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Abstract: The standard of care in metastatic non-small-cell lung cancer (NSCLC) is to treat
patients with a platinum doublet for 4 to 6 cycles and to offer second-line therapy upon progress
ion. Maintenance therapy in NSCLC is defined as a therapeutic agent which is administered
after first-line chemotherapy is complete, but before the disease progresses. While maintenance
therapy is not yet universally accepted as a therapeutic approach, emerging data have demon
strated its potential to improve progression-free survival and overall survival in a clinically
significant way. In this article a concise recent review of data related to the role of maintenance
therapy in patients with advanced NSCLC is provided, complementing previous information
in the field. It is recommended that NSCLC patients are offered maintenance therapy after
first-line therapy is complete.
Keywords: advanced non-small-cell lung cancer, maintenance therapy, pemetrexed, erlotinib

Standard therapy for advanced stage non-small-cell lung cancer (NSCLC) includes
first-line chemotherapy with a platinum-based doublet.1 Patients are treated with
four to six treatment cycles, with the vast majority receiving four treatment cycles.
Maintenance therapy in NSCLC refers to treatment given after first-line chemotherapy,
and before disease progression. Although early trials suggested that prolonged or
maintenance chemotherapy is not beneficial,2,3 new evidence reveals an overall survival
(OS) advantage for both maintenance pemetrexed and erlotinib. Both of these therapies
are currently approved and used upon progression following front-line chemotherapy;
however new evidence demonstrates superior results when these therapies are used
before progression occurs.
The use of pemetrexed in a maintenance setting was presented at ASCO 2009 by
Ciuleanu et al and published in the September 20, 2009 issue of the Lancet.4 A total of
663 patients with Stage IIIB/lV NSCLC who had not progressed after four cycles of
platinum-based chemotherapy were randomly assigned (2:1 ratio) to receive mainten
ance pemetrexed 500 mg/m2 plus best supportive care (n = 441) or placebo plus best
supportive care (n = 222). Both primary and secondary endpoints were significantly
in favor of the pemetrexed arm. The primary endpoint of progression-free survival
(PFS) was 4.3 months versus 2.6 months (P , 0.0001), hazard ratio (HR) 0.50 in
favor of maintenance pemetrexed. The secondary endpoint of OS was 13.4 months
versus 10.6 months (P = 0.012), HR 0.79 in favor of maintenance pemetrexed. The
results are even more impressive in the non-squamous subgroup where PFS HR 0.44
(P , 0.001 and OS HR 0.70 (P = 0.002)).5,6
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The influence of erlotinib, an oral tyrosine kinase inhibitor
(TKI), in the epidermal growth factor receptor (EGFR)
mutation and wild-type tumors was studied in a maintenance
fashion in trials SATURN and ATLAS. In SATURN, the
use of maintenance erlotinib after a platinum-based doublet
was tested in a randomized placebo controlled fashion. 7
Almost 2000 patients received first-line therapy, of which
889 patients did not experience disease progression. The nonprogressing patients were randomized to erlotinib 150 mg
daily or placebo. Both coprimary endpoints, PFS in all
patients, and PFS in patients with EGFR IHC+ tumors, were
positive. The overall PFS HR was 0.71 (95% CI, 0.62–0.82;
P , 0.0001). The coprimary endpoint assessed a subgroup
of patients with tumors positive for EGFR protein expression
determined by immunohistochemistry. The PFS HR in this
group was 0.69 (95% CI, 0.58–0.92; P , 0.0001) favoring
erlotinib. There was an OS benefit of 1 month: 12 months
versus 11 months (HR = 0.81 log-rank P = 0.0088). In the
non-squamous group, OS was greater than 3 months, with
13.7 month survival versus 10.5 month survival (HR 0.79
log-rank P = 0.0194).
The ATLAS study evaluated a maintenance combination
therapy of EGFR TKI erlotinib with the vascular endothelial
growth factor (VEGF) inhibitor bevacizumab.8 Patients who
were treated with bevacizumab in addition to platinumcontaining doublet therapy and who had not progressed, were
randomized to erlotinib or placebo for maintenance therapy.8
The trial was stopped by the data safety monitoring committee at the second interim evaluation because the primary
endpoint of PFS was met. The absolute improvement in PFS
was approximately 1 month, 4.8 months versus 3.7 months
(HR 0.72; 95% CI, 0.59–0.81; P = 0.0012). While OS data
are pending, the ATLAS trial supports the use of erlotinib
for maintenance therapy.
A recent meta-analysis of 13 maintenance chemotherapy
trials demonstrated an improvement in PFS and in OS.9
The most promising strategies involved administering an
approved second-line NSCLC therapeutic for maintenance
therapy.4,10
Thus, emerging data have demonstrated that maintenance
therapy statistically improves survival in advanced NSCLC.
Both pemetrexed and erlotinib have been found to improve
both PFS and OS when administered as maintenance therapy
after first-line chemotherapy is completed. Administering
second-line maintenance therapies immediately following
