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Selection of chemotherapy for patients
with advanced non–small cell lung cancer
 ABSTRACT
Chemotherapy remains the first-line treatment for
most patients with stage IV non–small cell lung cancer
(NSCLC), but optimal regimens are now defined by
histology. Platinum-based regimens with pemetrexed,
bevacizumab, or both are reasonable first-line options for
patients with nonsquamous NSCLC. The standard treatment for squamous NSCLC remains a platinum doublet
with a drug other than pemetrexed. Maintenance therapy
is emerging as a treatment strategy for patients who do
not progress after four cycles of first-line chemotherapy.
In the maintenance setting, pemetrexed and erlotinib significantly prolong overall survival compared with placebo
after the completion of first-line chemotherapy.

D

espite enthusiasm for the use of molecular
testing and molecularly targeted agents in
patients with advanced non–small cell lung
cancer (NSCLC), most patients are not candidates for upfront treatment with molecular agents.
Chemotherapy therefore remains the backbone of
treatment for this patient population.
This article presents the best available evidence for
selection of chemotherapy for patients with advanced
NSCLC and examines the controversy surrounding
maintenance therapy.
 EVOLUTION OF CHEMOTHERAPY IN NSCLC
The first evidence that chemotherapy produced a
significant survival benefit in patients with advanced
NSCLC came in 1995 when a meta-analysis showed
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month improvement in median survival over best supportive care.1
This finding led to a decade of randomized phase
3 clinical trials that compared different platinumbased regimens. The quintessential trial in this regard
was Eastern Cooperative Oncology Group (ECOG)
1594, in which three platinum doublets were compared with cisplatin and paclitaxel on the end point
of overall survival (OS) in patients with advanced
NSCLC. No significant differences were found among
the regimens tested.2
Bevacizumab adds to platinum doublet
in nonsquamous NSCLC
With the introduction of bevacizumab, an antibody
against vascular endothelial growth factor, knowledge of NSCLC histology became important. In the
ECOG 4599 trial, published in 2006, bevacizumab
added to platinum doublet chemotherapy in patients
with advanced nonsquamous NSCLC significantly
improved the response rate, progression-free survival
(PFS), and median OS compared with platinum
doublet chemotherapy alone.3 This trial was limited to patients with nonsquamous NSCLC because
its predecessor trial had revealed an excess of lifethreatening pulmonary hemorrhage in association
with bevacizumab in patients with squamous cell
carcinoma.
Pemetrexed superior to docetaxel
in nonsquamous histology
In 2004, Hanna et al4 demonstrated pemetrexed to be
noninferior to docetaxel on efficacy outcomes as second-line therapy in advanced NSCLC. Pemetrexed
had a significantly better toxicity profile, however,
which led to its approval for this indication. Post hoc
analyses of this trial suggested a differential effect of
pemetrexed based on histology. In the pemetrexed
arm, patients with nonsquamous histology appeared
to have superior survival compared with patients who
had squamous histology, whereas in the docetaxel
arm, histology did not affect outcome.5 Further, the
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FIGURE. In a phase 3 trial that compared cisplatin/pemetrexed with cisplatin/gemcitabine based on histology, survival was superior in the
pemetrexed treatment group among patients with nonsquamous non–small cell lung cancer.
Reprinted with permission from Journal of Clinical Oncology (Scagliotti GV 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; 26:3543–3551), Copyright © 2008 American Society of Clinical Oncology. All rights reserved.

nonsquamous histologic subgroup had superior OS
with pemetrexed compared with docetaxel.6
Pemetrexed and gemcitabine perform differently
based on histology
A phase 3 trial with a noninferiority design compared
cisplatin/pemetrexed with cisplatin/gemcitabine as firstline therapy on OS. The noninferiority criteria were
met, with no difference in median OS between the two
groups (median OS: 10.3 months in both arms).7
A preplanned subgroup analysis based on histology
demonstrated superior survival in the pemetrexed arm
compared with the gemcitabine arm in patients with
nonsquamous NSCLC (median survival: 11.8 months
with pemetrexed vs 10.4 months with gemcitabine)
(Figure). Among patients with squamous cell carcinoma, gemcitabine was associated with a 1.4-month
survival advantage compared with pemetrexed (10.8
months with gemcitabine vs 9.4 months with pemetrexed).7 When assessed by subtype (Table), median
OS was improved by 1.7 months in the pemetrexed
arm for patients with adenocarcinoma and by 3.7
months in patients with large-cell carcinoma. There
was no significant difference in outcome between
groups in patients with NSCLC without further
subtype classification. This trial led to the approval
of pemetrexed as first-line treatment for advanced,
nonsquamous NSCLC.
In patients with advanced NSCLC with no tumor
progression following first-line platinum-based chemotherapy, maintenance pemetrexed therapy improved

