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ABSTRACT

Until recently, the first-line treatment of advanced non-small
cell lung cancer (NSCLC) required minimal clinical decision
making. Patients whowere eligible for chemotherapy received a
platinum-based doublet, and 5-year survival rates were poor.
With the advent of molecularly targeted agents and better
tolerated chemotherapies—namely, bevacizumab, erlotinib,
and pemetrexed—new therapeutic opportunities have
emerged. Some of the strategies that have proven to be
successful for the treatment of patients with NSCLC are
targeting of the vascular endothelial growth factor, use of
maintenance chemotherapy for patients without progression
ofdisease after initial therapy, and tailoring of cytotoxic agents

specific to the histology of an individual patient’s cancer. Each
approach has been independently shown to improve overall
survival, but integrating the data from a number of complicated
trialsintothe“best”approach forpatients remainschallenging.
This reviewattempts toaddress three fundamental questions
clinicians face in choosing first-line and maintenance
treatment for advanced NSCLC, particularly nonsquamous
histology: Is pemetrexed or a taxane agent better for
combination with platinum therapy? Should bevacizumab
be used, and is it beneficial when added to pemetrexed
chemotherapy?When ismaintenance therapy indicated, and
which agent is best? The Oncologist 2015;20:299–306

Implications for Practice: There aremanyoptions for first-line andmaintenance treatments for patientswith advanced non-small
cell lung cancer. Several available treatment options, such as adding bevacizumab, using pemetrexed for nonsquamous histology,
and adding maintenance chemotherapy have been shown to improve overall survival. Key differences exist between toxicity
profiles of available agents, and these differences should be used to guide treatment decisions for individual patients. No data
support combinationmaintenance therapy as superior to single agent, butwhether an optimal single agent exists is not clear.The
Eastern Cooperative Oncology Group 5508 trial (NCT01107626) may help determine whether an incremental benefit with
bevacizumab is possible when added to maintenance pemetrexed therapy.

INTRODUCTION

Until recently, the first-line treatment of advanced non-small
cell lung cancer (NSCLC) required minimal clinical decision
making. Patients who were eligible for chemotherapy re-
ceived a platinum-based doublet, and 5-year survival rates
were poor. Efforts to improve outcomes focused on adjust-
ments to first-linemanagement, such as the optimal duration
of therapy of four versus six cycles [1], whether cisplatin was
better than carboplatin [2], or the optimal platinum partner
[3]. These strategies did not yield any significant improve-
ments in overall survival (OS) rates and were associated
with large numbers of treatment-related toxicities, such as
neutropenia, febrile neutropenia, anemia, thrombocytope-
nia, neuropathy, and treatment-related mortality in 4%–6%
of patients [3].

With the advent ofmolecularly targeted agents and better
tolerated cytotoxic chemotherapies—namely, bevacizumab,
erlotinib, and pemetrexed—new therapeutic opportunities
have emerged. Clinical trials are now designed to use
biomarkers to select patients who are more likely to respond
to experimental agents. Well-tolerated chemotherapies
are sequenced after platinum-based treatments to extend
disease-free and overall survival benefit [4, 5].Three different
therapeutic strategies have been independently shown to
improve OS for patients with NSCLC: targeting of vascular
endothelial growth factor (VEGF), tailoring of cytotoxic agents
specific to the histology of an individual patient’s cancer,
and using maintenance chemotherapy for patients without
progression of disease after initial therapy. Discoveries of
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oncogenic driver mutations, such as EGFR-activating muta-
tionsandALK rearrangements, havealsodramatically changed
the treatment of patients with these mutations [6, 7].

This review will focus on the optimal treatment of patients
with advanced NSCLCwho have no identifiable driver mutations
such as EGFR or ALK, with a particular focus on nonsquamous
histology because of the particular complexity of treatment
options in this patient population. We will address three
fundamental questions clinicians face in choosing a first-line
treatment for advanced NSCLC: Is pemetrexed or a taxane
better for combination with platinum therapy? Should
bevacizumab be used, and when is it beneficial if added to
chemotherapy? When is maintenance therapy indicated, and
which agent is best?