first-line chemotherapy before progression, is a useful strategy to enhance PFS. This represents a paradigm shift in the
treatment of this malignancy.
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Background
Chemotherapy with a platinum doublet for 4 to 6 cycles
is considered the standard of care for first-line treatment
in eligible patients with metastatic NSCLC. Second-line
therapy is given upon disease progression and options include
pemetrexed11 and doxetaxel.10 Targeted agents include the
TKIs erlotinib12 and gefitinib, which target the epidermal
growth factor receptor (EGFR). Gefitinib was removed
from the North American market after a large, randomized
trial, ISEL, failed to demonstrate significance when patients
with chemotherapy refractory disease were randomized in
the second and third-line setting.13 In a pure second-line
trial, gefitinib was equal in efficacy to docetaxel, a well
established second-line option, and is used in many parts of
the world in this fashion.14 Gefitinib is registered in Europe
for first-second- and third-line therapy in tumors expressing
the EGFR mutation.15
The phrase “maintenance therapy” refers to any therapy,
chemotherapy or biologic, that is administered after the initial
chemotherapy regimen, and is continued or “maintained”
until progression. Other terms describing this strategy include
“early second line” and “consolidation”. To prevent confusion and avoid linguistic problems, the phrase “maintenance
therapy” will be used solely in this review.
Maintenance therapy, following first-line chemotherapy,
has been previously tested in randomized trials with modest
results. Based on the available data, the 2003 American
Society of Clinical Oncology guidelines indicated that
“first-line chemotherapy should be administered for no more
than 6 cycles in patients with stage IV NSCLC”, and then
discontinued until progression is proven.16 The heterogeneous
approach used in previous maintenance therapy trials may
have impaired the interpretability of results; multiple
approaches were used including continuation of the original
therapy, continuation of a portion of the original doublet, or
a “switch” strategy to a non-cross-resistant chemotherapy.
Administering a new cross-resistant therapeutic for mainten
ance therapy after a first-line chemotherapy doublet may
make the most biologic sense as it exposes the tumor to a
novel agent.
The phrase “early versus delayed” refers to an agent that
is administered after first-line chemotherapy (early) before
progression, or that same agent given upon progression
(delayed). It is important to understand this distinction.
Mandating that treatment with the same agent given earlier
(maintenance) or later (delayed) would be the truest test of
the concept of maintenance therapy. The best trial design
to test this concept would be a cross-over to the same
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Chemotherapy
Previous trials
One of the first studies examining maintenance therapy
was carried out by Westeel et al2 and involved the use
of vinorelbine. A total of 573 patients were treated with
mitomycin, ifosphamide, and cisplatin chemotherapy for
4 cycles. Of the 227 patients who responded, 181 were
randomized to either intravenous vinorelbine (25 mg/m 2
weekly for 6 months) or no further treatment was provided.
In this trial, no differences were observed for OS (HR 1.08
P = 0.48) or for PFS.
Brodowicz et al showed that gemcitabine administered
to NSCLC patients without progression after first-line
treatment with a gemcitabine/cisplatin combination provided
significant improvement in the time to progression as
compared to best supportive care. 3 PFS was prolonged
when gemcitabine was continued, when measured either
from the start date of chemotherapy or from the date of
randomization (P , 0.001). OS was 13 months in the
gemcitabine maintenance arm, versus 11 months in the
best supportive care arm (P = 0.19). This trial did not meet
statistical significance, probably because the gemcitabine
that was tested in the maintenance portion was not a new
therapeutic maneuver; rather it was part of the original
gemcitabine/cisplatin doublet.
More recent trials have focused on using approved
second-line therapies as maintenance options. In TAX 317,
patients randomized to docetaxel experienced a 3-month
improvement in survival upon progression after a platinum doublet.10 Fidias et al designed a trial to determine if
administering docetaxel before progression (early) or upon
progression (delayed) improved patient outcomes. A total
of 309 patients who completed gemcitabine plus carboplatin (GC) were randomized to early docetaxel versus
delayed docetaxel.17 Median PFS for early docetaxel was
5.7 months which was significantly greater (P = 0.0001)
than delayed docetaxel, at 2.7 months. Median OS for
immediate docetaxel (12.3 months) was greater than for
delayed docetaxel (9.7 months) but the difference was not
statistically significant (P = 0.0853), as the primary endpoint of the trial was PFS. Among 153 patients randomized
to immediate docetaxel, 145 (95%) received at least 1 cycle,
while of the patients randomized to the delayed group, only
63% received 1 cycle of docetaxel. This occurred despite
mandating that patients receive docetaxel upon progression.