OS and PFS compared with placebo, primarily in
patients with nonsquamous histology.8,9
Based on this evidence, NSCLC is no longer an
adequate pathologic diagnosis. Pathologists must
differentiate squamous from nonsquamous histology
to take full advantage of the safety of angiogenesis
inhibitors and the efficacy of pemetrexed.
 OPTIMAL FIRST-LINE REGIMEN
FOR NONSQUAMOUS NSCLC
Both cisplatin/pemetrexed and carboplatin/paclitaxel
plus bevacizumab have level 1 evidence to support
their use as first-line treatment of NSCLC with nonsquamous histology. Carboplatin/pemetrexed/bevacizumab is also being used in the community despite
the absence of randomized trial evidence to support
its use for this indication.
A single-arm phase 2 trial of carboplatin/pemetrexed/bevacizumab followed by maintenance pemetrexed/bevacizumab in 49 patients produced a response
rate of 55%, PFS of 7.8 months, and OS of 14
months.10 Although the results are impressive, they
should be considered hypothesis-generating rather
than treatment-changing in light of the small number
of patients enrolled and the single-arm design.
An open-label randomized phase 3 trial, PointBreak, is comparing two regimens in patients who
have advanced nonsquamous NSCLC: (1) carboplatin/pemetrexed/ bevacizumab followed by maintenance pemetrexed/bevacizumab and (2) carboplatin/
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TABLE
Cisplatin/pemetrexed vs cisplatin/gemcitabine
in first-line non–small cell lung cancer: Survival
comparison7
Median survival time (mo)
Cisplatin/
Cisplatin/
Adjusted
pemetrexed gemcitabine P value
Adenocarcinoma
(n = 847)
Large cell cancer
(n = 153)
Squamous cell
carcinoma
(n = 473)
Non–small cell
lung cancer
(n = 252)

12.6

10.9

.033

10.4

6.7

.027

9.4

10.8

.050

8.6

9.2

.586

paclitaxel/bevacizumab followed by bevacizumab.11
Although potentially practice-changing, PointBreak
will not answer whether bevacizumab adds benefit to
cisplatin and pemetrexed, nor will it determine which
first-line regimen is superior because of the different
maintenance regimens.
 SQUAMOUS NSCLC: PLATINUM DOUBLET OPTIMAL
No agents are currently approved specifically for the
treatment of squamous cell carcinoma, which appears
to have a high level of expression of insulin-like
growth factor receptor (IGF-1R). A 64% response
rate observed with an IGF-1R antagonist added to
paclitaxel/carboplatin in patients with NSCLC of
squamous cell histology in a phase 2 trial led to the
design of a phase 3 trial in which patients were randomized to carboplatin/paclitaxel with or without the
IGF-1R antagonist figitumumab. The trial ended prematurely in 2009 because of an imbalance of deaths in
the experimental arm.12 As expected, hyperglycemia
was more common in the experimental arm. Unexpectedly, the incidences of grade 5 infections and
cardiovascular events were also significantly higher
in the experimental arm.
A randomized phase 3 trial of carboplatin/paclitaxel compared with carboplatin and nanoparticle
albumin-bound (nab) paclitaxel was conducted in
1,052 patients with stage IIIb/IV NSCLC with
the primary end point being overall response rate
(ORR).13 The rationale for substituting nab-paclie-S48
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taxel for paclitaxel was that paclitaxel is dissolved
in polyoxyethylated castor oil. This decreases the
efficacy of paclitaxel and contributes to its toxicities,
including hypersensitivity reactions and neuropathy.
In metastatic breast cancer, nab-paclitaxel was shown
to be more efficacious than solvent-based paclitaxel.14
The nab-paclitaxel trial met its primary end point of
superior response rate: 33% in the nab-paclitaxel arm
versus 25% in the standard paclitaxel arm. However,
on final analysis there was no difference in PFS or OS
between the two arms, making the difference in ORR
of little clinical significance. No hypersensitivity reactions occurred in the nab-paclitaxel arm, while three
occurred in the paclitaxel arm. Grade 3 sensory neuropathy occurred significantly less often in the group
assigned to nab-paclitaxel compared with paclitaxel (3
vs 10, respectively; P < .001). Although there appears
to be no efficacy advantage of nab-paclitaxel over
standard paclitaxel for advanced NSCLC patients, use
of nab-paclitaxel might be considered in patients with
stage IV NSCLC who have poorly controlled diabetes
or who already suffer significant neuropathy.
Although not a prespecified end point, the response
rate in patients with squamous cell histology nearly
doubled among those treated with nab-paclitaxel
compared with standard paclitaxel. However, this did
not translate into significant differences in PFS or OS
in this subgroup, and the use of nab-paclitaxel in this
patient population specifically is not advised.
In light of the data, the standard treatment for
squamous NSCLC remains a platinum doublet other
than pemetrexed. A phase 3 clinical trial, ECLIPSE,
is currently enrolling patients at the Cleveland
Clinic. The trial will randomize chemotherapy-naïve
patients with stage IIIb/IV NSCLC and a Karnofsky
performance status of 0 or 1 to receive carboplatin
and gemcitabine with or without the polyadenosine
diphosphate–ribose polymerase inhibitor iniparib.
 MAINTENANCE THERAPY
The utility of maintenance therapy—the uninterrupted continuation of therapy for patients who do not
progress after completing first-line chemotherapy—in
patients with advanced NSCLC is controversial. Two
kinds of maintenance therapy have emerged.
Switch maintenance, also known as early secondline therapy, is so termed because patients are immediately switched to a second-line agent different from
the first-line doublet therapy.
Continuation maintenance is the continuation
of one or more drugs from the induction regimen,
the best example being continuation of single-agent
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bevacizumab in the ECOG 4599 regimen.
Five major trials of successful maintenance therapy
for nonprogressors after first-line chemotherapy have
been presented over the past 4 years, and these have
led to new indications for the maintenance drugs.8,15–18
PFS in favor of active maintenance has been documented in trials of early versus delayed maintenance
docetaxel,15 pemetrexed versus placebo,8 erlotinib
versus placebo,16 bevacizumab/erlotinib versus bevacizumab/placebo (ATLAS trial),17 and gemcitabine
or erlotinib versus placebo (IFCT-GFPC 0502).18 The
magnitude of improved PFS associated with each treatment has been similar. As a result, improved of PFS
with maintenance therapy is now widely accepted.
To improve survival: maintenance therapy
or better second-line therapy?
The utility of maintenance therapy can be confounded
by the lack of a predefined second-line treatment.
Some argue that the benefit to maintenance may also
be realized by appropriate use of the same agent as
salvage therapy in the case of disease progression.
Overall survival improved with maintenance
therapy in only two trials; one compared pemetrexed
with placebo and the other compared erlotinib with
placebo.8,16 The validity of these findings, however,
remains in question. In the trial of pemetrexed, only
19% of the patients in the control arm ever received
pemetrexed, and in the erlotinib trial, only 21% of
the patients in the control arm ever received erlotinib
after progression. Whether maintenance therapy was
responsible for an improvement in OS or whether
ineffective second-line therapy dampened survival in
patients in the control arms is unknown.
In the IFCT-GFPC 0502 phase 3 study, patients
received four cycles of cisplatin/gemcitabine.19 If
patients did not progress, they were randomized
to observation, continuation maintenance with
gemcitabine, or switch maintenance to erlotinib.
Predefined second-line therapy in all arms was pemetrexed. The primary end point chosen was PFS, even
though maintenance therapy had already been established to extend PFS. The median PFS in the gemcitabine maintenance arm was 3.8 months, compared
with 1.9 months in the observation arm. The hazard
ratio (HR) of 0.55 (P < .0001) was similar to that
observed with pemetrexed in the maintenance trial
noted above.19 Subgroup analysis showed improvement in PFS with the gemcitabine maintenance group
compared with observation in all subgroups, including those based on histology. The HR in the erlotinib
maintenance arm was 0.82 (P = .002), similar to that

