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Introduction: Non-small cell lung cancer (NSCLC) is a major cause of cancer-

related death worldwide. Although advanced NSCLC is still incurable, various

anti-neoplastic agents have become available for the treatment of this dis-

ease. Pemetrexed, a multi-target folate antagonist, has improved the survival

of non-squamous NSCLC patients. Currently, pemetrexed is approved for first-

line treatment in combination with a platinum derivate, for second-line treat-

ment as a single agent and, more recently, as maintenance treatment after

first-line chemotherapy.

Areas covered: The authors analyzed the state of the art of pemetrexed

through a review of the literature. Clinical trials and meta-analyses involving

pemetrexed in NSCLC were evaluated. Pemetrexed improved survival of non-

squamous NSCLC in first-line, maintenance, and second-line treatments; this

benefit is limited to non-squamous histology. Because pemetrexed has

become part of the standard of care, current clinical trials are designed to

compare it to other investigational combinations. Limited data on resectable

disease are available, and additional clinical trials are being conducted.

Expert opinion: Pemetrexed has shown effectiveness and a favorable toxicity

profile. Histology-driven indications and the relationship of pemetrexed with

thymidylate synthase expression suggest that a more precise definition of

predictive biomarkers could be further investigated.

Keywords: chemotherapy, non-small cell lung cancer, pemetrexed, thymidylate synthase

Expert Opin. Pharmacother. [Early Online]

1. Introduction

Non-small cell lung cancer (NSCLC) represents the main cause of cancer-
related death worldwide, with approximately 900,000 deaths every year [1]. For
years, platinum-based combinations have represented the main pharmacologic
approach to advanced NSCLC in first line, and various compounds have been
combined with cisplatin or carboplatin.

Pemetrexed (Box 1) (Alimta�, MTA, LY231514) is a multi-targeted anti-folate
agent, developed by Eli-Lilly and registered for the treatment of malignant pleural
mesothelioma and advanced non-squamous NSCLC [2]. Currently, pemetrexed is
employed in combination with platinum derivates for first-line treatment and as
single agent for subsequent lines; moreover, it can be administered as maintenance
treatment after first line. Due to its effectiveness and its mild toxicity, pemetrexed is
widely employed; additionally, its specific action against the non-squamous
histotype makes it a useful example of a histology-driven approach in oncology.
The aim of this review is to evaluate the role of pemetrexed in NSCLC treatment.
The state of the art was explored though a review of the literature. The keywords
“pemetrexed,” “lung neoplasms,” and “thymidylate synthase” were searched
on PubMed, and abstracts from the ASCO, ESMO, and WCLC congresses
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were analyzed. Pertinent clinical trials and meta-analyses
were evaluated. Data from relevant randomized trials and
meta-analyses were reported in Tables 1-4.

2. Pharmacology

2.1 Pharmacodynamics
Pemetrexed is a folate analog belonging to the antimetabolites
class. The drug interferes with the synthesis of nucleic acids,
resulting in a cytotoxic effect on neoplastic cells. Pemetrexed
competes with reduced folate, thereby significantly inhibiting
the activity of multiple folate-requiring enzymes: thymidylate
synthase (TS), dihydrofolate reductase (DHFR), and glycina-
mide ribonucleotide formyl transferase (GARFT) [3,4]. Addi-
tionally, another folate-dependent enzyme involved in purine
synthesis, aminoimidazolecarboxamide ribonucleotide formyl-
transferase (AICART), has been reported to be a target for
pemetrexed [5]. The mechanism of action of pemetrexed is
shown in Figure 1. The primary pharmacologic target of peme-
trexed is TS: as the de novo source of thymidylate synthesis, it is
an essential enzyme involved in DNA replication and cell
growth. It converts deoxyuridylate (dUMP) to deoxythymidy-
late (dTMP), which is essential for the synthesis of DNA [6].
The inhibition of TS reduces dTMP and increases dUTP in
cells, causing DNA strand breakage and apoptosis. Some data
suggest that low expression of TS could predict responsiveness
to pemetrexed in NSCLC patients [7]; in contrast, other data,
collected from patients affected by malignant pleural meso-
thelioma, indicate that the expression of TS lack sufficient
predictive value for response to pemetrexed [8].
Recent data show that, in addition to the aforementioned

DNA damage, pemetrexed is also able to induce caspase 2,
3, 8, and 9 activation in NSCLC cell lines, resulting in
caspase-dependent apoptosis. This mechanism was associated
with the activation of ataxia-telangiectasia mutated (ATM)/
p53-dependent and (ATM)/p53-independent signaling path-
ways, leading to activation of the caspase signaling cascade
and apoptosis [9].

Other targets of pemetrexed are DHFR, which catalyses the
reduction of dihydrofolate to tetrahydrofolate, an essential
cofactor in the synthesis of thymidine and purines, and the
enzymes GARFT and AICART, involved in de novo purine
synthesis. AICART inhibition has also been demonstrated to
block the mTOR signaling pathway, resulting in cell death [5].
Pemetrexed is transported into the tumor cell by either the
reduced folate carrier (RFC) or proton-coupled folate trans-
porter (PCFT); then, in the intracellular environment, it
undergoes polyglutamation, and this form of the drug enhan-
ces inhibition on target enzymes compared to the monogluta-
mate form [3]. Several mechanisms of resistance to pemetrexed
have been reported including: increased intracellular expres-
sion of TS, modification in the binding site of TS for the
drug, decreased expression of the transporting proteins RFC
and PCFT, and reduced polyglutamation of the drug [3,4].

2.2 Pharmacokinetics
Pemetrexed is administered by the intravenous route only; the
drug is rapidly distributed within the body and peak plasmatic
levels are reached within 30 min. Pemetrexed is 81% bound
to plasma proteins. Pemetrexed is rapidly eliminated (half-
life: 3.5 h; total systemic clearance: 91.8 mL/min), mainly
via the kidneys through glomerular filtration and active tubu-
lar secretion. Approximately 90% of pemetrexed is excreted in
the urine within 24 h after administration. Only a limited
amount of the drug is metabolized by the liver. Preclinical
data suggest that pemetrexed does not interfere significantly
with the metabolism of other drugs carried out by cytochrome
P450 isozymes [10].

2.3 Toxicity
Pemetrexed is a well-tolerated drug. Its main adverse events
involve bone marrow function: myelosuppression, repre-
sented in particular by neutropenia and thrombocytopenia,
is the dose-limiting toxicity of the drug. An elevated pre-
treatment level of plasma homocysteine (a surrogate marker
for functional folate deficiency) predicts severe, potentially
life-threatening thrombocytopenia and neutropenia, with or
without associated severe diarrhea and mucositis, while a
high pre-treatment level of methylmalonic acid (a marker of
vitamin B12 deficiency) is an independent predictor of severe
diarrhea and mucositis. It has been reported that vitamin sup-
plementation with folic acid and B12 leads to a substantial
reduction of pemetrexed-related toxicity without reducing
efficacy [11]. According to these findings, folic acid by mouth
(350 µg/day) and vitamin B12 SC (1000 µg every 9 weeks)
have become mandatory supplementations for patients receiv-
ing pemetrexed. According to the current indications, vitamin
administration should start at least 1 week before the first
cycle of pemetrexed and last until at least 3 weeks after the
last cycle of treatment [2]. Recently, data collected from a trial
of pemetrexed in patients with relapsed small cell lung cancer
(SCLC) have suggested that a shorter interval between the

Box 1. Drug summary.

Drug name Pemetrexed
Phase On market
Indication Non-small cell lung cancer,

malignant pleural mesothelioma
Pharmacology
description

Antimetabolite

Route of administration Intravenous
Chemical structure Disodium salt (C20H21N5O6)
Pivotal trial(s) [22,33,43,85]

Pharmaprojects -- copyright to Citeline Drug Intelligence (an Informa

business). Readers are referred to Pipeline (http://informa-pipeline.

citeline.com) and Citeline (http://informa.citeline.com).

C. Genova et al.

2 Expert Opin. Pharmacother. (2013) 14(11)
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first administration of B12 and the administration of peme-
trexed could prove to be as safe as the standard interval [12].

Nausea and vomiting have been described; however, peme-
trexed is classified as an agent with low emetic risk [13].
Because pemetrexed can be administered in combination
with more emetogenic agents, such as cisplatin, the emetic
risk of the combination should be taken into account to pro-
vide an adequate anti-emetic prophylaxis.

Skin rash has been observed, but it may be prevented
through prophylactic use of PO steroids; the equivalent dose
of 4 mg BID of dexamethasone can be administered for
3 days, starting on the day before infusion of pemetrexed [2].
The elevation of transaminases and/or bilirubin has been
reported in 10 -- 15% of treated patients; however, this eleva-
tion is usually transitory and asymptomatic. Because peme-
trexed is mostly eliminated through the kidneys, creatinine
clearance (ClCr) should be evaluated (using the Cockroft
and Gault formula): patients with ClCr ‡ 45 ml/min require
no dose adjustment; an insufficient number of patients with
ClCr < 45 ml/min has received pemetrexed; therefore, this
drug should be avoided in this case. In addition, non-steroidal
anti-inflammatory drugs and aspirin may reduce the renal
excretion of pemetrexed, potentially causing increased toxic-
ity; therefore, administration of such drugs should be inter-
rupted at least 2 days before pemetrexed and should not be
restarted until at least 2 days after its administration [2,9].
While methotrexate, similar to pemetrexed in structure and

pharmacokinetics, is associated with increased toxicity in
patients with third-space fluid (such as pleural effusions or
ascites), pemetrexed is well tolerated in such patients, and
no specific precautions are required [14].