MATERIALS AND METHODS

Asearchof thePubMeddatabase fortrialsthatmetthefollowing
criteria was conducted: prospective phase III randomized trials
for the first-line treatment of metastatic NSCLC that resulted in
an improvement in OS and were published in the past 10 years
and prospective phase III randomized maintenance trials that
combinedmore thanonemaintenance therapyforpatientswith
metastatic NSCLC, regardless of outcome. Eligible trials were
included in the discussion for this review (Table 1), but an
emphasis was placed on trials that demonstrated an improve-
ment in OS or progression-free survival (PFS). Several other
phase II or III trials were briefly included to provide context, as
necessary. Levels of evidence were not used in trial selection
criteriabecauseall of thepapershaveahigh level ofevidence(all
were prospective, randomized, and phase III).

BACKGROUND

Trials With an OS Benefit
The first trial to show a significant improvement in OS for
patients with NSCLC was the Eastern Cooperative Oncology
Group (ECOG) 4599 trial that added bevacizumab, a mono-
clonal antibody targeting VEGF, to carboplatin and paclitaxel
chemotherapy for patients with nonsquamous histology [8].
In this trial of 878 patients, patients were randomized to
bevacizumab plus chemotherapy or chemotherapy alone for
six cycles. Those receiving the three-drug combination
(carboplatin, paclitaxel, and bevacizumab [PacCBev]) lived
2months longer than their counterparts who did not receive
bevacizumab (12.3 vs. 10.3 months; hazard ratio [HR]: 0.79;
p5 .003). In this trial and all subsequent trials reported to date
using this drug, bevacizumab was continued beyond the first
four to six cycles until the time of progression or unaccept-
able toxicity. The addition of bevacizumab also resulted in
significant improvements in PFS and response rate (RR).
These benefits came at some cost of additional toxicity,
particularly increased rates of grade 3 and 4 neutropenia,
thrombocytopenia, hyponatremia, hypertension, proteinuria,
and bleeding. Although rare, fatal events of febrile neutrope-
nia and hemoptysis were alsomore common in those patients
receiving bevacizumab. In a retrospective analysis of
patients separated by age ($70 vs. ,70), so-called elderly
patients had no survival benefit from treatment with
bevacizumab and had higher levels (87% vs. 61%) of serious
adverse events and death [9]. A similar pooled analysis of

patients treated with bevacizumab in the ECOG 4599 and
PointBreak trials showed benefit with the addition of
bevacizumab in patients up to age 74 years but not in those
aged 75 and older [10].

Pemetrexed, a folateantimetabolite inhibiting thymidylate
synthase, is a second chemotherapy agent to show improved
OS for patients with NSCLC. The phase III JMEN maintenance
trial—a 663-patient trial that randomized patients to peme-
trexed maintenance versus placebo for patients without
progression after treatment with a nonpemetrexed platinum
doublet—showed an OS benefit with maintenance peme-
trexed (13.4 vs. 10.6months) [11]. In the subgroup analysis by
histology, patients with nonsquamous histology treated with
pemetrexed showed an even greater OS advantage (15.5 vs.
10.3months; HR: 0.70; p5 .002). Subsequently, the benefit of
pemetrexed for patients with nonsquamous histology was
demonstrated in first-line therapies.

The phase III noninferiority trial by Scagliotti et al.
randomized patients to cisplatin and gemcitabine versus cis-
platin and pemetrexed with a preplanned subgroup analysis
by histology [12]. The results from this trial met the primary
endpoint of noninferiority for the two regimens, but subgroup
analysis again demonstrated superior OS for patients with
nonsquamous histology receiving pemetrexed comparedwith
gemcitabine (11.8 vs. 10.4 months; HR: 0.81; p 5 .005). In
patients with squamous histology, those receiving cisplatin
andgemcitabinehad significantly improvedOScomparedwith
cisplatin and pemetrexed (10.8 vs. 9.4 months; HR: 1.23;
p5 .05).Thepemetrexedregimenwasassociatedwith lessgrade
3 or 4 neutropenia, anemia, thrombocytopenia, and febrile
neutropenia but more nausea. The JMEN trial [11] and the
study by Scagliotti et al. [12] both demonstrated that patients
with nonsquamous NSCLC preferentially benefit from peme-
trexed chemotherapy, whether used in the maintenance phase
or in the first-linesetting.These trials, however, didnotmakeany
direct comparisons of pemetrexed to other chemotherapy
agents, such as paclitaxel or docetaxel. It is also worth noting
that neither of these trials used bevacizumab.

Other trials have shown improved OS in the first-line
treatment of selected patient populations, such as elderly
patients or those with worse performance status. Phase III
trials of platinum doublets, such as carboplatin and paclitaxel
[13] or carboplatin and pemetrexed [14], have been shown to
improve OS in elderly patients aged 70 and older and patients
with a performance status of 2, respectively, compared with
single-agent chemotherapy. These trials have reinforced the
importance of standard treatment approaches for these
patient populations but will not be discussed in further detail
in this review.