Lung Cancer: Targets and Therapy 2010:1

Lung cancer maintenance therapy

Reasons for why the 58 patients did not receive treatment
included progression of the disease and patient decision.
Additional patient review revealed that many of these
patients had experienced significant symptomatic deterioration by the time they reached progressive disease and were
unable to receive docetaxel therapy. These results suggest
that NSCLC patients may be healthier and more likely to
proceed to additional therapy if it is offered immediately
after front-line therapy, before progression occurs.

New data with chemotherapy
The most recent chemotherapy to be tested in the mainten
ance setting is pemetrexed.4 In this trial, 663 patients with
stage IIIB/lV NSCLC who had not progressed after four
cycles of platinum-based chemotherapy were randomized in
a 2:1 fashion to either pemetrexed 500 mg/m2 every 3 weeks
intravenously plus best supportive care or to placebo plus best
supportive care until progression, undue toxicity, or voluntary
withdrawal. All patients received vitamin B12 and folic acid
supplementation and dexamethasone prophylaxis. The initial
chemotherapy doublet was selected by the investigator and
included gemcitabine carboplatin, gemcitabine cisplatin,
paclitaxel carboplatin, paclitaxel cisplatin, docetaxel
carboplatin, or docetaxel cisplatin. The doublet pemetrexed
platinum was not one of the permitted induction doublets
as the study design was planned prior to the pemetrexed
platinum registration trial. Patients had to have a performance
status (ECOG) of 0 or 1, and have had a complete response,
partial response, or stable disease in response to first-line
chemotherapy.
Patients were stratified for ECOG performance (0 versus 1),
sex (female versus male), best response to induction therapy
(complete response versus partial response versus stable
disease), non-platinum component of induction therapy
(gemcitabine versus paclitaxel versus docetaxel), and history
of brain metastases (yes versus no). It is important to note
that patients were not stratified to histology as the differential
benefit of pemetrexed in non-squamous histology was not
known at that time. Of the patients randomized, 73% were
men and 60% PS 1. The majority were smokers (73% and
71%) in both groups. The non-squamous population was 74%
in the pemetrexed group and 70% in the placebo group. This
patient profile would be similar to what is seen in everyday
practice. The median number of cycles was 5 (range 1–55)
for pemetrexed and 3.5 (range 1–46) for the placebo. Fortyeight percent of patients in the pemetrexed group and 27% of
patients in the placebo group remained on the study treatment
for 6 or more cycles and 23% and 9% respectively continued
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Grade 3–4 treatment-related
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2%

Infection
Diarrhea

2%
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0
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,1%
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,1%

,1%
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0
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0
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Figure 1 PFS (investigator assessed data [A] and independent review [B] and
overall survival [C]). A) PFS as assessed by the investigators in the intention-to-treat
population of 663 randomly assigned patients. B) PFS data from independent,
central review of scans available from 581 randomly assigned patients. C) OS in the
intention-to-treat population of 663 randomly assigned patients.
Abbreviations: PFS, progression-free survival; OS, overall survival.
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Table 1 Pemetrexed maintenance: grades 3 and 4 toxicities
Toxicity type

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Number at risk
pemetrexed 441
placebo 222