3. Pemetrexed in advanced NSCLC

3.1 First line
Advanced NSCLC is currently considered incurable, and the
treatment of choice is systemic therapy, usually consisting of
platinum-based combinations for first-line treatment [15].
Pemetrexed was employed as a single agent [16,17] and in com-
bination with cisplatin [18,19] and carboplatin [20] in several
non-randomized, Phase II trials. Pemetrexed showed activity
as measured by the response rate (RR) and time to progression
(TTP) with a favorable toxicity profile. Such findings were
consistent between the aforementioned trials. In particular,
pemetrexed combined with cisplatin produced an overall RR
ranging from 26% to 64%, while median survival ranged
from 8.9 to 10.9 months within the different non-random-
ized trials. Pemetrexed combined with carboplatin resulted
in a partial RR of 24% and a median survival of 13.5 months
in the aforementioned trial.

In a multicentre, randomized Phase II trial, pemetrexed was
administered with carboplatin (PemCb; 39 patients) or with
oxaliplatin (PemOx; 41 patients) to compare the two different
platinum derivates. Objective RRs were 26.8% for PemOx

Table 1. Relevant published randomized clinical trials of pemetrexed in first line for NSCLC.

First author Phase Regimens Pts Results

Scagliotti GV [21] II PemOx vs CarboPem 41 PFS: 5.5 m (PemOx) vs 5.7 m (CarboPem)
OS: 10.5 m (both arms)

Scagliotti GV [22] III CisPem vs CisGem 1725 Globally:
PFS: 4.8 m (CisPem) vs 5.1 m (CisGem); HR = 1.04
OS: 10.3 m (CisPem) vs 10.3 m (CisGem); HR = 0.94
Non-squamous (including adenocarcinoma and
large cell carcinoma):
PFS: 5.3 m (CisPem) vs 4.7 m (CisGem); HR = 0.90
OS: 11.8 m (CisPem) vs 10.4 m (CisGem);HR = 0.81; p = 0.005
Squamous:
PFS: 4.4 m (CisPem) vs 5.5 m (CisGem); HR = 1.36
OS: 9.4 m (CisPem) vs 10.8 m (CisGem); HR = 1.23; p =0.005

Grønberg BH [26] III CarboPem vs
CarboGem

436 HrQoL similar between the two arms
OS: 7.3 m (CarboPem) vs 7.0 m (CarboGem); p = 0.63

Rodriguez-Pereira J [27] III CarboPem vs DocPem 260 Survival without grade 3 -- 4 toxicity: 3.2 m (CarboPem) vs
0.7 m (DocPem); HR = 0.45
OS: 14.9 m (CarboPem) vs 14.7 m (DocPem); HR = 0.93; p = 0.934

Yang JC [28] III Afatinib vs CisPem 345 PFS: 11.1 m (Afatinib) vs 6.9 m (CisPem); HR = 0.58; p < 0.0001
Gridelli C [65] II Pem vs sequential

Pem- > Gem
87 TTP: 4.5 m (Pem- > Gem) vs 4.1 m (Pem)

PFS: 3.3 m (both arms)
OS: 5.4 m (Pem- > Gem) vs 4.7 m (Pem)

Lilembaum [69] III CarboPem vs Pem 217 PFS: 5.9 m (CarboPem) vs 3.0 m (Pem); HR = 0.46; p < 0.001
OS: 9.1 m (CarboPem) vs 5.6 m (Pem); HR = 0.57; p = 0.001

Hazard ratio and p value were reported where available.

CarboPem: Carboplatin--pemetrexed; CarboGem: Carboplatin--gemcitabine; CisGem: Cisplatin--gemcitabine; CisPem: Cisplatin--pemetrexed; DocPem:

Docetaxel--gemcitabine; Gem: Gemcitabine; m: Months; OS: Overall survival; Pem: Pemetrexed; PemOx: Pemetrexed--oxaliplatin; PFS: Progression-free survival;

Pts: Patients; TTP: Time to progression.

Pemetrexed

Expert Opin. Pharmacother. (2013) 14(11) 3
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and 31.6% for PemCb. Median TTP was 5.5 months for
PemOx and 5.7 months for PemCb. A median overall sur-
vival (OS) of 10.5 months was observed with both schedules.
Hematologic toxicity was higher in the PemCb arm [21].
A large, randomized Phase III trial comparing cispla-

tin--pemetrexed with cisplatin--gemcitabine (a standard regi-
men at the time) was conducted by Scagliotti et al. [22].
Taking into account the mild toxicity of pemetrexed, the study
was designed as a non-inferiority trial. Globally, 1725 eligible
patients were randomized to receive cisplatin 75 mg/m2 and
pemetrexed 500 mg/m2, both on day 1, every 3 weeks (with

prophylactic use of folic acid and B12) or cisplatin 75 mg/m2

on day 1 and gemcitabine 1250 mg/m2 on days 1 and 8.
A maximum of six cycles was allowed for both arms, and
dose reductions for treatment-related toxicity were permitted.
Median OS (the primary end-point) was non-inferior in the
pemetrexed arm (10.3 vs 10.3 months; HR = 0.94; 95% CI
0.84 -- 1.05). One-year survival rates were 43.5% in the cispla-
tin--pemetrexed arm and 41.9% in the cisplatin--gemcitabine
arm, while 2-year survival rates were 18.9% in the cispla-
tin--pemetrexed arm and 14.0% in the cisplatin--gemcitabine
arm. Median progression-free survival (PFS) was 4.8 months

Table 2. Relevant published randomized clinical trials of pemetrexed as maintenance and in second line for NSCLC.

First author Phase Line Regimens Pts Results

Ciuleanu T [30]

Belani CP [31]

III Maintenance Pem vs Plac 663 PFS: 4.3 m (Pem) vs 2.6 m (Plac); HR = 0.50; p < 0.0001
OS: 13.4 m (Pem) vs 10.6 m (Plac); HR = 0.79; p = 0.012

Paz-Ares L [33] III Maintenance Pem vs Plac 1022 PFS: 4.1 m (Pem) vs 2.8 m (Plac); HR = 0.62; p < 0.0001
OS: 13.9 m (Pem) vs 11.0 (Plac); HR = 0.78; p = 0.0195

Barlesi F [35] III Maintenance PemBev vs Bev 376 PFS: 10.2 m (PemBev) vs 6.6 m (Pem); HR = 0.5; p < 0.001
OS: not available yet

Patel JD [38] III Maintenance PemBev after
CarboPemBev vs Bev
after CarboPacBev

939 PFS: 6 m (PemBev) vs 5.6 m (Bev); HR = 0.83; p = 0.012
OS: 12.6 m (PemBev) vs 13.4 m (Bev); HR = 1.0; p = 0.949

Hanna N [43]

Peterson P [45]

III Second Line Pem vs Doc 571 Globally:
-PFS: 2.9 m (both arms)
-OS: 8.3 m (Pem) vs 7.9 m (Doc); p = non significant
Squamous cell
-OS: 6.2 m (Pem) vs 7.4 m (Doc); HR = 1.563
Non-squamous
-OS: 9.3 m (Pem) vs 8.0 m (Doc); HR = 0.778

Cullen MH [47] III Second Line Pem500 vs Pem900 588 PFS: 2.6 m (Pem500) vs 2.8 m (Pem900);
HR = 0.9681; p = 0.708
OS: 6.7 m (Pem500) vs 6.9 m (Pem900); HR = 1.013; p = 0.893

Ohe Y [48] II Second Line Pem500 vs Pem1000 216 PFS: 3.0 m (Pem500) vs 2.5 m (Pem1000); p = 0.7139
OS: 16.0 m (Pem500) vs 12.6 m (Pem1000); p = 0.1463

Smit EF [52] II Second Line CarboPem vs Pem 240 PFS: 4.2 m (CarboPem) vs 2.8 m (Pem); HR = 0.67; p = 0.005
OS: 8.0 m (CarboPem) vs 7.6 m (Pem); HR = 0.85;
p = non significant

Ardizzoni A [53] II Second Line Pem vs CarboPem 239 -PFS: 3.5 m (CarboPem) vs 3.6 m (Pem); HR = 1.05;
p = non significant
-OS:8.8 m (CarboPem) vs 9.2 m (Pem); p = non significant.
Pooled analysis with NVALT7 trial for OS: HR = 0.90; p = 0.316

De Boer RH [77] III Second Line VanPem vs Pem 534 PFS: 17.6 weeks (VanPem) vs 11.9 weeks (Pem); HR = 0.86;
p = 0.108
OS: 10.5 m (VanPem) vs 9.2 m (Pem); HR = 0.86; p = 0.662

Schiller JH [78] II Second Line MatPem q7 vs
MatPem q21 Pem

148 PFS: 2.3 m (MatPem q7) vs 2.5 m(MatPem q21) vs 2.7 m
(Pem); HR = 0.96 (MatPem q7); HR = 1.46 (MatPem q21)
OS: 12.4 m (MatPem q7) vs 5.9 m (MatPem q21) vs 7.9 m
(Pem); HR = 0.67 (MatPem q7); HR = 1.66 (MatPem q21)

Chiappori A [79] II Second Line EnzPem vs Pem 160 PFS: 3.0 m (both arms); p = 0.544
OS: 9.6 m (EnzPem) vs 7.4 m (Pem); p = 0.171

Scagliotti GV [80] II Second Line BorPem vs Pem
vs Bor

155 TTP: 4.0 m (BorPem) vs 2.9 m (Pem) vs 1.4 m (Bor)
PFS: 3.6 m (BorPem) vs 2.8 m (Pem) vs 1.5 m (Bor)
OS: 8.6 m (BorPem) vs 12.7 m (Pem) vs 7.8 m (Bor)

Hazard ratio and p value were reported where available.