Because both bevacizumab and pemetrexedwere effective
andwell tolerated, they have also been studied asmaintenance
therapies in hopes of extending survival beyond that possible
with platinum-doublet chemotherapy for patients with non-
squamous NSCLC. Switch maintenance, also known as early
second-line therapy, in which a non-cross-resistant therapy is
introduced after the completion of a platinum-doublet, or
continuation maintenance, in which the platinum partner is
continued alone after platinum, have both been shown to be
effective strategies. The first trial to evaluate the switch
maintenance strategy, by Fidias et al., showed improved PFS
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for maintenance docetaxel after carboplatin and gemcitabine
therapy [15]. Maintenance chemotherapy has since been
shown to improve OS in several clinical trials. The first was
the JMEN trial that identified an OS improvement from
pemetrexed maintenance in an unselected patient popula-
tion [11]. This trial used a switch maintenance strategy with
pemetrexed after completion of four to six cycles with a
nonpemetrexed platinumdoublet. Although both the trial by
Fidias et al. and the JMEN trial are touted as proof-of-concept
trials that show the benefit for maintenance therapy, they
also have been criticized for low rates of patients in
the control arms who subsequently received docetaxel or
pemetrexed, respectively, after progression.

Continuation maintenance has also been shown to be an
effective treatment option capable of improving OS in the
PARAMOUNT study [16]. In this trial, 539 patients with
nonsquamous NSCLC were treated with cisplatin and peme-
trexed followed by continuation of pemetrexed for patients
without progression after four cycles of therapy. This continu-
ation maintenance strategy, similar to the JMEN trial, led to
a median OS improvement of nearly 3 months (13.9 vs. 11.0
months; HR: 0.78; p 5 .0195). These trials both showed that
maintenance pemetrexed can be given safely and is well
tolerated, with only 4% of patients on the maintenance
pemetrexed arm in the PARAMOUNT trial developing grade 3

or4 neutropenia, anemia, or fatigue. In this study, nodifference
was noted in postdiscontinuation therapies.

One other maintenance trial has shown a small improve-
ment in OS: the SATURN trial, a large trial of 889 patients that
randomized patients to switch maintenance with the EGFR
inhibitor erlotinib or placebo after four cycles of investigator’s
choice of platinum-doublet chemotherapy [17]. The final results
identified a small but statistically significant 1-month improve-
ment in median OS (12.0 vs. 11.0 months; HR: 0.81; p5 .0088).
Oneof themajor limitations of this study thatmakes it difficult to
apply to today’s NSCLC patient populations is that 5% of patients
in the erlotinib arm had EGFR-activating mutations, and 6% of
patients in the placebo arm also had EGFR mutations, whereas
40%ofpatientsenrolledhadmissingEGFRmutationstatus,which
mayhaveskewedtheseresults infavoroftheerlotinibarm.Today,
the majority of these patients (or all, if being treated in a clinical
trial) would have EGFRmutation testing prior to starting first-line
chemotherapy.Thosewithactivatingmutationswouldbetreated
with EGFR inhibitors prior to platinum-based chemotherapy
basedonmultiple trials that have shownsuperiorityof anti-EGFR
therapyoverchemotherapy [6,18–22].Becauseofchanges in the
diagnosis and treatment practices for EGFR mutations, it is
somewhatdifficult toapplydata fromSATURN.Nevertheless, like
pemetrexed maintenance, erlotinib maintenance was very well
tolerated. Rash was the most common drug-related toxicity,

