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Abstract Purpose: Maintenance chemotherapy is a reasonable choice for patients with met-

astatic nonesmall cell lung carcinoma (NSCLC) not progressing after induction therapy with

a platinum-based doublet. Nevertheless, there have been no studies dedicated to elderly pa-

tients.

Patients and methods: We conducted a randomised trial in patients aged 70e89 years, with

advanced NSCLC (with neither EGFR mutation nor ALK rearrangement), who had not pro-

gressed after four cycles of monthly carboplatin and weekly paclitaxel in order to compare

maintenance with either pemetrexed (500 mg/m2 d1, 22) in patients with nonesquamous cell

carcinoma or gemcitabine (1,150 mg/m2 d1, 8, 22) in squamous cell carcinoma to simple obser-

vation. The patients were required to have a performance status (PS) 0e2, mini-mental score

>23, and creatinine clearance �45 mL/min. The primary end-point was overall survival (OS).

Results: 632 patients were enrolled from May 2013 to October 2016. Of the 328 (52.3%) pa-

tients randomised after induction therapy, 166 patients were assigned to the observation

arm, versus 162 to the switch maintenance arm, 119 of whom received pemetrexed and 43 gem-

citabine. The median OS from randomisation was 14.1 months (95% confidence interval [CI]:

12.0e17.0) in the observation arm and 14 months (95% CI: 10.9e16.9) in the maintenance arm

(p Z 0.72). The median progression-free survival (PFS) from randomisation was 2.7 months

(95% CI: 2.6e3.1) in the observation arm versus 5.7 months (95% CI: 4.8e7.1) in the mainte-

nance arm (p < 0.001).

Conclusion: Switch maintenance therapy significantly prolonged PFS but not OS and, thus,

should not be proposed to elderly patients with advanced NSCLC.

ª 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Almost 50% of nonesmall cell lung carcinoma

(NSCLC) is diagnosed at an advanced stage. Although

significant survival improvements have been evidenced

for patients with a driver mutation or rearrangement
and, more recently, for those receiving checkpoint in-

hibitors with or without chemotherapy, a significant

number of patients with a stage IV disease continue to

be treated with a platinum-based doublet as recom-

mended since 2009 [1]. For elderly patients, the first-line

chemotherapy choice should not be based on age alone.

In 2011, an updated recommendation addressed the

issue of ‘switch maintenance’ therapy [2], based on five
randomised clinical trials [3e7], recommending it for

patients with stable disease or response after four cycles

of induction. However, there was either no subgroup

analysis of age impact [3,4] or an upper limit of age of 70

years [7] and 75 years [6].The PARAMOUNT study

randomly assigned patients who did not progress after 4

cycles of cisplatinepemetrexed to either follow-up or

pemetrexed maintenance therapy [8]. More than 1000
patients were enrolled, and progression-free survival

(PFS) and overall survival (OS) benefits were noted in

the maintenance arm. In the subgroup analysis on pa-

tients aged �70 years, there was a PFS benefit that did

not translate into an OS benefit.
TheFrenchCooperative Thoracic Intergroup (IFCT)

thus decided to conduct a randomised study in elderly

patients with advanced NSCLC who did not progress

after a four-cycle induction CT consisting of

carboplatin þ weekly paclitaxel [9,10], comparing

observation and switch maintenance therapy with either

pemetrexed for nonesquamous cell carcinoma or gem-
citabine for squamous cell carcinoma.

2. Methods

2.1. Study design and patients

Patients should have a histologically/cytologically

confirmed stage IV or III not amenable to surgery or

radiotherapy NSCLC, an age between 70 and 89 years, a
performance status (PS) 0e2, a mini-mental score

(MMS) > 23/30 and appropriate hepatic and renal

functions and haematopoietic reserves.