Bor: Bortezomib; BorPem: Bortezomib--pemetrexed; CarboPem: Carboplatin--pemetrexed; CarboPemBev: Carboplatin--pemetrexed--bevacizumab;

Carbopacbev: Carboplatin--paclitaxel--bevacizumab; CisPem: Cisplatin--pemetrexed; Doc: Docetaxel; EnzPem: Enzastaurin--pemetrexed; m: Months;

MatPem: Matuzumab--pemetrexed; OS: Overall survival; Pem: Pemetrexed; Pem500: Pemetrexed at 500 mg/m2; Pem900: Pemetrexed at 900 mg/m2;

Pem1000: Pemetrexed at 1000 mg/m2; PemBev: Pemetrexed--bevacizumab; Plac: Placebo; PFS: Progression-free survival; Pts: Patients; q7: weekly;

q21: every 21 days TTP: Time to progression; VanPem: Vandetanib--pemetrexed.

C. Genova et al.
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in the cisplatin--pemetrexed arm and 5.1 months in the cispla-
tin--gemcitabine arm (HR = 1.04; 95% CI 0.94 -- 1.15). Pre-
planned subgroup analysis showed significant differences
between histologic sub-types. Patients affected by non-
squamous NSCLC achieved better OS in the investigational
arm: for large-cell carcinomas, median OS was 10.4 months
in the cisplatin--pemetrexed arm and 6.7 months in the cispla-
tin--gemcitabine arm (HR = 0.67%; 95% CI 0.48 -- 0.96;
p = 0.03), while for adenocarcinoma, median OS was
12.6 months in the cisplatin--pemetrexed arm and 10.9 months
in the cisplatin--gemcitabine arm (HR = 0.84; 95% CI
0.71 -- 0.99; p = 0.03). By contrast, patients with squamous
carcinoma had a worse median OS in the cisplatin--pemetrexed
arm than in the cisplatin--gemcitabine arm (9.4 vs 10.8 months;
HR = 1.23; 95% CI 1.0 -- 1.5; p = 0.05). Patients whose diag-
nosis was generic, not otherwise specified NSCLC achieved
similar survival results with cisplatin--pemetrexed or with cis-
platin--gemcitabine with a median OS of 8.6 vs 9.2 months
(HR = 1.08; 95% CI 0.81 -- 1.45; p = 0.586). The cispla-
tin--pemetrexed combination was better tolerated, with a lower
incidence of grade 3 -- 4 hematologic toxicity (febrile and non-
febrile neutropenia, thrombocytopenia, anemia) and alopecia;
by contrast, drug-related nausea was more common. Toxicity
was consistent between the sub-groups. This trial demonstrated
the superiority of the cisplatin--pemetrexed combination

compared to cisplatin--gemcitabine in non-squamous NSCLC;
moreover, cisplatin--pemetrexed was associated with a more
manageable safety profile. The histology-specific benefit is
likely related to data showing that squamous NSCLC expresses
higher levels of TS than adenocarcinoma of the lung [23] and
that overexpression of TS is related to a reduced sensitivity to
pemetrexed [24]. This trial led to the approval of a cispla-
tin--pemetrexed doublet in chemo-naı̈ve patients affected by
non-squamous NSCLC in the U.S. [3].; similarly, the European
Medicines Agency (EMEA) published a regulatory approval,
valid for the European Union countries, with the same
indications [25].

Because carboplatin can be used in patients that are unable
to receive cisplatin [15] and due to the encouraging data on the
carboplatin--pemetrexed combination that have been pub-
lished [20], the Norwegian Lung Cancer Study Group enrolled
436 patients in a Phase III trial, designed to compare carbo-
platin--pemetrexed and carboplatin--gemcitabine as first-line
treatments for advanced NSCLC [26]. The primary end-
point was health-related quality of life (HRQoL), while
secondary end-points were OS and toxicity. The two regimens
achieved similar results in terms of HRQoL and OS (7.3
months for carboplatin--pemetrexed vs 7.0 months for carbo-
platin--gemcitabine; p = 0.63). A higher incidence of hemato-
logic toxicity was reported in the carboplatin--gemcitabine

Table 3. Relevant published randomized clinical trials of pemetrexed for early and locally advanced NSCLC.

First author Phase Line Regimens Pts Results

Schmid-Bindert G [55] II Adjuvant CisPem vs CarboPem 118 FR: 59.4% (CisPem) vs 50.0% (CarboPem)
Kreuter M [56] II Adjuvant CisPem vs CisVin 132 FR: 95.5% (CisPem) vs 75.4% (CisVin); p = 0.001
Choy H [63] II CT-RT CarboPem-RT vs CisPem-RT 98 TTP: 8.8 m (CarboPem) vs

13.1 m (CisPem); p = 0.057
OS: 18.7 m (CarboPem) vs N/A CisPem

Hazard ratio and p value were reported where available.

CarboPem: Carboplatin--pemetrexed; CisPem: Cisplatin--pemetrexed; CisVin: cisplatin--vinorelbine; CT-RT: Chemo-radiation; FR: Feasibility rate; N/A: Not available;

OS: Overall survival; Pem: Pemetrexed; Pts: Patients; RT: Radiation; TTP: Time to progression.

Table 4. Relevant published meta-analyses of pemetrexed for NSCLC.

First author Line No of trials Regimens Pts Results

Li M [74] First line 4 CisPem vs PBR 2518 Global PFS similar (HR = 1.03; p = 0.57)
Global OS favors CisPem (HR = 0.91; p = 0.04)
Non-squamous: OS favors CisPem
(HR = 0.87; p = 0.02)

Al-Saleh K [76] First line
Second line
Maintenance

5 Pem vs other treatments
or placebo

3541 Global OS favors Pem (HR = 0.89 in first line;
HR = 0.88 in second line)
Non-squamous OS favors Pem (HR = 0.82)
Squamous OS has a trend towards inferiority
with Pem (HR = 1.19)

Qi WX [81] Second line 5 PBD vs Pem alone 1186 PFS favors PBD (HR = 0.89; p = 0.007)
OS does not favor PBD (HR = 0.89; p = 0.129)

Hazard ratio and p value were reported where available.

CarboPem: Carboplatin--pemetrexed; CisPem: Cisplatin--pemetrexed; HR: Hazard ratio; OS: Overall survival; PBD: Pemetrexed-based doublets;

PBR: Other platinum-based regimens (non containing pemetrexed); Pts: Patients; Pem: Pemetrexed; PFS: Progression-free survival.

Pemetrexed
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arm, but the frequencies of infections due to neutropenia and
bleedings due to thrombocytopenia were similar. In another
randomized, Phase III trial, the carboplatin--pemetrexed
combination was compared with another standard doublet,
carboplatin--docetaxel, in patients affected by advanced,
non-squamous NSCLC [27]. The primary end-point was sur-
vival without toxicity, defined as the interval from randomiza-
tion to the first treatment-induced grade 3 -- 4 adverse event.
Patients in the carboplatin--pemetrexed arm achieved a longer
median survival without toxicity than those enrolled in the
other arm (3.2 vs 0.7 months; HR = 0.45; 95% CI
0.34 -- 0.61). The median OS was similar between the two
arms (14.9 months for carboplatin--pemetrexed vs 14.7
months for carboplatin--docetaxel; HR = 0.93; 95% CI
0.66 -- 1.32). Taken together, these data suggest that carbo-
platin--pemetrexed can represent an adequate first-line regi-
men for non-squamous NSCLC. Cisplatin and pemetrexed
were compared with afatinib (an irreversible EGFR inhibitor)
in a large, prospective trial including 345 patients with EGFR
mutations. The primary end-point, median PFS, was higher
in the arm treated with afatinib (11.1 vs 6.9 months;
HR = 0.58; p < 0.0001), as was RR (56% vs 23%;
p < 0.0001). Afatinib was well tolerated [28].

3.2 Maintenance
Maintenance is a promising approach for the treatment of
advanced NSCLC and consists of the administration of an
anti-neoplastic agent following a first-line treatment until dis-
ease progression, unacceptable toxicity or death. Patients
achieving disease stabilization or objective responses after
first-line treatment are candidates to receive maintenance
treatment. Two modalities are currently employed: switch

maintenance and continuation maintenance. In the switch
modality, after first-line treatment, patients receive a different,
non-cross-resistant agent; in the continuation modality,
one of the agents employed in the first-line treatment is con-
tinued as maintenance. Because agents employed in switch
modality are usually agents available in second-line, some
authors define this modality as a form of early second-line
treatment [29].