Table 1. Key non-small cell lung cancer trials

Trial
Patients
(N) Induction Maintenance

PFS
(mo) HR p value

OS
(mo) HR

p
value

Trials with OS benefit

ECOG 4599 [8] 878a Carbo1 Pac1 Bev Bev 6.2 0.66 ,.001 12.3 0.79 .003

Carbo1 Pac None 4.5 10.3

JMEN [11] 663 Platinum doublet Pem 4.3 0.50 ,.0001 13.4 0.79 .012

Placebo 2.6 10.6

PARAMOUNT [16] 539 Cis1 Pem Pem 4.4 0.60 ,.001 13.9 0.78 .0195

BSC 2.8 11.0

SATURN [17] 889 Platinum doublet Erlotinib 3.0 0.71 ,.0001 12.0 0.81 .0088

Placebo 2.8 11.0

FLEX [23] 1,125a Cis1 Vin1 Cetux Cetuximab 4.8 0.94 .39 11.3 0.871 .044

Cis1 Vin 4.8 10.1

Combination maintenance trials

ATLAS [29] 768 Platinum doublet1
Bev

Bev1
Erlotinib

4.8 .72 .0012 14.4 0.92 .5341

Bev 3.7 13.3

AVAPERL [27, 28] 253 Cis1 Pem1 Bev Bev1 Pem 7.4 0.57 ,.001 17.1 0.87 .29

Bev 3.7 13.2

PointBreak [30] 939a Carbo1 Pem1 Bev Pem1 Bev 6.0 0.83 .012 12.6 1.00 .949

Carbo1 Pac1 Bev Bev 5.6 13.4

PRONOUNCE [31] 361a Carbo1 Pem Pem 4.4 1.06 .610 10.5 1.07 .616

Carbo1 Pac1 Bev Bev 5.5 11.7

ECOG 5508 [35] 1,282b Carbo1 Pac1 Bev Bev Currently enrolling patients (NCT01107626)

Pem

Bev1 Pem
aTrial design and statistics reflect the comparison for the entire cohort of patients from time of enrollment prior to induction therapy rather than at
initiation of maintenance.
bProjected accrual for ECOG 5508. This study is currently enrolling patients.
Abbreviations: Bev, bevacizumab; BSC, best supportive care; Carbo, carboplatin; Cetux, cetuximab; Cis, cisplatin; HR, hazard ratio; mo, months; NR, not
reached; OS, overall survival; Pac, paclitaxel; Pem, pemetrexed; PFS, progression-free survival; Vin, vinorelbine.
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occurringas a grade3or 4event in 9%ofpatients.All othergrade
3 or 4 toxicities occurred at frequencies of#2%.

Two EGFR-targeting monoclonal antibodies have led to
improved OS in patients with advanced NSCLC.The first phase
III trial to demonstrate improved OS was the FLEX trial, which
added cetuximab to cisplatin and vinorelbine chemotherapy
for patients with EGFR-expressing tumors, defined as EGFR
expression by immunohistochemical evidence in at least one
tumor cell [23]. The benefits of a 1.2-month improvement in OS
were small but statistically significant (11.3 vs. 10.1 months; HR:
0.871;p5 .044),althoughtherewasnodifferenceinPFSbetween
arms (4.8 months in both arms; HR: 0.943; 95% confidence
interval: 0.825–1.077; p 5 .39). Unlike erlotinib maintenance,
cetuximabwasassociatedwithamuchhigher toxicityprofile than
chemotherapy alone, with increased risk of febrile neutropenia
(22%vs.15%;p5 .0086), rash (10%vs.,1%;p5 .0001),diarrhea
(4% vs. 2%; p5 .047), and infusion-related reactions (3% vs. 1%;
p5 .017). A secondphase III trial of cetuximab, the BMS099 trial,
randomized patients with metastatic NSCLC to taxane and
carboplatin chemotherapy with or without cetuximab [24]. This
studywasunderpoweredforOSandshowedno improvements in
PFSwiththeadditionofcetuximabtochemotherapy (medianPFS
of 4.4monthswith cetuximab vs. 4.2monthswithout; p5 .236).
Whether because of a less marked clinical benefit, a more
significant toxicity profile, or both, cetuximab maintenance has
not been as popular in clinical practice.

The second EGFR antibody, necitumumab, was evaluated in
the SQUIRE trial [25]. This phase III, randomized study of 1,093
patientsaddednecitumumabtogemcitabineandcisplatin for the
first-line treatment of patients with advanced squamous NSCLC
compared with a control arm of gemcitabine and cisplatin alone.
Patients randomized to the necitumumab arm had improved
overall survival of 1.6 months (11.5 vs. 9.9 months; HR 0.84;
p5 .012).Theadditionofnecitumumabwasassociatedwithhigher
grade 3 and 4 toxicities including rash and hypomagnesemia.

These seventrials—ECOG4599, the studybyScagliottietal.,
JMEN, PARAMOUNT, SATURN, FLEX, and SQUIRE—represent
the only treatment strategies studied to date that are cap-
ableof improving themedianOS for the first-line treatmentof
advanced NSCLC. For nonsquamous histology, we can con-
clude that adding bevacizumab to platinum-paclitaxel chemo-
therapy improves OS; pemetrexed maintenance, either con-
tinuation or switch, improves OS; and pemetrexed is superior to
gemcitabine. For squamous histology, strategies targeting EGFR,
in particular, necitumumab, have been shown to improve OS.