The key exclusion criteria were as follows: EGFR

mutations or ALK rearrangement; symptomatic brain

metastases; previous anticancer treatment; severe and/or

uncontrolled comorbidities; interstitial lung disease;

peripheral neuropathy grade �2; previous history of
cancer unless skin basal cell or in situ cervical cancer, or

any other cancer treated curatively without progression

over the last five years. At randomisation, the patients

were eligible if they were either responders or stabilised
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by induction treatment, if their PS was 0e2 with the

biological requirements being the same as for induction

treatment.

All patients provided their written informed con-

sent before inclusion. The protocol was approved by

the Committee of Protection of People Participating

in Clinical Research on February 5, 2013 and regis-

tered under the following: N� EUDRACT: 2012-
005520-15.

2.2. Randomisation and masking

An interactive web response systemegenerated random

treatment allocation, with a 1:1 ratio. This random-

isation was unblinded. A minimisation method (random

factor of 0.8) was applied, with patients stratified based

on response after four induction cycles (objective

response versus stabilisation), PS at randomisation (0e1
vs 2), histology (nonesquamous versus squamous), age

(70e79 versus 80e89), and centre.

2.3. Procedures

During the induction phase, the patients were treated

with carboplatin AUC 6 (day 1 every four weeks) and

paclitaxel 90 mg/m2 (days 1, 8, and 15 of each cycle) [9].

The maintenance schedule was pemetrexed 500 mg/m2

every three weeks for patients with nonesquamous cell
carcinoma and gemcitabine 1150 mg/m2 on days 1 and 8

of each three-week cycle for squamous cell carcinoma.

Maintenance had to begin 42 days after the end of in-

duction at the latest and was administered until pro-

gression, unacceptable adverse events, or patients’ or

doctors’ decision to stop treatment. The patients were

followed-up until death or study closure. Dose adjust-

ments, delays, or omission of a treatment day during
both induction and maintenance phases were allowed

within the protocol guidelines.

After progression, the recommended second-line

treatment (2L) was erlotinib 150 mg/d in both arms in

accordance with its previous label in NSCLC without

driver mutation [11].

A geriatric assessment (comprising MMS [12],

instrumental activity daily living [IADL] [13], geriatric
depression scale [GDS] [14], and ONCODAGE score

[15]) was performed before induction and at ran-

domisation (for the GDS and ONCODAGE). The

indexes’ cutoff values indicating abnormal scores were

�23, �7, �5, and �14, respectively (appendix Tables

1e4). Quality of life results using the Lung Cancer

Symptom Scale [16] will be provided in a dedicated

publication.
All patients underwent within 4 weeks before the day

1 of induction therapy a thoracic and upper abdominal

computed tomography (CT) scan, as well as CT scan or

magnetic resonance imaging of the brain. Reassessments

using RECIST1.1 were performed after 2 and 4 cycles of
induction, after 2 and 4 cycles during maintenance, and

every 3 cycles thereafter. In the observation arm, as-

sessments were performed at the same intervals. During

2L, re-evaluations were performed at the same intervals

as during maintenance therapy/observation.
2.4. Statistical analyses

The primary end-point was OS, defined as the time from

randomisation to death from any cause. The secondary

objectives were OS of the whole population of patients
enrolled, the response rate to induction, feasibility of

maintenance therapy (median number of cycles admin-

istered), PFS (defined as the time from randomisation to

progression or death of any cause), response rate to

maintenance therapy, toxicity (NCI CTC version 4.0),

percent of patients receiving 2L, best response rate, PFS

and OS since the beginning of 2L, and identification of

prognostic factors of survival.
Demographic and OS analyses were performed on an

intention-to-treat basis. All randomised patients were

analysed for OS and PFS. All patients who had received

at least one cycle of study treatment were included in the

safety analyses. The primary OS analysis was based on

the following assumptions [9]: median OS of elderly

patients who received four cycles of

carboplatinepaclitaxel and who had a disease control at
the end of induction was 10.2 months from this time. To

demonstrate a 4-month benefit of survival (14 months

from randomisation) with a bilateral alpha risk of 5%

and a power of 80%, 328 patients should be randomised.