OS probability

treatment for 10 or more cycles. The treatment was well tolerated with few grade 3 or 4 toxicities (as defined by NCIC
Common Toxicity Criteria) (Table 1).
PFS was significantly improved for the pemetrexed arm
(HR 0.60 P , 0.00001). OS was also improved favoring
the pemetrexed arm (HR 0.79 P = 0.012) with a survival
advantage of 2.8 months (Figure 1). In the non-squamous
population, PFS (HR 0.44 P , 0. 0001) and OS (HR 0.70
P = 0.002) was significantly improved. Within this select
group of patients who had not progressed with non-squamous
disease, the survival improved by an unprecedented 5.3
months, from 10.3 to 15.5 months (Figure 2).
After unblinding, 51% of the pemetrexed arm and 67%
of the placebo arm went on to further therapy (Table 2). The
trial has been criticized for the fact that only 18% of the
placebo arm received pemetrexed. Unlike an early versus
delayed trial design, patients in group B (placebo) were not
mandated to receive pemetrexed on progression. This may
be valid, but 29% of group B received docetaxel upon progression, which in randomized trials is equal in efficacy to
pemetrexed in the second-line setting. The reduced number
of patients receiving pemetrexed in the placebo arm may have
also been due in part to symptomatic progression, similar
to what was observed in the Fidias trial. This supports the
concept of maintenance therapy.
Several researchers have shown a greater effect of pemetrexed in patients with non-squamous histology as opposed to
other histological subtypes.5,6 Based on these data, the current
indication for pemetrexed specifies use in the non squamous
histology subgroup. While these data were not available at
the time of Ciuleanu et al’s trial design, an analysis of the
results of patient-administered maintenance pemetrexed

PFS probability
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HR 0.70 (95% CI 0.56–0.88); P < 0.0001
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Figure 2 Pemetrexed maintenance: non-squamous subgroup, PFS and OS.
Abbreviations: PFS, progression-free survival; OS, overall survival.
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Table 2 Pemetrexed maintenance: subsequent therapy
Pemetrexed
(n = 441)

Placebo
(n = 222)

Any anticancer systemic
therapy

227 (51%)

149 (67%)

Pemetrexed

4 (,1%)

41 (18%)

Docetaxel

99 (22%)

65 (29%)

Erlotinib

95 (22%)

46 (21%)

Gefitinib

59 (13%)

22 (10%)

Vinorelbine

57 (13%)

37 (17%)

Gemcitabine

41 (9%)

30 (14%)

Carboplatin

32 (7%)

21 (9%)

Cisplatin

23 (5%)

13 (6%)

Paclitaxel

18 (4%)

14 (6%)

Notes: Data are number (%) of patients who received post-discontinuation therapy.
Patients couId have received more than one additional line of therapy.

confirms that the benefit was accrued predominantly by the
non-squamous group.

Meta-analysis for maintenance
chemotherapy
Maintenance and duration of chemotherapy for advanced
NSCLC was systematically reviewed in a metaanalysis
of 13 randomized trials of 3,027 patients.9 Extending
chemotherapy improved PFS substantially (HR 0.75
(P , 0.00001)), and OS was marginally improved as well (HR
0.92 (P = 0.03)). Subgroup analysis revealed that the effects

on PFS were greater for trials extending chemo-therapy
with third-generation or current regimens, than with older
regimens (HR 0.70 (P = 0.003)). This meta-analysis included
the pemetrexed maintenance trial by Ciuleanu et al, however
the OS data were preliminary at that time.

Biologics
Previous trials
Biologic and targeted therapy has improved survival in many
solid tumor settings. Their side effect profile differs from chemotherapy and generally allows for their use in a continued
fashion. Both VEGF and EGFR targets have been tested. The
monoclonal antibody bevacizumab inhibits angiogenesis, as
proven in phase lll randomized placebo controlled trials. The
agents inhibiting the EGFR include the monoclonal antibody
cetuximab and oral TKIs, erlotinib, and gefitinib.
In the Eastern Cooperative Group Trial E4599,
patients with advanced stage NSCLC were randomized
to a c arboplatin/paclitaxel doublet for 6 cycles with
bevacizumab or placebo.18 Bevacizumab or placebo was