observed with erlotinib in the Sequential Tarceva in
Unresectable NSCLC (SATURN) trial.16
In the IFCT-GFPC 0502 study, 60.4% of patients
in the gemcitabine arm, 63.2 % of those in the erlotinib arm, and 76.1% in the observation arm received
postmaintenance treatment with pemetrexed.19
Nearly one-half (49.6%) of patients in the observation arm received third-line treatment with erlotinib.
In the overall study population, a trend toward
improved OS was observed with maintenance gemcitabine or erlotinib compared with observation,
but did not achieve statistical significance, possibly
because the trial lacked adequate power to detect a
difference on this end point.
A subgroup analysis of patients who received second-line pemetrexed showed a significant improvement in OS in the maintenance arms compared with
the observation arm. About 25% of the patients
never advanced to second-line pemetrexed. Because
patients who never received second-line pemetrexed
may represent the sickest patients, the relevance of
this finding to the overall population of patients with
stage IV NSCLC is unknown.
Ongoing maintenance trials
Two ongoing clinical trials of maintenance are
exploring bevacizumab with or without pemetrexed
as maintenance following first-line cisplatin/pemetrexed/bevacizumab (AVAPERL) and bevacizumab
alone, pemetrexed alone, or a combination of the two
as maintenance following first-line therapy with carboplatin/paclitaxel/bevacizumab (Eastern Cooperative Oncology Group). Preliminary results from the
AVAPERL study were reported recently and support
the use of pemetrexed and bevacizumab as maintenance therapy compared with bevacizumab alone.20
 CONCLUSIONS ABOUT MAINTENANCE THERAPY
Pemetrexed and erlotinib significantly prolong OS
survival compared with placebo when used as maintenance therapy in advanced NSCLC patients who
do not progress after four cycles of first-line chemotherapy. Whether this improvement in OS can be
attributed to maintenance therapy or more effective
second-line therapy is open to debate.
Maintenance chemotherapy should be discussed
with all patients whose tumors do not progress after
four cycles of first-line chemotherapy. The use of
maintenance therapy may be most reasonable in very
symptomatic patients who receive palliative benefit
from chemotherapy, or as a means of encouraging
noncompliant patients to return for care.
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