For nonsquamous histology, we can conclude that
adding bevacizumab to platinum-paclitaxel chemo-
therapy improves OS; pemetrexed maintenance,
either continuation or switch, improves OS; and
pemetrexed is superior to gemcitabine.

CombinationMaintenance: TooMuchof aGoodThing?
Investigatorshaveattempted to furtherextend theOSbenefits
of pemetrexed andbevacizumab demonstrated in ECOG4599,
JMEN,andPARAMOUNTmaintenancestrategiesbycombining
these agents or combining bevacizumabwith erlotinib inwhat

we will call combination maintenance. A single-arm phase II
study by Patel et al. combining pemetrexed and bevacizumab
maintenance showed promising improvements in both PFS
and OS with acceptable toxicity [26] and set the stage for the
four phase III combination maintenance trials that followed:
AVAPERL, ATLAS, PointBreak, and PRONOUNCE.

AVAPERL was a European study that enrolled 376 patients—
smaller than other combination maintenance trials discussed—
whoweretreatedwithcarboplatin,pemetrexed,andbevacizumab
(PemCBev) for four cycles [27]. Patients were then random-
ized to maintenance bevacizumab alone or pemetrexed and
bevacizumab. Patients receiving combination maintenance
benefited from prolonged PFS (7.4 vs. 3.7 months; HR: 0.48;
p 5 .001), the study’s primary endpoint, but it was not
powered to show a statistically significant improvement in OS
(HR: 0.75; p5 .219) [28].

The ATLAS trial randomized 743 patients to bevacizumabor
bevacizumab plus erlotinib maintenance after completion of
4 cycles of chemotherapy and bevacizumab [29]. Investigators
were allowed to choose fromsix platinum-containing induction
regimens. The primary endpoint, PFS, was met and showed a
1-month improvement when adding erlotinib to bevacizumab
(4.8 vs. 3.7 months; HR: 0.71; p, .001); however, the 1-month
improvement inOSwasnot statistically significant (14.4 vs. 13.3
months; HR: 0.92; p5 .5341), and the addition of erlotinib was
associated with significantly higher rates of grade 3 and 4 rash
and diarrhea adverse events.

PointBreakwasaphase III study thatbuilt on theconceptof
the phase II study by Patel et al. by comparing PemCBev with
the regimen used in the ECOG 4599 study, PacCBev, with
a primary endpoint of OS [30]. Although this study evaluated
two maintenance strategies, its design varied from other
maintenance studies inwhichpatientswere randomizedat the
time of initiation of maintenance after successful completion
of induction. Instead, patients were randomized up front to
two different induction-maintenance strategies: PacCBev
followed by bevacizumab maintenance or PemCBev followed
by pemetrexed and bevacizumab maintenance. This study
showed a small increase in PFS from 5.6 to 6.0 months
(PacCBev vs. PemCBev; HR: 0.83; p 5 .012) and equivalent
median OS (13.4 vs. 12.6 mo; p5 .949 [HR: 1.00; p5 .949]),
demonstrating equivalent efficacy for these two regimens.

The PRONOUNCE trial was a randomized phase III trial that
compared PacCBev followed by bevacizumab maintenance
with carboplatin and pemetrexed followed by pemetrexed
maintenance.Onemight thinkof this trial designasECOG4599
versus PARAMOUNT with carboplatin instead of cisplatin;
however, similar to PointBreak, patients were randomized
from theoutset of the trial. Ideally, this trialwouldhavehelped
address the unanswered question of whether bevacizumab is
superior to pemetrexed as a maintenance therapy. Unfortu-
nately, PRONOUNCE was designed to identify a less toxic
regimen and used an endpoint ofgrade 4 PFS (G4PFS), defined
as PFS without development of a grade 4 toxicity [31]. Using
this endpoint resulted in a study of 361 patients that was
underpowered to evaluate PFS or OS. The study did not meet
its primary endpoint of G4PFS, and no differences in PFS or OS
were found for the two regimens.

