 23.7) mon- 
ths. Grades 3 and 4 AEs included anemia (41%), leuko- 
penia (30%), neutropenia (26%), constitutional (26%), 
and infection (22%). There were no treatment-related 
deaths. 

The Multicentre Italian Trials in Ovarian Cancer and 
Gynecologic Malignancies Group evaluated second-line 
pemetrexed 500 mg/m2 every 21 days with folic acid and 
vitamin B12 in patients with advanced or recurrent squa- 
mous or nonsquamous cervical carcinoma [64]. Forty- 
three patients were entered and were evaluable. The me- 
dian age was 61 (range: 30 - 84) years. Most patients had 
SCC histology (67%), ECOG PS of 1 (49%), and grade 3 
tumors (49%). All patients received prior platinum- 
based chemotherapy, and most received prior radiother- 
apy (63%). Patients received a median of 2 (range: 1 - 9) 
cycles of pemetrexed. Six patients (14%) experienced a 
PR with a median duration of 7 (range: 3 - 27) weeks, 
and 23 patients (53%) experienced disease stabilization 
with a median duration of approximately 14.5 (range: 8 - 
56) weeks. Fourteen patients (33%) had disease progres- 
sion. The median PFS and median OS were 10 weeks 
and 35 weeks, respectively. Eighteen patients had meas- 
urable lesions in previously irradiated fields; of these, the 
response rate in previously irradiated fields was 7%. He- 
matologic grades 3 and 4 AEs included anemia (12%), 
leukopenia (28%), neutropenia (30%), and thrombocy- 
topenia (9%). Grades 3 and 4 asthenia, anorexia, and di- 
arrhea were recorded in 4% of cycles; grade 3 alkaline 
phosphatase and transaminase increases occurred in 7% 
of cycles. Three patients developed allergic reactions, 
which typically manifested as a cutaneous pruriginous 
rash that resolved with local corticosteroids. There were 
no treatment-related deaths.  

According to Miller and colleagues, in second-line 
cervical cancer, the activity of pemetrexed is similar to 
that of other agents that have been combined with cis- 
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platin in first-line cervical carcinoma trials [66]. Thus, 
further study of pemetrexed with cisplatin may be war- 
ranted in patients with advanced or recurrent cervical 
cancer not previously treated with chemotherapy. 

Accordingly, the GOG undertook and recently com- 
pleted accrual to GOG0076-GG, “A Limited Access 
Phase II Trial of Pemetrexed (Alimta, LY231514) (NSC 
#698037) in Combination with Cisplatin (NSC #119875) 
in the Treatment of Advanced, Persistent, or Recurrent 
Carcinoma of the Cervix.” The results are not yet avail- 
able. 

4. FUTURE DIRECTIONS IN RESEARCH 

4.1. Ovarian Cancer 

Pemetrexed as single agent in recurrent ovarian cancer 
had similar or superior activity (ORR = 21%) to that seen 
with other agents studied in first-line combination in 
GOG 182 [43]. Among the agents selected for induction 
in GOG 182, response rates were topotecan 6.5%, pegy- 
lated liposomal doxorubicin 12%, and gemcitabine 13% - 
17% in patients with platinum-resistant disease [67-69]. 
Therefore, pemetrexed could be considered in future 
trials for combination with other agents, particularly car- 
boplatin, in first line therapy. 

Two studies have evaluated the role of bevacizumab in 
combination with paclitaxel and carboplatin in the first- 
line setting of ovarian cancer treatment (GOG 218 and 
ICON 7) [70,71]. Bevacizumab is an antitumor agent 
targeting VEGF [72] and for which there are phase II 
trials demonstrating efficacy in recurrent ovarian cancer 
[73]. GOG 218 showed a median PFS benefit of 4 mon- 
ths in the arm containing up-front bevacizumab and con- 
tinued as single-agent maintenance [70]. The activity and 
tolerability of pemetrexed in combination with bevaci- 
zumab in recurrent ovarian cancer [49] may also suggest 
future trials that include these 2 drugs in the frontline or 
recurrent setting.  

In the maintenance setting, pemetrexed provided PFS 
and OS benefits following induction chemotherapy with 
pemetrexed and cisplatin in nonsquamous NSCLC [18, 
19]. Maintenance pemetrexed also provided a PFS and 
OS benefit in advanced nonsquamous NSCLC following 
4 cycles of platinum-based chemotherapy [16]. The role 
of maintenance chemotherapy with the intent of improv- 
ing disease-free survival or OS has been investigated in 
ovarian cancer patients with a response after primary 
therapy [74,75]. A meta-analysis that included random- 
ized controlled trials published through part of 2009 
concluded that there was no evidence to suggest that 
maintenance platinum or doxorubicin was more effective 
than observation alone [75]. Likewise, in randomized 
trials, maintenance erlotinib or abagovomab did not im- 
prove outcomes [76,77]. However, a phase III study by 

GOG/Southwest Oncology Group compared 3 cycles 
with 12 cycles of paclitaxel after a complete clinical re- 
sponse to platinum-paclitaxel [78]. Patients in the 12- 
cycle arm showed a significant PFS benefit (22 months 
vs 14 months; p = 0.006) but had higher incidences of 
neuropathy and pain and no difference in OS. The role of 
maintenance chemotherapy continues to be studied by 
GOG (protocol 212) [79] by randomizing patients to 
monthly paclitaxel, paclitaxel poliglumex, or observation 
alone for 12 months following completion of primary 
chemotherapy. Due to its tolerability and efficacy in the 
maintenance setting of nonsquamous NSCLC, peme- 
trexed may have utility in maintenance therapy of ovar- 
ian cancer; however, this indication has not yet been in- 
vestigated.  