Lung Cancer: Targets and Therapy 2010:1

administered with the initial chemotherapy and continued
in a maintenance fashion, until progression. This trial was
positive for its primary endpoint of OS; patients treated
with bevacizumab in their initial chemotherapy had a
median survival of 12.3 months versus 10.3 months without
bevacizumab (HR 0.79, CI 0.67–0.092, P , 0.003). However, it is unknown if bevacizumab needs to be administered
with the initial chemotherapy or just afterwards as maintenance, as the trial design did not address this question.
Similarly, in the AVAIL trial, bevacizumab at 7.5 mg/kg
or 15 mg/kg was given with cisplatin/gemcitabine.19 This
trial was positive for the primary endpoint of PFS. The
HR for bevacizumab for both doses, 7.5 mg/kg (HR 0.75
P , 0.0026) and 15 mg/kg (HR 0.82 P , 0.031) were
significantly superior to placebo. A secondary endpoint of
OS was similar between placebo (13.1 months) and bevacizumab 7.5 mg/kg (13.6 months) or 15 mg/kg (13.4 months).
More than two thirds of patients in the AVAIL trial received
further therapy when they reached progression. As more
lines of therapy are now administered to patients with
metastatic NSCLC, the survival advantage conferred by
each therapeutic becomes more difficult to determine.
Like the previous E4599 trial, the randomization in AVAIL
occurred initially before chemotherapy was initiated so it
is unknown if bevacizumab is best administered concurrent
with chemotherapy, after chemotherapy in the maintenance
fashion, or if both options are equally optimal. Bevacizumab is approved for first-line treatment for advanced
NSCLC with chemotherapy, and can be administered until
disease progression.
Phase lll trials have studied the monoclonal antibody
cetuximab, and have examined EGFR as a target. BMS 099
found no difference in PFS when cetuximab was added to a
taxane-carboplatin doublet.20 The FLEX trial examined the
addition of the monoclonal antibody cetuximab to first-line
chemotherapy doublet cisplatin/vinorelbine.21 Cetuximab
or placebo was given with initiation of four cycles of the
doublet, and then continued until disease progression.
Similar to the bevacizumab trials, the trial design dictated
that cetuximab or placebo was given in a maintenance fashion
following chemotherapy. This positive trial demonstrated a
1-month improvement in OS. Like E4599 and AVAIL, it is
unclear if the benefit observed was due to the administration of maintenance cetuximab or because of synergy with
chemotherapy.
INTACT 1 and INTACT 2 examined the addition of
gefitinib to first-line chemotherapy and the continuation of
gefitinib after chemotherapy was completed, and showed
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New data biologics
New data are emerging for erlotinib maintenance in
both the SATURN and ATLAS trials. Patients enrolled
in SATURN were treated with a platinum doublet of
the investigator’s choice (cisplatin/paclitaxel; cisplatin/
gemcitabine; cisplatin/docetaxel cisplatin/vinorelbine;
carboplatin/gemcitabine; carboplatin/docetaxel carboplatin/
paclitaxel). 7 Almost 2000 patients received f irst-line
therapy, of which 889 nonprogressing patients were
randomized to erlotinib 150 mg daily or placebo. About
60% of the nonprogressing patients had achieved stable
disease after their chemotherapy regimen, and most of
the remaining patients had achieved a partial response
(,1% complete response). Approximately 45% had an
adenocarcinoma and 40% had a squamous histology, and
all patients had a performance status of 0 or 1.
Both coprimary endpoints, PFS in all patients and PFS
in patients with EGFR IHC+ tumors, were positive. The PFS
HR in the intention-to-treat population was 0.71 (95% CI,
0.62–0.82; P , 0.0001), representing an improvement of
41% (29% risk reduction) over a follow-up period of up to 88
weeks. At 24 weeks, the rate of PFS was nearly double in the
erlotinib group as compared to placebo (31% versus 17%).
The coprimary endpoint assessed a subgroup of patients with
tumors positive for EGFR protein expression, as determined
by immunohistochemistry, a key target of erlotinib. In this
EGFR positive group, the relative improvement in PFS was
31% (HR 0.69; 95% CI, 0.58–0.92; P , 0.0001). At 24
weeks, the proportion of patients who had not progressed
was 32% versus 18%, favoring erlotinib (Figure 3). Adverse
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effects in these patients were comparable to those well
described in previous erlotinib clinical trials, and included
rash and diarrhea. There were only 5 withdrawals for any
adverse event in the erlotinib group as compared to two
withdrawals in the placebo group (Table 3). There was an OS
benefit of 1 month: 12 months versus 11 months (HR = 0.81
log-rank P = 0.0088). In the non-squamous group, OS was
greater than three months: 13.7 versus 10.5 (HR 0.79 logrank P = 0.0194). The OS and clinical benefit was consistent
across subgroups, irrespective of histology, race, or smoking
status. Erlotinib treatment was very well tolerated with a low
discontinuation rate compared to placebo. Follow-up data
indicate that in the erlotinib group, 71% of patients went
on to receive additional therapy for their disease, similar to
those in the placebo group, 72% (Table 4). Biomarker results
for EGFR mutation in SATURN showed a marked benefit in
progression free survival (HR 0.01 (0.04–0.25) P , 0.0001).
However, the benefit was seen in patients with the wild-type
mutation as well (HR 0.78 (0.63–0.96) P = 0.018). This was
similar to the HR for the whole group regardless of the EGFR
mutation status (HR 0.71 (0.62–0.82) P , 0.001) indicating