Taking into account the activity and safety of pemetrexed
in NSCLC, this drug represents an appealing candidate for
maintenance trials. In a randomized, Phase III trial of switch
maintenance, 663 patients affected by stage IIIB/IV non-
squamous NSCLC received pemetrexed or placebo after
four cycles of chemotherapy [30]. Allowed first-line regimens
included doublets of cisplatin with one of the following
agents: gemcitabine, docetaxel, or paclitaxel. Patients receiv-
ing pemetrexed achieved statistically significantly longer PFS
(4.3 vs 2.6 months; HR = 0.50; p < 0.0001) and OS
(13.4 vs 10.6 months; HR = 0.79; p = 0.012). A final analysis
demonstrated that survival benefit was higher in patients
achieving stable disease than objective response after first-
line chemotherapy. Survival benefits were different depending
on the histology: median OS of patients with non-squamous
histology receiving pemetrexed was significantly improved
(15.5 vs 10.3 months; p = 0.012), while the difference in squa-
mous histology was not significant (9.9 vs 10.8 months) [31].
A favorable tolerability was reported. A limitation of this
trial has been observed, as most patients receiving placebo
did not receive pemetrexed after disease progression, and
as a consequence, immediate and delayed administrations
of the agent were not compared [32]. The role of pemetrexed
as continuation maintenance after first-line treatment was

Pemetrexed
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Figure 1. Mechanism of action of pemetrexed. After polyglutamation, pemetrexed inhibits several enzymes playing a

key-role in the synthesis of DNA. See text for details.
AICART: Aminoimidazolecarboxamide ribonucleotide formyl transferase; DHF: Dihydrofolate; DHFR: Dihydrofolate reductase; dTMP: Deoxythymidylate;

dUMP: Deoxyuridylate; GARFT: Glycinamide ribonucleotide formyl transferase; THF: Tetrahydrofolate; TS: Thymidylate synthase.
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investigated in a randomized, double-blind, Phase III trial
(PARAMOUNT). Globally, 939 patients received induction
with four cycles of cisplatin--pemetrexed. After induction,
539 stable or responding patients received pemetrexed
or placebo as maintenance [33]. Median PFS from randomi-
zation (the primary end-point) was 4.1 months in the peme-
trexed arm and 2.8 months in the placebo arm (HR = 0.62).
Discontinuation due to unacceptable toxicity occurred in
5% of the patients receiving pemetrexed. The final OS
analysis resulted in a statistically significant benefit using
pemetrexed compared with placebo (13.9 vs 11.1 months;
HR = 0.78) [34].

In the open-label, randomized Phase III AVAPERL trial,
376 patients treated with a cisplatin--pemetrexed--bevacizumab
combination in first-line received maintenance with pem-
etrexed--bevacizumab or with bevacizumab alone [35]. The pri-
mary end-point, PFS, was superior in the combination arm
(10.2 vs 6.6 months; HR = 0.50; p < 0.001) compared to bev-
acizumab alone. Currently, although median OS for the beva-
cizumab arm has been established (15.7 months), median OS
for the combination arm has not yet been reached; therefore,
final OS data are not currently available.

Despite these results, some concern has been raised as the
trial did not include an arm receiving pemetrexed alone as
maintenance and thus the role of each single agent (pemetrexed
and bevacizumab) and the potential advantage of the combina-
tion over pemetrexed alone could not be assessed [32]. In a non-
randomized, Phase II trial, 50 patients received carbopla-
tin--pemetrexed--bevacizumab for first-line treatment, followed
by maintenance with pemetrexed--bevacizumab. Favorable
tolerability and a relatively long survival were observed [36].
Following these encouraging results, a randomized, Phase III
clinical trial (POINTBREAK) was conducted; in this trial, a
schedule including carboplatin--pemetrexed--bevacizumab fol-
lowed by maintenance with pemetrexed--bevacizumab was
compared with a schedule including carboplatin--paclitaxel--
bevacizumab followed by maintenance with bevacizumab [37].
Data from this trial were presented at the 2012 ASCO Multi-
disciplinary Symposium in Thoracic Oncology [38]: the combi-
nation including pemetrexed showed improved PFS (6 vs
5.6 months; HR = 0.83; p = 0.012), but the primary end-
point of superior OS was not met (12.6 vs 13.4 months;
HR = 1.0; p = 0.949). Because oral vinorelbine combined
with cisplatin is one of the standard first-line treatments for
NSCLC and because vinorelbine has a higher efficacy in non-
squamous NSCLC than in squamous NSCLC, a cisplatin--
pemetrexed combination was compared with cisplatin--oral
vinorelbine in a Phase II, randomized trial including 153
patients with NSCLC. Continuation maintenance with a
single agent was proposed to patients achieving disease con-
trol after four cycles in each arm. Cisplatin--pemetrexed
proved to be similar to cisplatin--oral vinorelbine in terms
of RR (26 vs 24%) and disease control rate (DCR; 75 vs
78%) after four cycles. Final survival data showed similar
efficacy for cisplatin--pemetrexed and cisplatin--oral vinorelbine

in terms of PFS (4.2 vs 4.2 months) and OS (10.8 vs
10.6 months) [39].

Currently, pemetrexed is indicated as maintenance for
non-squamous NSCLC patients, whose disease has not
progressed after first-line treatment with platinum-based
chemotherapy [2,40].

3.3 Second line
Advanced NSCLC inevitably progresses despite first-line
treatment. Although objective response is difficult to achieve
after first-line treatment, the employment of anti-neoplastic
agents is rational because they improve survival and quality
of life compared with best supportive care alone [15].

Pemetrexed has been evaluated in several second-line trials,
as a single agent or in combination. After positive results in
single-arm trials [41,42], pemetrexed was compared with doce-
taxel in a randomized, Phase III trial; the primary end-
point was non-inferiority in terms of OS [43]. Docetaxel was
chosen as a comparator because, in 2004, it was the only che-
motherapeutic agent approved for second-line treatment for
NSCLC. Globally, 571 patients were randomized. Median
OS was similar between the two arms (8.3 months for peme-
trexed vs 7.9 months for docetaxel; p = not significant); thus,
the primary end-point (non-inferiority of pemetrexed) was
met. Similarly, median PFS was equal in both arms
(2.9 months). Overall, RRs were 9.1% for pemetrexed and
8.8% for docetaxel (p = 0.105). Hematologic toxicity was
more prominent with docetaxel; in particular, patients
receiving docetaxel had a higher incidence of grade 3 -- 4 neu-
tropenia (40.2 vs 5.3%; p < 0.001), including febrile neutro-
penia (12.7 vs 1.9%; p < 0.001); similarly, administration of
granulocyte colony-stimulating factor (G-CSF) and hospitali-
zation due to neutropenic fever were more frequent in the
docetaxel arm. The incidences of anemia and thrombocy-
topenia were similar between the two arms (p = not signifi-
cant). Non-hematologic toxicities were similar, with the
exception of alopecia, which was less frequent with peme-
trexed (6.4 vs 37.7%; p < 0.001). A subsequent risk--benefit
analysis confirmed the more favorable safety profile of peme-
trexed compared with docetaxel [44]. Data from this trial were
later reviewed in a retrospective analysis designed to deter-
mine the impact of histology on treatment efficacy [45]. In
the squamous cell subgroup, patients in the pemetrexed arm
achieved a lower median OS than those in the docetaxel
arm (6.2 vs 7.4 months; adjusted HR = 1.563; p = 0.018);
by contrast, in the non-squamous cell subgroup, pemetrexed
was superior to docetaxel in terms of OS (9.3 vs 8.0 months;
adjusted HR = 0.778; p = 0.048). Following the results
described above, pemetrexed was approved for previously
treated non-squamous NSCLC [2].

The activity and toxicity of pemetrexed in second and sub-
sequent lines of treatment were evaluated in a post-registration
analysis including 160 patients receiving pemetrexed in
standard clinical practice; RR (11.2%) and the toxicity
profile were consistent with previous data, while median

Pemetrexed
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OS (12 months) was better than previous reports in the
literature [46].
Different dosing schedules have been compared to deter-

mine whether higher doses could be more effective. In a
Phase III trial, 588 patients were randomized to receive peme-
trexed at the doses of 500 mg/m2 (Pem500) or 900 mg/m2

(Pem900) every 3 weeks [47]. Pem500 was non-inferior to
Pem900, both in terms of median PFS (2.6 vs 2.8 months;
HR = 0.9681) and median OS (6.7 vs 6.9 months;
HR = 1.0132). Both schedules were tolerated, but treatment
with Pem900 led to more frequent adverse events. In a
Phase II, randomized trial, previously treated NSCLC
patients received pemetrexed at the dose of 500 mg/m2

(P500) or 1000 mg/m2 (P1000) [48]. P1000 and P500 showed
no statistically significant differences in terms of RR (18.5%
for P1000 vs 14.8% for P500; p = 0.5839); P500 was non-
inferior to P1000 in terms of median PFS (3.0 vs 2.5 months;
p = 0.7139) and median OS (16 vs 12.6 months; p = 0.1463).
Both schedules were well tolerated, although P500 showed
generally milder toxicity. Currently, available data support
the use of pemetrexed at the dose of 500 mg/m2 every
3 weeks.
Because pemetrexed has become one of the standard

second-line treatments for NSCLC, several trials have been
designed with the purpose of investigating the possible
advantage of combining pemetrexed with other agents. Com-
binations of pemetrexed and cisplatin or carboplatin in previ-
ously treated NSCLC demonstrated favorable activity and
tolerability in non-randomized, Phase II trials [49,50], while a
non-randomized trial of pemetrexed plus oxaliplatin was
interrupted early due to lack of activity [51]. Pemetrexed was
administered alone or in combination with carboplatin in a
randomized, Phase II trial (NVALT7) [52]. Median PFS was
longer in the combination arm (4.2 vs 2.8 months;
HR = 0.67; p = 0.005), while median OS was similar
(8.0 vs 7.6 months; HR = 0.85; p = not significant). The
same schedules were compared in another Phase II trial,
which also included a pre-planned pooled analysis with
NVALT7. The combination did not improve PFS (3.5 vs
3.6 months) or OS (8.8 vs 9.2 months). Pre-planned pooled
analysis showed that carboplatin did not improve OS globally
(HR = 0.90; p = 0.316); however, an OS advantage with
the addition of carboplatin was observed in patients with
squamous histology (adjusted HR = 0.58; p interaction
test = 0.039) [53].