Although these four combination maintenance trials were
unable to show a significant OS benefit from combining
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therapies in the maintenance phase of treatment, AVAPERL,
ATLAS, and PointBreak were able to demonstrate that the
addition of a second maintenance agent can extend PFS.
Although AVAPERL and PRONOUNCEwere designed to enable
comparison of pemetrexed versus bevacizumab as mainte-
nance agents, neither trial was powered for overall survival
comparisons. Perhaps the most definitive conclusion we can
draw from these trials is a better understanding of the toxicity
differences of these regimens. For many patients, this is the
most importantconsideration,absentsignificantdifferences in
survival. In PointBreak, patients in the pemetrexed arm were
more likely to experience grade 3 or 4 thrombocytopenia (23%
vs. 6%), anemia (15% vs. 3%), and fatigue (11% vs. 5%), and
patients in the paclitaxel arm were more likely to have
neutropenia (41% vs. 26%), febrile neutropenia (4% vs. 1%),
neuropathy (4%vs. 0%), andalopecia (grade1or2; 37%vs. 7%).
Similar resultswerereported in thePRONOUNCEstudy.Patients
in AVAPERL reported grade$3 neutropenia (5.6%), hyperten-
sion (4.8%), andanemia (3.2%) in thebevacizumab-pemetrexed
arm and hypertension and dyspnea (2.5% each) in the
bevacizumab-alone arm. Finally, the addition of erlotinib to
bevacizumab in ATLAS resulted in enhanced toxicities over
those expected from either agent given alone (rash: 6.8% vs.
0.5%, respectively; diarrhea: 9.8% vs. 1.9%, respectively).

DISCUSSION

Although the data presented demonstrate significant prog-
ress in treatment options for NSCLC patients, many clinical
questions remain unanswered for oncologists attempting to
choose between platinum plus pemetrexed with or without
bevacizumab and platinum, paclitaxel, and bevacizumab for
patients with nonsquamous NSCLC. How do we apply this
heterogeneous group of randomized clinical trials to our
patients? OS and PFS are not the only factors to consider in
choosing a treatment strategy. Even in the presence of an OS
advantage, a strategy that is poorly tolerated is unlikely to be
adopted inageneral lung cancerpopulation.Otherclinical trial
endpoints, such as RR or toxicity, may be more important
when choosing an initial treatment strategy for patients with
extensive burden of disease, poor performance status, or
comorbidities that may limit the delivery of cytotoxic che-
motherapy. We propose the following questions as a prac-
tical rubric for interpreting this data: Which platinum part-
ner is better for induction therapy? When is bevacizumab
beneficial? Which maintenance strategy is best?

Platinum Partner: Paclitaxel or Pemetrexed?
The results fromPointBreak seem to contradict prior data that
suggested pemetrexed may be a superior agent for the
treatment of patients with adenocarcinoma histology [12].
Although the phase III trial by Scagliotti et al. demonstrated
that platinum plus pemetrexed was superior to platinum
plus gemcitabine for patients with nonsquamous histology,
patients in this trial were not treated with bevacizumab. In
considering the data from these two trials, perhaps bevacizu-
mab is an equalizing factor that improves outcomes when
paired with paclitaxel but that has no incremental improve-
ment when given with pemetrexed. No phase III randomized
clinical trials have evaluated the benefit of adding bevacizu-
mab to platinum and pemetrexed, and no phase III trials have

compared pemetrexed and taxanes without bevacizumab.
Without clear answers regarding the survival benefits of
paclitaxel compared with pemetrexed, other outcome meas-
ures, such as RR, may be considered.

Response rates are sometimes used in early phase trials as
a surrogate for survival. Are they useful for this paclitaxel-
pemetrexed comparison? Partial response rates were similar,
ranging from 16% to 21% in the ECOG 1594 study comparing
four platinum doublets including cisplatin plus paclitaxel and
carboplatin plus paclitaxel [3]. The trial by Scagliotti et al.
comparing platinum plus gemcitabine and platinum plus
pemetrexed did not report response rates [12]. Although it is
difficult to compare across trials, response rates were slightly
higher in thePARAMOUNTtrial (completeandpartial response
rates were 30% with cisplatin plus pemetrexed) compared
with data on four other platinum doublets in the ECOG 1594
trial. An additional 3% of patients in PARAMOUNT achieved
a partial response during the maintenance phase. The PRO-
NOUNCE trial, which compared carboplatin plus pemetrexed
with carboplatin, paclitaxel, and bevacizumab, showed similar
objective response rates (ORRs) of 23.5% and 27.4%, re-
spectively [31]. Finally, in PointBreak, the ORR and the disease
control rate were similar in both arms, using a pemetrexed- or
paclitaxel-based regimen [32]. Although reported response
rates were higher in PARAMOUNT, suggesting that peme-
trexed might be most favorable, all other studies indicated
equivalent response rates between pemetrexed and pacli-
taxel, even when bevacizumab was added to both the in-
duction and maintenance regimens (PointBreak).