Given the hypothesis that 60% would be responding or

stabilised by induction therapy, a total of 546 patients

had to be enrolled. Overall, 278 events had to be

observed.
The duration of inclusion was estimated to be 4 years,

and the duration of follow-up was estimated at 3 years.

After the inclusion of half of the randomised patients,

an independent data monitoring committee comprising

one statistician and three oncologists had a meeting to

check the global quality of the trial.

PFS and OS were plotted with KaplaneMeier curves

and compared with Cox models. The follow-up was
censored on July 01, 2018. We estimated hazard ratios

(HRs) and 95% confidence intervals (CIs) from a Cox

model, adjusting for minimisation variables as appro-

priate [17]. Planned subgroup analyses for the primary

outcome for known risk factors in a Cox model,

adjusting for minimisation variables were performed.

We tested the potential predictive factors of response by

comparing randomised versus nonerandomised patients
using a logistic regression model. We included factors

with a p value less than 0$20 in both multivariable

models (Cox model and logistic regression). The SAS

version 9.4 software was used for the statistical analyses;

all p values and CIs were two-sided.



Fig. 1. Trial flow chart.
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3. Results

Between May 2013 and October 2016, 632 patients were

included at 67 centres. Because of 5 missing informed

consents, 627 patients were finally analysed (Fig. 1). A

median number of 4 induction cycles (range: 1e4) was
administered to the 623 patients who received at least
Table 1
Patients characteristics at baseline.

Characteristics All

(N Z 627)

Performance status at inclusion N (%)

0e1 535 (85.3)

2 86 (13.7)

Stage N (%)

III 62 (9.9)

IV 565 (90.1)

Male N (%) 475 (75.8)

Age (years): Median (range) 76.4 [70.0e89.4]
Age �80 years (%) 141 (22.5)

Never smoker 92 (14.7)

Histology subtype N (%)

Adenocarcinoma 401 (64.0)

Squamous cell 178 (28.4)

Large cell 13 (2$1)

NOS 26 (4$1)

Other 9 (1$4)

NOS Z not otherwise specified.
one injection of treatment. Three hundred and twenty-

eight patients (52.3%) with non-progressive disease after

induction could be randomised, 166 in the observation

arm and 162 in the maintenance arm (119 to receive

pemetrexed and 43 gemcitabine). The baseline charac-

teristics of all 627 patients are displayed in Table 1. The

patient characteristics differed between the randomised
Randomised

(N Z 328)

Non-randomised

(N Z 299)

p value

289 (89.2) 246 (82.8) 0.02

35 (10.8) 51 (17.2)

39 (11.9) 23 (7.7) 0.08

289 (88.1) 276 (92.3)

238 (72.6) 237 (79.3) 0.05

76.5 [70.1e89.0] 76.2 [70.0e89.4] NS

71 (21.6) 70 (23.4)

59 (18.0) 33 (11.0) 0.01

216 (65$8) 185 (61$9) NS

90 (27$4) 88 (29$4)

2 (0$6) 11 (3$7)

16 (4$9) 10 (3$3)

4 (1$2) 5 (1$7)



Fig. 2. Overall survival of the randomised patients (from ran-

domisation). CI, confidence interval.
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and non-randomised patients by two variables: PS 0e1

patients and never-smokers were more common among

the randomized patients. Considering the geriatric

assessment (appendix table 5), while there was no sig-

nificant difference in MMS and IADL between the

randomised and non-randomised patients, there were

significantly more non-randomised patients with GDS

15 � 5 along with ONCODAGE �14. The univariable
analysis taking into account age, gender, PS, smoking

history, disease stage, histology, and all geriatric indexes

showed that PS 0e1, never-smokers, GDS 15 < 5, and

ONCODAGE >14 were all associated with the pro-

pensity to be randomised. However, the multivariable

analysis demonstrated that the only independent vari-

ables associated with randomisation were GDS 15 < 5

and ONCODAGE >14. The characteristics of the
randomised patients are displayed in Table 2. A median

of 4 cycles of maintenance therapy were administered,

with a mean of 6.9 (range: 1e38) cycles for patients

treated with pemetrexed and a mean of 6.3 (range:

1e31) for patients treated with gemcitabine.