4. Pemetrexed in early stage NSCLC

Combinations including pemetrexed have also been evaluated
as adjuvant treatment for early stage, resected NSCLC. In a
non-randomized, Phase II trial, 45 resected stage IB-
IIIA patients received adjuvant treatment with carboplatin
AUC 5 and pemetrexed 500 mg/m2 on days 1 and 14 for
three cycles of 28 days; prophylactic G-CSF was adminis-
tered. The majority of patients had stage IIIA disease

(40.0%) and underwent lobectomy (71.1%); the most fre-
quent histologic sub-type was adenocarcinoma (57.8%). Che-
motherapy was well tolerated, and no patient discontinued
treatment; median time to recurrence was 26 months, which
is comparable with previously published data [54].

In a multicentre, open-label, Phase II trial, 118 patients
with resected, stage IB/II NSCLC were randomized to receive
cisplatin--pemetrexed or carboplatin--pemetrexed for four
cycles [55]. The primary end-point was the feasibility of the
regimens defined as compliance to four cycles with the
planned doses without grade 3 -- 4 toxicities; a regimen was
considered feasible if the rate of feasible patients/total patients
was > 60%. None of the regimens reached the primary
end-point; however, the dose intensity and rate of patients
completing the treatment were higher than what was
reported in other adjuvant trials. Feasibility was higher in
the cisplatin--pemetrexed arm.

In a multicentre, open-label, randomized, Phase II trial
(TREAT), 132 resected NSCLC patients (stages IB, IIA,
IIB, T3N1) were randomized to receive four cycles of stan-
dard cisplatin--vinorelbine or cisplatin--pemetrexed [56]. The
primary objective of the trial was to compare the feasibility
of the different regimens defined as the non-occurrence
of grade 4 neutropenia, grade 4 thrombocytopenia, grade
3 -- 4 febrile neutropenia, grade 3 -- 4 non-hematologic toxic-
ity or premature treatment withdrawal; secondary objectives
were to determine mean dose delivery (defined as the planned
dose actually administered), safety, time to relapse and OS.
The feasibility rates were 95.5% for cisplatin--pemetrexed
and 75.4% for cisplatin--vinorelbine (p = 0.001). Hematologic
grade 3 -- 4 adverse events were lower in the cispla-
tin--pemetrexed arm (10 vs 74%; p < 0.001), while non-
hematologic toxicity was similar between the two arms (33%
for cisplatin--pemetrexed vs 31% for cisplatin--vinorelbine;
p = 0.798). Mean dose delivery was higher with cispla-
tin--pemetrexed (90%) than with cisplatin--vinorelbine (66%
for cisplatin; 64% for vinorelbine).

5. Pemetrexed in locally advanced NSCLC

Locally advanced NSCLC is usually managed through com-
bined modalities, including combinations of chemotherapy,
radiotherapy, and surgery. Resectable, stage IIIA NSCLC
can be treated with neoadjuvant chemotherapy, followed by
surgical resection. Available data of pemetrexed in this setting
are limited. In a non-randomized, Phase II clinical trial, a
combination of cisplatin--pemetrexed was administered to
suitable patients for three cycles before curative surgery;
unfortunately, this trial was stopped early due to low enrol-
ment [57]. Currently, pemetrexed is being studied in several
ongoing clinical trials [58,59]. For example, in a trial of person-
alized neoadjuvant chemotherapy (CONTEST), pemetrexed
is an agent of choice for non-squamous NSCLC with low
expression of TS [60].

C. Genova et al.
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Patients affected by unresectable, locally advanced NSCLC
can be treated with concurrent chemo-radiation or sequential
chemotherapy and radiotherapy. Various regimens have been
investigated, with the aim of identifying schedules that prove
to be both effective and tolerated in association with radio-
therapy. The combination of carboplatin (AUC = 5 -- 6)
and pemetrexed (500 mg/m2) with concurrent radiation was
tolerated and showed signs of activity in a Phase I trial [61].
In a non-randomized, Phase II trial, 21 unresectable, stage
III patients received carboplatin AUC 5 plus pemetrexed
500 mg/m2 with concurrent radiation for two cycles, followed
by carboplatin plus pemetrexed for three consolidation
cycles [62]. The treatment was well tolerated and active
(median PFS = 12.0 months; overall RR = 85.7%); statistical
analysis of PFS and RR showed a trend favoring adenocarci-
noma histology. In an open-label, randomized, Phase II trial,
98 patients with inoperable stage III NSCLC received peme-
trexed (500 mg/m2) plus carboplatin (AUC 5) or pemetrexed
(500 mg/m2) plus cisplatin (75 mg/m2) for three cycles; both
schedules were administered with concurrent radiation
(64 -- 68 Gy; 2 Gy/day, 5 days/week for 45 days) and were fol-
lowed by three consolidation cycles [63]. Although the small
size of the trial may limit possible conclusions, this study sug-
gests an OS and TTP advantage in the cisplatin--pemetrexed
arm. Both schedules were well tolerated.

Currently, in a randomized, Phase III trial, 600 stage III
inoperable, non-squamous NSCLC patients are being ran-
domized to receive cisplatin--pemetrexed with concurrent
radiation followed by consolidation pemetrexed or cispla-
tin--etoposide and concurrent radiation followed by a consol-
idation cytotoxic agent of choice. The primary outcome is
represented by survival [64]. As cisplatin--etoposide is a current
standard in this setting, should this trial achieve positive
results, cisplatin--pemetrexed could represent a promising
alternative.

6. Pemetrexed in elderly and in unfit patients

Elderly patients (‡ 70 years) represent a particular population,
and many clinicians avoid first-line chemotherapy due to tol-
erability concerns. In a randomized, Phase II trial, elderly
patients received pemetrexed alone (500 mg/m2 for eight
cycles) or a sequence of pemetrexed (500 mg/m2 for two
cycles) followed by gemcitabine (1200 mg/m2 on days
1 and 8 for two cycles), for a total of eight cycles. Both sched-
ules showed moderate activity and a favorable tolerability [65].
Recently, data from elderly patients with PS 0 -- 1 receiving
cisplatin--pemetrexed as a first-line treatment or pemetrexed
as a maintenance treatment in two previously reported tri-
als [22,33] were analyzed: in both studies, adjusted HR favored
pemetrexed and was similar between older and younger
patients; similarly, delivered dose and treatment-related
toxicities were similar between age sub-groups [66]. Due to
the renal safety of carboplatin compared with cisplatin,
62 elderly patients received carboplatin--pemetrexed in a

non-randomized, Phase II trial. The combination was active
(RR = 28.6%; stable disease rate = 42.9%) and the tolerability
was acceptable [67]. In a dose-escalating study, 17 patients with
a median age of 78 years (ranging from 75 to 83) received
pemetrexed (500 mg/m2) plus carboplatin (AUC 4, 5, or 6).
After four cycles of induction chemotherapy, patients achiev-
ing disease control received maintenance with pemetrexed [68].
The combination resulted generally well tolerated and effec-
tive (overall RR: 47.1%). Maintenance with pemetrexed was
administered to ten patients, and was well tolerated.

The first-line treatment for unfit patients, with PS = 2 of
any age, ranges from best supportive care to platinum-
based combination. In a randomized, Phase III trial,
217 PS = 2 patients with adequate organ function received
single-agent pemetrexed or carboplatin--pemetrexed. The
combination achieved a better RR (24% vs 10%;
p = 0.019), a longer median PFS (5.9 vs 3.0 months;
HR = 0.46) and a longer median OS (9.1 vs 5.6 months;
HR = 0.57). Toxicity was acceptable in both arms, with an
increased incidence of hematologic adverse events in the
combination arm [69].

7. Economic evaluation

Pemetrexed is a costly drug that can be administered for rela-
tively long periods; therefore, expense is a high priority issue.
Cisplatin--pemetrexed was indirectly compared with cispla-
tin--gemcitabine--bevacizumab in several cost-effectiveness anal-
yses. In an Italian analysis, bevacizumab-based therapy resulted
more cost-effective than pemetrexed [70]. In a similar analysis
conducted in Korea and Taiwan, the combination including
bevacizumab was more costly than the cisplatin--pemetrexed
doublet, although it was associated with increased survival [71].
In contrast, in a Russian analysis, cisplatin--pemetrexed resulted
in cost-saving and showed equal survival and inferior toxicity
compared with cisplatin--gemcitabine--bevacizumab [72].

8. Conclusion

Pemetrexed is an antimetabolite employed in non-squamous
NSCLC. It exerts its activity by inhibiting DHFR, GARFT,
AICART and TS, consequently, halting the synthesis of
DNA and RNA. The pharmacologic activity of this drug is
correlated with the expression of TS. For this reason, histo-
logic sub-types expressing lower levels of TS, such as adeno-
carcinoma, are more sensitive to pemetrexed; squamous cell
carcinoma of the lung expresses high levels of TS, and this
finding is likely related to the reduced action of pemetrexed
reported in this histologic sub-group.