The RR of another agent, the albumin-bound formulation
of paclitaxel, nab-paclitaxel, was compared with carboplatin
and paclitaxel in a randomized phase III trial [33]. In this study,
1,052patientswererandomized,andthose in thenab-paclitaxel
arm had a significantly higher ORR than those in the soluble
paclitaxel arm (33% vs. 25%; p 5 .005). In subset analysis
by histology, those with squamous histology had a significant
improvement in ORR, whereas those with adenocarcinoma did
not.Therewere no significant differences in PFS orOS.The nab-
paclitaxel arm had lower rates of grade 3 or 4 neuropathy and
neutropenia but higher rates of thrombocytopenia and anemia.
Based on the available data on response rates, it would be reason-
able to conclude that nab-paclitaxel is more likely to achieve a
response than paclitaxel in squamous histology, whereas peme-
trexedmaybebetter than taxanes for patientswith nonsquamous
histology who are ineligible for bevacizumab; however, no direct
evidence exists to compare pemetrexed and taxanes.

What Is the Role of Bevacizumab?
We know that the addition of bevacizumab to platinum
plus paclitaxel improves OS for patients with nonsquamous
histology, as demonstrated in ECOG 4599. The addition of
bevacizumabtochemotherapyhasbeenshownto increasethe
response rates in the ECOG4599 trial (35% in the bevacizumab
arm vs. 15% in the carboplatin and paclitaxel arm). We also
know that this is equivalent to PemCBev followed by main-
tenance with pemetrexed plus bevacizumab (PointBreak),
and the addition of pemetrexed to bevacizumab mainte-
nance may improve PFS for patients receiving pemetrexed
induction chemotherapy (AVAPERL). Not all nonsquamous
NSCLC patients are eligible for bevacizumab treatment
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becauseofcontraindications. Bevacizumabshouldnotbeused
in patients with squamous histology because of the increased
riskof hemoptysis, as first noted in aphase II trial prior to ECOG
4599 [34]. It should also be avoided in patientswith high riskof
bleeding or thrombosis, including those with recent stroke,
myocardial infarction, or surgery.

One key question remains for patients eligible to receive
bevacizumab: Does the addition of bevacizumab to
pemetrexed-based regimens improve OS? In other words,
would the results of PRONOUNCE have been any different if it
had been powered to evaluate OS? This question is likely to
remain unanswered in the near future. It is also unclear
whether bevacizumab is beneficial if continued beyond the
initial four to six cycles of chemotherapy. ECOG 5508, an
ongoing phase III trial, will be the first trial to discontinue
bevacizumab after using it in the induction phase and could
give some clues to the incremental benefit, if any, of
bevacizumab to maintenance therapy [35]. This trial will use
PacCBev, not PemCBev, in the induction phase. The mainte-
nance phase will be randomized to three arms: pemetrexed
alone, bevacizumab alone, or the combination of pemetrexed
and bevacizumab. In essence, this trial will compare two
strategies that have been shown to improve OS for non-
squamous NSCLC—pemetrexed maintenance from JMEN and
PARAMOUNT and bevacizumab induction and maintenance
from ECOG 4599—and one strategy that has been shown to
improve PFS—combination pemetrexed and bevacizumab
maintenance from AVAPERL and PointBreak.

Optimal Maintenance Strategy: Which Is Best?
Ultimately, maintenance chemotherapy options depend on
the choice for the initial treatment regimen and the preferred
toxicity profile for each patient. For patients ineligible for
bevacizumab because of comorbidities or age, maintenance
pemetrexed is a logical choice based on strong data for
improved OS. Switch or continuation maintenance therapy
with pemetrexedhas been shown tobeeffective at prolonging
OS in several clinical trials (JMEN, PARAMOUNT) and can be
given for prolongedperiods of timewith amanageable toxicity
profile of fatigue and cytopenias for most patients. Switch
maintenance has never been compared head to head with
a continuation maintenance strategy for pemetrexed. Other
trials have shown improvements in PFS (but not OS) for
maintenance. Docetaxel (Fidias et al. [15]) or gemcitabine
(CECOG and IFCT-GFPC 0502 trials [36, 37]) could also be
considered, especially for patients with squamous NSCLC
tumors.