SATURN PFS
1.0

HR 0.71
(95% CI = 0.62–0.82; P < 0.0001)

0.9

Tarceva (N = 437)
Placebo (N = 447)

0.8

PFS probability

that there was no additional benefit to survival.22,23 Similarly,
TALENT and TRIBUTE similarly examined the influence
of erlotinib, but like gefitinib, the addition of erlotinib to
first-line platinum doublet chemotherapy did not significantly prolong survival.24,25 However, analyses suggested
a beneficial effect when erlotinib was administered for
maintenance therapy after chemotherapy was completed.
In the TALENT study, patients who received erlotinib for
more than 150 days had a significantly increased duration of
response versus those receiving a placebo. In the TRIBUTE
study, patients who survived beyond completion of chemotherapy and were treated with erlotinib had a median OS
of 15.4 months, which was significantly longer than the
13.8 months reported in the placebo group. This was the first
indication that erlotinib may be beneficial when administered
as a maintenance therapy.

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0

4

8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96

PFS time (weeks)
SATURN OS
1.0

HR 0.81
(95% CI = 0.70–0.95; P < 0.0088)

0.9

Tarceva (N = 438)
Placebo (N = 451)

0.8

OS probability
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Figure 3 Erlotinib maintenance: PFS and OS.
Abbreviations: PFS, progression-free survival; OS, overall survival.
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Table 3 Grades 3 and 4 adverse events (AEs) from SATURN
AEs occurring in
$10% of patients

SATURN trial
Erlotinib (n = 433)

Placebo (n = 445)

Rash (%)
Grade 3
Grade 4
Diarrhea (%)
Grade 3
Grade 4

60
9
0
20
2
0

9
0
0
4
0
0

that the need to test for EGFR status prior to commencing
therapy is less clear.
The ATLAS study evaluated a combination mainten
ance therapy of the EGFR TKI erlotinib with the VEGF
inhibitor bevacizumab in stage IIIb/IV patients who had
not progressed after being treated with bevacizumab plus
a platinum-containing doublet therapy.8 A total of 768
participants were randomized to bevacizumab (15 mg/m2
administered every 3 weeks) plus erlotinib or same-schedule
bevacizumab plus placebo. The primary objective was
PFS, and the trial was discontinued by the data safety
monitoring committee at the second interim evaluation
because this primary endpoint was met. The improvement
in PFS was approximately 1 month, 4.8 months versus
3.7 months, (HR 0.72; 95% CI, 0.59–0.81; P = 0.0012)
which represents a 28% reduction in progression. The
safety profile was acceptable (Table 5). The improvement
in PFS was seen across multiple subgroups, including those
defined by gender, histology, age, and smoking status. OS
data are pending. The percentage of patients who received
subsequent therapy was over 50% in both arms (Table 6).
A confounding factor in the ATLAS trial, influencing the
interpretation of results, is that patients in the control arm
(bevacizumab and placebo) could receive the experimental

Table 4 Subsequent therapies from SATURN trial
Patients with at least one subsequent
therapy (%)
All classes
Taxanes (including
docetaxel)
Antimetabolites
(including pemetrexed)
Antineoplastic agents
Tyrosine-kinase
inhibitors
Platinum compounds

Erlotinib (n = 438)

Placebo (n = 451)

71
30

72
31

24

23

16
11

18
21

9

12
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combination therapy (bevacizumab and erlotinib) on disease
progression. The high amounts of bevacizumab and erlotinib
administered as subsequent treatment may have influenced
the OS results.
Publication of SATURN and ATLAS is awaited. Erlotinib
has not yet been registered by the FDA for use as maintenance
therapy. The final results of the biomarker data may shed light
on who will most benefit from this strategy.