The clinical activity of pemetrexed shown in phase II 
trials in the setting of platinum-resistant and platinum- 
sensitive recurrent ovarian cancer (Table 2) may warrant 
its further testing in comparison with standard chemo- 
therapy approved for recurrent ovarian cancer. This may 
offer another treatment option for women with this diffi- 
cult-to-treat cancer.  

Several randomized trials and meta-analyses of in- 
traperitoneal (IP) versus intravenous (IV) chemotherapy 
for stage III minimal residue ovarian cancer have shown 
an OS advantage for IP chemotherapy [80-86]. The sur- 
vival benefit of the IP approach led to a 2006 NCI clini- 
cal alert that women with optimally debulked stage III 
ovarian cancer should be informed about the benefits of 
IP therapy [87]. However, significant toxicity has been a 
barrier to universal acceptance of the IP approach [88]. 
The results of the phase I study of an all IP therapy in- 
cluding pemetrexed showed remarkable tolerance of the 
combination with no alopecia and peripheral neuropathy 
at the first 4 dose levels [42]. The PFS seen in this phase 
1 study was is in line with other studies involving pa- 
tients with stage III ovarian cancer who receive frontline 
therapy with IV/IP cisplatin or carboplatin/paclitaxel [80, 
89-93]. The results of this phase I study support further 
research of this approach, including IP pemetrexed. 

4.2. Cervical Cancer 

A meta-analysis of several studies has shown that add- 
ing chemotherapy to radiotherapy in the treatment of 
cervical cancer improves both OS and disease-free sur- 
vival [94]. This meta-analysis showed the benefit of pla- 
tinum-based chemoradiotherapy as well as nonplatinum 
regimens. Recent randomized phase II trials support a 
potential role of pemetrexed as a radiation sensitizer in 
the treatment of locally advanced NSCLC [95,96]. Other 
nonrandomized clinical trials are supportive of pemetrex- 
ed and radiotherapy in malignant pleural mesothelioma 
[97,98], and this combination is being studied in head 
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and neck cancer [99]. However, the potential role of pe- 
metrexed in addition to radiotherapy for cervical cancer 
has not yet been investigated. 

The final results from the phase II GOG 76 GG trial 
(combined pemetrexed and cisplatin) will inform effi- 
cacy and tolerability of this combination in advanced or 
recurrent cervical cancer. As a potential follow-up, a 
comparison of this combination with other active cis- 
platin combinations in recurrent cervix cancer may be 
warranted. 

A phase II study of bevacizumab monotherapy in pa- 
tients with ≤2 prior cytotoxic regimens had encouraging 
results yielding a median overall survival of 7.3 months 
and acceptable toxicity [100]. Standard chemotherapy 
regimens with and without bevacizumab are being stud- 
ied in GOG 240 [79]. Future studies could also include 
pemetrexed in combination with bevacizumab or other 
targeted agents. 

4.3. Endometrial Cancer 

In spite of promising pre-clinical rationale for potential 
activity of pemetrexed in endometrial cancer, GOG 
evaluation of single agent pemetrexed in recurrent or per-
sistent endometrial cancer demonstrated minimal activity 
in this disease setting [52]. However, identification of 
predictive biomarkers in future research may identify 
patients with endometrial cancer who may potentially 
benefit from this drug. 

4.4. Biomarkers 

Thymidylate synthase and dihydrofolate reductase are 
inhibited by pemetrexed [7-9,14]. Retrospective analyses 
of thymidylate synthase and dihydrofolate reductase ex- 
pression in NSCLC and mesothelioma suggest potential 
predictive role of these biomarkers in NSCLC and MPM 
[101-103], thereby suggesting that prospective trials are 
warranted. Retrospective studies of other biomarkers, 
such as genetic polymorphisms in folate metabolic path- 
way genes and expression of thyroid transcription factor 
1 in NSCLC, also suggest a potential predictive role of 
these biomarkers [102,104,105]. Similarly, identification 
of biomarkers that allow selection of gynecologic cancer 
patients most likely to benefit from pemetrexed would be 
important for individualization of therapy. 

Pemetrexed with vitamin supplementation was toler- 
able in all clinical trials to date and had activity in ovar- 
ian and cervical cancers. Its exact role in treatment of 
gynecologic malignancies, however, remains to be de- 
fined through future research. 
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