Currently, pemetrexed is registered in combination with
cisplatin or carboplatin as a first-line treatment for metastatic
non-squamous NSCLC, as this combination was more effec-
tive than a standard schedule (cisplatin--gemcitabine) in terms
of PFS and OS. The administration of pemetrexed alone as a
maintenance therapy after induction chemotherapy is

Pemetrexed
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associated with improvement in terms of PFS and OS and is a
suitable option after first-line treatment for selected patients.
Pemetrexed is also registered as a single agent as a second-
line treatment, and it represents a valid alternative for patients
who have not received the drug in first line [73]. Currently,
pemetrexed is not registered as adjuvant treatment in resected
lung cancer, nor is it employed in combination with thoracic
radiation therapy in locally advanced disease, although further
studies are being conducted.

9. Expert opinion

After its introduction into clinical practice, pemetrexed has
become a standard for the treatment of non-squamous
NSCLC. Since it is registered in different lines for advanced
disease, specifically first-line, second-line, and maintenance,
pemetrexed has a wide spectrum of employment. Its favorable
safety profile, reported in different studies, has been widely
confirmed in post-registration experiences; additionally, the
good subjective tolerance observed (low emetic potential,
low incidence of alopecia, etc.) makes it an appealing option
for clinicians and patients alike.
Since the advantage in terms of efficacy of pemetrexed over

its comparators was generally related to the presence of non-
squamous histology, its employment in clinical practice and
in further clinical trials should be limited, as a general rule,
to patients affected by non-squamous NSCLC.
In a meta-analysis published in 2012, Li and colleagues

evaluated a selection of clinical trials in which platinum-
based combinations including pemetrexed were compared
with platinum-based combinations including other third-
generation agents for first-line treatment. A consistent survival
advantage with pemetrexed, especially in non-squamous
NSCLC (which represented the majority of the patients),
was observed [74]. This meta-analysis also included a random-
ized, Phase II trial including three treatment arms: carbo-
platin--pemetrexed, carboplatin--pemetrexed--enzastaurin and
carboplatin--docetaxel [75]; because enzastaurin did not pro-
duce a clinical benefit and the carboplatin--pemetrexed and
carboplatin--docetaxel arms were available for comparison,
this trial was considered suitable for the meta-analysis.
A meta-analysis of five trials (three first-line trials, one

second-line trial, one maintenance trial) confirmed that
pemetrexed, compared with alternative treatments or placebo,
is consistently associated with a significant OS improvement
in non-squamous histology (HR = 0.82; I2 = 12%) but not
in squamous histology (HR = 1.19%) [76].
Recently, five trials comparing pemetrexed alone and in com-

bination with other agents for second-line treatment [52,77-80]

were evaluated in a meta-analysis conducted by Qi et al., includ-
ing 1186 patients, globally [81]. The pooled hazard ratio for OS
did not show significant differences between pemetrexed-
based doublets and pemetrexed alone (pooled HR = 0.89;
p = 0.129), while a significant benefit in terms of PFS was
observed in the doublet arms (pooled HR = 0.82; p = 0.007);

the pooled odds ratio (OR) for overall RR showed improvement
with the doublet arms (OR 2.39; p = 0.000). Possible biases that
can increase the heterogeneity of this meta-analysis include the
employment of different combination agents and the lack of
blinding in three of the five selected trials.

The histology-driven specificity of pemetrexed has under-
gone further evaluations, and the expression of TS, evaluated
through a semi-quantitative histologic score, was higher in the
squamous sub-type than in adenocarcinoma. Moreover, there
is an association between differential TS expression and the
efficacy of pemetrexed in non-squamous histology, as patients
affected by lung adenocarcinoma with low TS expression
achieved longer median PFS and OS than patients whose ade-
nocarcinoma had high TS expression [82,83]. These data imply
that the effectiveness of pemetrexed is related more to the
expression of TS than to the histology; further, prospective
studies of pemetrexed on the basis of the expression of TS,
rather than histologic sub-type, could help define the actual
specter of action of this drug. Should a suitable molecular pre-
dictor of efficacy be validated for pemetrexed, it could be
employed to select the patients who are more likely to benefit
from this drug, irrespective of histologic sub-type. In addi-
tion, because physicians have different options for first-
line treatment for non-squamous NSCLC, such as doublets
including cisplatin (or carboplatin) and pemetrexed or combi-
nations including chemotherapy plus bevacizumab and
because pemetrexed is available for both first and second
line, identifying the most beneficial treatment strategy in
each case is crucial [84]. Novel predictors of response could
help achieve this task: through a tailored approach, some
selected patients could receive pemetrexed immediately,
while other patients may be treated with different regimens,
eventually reserving pemetrexed for second-line treatment.

After first-line treatment with pemetrexed, physicians
evaluate the option of using maintenance treatment. The
administration of pemetrexed after induction chemotherapy
prolongs survival at the expense of continuously exposing the
patient to drug-related toxicity. Several parameters should be
evaluated when considering maintenance, including objective
response, global conditions, organ function, and adverse events
reported during treatment; the patient’s preference should be
taken into consideration. Some patients may benefit from pro-
longed treatment, while, for other patients, a “treatment holi-
day” could be the best option. Unfortunately, at the moment,
there is no validated specific clinical feature or bio-marker able
to predict survival benefits with maintenance over interruption
in a single patient; such predictors could help oncologists and
patients while discussing the option of maintenance with peme-
trexed. Although Phase III trials of pemetrexed in the adjuvant
setting are lacking, NCCN guidelines include it as an option
in combination with cisplatin [15]; available data suggest a
more favorable safety profile compared with other combina-
tions. Similarly, the favorable tolerability of pemetrexed could
make it a promising option in the neoadjuvant setting, where
patients are planned to undergo surgery after chemotherapy.
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The use of pemetrexed in concurrent chemo-radiation
regimens needs to be confirmed with further data; however,
cisplatin--pemetrexed is the only combination, with cispla-
tin--etoposide, that can be administered with radiation
without dose reductions.

Declaration of interest

F Grossi is on the advisory board and has received speaker
grants from Eli-Lilly. All remaining authors have no conflict
of interest.

Bibliography
Papers of special note have been highlighted as

either of interest (�) or of considerable interest
(��) to readers.

1. Jemal A, Siegel R, Xu J, et al. Cancer

statistics. CA Cancer J Clin

2010;60(5):277-300

2. Available from: http://www.accessdata.

fda.gov/drugsatfda_docs/label/2012/

021462s039lbl.pdf

3. Gonen N, Assaraf YG. Antifolates in

cancer therapy: structure, activity and

mechanisms of drug resistance.

Drug Resist Updat 2012;15(4):183-210

4. Chattopadhyay S, Moran RG,

Goldman ID. Pemetrexed: biochemical

and cellular pharmacology, mechanisms,

and clinical applications.

Mol Cancer Ther 2007;6(2):404-17

5. Racanelli AC, Rothbart SB, Heyer CL,

et al. Therapeutics by cytotoxic

metabolite accumulation: pemetrexed

causes ZMP accumulation, AMPK

activation, and mammalian target of

rapamycin inhibition. Cancer Res

2009;69(13):5467-674

6. Ceppi P, Rapa I, Lo Iacono M, et al.

Expression and pharmacological

inhibition of thymidylate synthase and

Src kinase in nonsmall cell lung cancer.

Int J Cancer 2012;130(8):1777-86

7. Igawa S, Ryuge S, Wada M, et al.

Pemetrexed for previously treated

patients with non-small cell lung cancer

and differences in efficacy according to

thymidylate synthase expression.

Chemotherapy 2012;58:313-20

8. Lustgarten DE, Deshpande C,

Aggaewal C, et al. Thymidylate synthase

and folyl-polyglutamate synthase are not

clinically useful markers of response to

pemetrexed in patients with malignant

pleural mesothelioma. J Thorac Oncol

2013;8(4):469-77

9. Yang TY, Chang GC, Chen KC, et al.

Pemetrexed induces both intrinsic and

extrinsic apoptosis through ataxia

telangiectasia mutated/p53-dependent

and -independent signaling pathways.

Mol Carcinog 2013;52(3):183-94

10. Sørensen JB. Pharmacokinetic evaluation

of pemetrexed. Expert Opin Drug

Metab Toxicol 2011;7(7):919-28

11. Niyikiza C, Baker SD, Seitz DE, et al.

Homocysteine and methylmalonic acid:

markers to predict and avoid toxicity

from pemetrexed therapy.

Mol Cancer Ther 2002;1(7):545-52

. These data show that

pemetrexed-related toxicity is reduced

through folic acid and vitamin

B12 prophylactic administration.

12. Richards DA, Socinski M, Raju RN,

et al. The impact of shortened vitamin

supplementation lead-in time before

pemetrexed (P) in patients with relapsed

small cell lung cancer (SCLC). J Clin

Oncol (2007 ASCO Annual Meeting

Proceedings Part I) 2007;25:7726

13. NCCN Clinical practice guidelines in

oncology: antiemesis. Version 1.2013.

Available from: http://www.nccn.org/

professionals/physician_gls/pdf/

antiemesis.pdf [Access on 02 June 2013]

14. Dickgreber NJ, Sorensen JB,

Paz-Ares LG, et al. Pemetrexed safety

and pharmacokinetics in patients with

third-space fluid. Clin Cancer Res

2010;16(10):2872-80

15. NCCN Clinical practice guidelines in

oncology: non-small cell lung cancer.

Version 2.2013. Available from: http://

www.nccn.org/professionals/

physician_gls/pdf/nscl.pdf [Access on

02 June 2013]

16. Rusthoven JJ, Eisenhauer E, Butts C.

Multitargeted antifolate LY231514 as

first-line chemotherapy for patients with

advanced non-small-cell lung cancer:

a phase II study. National Cancer

Institute of Canada Clinical Trials

Group. J Clin Oncol 1999;17(4):1194

17. Clarke SJ, Abratt R, Goedhals L, et al.

Phase II trial of pemetrexed disodium

(ALIMTA, LY231514) in

chemotherapy-naı̈ve patients with

advanced non-small-cell lung cancer.