For fit patients with nonsquamous NSCLC treated with
carboplatin and paclitaxel, bevacizumab should be added, and
maintenance bevacizumab is the logical choice. Its efficacy in
themaintenance setting remains to be seen, particularlywhen
added to pemetrexed maintenance.The combination mainte-
nance trials of AVAPERL, PointBreak, and PRONOUNCE were
unable to show an improvement in OS by combining
pemetrexed and bevacizumab maintenance. At this time,
either treatment from the PointBreak trial (PacCBev
followed by bevacizumab or PemCBev followed by peme-
trexed and bevacizumab) is a valid option for maintenance
therapy for bevacizumab-eligible patients. It remains to be
seen whether continuing bevacizumab after carboplatin,

pemetrexed, and bevacizumab induction provides any ad-
ditional benefit. Continuation of pemetrexed alone should
be considered for patientswith significant toxicity attributed
to bevacizumab. The ECOG 5508 trial may provide addi-
tional information about theadditive effects of bevacizumab
to maintenance pemetrexed.

It remains tobe seenwhether continuingbevacizumab
after carboplatin, pemetrexed, and bevacizumab in-
duction provides any additional benefit. Continuation
of pemetrexed alone should be considered for patients
with significant toxicity attributed to bevacizumab.

The National Comprehensive Cancer Network (NCCN)
guidelines have included recommendations formaintenance
chemotherapy for NSCLC, with various levels of evidence
from category 1 for the highest level of evidence to 2B for
lower levels of evidence with NCCN consensus [38]. Because
of OS improvements in randomized phase III trials, contin-
uation maintenance bevacizumab (ECOG 4599), pemetrexed
(PARAMOUNT), and cetuximab (FLEX) have been given
category 1 recommendations with the highest level of
evidence for patients with nonsquamous NSCLC. Bevacizu-
mab and pemetrexed combination maintenance has been
given a category 2A recommendation based on PFS bene-
fits seen in AVAPERL and PointBreak. Switch maintenance
docetaxel (Fidias et al. [15]), pemetrexed (JMEN), and
erlotinib (SATURN and IFCT-GFPC 0502) have category 2B
recommendation based on criticisms of these trials, such as
inconsistencies in postdiscontinuation therapy in control
arms or lack of EGFR testing. Finally, maintenance gemcita-
bine has a category 2B recommendation for squamous and
nonsquamous NSCLC based on the PFS improvements in the
CECOG and IFCT-GFPC 0502 trials.

CONCLUSION
Many large clinical trials have been conducted in attempts to
identify the best treatment strategy for patients with NSCLC.
The addition of agents targeting VEGF, use of histology to
guide chemotherapy decisions, and the addition of mainte-
nance therapy have all shown incremental improvements in
OS, particularly for nonsquamous histology. Targeting of
EGFR in wild-type NSCLC has also resulted in some success in
improving OS. Pemetrexed and bevacizumab have trans-
formed treatment options for patients with nonsquamous
NSCLC and, along with erlotinib, have recast the treatment
paradigm to include well-tolerated maintenance therapies
that extend survival for patients with NSCLC. No data support
combination maintenance therapy as superior to single
agent, but whether an optimal single agent exists is not clear.
The authors favor choosing a platinum partner, typically
pemetrexed or paclitaxel, based on the desired toxicity
profile and adding bevacizumab unless contraindicated. The
induction phase should be followed bymaintenance bevacizu-
mab for paclitaxel-based chemotherapy and maintenance
pemetrexed or combination pemetrexed and bevacizumab
maintenance for pemetrexed-based chemotherapy, providing
the patient has stable or responsive disease and manageable
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toxicity after four cycles of platinum chemotherapy. The ECOG
5508 trial may help determine whether an incremental benefit
with bevacizumab is possible when added to maintenance
pemetrexed therapy.
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For Further Reading:
PatrickM.Forde,KimA.Reiss,AmerM.Zeidanetal.What LiesWithin:Novel Strategies in Immunotherapy forNon-Small Cell
Lung Cancer. The Oncologist 2013;18:1203–1213.

Implications for Practice:
Immunotherapy,particularly theuseofmonoclonalantibodies thatblock inhibitory immunecheckpointmoleculesandthus
enhance the immune response to tumor,has shownpromise foradvancedsolid tumors, includingnon-small cell lungcancer,
in recentyears.Wereviewthechallengesandsuccesses associatedwithharnessing the immunesystemto treatNSCLCusing
vaccineand immunomodulatory strategiesanddiscuss recently reporteddataondurable responsestoPD-1/PD-L1-directed
therapies. Future directions in this rapidly evolving field are explored, including biomarker-driven strategies and combined
treatments that have the potential to enhance cancer immunotherapy greatly.
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