Conclusion
Maintenance therapy in NSCLC refers to the introduction
of a therapeutic agent after first-line chemotherapy is
completed and before disease progression occurs. Ideally
in a clinical trial, the maintenance therapy being tested
would be randomized with a placebo, and mandated to be
used in the placebo group upon disease progression. PFS
is an important endpoint, but is weakened as a goal in a
maintenance trial; if a therapeutic agent is given before
progression, in contrast to administering upon progression,
one might expect that PFS would be prolonged. The true
test that maintenance therapy may be useful and clinically
meaningful to the patient is an improvement in OS. Thus,
the two strategies necessary for an ideal maintenance trial
include: (1) the same therapeutic agent administered in
maintenance or on disease progression; and (2) the primary
endpoint would be a statistical significant improvement
in OS. Finally, as we are asking our patients to continue
treatment without a break, the therapy used in maintenance
should be well tolerated and not lead to a decrease in quality of life.
Recent trials with maintenance chemotherapy have met
the goal of improved OS. Pemetrexed and erlotinib appear
to provide the most benefit and are also active in a secondline setting. Docetaxel also prolongs survival when used as a
second-line therapy.10 Docetaxel was tested in a maintenance
fashion as early versus delayed therapy, and the primary
endpoint, PFS, was improved even though only 70% of the
patients that were randomized to the “delayed” arm received
docetaxel. This was regardless of the fact these patients were
monitored in a clinical trial setting.16 Using an approved
second-line therapy for maintenance ensures fewer patients
are lost to either follow up, death, or deterioration, meaning
that they are unable to receive further treatment.
Pemetrexed was tested in a maintenance fashion. 4
A marked benefit of pemetrexed maintenance therapy
was observed as compared to placebo; an improvement
of 5.3 months was observed in non squamous histology
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Table 5 Grade 3 and 4 adverse events (AEs) from ATLAS
Bev + Erlotinib,
n (%) (n = 367)

Bev + Placebo,
n (%) (n = 368)

Any grade AE

349 (95.1%)

313 (85.1%)

Grade 3–4 AE

162 (44.1%)

112 (30.4%)

Any grade AE

349 (95.1%)

313 (85.1%)

Rash

38 (10.4%)

2 (0.5%)

Diarrhea

34 (9.3%)

3 (0.8%)

Infection

15 (4.1%)

17 (4.6%)

Hemorrhage

6 (1.6%)

5 (1.4%)

Pulmonary
hemorrhage

3 (0.8%)

2 (0.5%)

GI perforation

2 (0.5%)

0

Neutropenia

2 (0.5%)

4 (1.1%)

Thrombocytopenia

2 (0.5%)

1 (0.3%)

Proteinuria

6 (1.6%)

7 (1.9%)

Hypertension

20 (5.4%)

21 (5.7%)

ATE

8 (2.2%)

5 (1.4%)

VTE

4 (1.1%)

10 (2.7%)

Wound healing
complications

2 (0.5%)

2 (0.5%)

Grade 3–4 events
of interest

Abbreviations: ATE, arterial thrombotic event; VTE, verous thrombotic event.

patients with good performance status and disease control
after first-line doublet therapy. Pemetrexed is efficacious in
promoting survival when used as second-line therapy upon
disease progression.11 The median number of pemetrexed
cycles with maintenance was 5, similar to the number in a
second-line setting, in which the median was 4 cycles; this
result once again suggests that administering pemetrexed

Table 6 Subsequent therapies from ATLAS trial
Bev + placebo,
n (%) (n = 373)

Bev + erlotinib,
n (%) (n = 370)

Patients who received
subsequent therapy

207 (55.5%)

186 (50.3%)

Anti-VEGF
(bevacizumab)

149 (39.9%)

92 (24.9%)

EGFR-targeted
(erlotinib)

148 (39.7%)

147 (39.7%)

Chemotherapy*

106 (28.4%)

123 (33.2%)

Radiotherapy

35 (9.4%)

25 (6.8%)

Investigational therapy

15 (4.0%)

12 (3.2%)

Surgery/procedure

3 (0.8%)

1 (0.3%)

*Pemetrexed was most common chemotherapy.
Abbreviations: EGFR, epidermal growth factor receptor; VEGF, vascular endothelial
growth factor.