Ann Oncol 2002;13(5):737-41

18. Manegold C, Gatzmeier U, von Pawel J,

et al. Front-line treatment of advanced

non-small-cell lung cancer with

MTA (LY231514, pemetrexed disodium,

ALIMTA) and cisplatin: a multicenter

phase II trial. Ann Oncol

2000;11(4):435-40

19. Shepherd FA, Dancey J, Arnold A, et al.

Phase II study of pemetrexed disodium, a

multitargeted antifolate, and cisplatin as

first-line therapy in patients with

advanced nonsmall cell lung carcinoma:

a study of the National Cancer Institute

of Canada Clinical Trials Group. Cancer

2001;92(3):595-600

20. Zinner RG, Fossella FV, Gladish GW,

et al. Phase II study of pemetrexed in

combination with carboplatin in the

first-line treatment of advanced nonsmall

cell lung cancer. Cancer

2005;104(11):2449-56

21. Scagliotti GV, Kortsik C, Dark GG,

et al. Pemetrexed combined with

oxaliplatin or carboplatin as first-line

treatment in advanced non-small cell

lung cancer: a multicenter, randomized,

phase II trial. Clin Cancer Res

2005;11(2 Pt 1):690-6

22. Scagliotti GV, Parikh P, von Pawel J,

et al. Phase III study comparing cisplatin

plus gemcitabine with cisplatin plus

pemetrexed in chemotherapy-naive

patients with advanced-stage

non-small-cell lung cancer. J Clin Oncol

2008;26(21):3543-51

.. This is the pivotal trial that led to the

registration of pemetrexed in first line.

23. Ceppi P, Volante M, Saviozzi S, et al.

Squamous cell carcinoma of the lung

compared with other histotypes shows

higher messenger RNA and protein levels

for thymidylate synthase. Cancer

2006;107:1589-96

. These data show the association

between histologic sub-type and

differential expression of

thymidylate synthase.

24. Sigmond J, Backus HH, Wouters D,

et al. Induction of resistance to the

multitarget antifolate pemetrexed

(ALIMTA) in WiDr human colon cancer

cells is associated with thymidylate

Pemetrexed

Expert Opin. Pharmacother. (2013) 14(11) 11

E
xp

er
t O

pi
n.

 P
ha

rm
ac

ot
he

r.
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
A

z 
Sa

ni
ta

ri
a 

L
ig

ur
ia

 o
n 

05
/2

9/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.

www.ncbi.nlm.nih.gov/pubmed/20610543?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20610543?dopt=Abstract
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/021462s039lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/021462s039lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/021462s039lbl.pdf
www.ncbi.nlm.nih.gov/pubmed/22921318?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22921318?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22921318?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17308042?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17308042?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17308042?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19549896?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19549896?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19549896?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19549896?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19549896?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21618517?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21618517?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21618517?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23147191?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23147191?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23147191?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23147191?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23486267?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23486267?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23486267?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23486267?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23486267?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22086658?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22086658?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22086658?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22086658?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21599552?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21599552?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12479273?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12479273?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12479273?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18978567?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18978567?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18978567?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18978567?dopt=Abstract
http://www.nccn.org/professionals/physician_gls/pdf/antiemesis.pdf
http://www.nccn.org/professionals/physician_gls/pdf/antiemesis.pdf
http://www.nccn.org/professionals/physician_gls/pdf/antiemesis.pdf
www.ncbi.nlm.nih.gov/pubmed/20460481?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20460481?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20460481?dopt=Abstract
http://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf
http://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf
http://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf
www.ncbi.nlm.nih.gov/pubmed/10561178?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10561178?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10561178?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10561178?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10561178?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10561178?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12075742?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12075742?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12075742?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12075742?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10847462?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10847462?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10847462?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10847462?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10847462?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11505404?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11505404?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11505404?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11505404?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11505404?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11505404?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16258975?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16258975?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16258975?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16258975?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15701857?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15701857?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15701857?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15701857?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15701857?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18506025?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18506025?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18506025?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18506025?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18506025?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16955506?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16955506?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16955506?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16955506?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12907242?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12907242?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12907242?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12907242?dopt=Abstract
http://informahealthcare.com/journal/EOP


synthase overexpression.

Biochem Pharmacol 2003;66:431-8

25. European public assessment report

(EPAR) for Alimta. Available from:

www.ema.europa.eu/docs/en_GB/

document_library/EPAR_-

_Product_Information/human/000564/

WC500025611.pdf

26. Grønberg BH, Bremnes RM, Fløtten O,

et al. Phase III study by the Norwegian

lung cancer study group: pemetrexed plus

carboplatin compared with gemcitabine

plus carboplatin as first-line

chemotherapy in advanced non-small-cell

lung cancer. J Clin Oncol

2009;27(19):3217-24

27. Rodriguez-Pereira J, Kim JH,

Magallanes M, et al. A randomized phase

III trial comparing pemetrexed/

carboplatin and docetaxel/carboplatin as

first-line treatment for advanced,

nonsquamous non-small cell lung cancer.

J Thorac Oncol 2011;6(11):1907-14

28. Yang JC, Schuler MH, Yamamoto N,

et al. LUX-Lung 3: a randomized,

open-label, phase III study of afatinib

versus pemetrexed and cisplatin as

first-line treatment for patients with

advanced adenocarcinoma of the lung

harboring EGFR-activating mutations.

J Clin Oncol

2012;30(Suppl):abstract LBA7500

29. Gridelli C, Maione P, Rossi A, et al.

Potential treatment options after first-line

chemotherpy for advanced NSCLC:

maintenance treatment or early second-

line? Oncologist 2009;14(2):137-47

30. Ciuleanu T, Brodowicz T, Zielinski C,

et al. Maintenance pemetrexed plus best

supportive care versus placebo plus best

supportive care for non-small-cell lung

cancer: a randomised, double-blind,

phase 3 study. Lancet

2009;374(9699):1432-40

31. Belani CP, Brodowics T, Ciuleanu T,

et al. Maintenance pemetrexed plus best

supportive care (BSC) versus placebo

plus BSC: a randomized phase III study

in advanced non-small cell lung cancer

[abstract CRA8000]. J Clin Oncol

2009;27(Suppl):18s

32. Gridelli C, De Marinis F, Di Maio M,

et al. Maintenance treatment of advanced

non-small-cell lung cancer: results of an

International Expert Panel Meeting of

the Italian Association of Thoracic

Oncology. Lung Cancer

2012;76(3):269-79

33. Paz-Ares L, de Marinis F, Dediu M,

et al. Maintenance therapy with

pemetrexed plus best supportive care

versus placebo plus best supportive care

after induction therapy with pemetrexed

plus cisplatin for advanced

non-squamous non-small-cell lung cancer

(PARAMOUNT): a double-blind,

phase 3, randomised controlled trial.

Lancet Oncol 2012;13(3):247-55

.. This pivotal trial showed that

maintenance with pemetrexed after

first line is associated with improved

progression-free survival

34. Paz-Ares L, De Marinis F, Dediu M,

et al. PARAMOUNT: Final overall

survival (OS) results of the phase III

study of maintenance pemetrexed (pem)

plus best supportive care (BSC) versus

placebo (plb) plus BSC immediately

following induction treatment with pem

plus cisplatin (cis) for advanced

non-squamous (NS) non-small cell lung

cancer (NSCLC). J Clin Oncol

2012;30(Suppl):abstract LBA7507

.. These results showed that maintenance

with pemetrexed after first line is

associated with improved

overall survival.

35. Barlesi F, de Castro J, Dvornichenko V,

et al. AVAPERL (MO22089): final

efficacy outcomes for patients with

advanced non-squamous non-small cell

lung cancer randomised to continuation

maintenance with bevacizumab or

bevacizumab + pemetrexed after first-line

bevacizumab-cisplatin-pemetrexed

treatment. In: Presented at

2011 ECCO-ESMO European

Multidisciplinary Cancer Congress.

Eur J Cancer

2011;47(Suppl):abstract 34LBA

36. Patel JD, Hensing TA, Rademaker A,

et al. Phase II study of pemetrexed and

carboplatin plus bevacizumab with

maintenance pemetrexed and

bevacizumab as first-line therapy for

nonsquamous non-small cell lung cancer.

J Clin Oncol 2009;27(20):3284-9

37. Patel JD, Bonomi P, Socinski MA, et al.

Treatment rationale and study design for

the pointbreak study: a randomized,

open-label phase III study of pemetrexed/

carboplatin/bevacizumab followed by

maintenance pemetrexed/bevacizumab

versus paclitaxel/carboplatin/bevacizumab

followed by maintenance bevacizumab in

patients with stage IIIB or IV

nonsquamous non-small-cell lung cancer.

Clin Lung Cancer 2009;10(4):252-6

38. Patel J, Socinski MA, Garon EB, et al.

A randomized, open-label, phase 3,

superiority study of pemetrexed (Pem)

+carboplatin (Cb)+bevacizumab (B)

followed by maintenance Pem+B versus

paclitaxel (Pac)+Cb+B followed by

maintenance B in patients (pts) with

stage IIIB or IV non-squamous non-

small cell lung cancer (NS-NSCLC).