60

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

earlier, as a maintenance therapy, is beneficial for patient survival. Although this trial has been criticized for not mandating
that patients on the placebo arm receive pemetrexed, an “early
versus delayed” design was not used. The actual percentage
of patients in this group who received subsequent therapy was
higher in the placebo arm than the maintenance pemetrexed
arm, and many patients in the placebo arm received docetaxel
which is known to have equal efficacy to pemetrexed. This
is a positive trial and pemetrexed is approved to be used
in this fashion by regulatory agencies in North America.
Application of maintenance pemetrexed must be evidence
based. Patients with advanced non-squamous histology who
have not progressed after four cycles of a platinum doublet
not containing pemetrexed would meet inclusion criteria for
pemetrexed maintenance therapy.
Erlotinib was tested in a maintenance fashion in both
SATURN and ATLAS.7,8 The difference between these
trials is that ATLAS included bevacizumab with erlotinib
as a maintenance therapy. The bevacizumab was part of the
induction treatment, similar to E4599 and AVAIL.18,19 Both
SATURN and ATLAS demonstrated similar results; both are
positive for PFS with similar HRs of 0.71 for SATURN and
0.72 for ATLAS. Most impressive is the OS advantage for
the SATURN trial, with an HR of 0.81. We await publication
of both trials.
Neither the pemetrexed or erlotinib maintenance trials
were perfectly designed. Neither trial employed a design
where patients on the placebo arm were mandated to cross
over to the drug being tested on disease progression. Nonetheless, the majority of patients in both trials received subsequent therapies. Both trials reached statistical significance in
prolonging OS, in spite of multiple therapies used to patients
with metastatic NSCLC.
Who is the winner? The benefit to OS is similar with
either pemetrexed or erlotinib, with HRs of 0.79 and 0.81
respectively. Cross-trial comparisons should be discouraged.
Both therapies have their advantages and disadvantages. Not
only do the side effect profiles of pemetrexed and erlotinib
differ, but methods of drug administration vary as well.
Pemetrexed is an intravenous drug that requires prophylactic
dexamethasone, vitamin B12 injections, and daily folic acid
supplementation. Side effects are uncommon, but may include
fatigue, nausea, and vomiting. In contrast, erlotinib is an oral
drug that patients can take at home. Although rashes occur
in the majority of patients, severe grade 3 rashes (as defined
by NCIC Common Toxicity Criteria) or other side effects
are uncommon. To experienced oncologists, both therapies
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can be given to similar patient groups. The ultimate decision
should be made with the individual patient in mind, and in
the case of pemetrexed, the patient’s tumor histology.
To ask our patients to take maintenance therapy requires
careful discussion with them. Many patients may choose to
have a drug holiday after 3 or 4 months of a platinum regimen. Residual nausea, fatigue, and alopecia can take time to
resolve. Many may refuse maintenance therapy as it requires
monitoring visits in addition to treatment.
In conclusion, the standard of care in metastatic NSCLC
has been to treat patients with a platinum doublet for four to
six cycles and, upon progression, offer second-line therapy.
Proven second-line options include docetaxel, pemetrexed, and
erlotinib. Trials have demonstrated a trend to OS improvement
with docetaxel maintenance therapy; pemetrexed and erlotinib
maintenance therapies have also been found to improve OS.
The strategy of maintenance therapy competes with the strategy of second-line or treatment holiday; however, it has the
advantage of allowing more patients to receive treatment in
contrast to waiting until a patient’s disease progresses. This may
mean that 30% more patients will receive treatment. Administering approved second-line therapies early, before the disease
progresses, has shown to be a worthwhile maneuver to prolong patients’ survival. The strategy of administering upfront
maintenance therapy after first-line chemotherapy with either
pemetrexed or erlotinib provides an excellent treatment option
for a subgroup of NSCLC patients; this approach improves
PFS and OS in a clinically significant way and represents a
paradigm shift in the management of this disease.
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