2012 ASCO Multidisciplinary

Symposium in Thoracic Oncology; 6 --

8 September 2012; Chicago

39. Tan EH, Havel L, Krzakowski MJ, et al.

Randomized phase II trial of oral

vinorelbine (N) and cisplatin (P) or

pemetrexed and C (PC) in first line

advanced non squamous (NSCLC)

patients (PTS). NAVOTRIAL01: final

results. Ann Oncol

2012;23(Suppl 9):abstract 1247p

40. Grossi F. Management of non-small cell

lung cancer patients with stable disease.

Drugs 2012;72(Suppl 1):20-7

41. Smit EF, Mattson K, von Pawel J, et al.

ALIMTA (pemetrexed disodium) as

second-line treatment of non-small-cell

lung cancer: a phase II study. Ann Oncol

2003;14(3):455-60

42. Russo F, Bearz A, Pampaloni G, et al.

Pemetrexed single agent chemotherapy in

previously treated patients with locally

advanced or metastatic non-small cell

lung cancer. BMC Cancer 2008;8:216

43. Hanna N, Sheperd FA, Fossella FV,

et al. Randomized phase III trial of

pemetrexed versus docetaxel in patients

with non-small-cell lung cancer

previously treated with chemotherapy.

J Clin Oncol 2004;22(9):1589-97

.. This pivotal trial showed survival

benefit of pemetrexed over placebo in

second line.

44. Pujol JL, Paul S, Chouaki N, et al.

Survival without common toxicity criteria

grade 3/4 toxicity for pemetrexed

compared with docetaxel in previously

treated patients with advanced non-small

cell lung cancer (NSCLC): a risk-benefit

analysis. J Thorac Oncol

2007;2(5):397-401

45. Peterson P, Park K, Fossella F, et al. Is

pemetrexed more effective in

adenocarcinoma and large cell lung

cancer than in squamous cell carcinoma?

A retrospective analysis of a phase III

trial of pemetrexed vs docetaxel in

C. Genova et al.

12 Expert Opin. Pharmacother. (2013) 14(11)

E
xp

er
t O

pi
n.

 P
ha

rm
ac

ot
he

r.
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
A

z 
Sa

ni
ta

ri
a 

L
ig

ur
ia

 o
n 

05
/2

9/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.

www.ncbi.nlm.nih.gov/pubmed/12907242?dopt=Abstract
www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000564/WC500025611.pdf
www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000564/WC500025611.pdf
www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000564/WC500025611.pdf
www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000564/WC500025611.pdf
www.ncbi.nlm.nih.gov/pubmed/19433683?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19433683?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19433683?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19433683?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19433683?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19433683?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22005471?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22005471?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22005471?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22005471?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22005471?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19190239?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19190239?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19190239?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19190239?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19767093?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19767093?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19767093?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19767093?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19767093?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22341744?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22341744?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22341744?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22341744?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22341744?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22266040?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22266040?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22266040?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22266040?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22266040?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22341744?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22341744?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22341744?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22341744?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22341744?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22341744?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22341744?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22341744?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19433684?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19433684?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19433684?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19433684?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19433684?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21768327?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21768327?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21768327?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21768327?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21768327?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21768327?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22712794?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22712794?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12598353?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12598353?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12598353?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18667090?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18667090?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18667090?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18667090?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15117980?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15117980?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15117980?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15117980?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17473654?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17473654?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17473654?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17473654?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17473654?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17473654?dopt=Abstract
http://informahealthcare.com/journal/EOP


previously treated patients with advanced

non-small cell lung cancer (NSCLC)

[abstract]. 12th World Conference on

Lung Cancer. P2-328. J Thorac Oncol

2007;2(8):S851

46. Bearz A, Garassino I, Cavina R, et al.

Pemetrexed single agent in previously

treated non-small cell lung cancer:

a multi-istitutional observational study.

Lung Cancer 2008;60(2):240-5

47. Cullen MH, Zatloukal P, S€orenson S,

et al. A randomized phase III trial

comparing standard and high-dose

pemetrexed as second-line treatment in

patients with locally advanced or

metastatic non-small-cell lung cancer.

Ann Oncol 2008;19(5):939-45

48. Ohe Y, Ichinose Y, Nakagawa K, et al.

Efficacy and safety of two doses of

pemetrexed supplemented with folic acid

and vitamin B12 in previously treated

patients with non-small cell lung cancer.

Clin Cancer Res 2008;14(13):4206-12

49. Kim HS, Lee GW, Kim JH, et al.

A phase II study of pemetrexed and

carboplatin as a salvage therapy for

platinum-pretreated patients with

non-small cell lung cancer. Lung Cancer

2010;70(1):71-6

50. Zhang GZ, Jiao SC, Meng TZ.

Pemetrexed plus cisplatin/carboplatin in

previously treated locally advanced or

metastatic non-small cell lung cancer

patients. J Exp Clin Cancer Res

2010;29:38

51. Lee DH, Choi CM, Kim SW, et al.

Phase II study of pemetrexed plus

oxaliplatin for platinum-resistant

advanced or metastatic non-small cell

lung cancer patients. Med Oncol

2012;29(2):640-3

52. Smit EF, Burgers SA, Biesma B, et al.

Randomized phase II and

pharmacogenetic study of pemetrexed

compared with pemetrexed plus

carboplatin in pretreated patients with

advanced non-small-cell lung cancer.

J Clin Oncol 2009;27(12):2038-45

53. Ardizzoni A, Tiseo M, Boni L, et al.

Pemetrexed versus pemetrexed and

carboplatin as second-line chemotherapy

in advanced non-small-cell lung cancer:

results of the GOIRC

02-2006 randomized phase II study and

pooled analysis with the NVALT7 trial.

J Clin Oncol 2012;30(36):4501-7

54. Karapanagiotou EM, Boura PG,

Papamichalis G, et al.

Carboplatin-pemetrexed adjuvant

chemotherapy in resected non-small cell

lung cancer (NSCLC): a phase II study.

Anticancer Res 2009;29(10):4297-301

55. Schmid-Bindert G, Chemaissani A,

Fischer JR, et al. Pemetrexed in

combination with cisplatin or carboplatin

as adjuvant chemotherapy in early-stage

NSCLC [abstract 7565]. J Clin Oncol

2009;15s(Suppl):27

56. Kreuter M, Vansteenkiste J, Fischer JR,

et al. Randomized phase 2 trial on

refinement of early-stage NSCLC

adjuvant chemotherapy with cisplatin

and pemetrexed versus cisplatin and

vinorelbine: the TREAT study.

Ann Oncol 2013;24(3):986-92

57. Pemetrexed and cisplatin treatment

before surgery in non small cell lung

cancer. Available from: http://

clinicaltrials.gov/ct2/show/NCT00259285

58. Pemetrexed disodium and cisplatin in

treating patients who are undergoing

surgery for stage I, stage II, or stage III

non-small cell lung cancer. Available

from: http://clinicaltrials.gov/ct2/show/

NCT00248495

59. Neoadjuvant platinum-based

chemotherapy for patients with

resectable, non-small cell lung cancer

with switch to chemotherapy alternative

in non-responders (NEOSCAN).

Available from: http://clinicaltrials.gov/

show/NCT01443078

60. Customized neoadjuvant versus standard

chemotherapy in NSCLC patients with

resectablestage IIIA (N2) disease

(CONTEST). Available from: http://

clinicaltrials.gov/ct2/show/NCT01784549

61. Seiwert TY, Connell PP, Mauer AM,

et al. A phase I study of pemetrexed,

carboplatin, and concurrent radiotherapy

in patients with locally advanced or

metastatic non-small cell lung or

esophageal cancer. Clin Cancer Res

2007;13(2 Pt 1):515-22

62. Xu Y, Ma S, Ji Y, et al. Concomitant

chemoradiotherapy using pemetrexed and

carboplatin for unresectable stage III

non-small cell lung cancer (NSCLC):

preliminary results of a phase II study.

Lun Cancer 2011;72(3):327-32

63. Choy H, Schwartzberg LS, Dakhil SR,

et al. Phase II study of pemetrexed (P)

plus carboplatin (Cb) or cisplatin (C)

with concurrent radiation therapy

followed by pemetrexed consolidation in

patients (pts) with favorable-prognosis

inoperable stage IIIA/B non-small cell

lung cancer (NSCLC). J Clin Oncol

2012;30(Suppl):abstract 7002

64. Vokes EE, Senan S, Treat JA, et al.

PROCLAIM: a phase III study of

pemetrexed, cisplatin, and radiation

therapy followed by consolidation

pemetrexed versus etoposide, cisplatin,

and radiation therapy followed by

cytotoxic chemotherapy of choice in

locally advanced stage III non-small-cell

lung cancer of other than predominantly

squamous cell histology.

Clin Lung Cancer 2009;10(3):193-8

65. Gridelli C, Kaukel E, Gregorc V, et al.

Single agent pemetrexed or sequential

pemetrexed/gemcitabine as front-line

treatment of advanced non-small cell

lung cancer in elderly patients or patients

ineligible for platinum-based

chemotherapy: a multicenter,

randomized, phase II trial.

J Thorac Oncol 2007;2(3):221-9

66. Gridelli C, Brodowicz T, Langer CJ,

et al. Pemetrexed therapy in elderly

patients with good performance status:

analysis of two phase III trials of patients

with nonsquamous non-small-cell lung

cancer. Clin Lung Cancer

2012;13(5):340-6

67. Gervais R, Robinet G,
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4Università di Genova; Dipartimento di

Medicina Interna e Specialità Mediche (DIMI),
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