The median follow-up of the 627 patients was 39.7

months (range: 20.4e61.5). Median OS of these patients

(appendix Fig. 1) was 11 months (95% CI: 9.9e12.0).
Multivariate analysis of overall survival taking into ac-

count all baseline geriatric indexes (MMS, IADL, GDS

15, ONCODAGE) shows that only PS 2 compared with

PS 0e1 (HR: 1.51, 95% CI: 1.16e1.97, p valueZ 0.002),

stage IV compared with stage III (HR Z 1.60, 95% CI:

1.16e2.20, p value Z 0.004) and ONCODAGE � 14

(HR Z 1.29, 95% CI: 1.02e1.62, p value Z 0.033) were

independent prognostic factors of shorter survival. The
median OS estimated from the time of randomisation

for the 328 randomised patients (Fig. 2) was 14.1

months (95% CI: 12.0e17.0) in the observation arm and

14.0 months (95% CI: 10.9e16.9) in the maintenance

arm (p Z 0.72). The adjusted HR was 0.91 (95% CI:

0.71e1.16). The forest plot with the adjusted HR for OS

on each randomisation strata is illustrated in appendix
Table 2
Patients’ characteristics at randomisation.

Characteristics Arm follow-up

N Z 166

Performance status at randomisation N (%)

0-1 135 (81.3)

2 31 (18.7)

Age

< 80 years 130 (78.3)

� 80 36 (21.7)

Histological subtype N (%)

Squamous 46 (27.7)

Non-squamous 120 (72.3)

Response after four cycles of induction N (%)

Complete response 1 (0.6)

Partial response 87 (52.4)

Stabilisation 76 (45.8)

Progression 2 (1.2)

Not evaluable 0

PEM, pemetrexed; GEM, gemcitabine.
Fig. 2. No significant impact of age (<80 versus �80

years) or PS (0e1 versus 2) was noted. In addition, there

was no significant impact of histology and of the

response type observed during induction therapy (par-

tial response or stabilisation). Looking at the impact of

the two geriatric assessments performed at random-

isation, in univariate analysis, the HR value was 1.28,

95% CI: 0.96e1.70, p value Z 0.087 for GDS 15 and
1.38, 95% CI: 1.01e1.88, p value Z 0.037 for ONCO-

DAGE). In the multivariate analysis (appendix table 6),

PS was the only significant determinant of OS whereas

ONCODAGE was of borderline significance

(p Z 0.053).

Patients in the maintenance arm (appendix Fig. 3)

had a longer PFS (5.7 months [95% CI: 4.8e7.1])

compared with the observation arm (2.7 months [95%
CI: 2.6e3.1]) (p < 0.001). The adjusted HR was 0.51

(95% CI: 0.40e0.64) (p < 0.001). Tumour reduction

during maintenance therapy was observed in 20/328

randomised patients (6.1%), namely 6 (3.6%) in the
Arm maintenance

(N Z 162)

Maintenance PEM

(N Z 119)

Maintenance GEM

N Z 43

130 (80.2) 93 (78.2) 37 (86)

32 (19.8) 26 (21.8) 6 (14)

127 (78.4) 92 (77.3) 35 (81.4)

35 (21.6) 27 (22.7) 8 (18.6)

44 (27.2) 1 (0.8) 43 (100)

118 (72.8) 118 (99.2) 0 (0)

1 (0.6) 0 1 (2.3)

76 (46.9 49 (41.2) 27 (62.8)

83 (51.2) 68 (57.1) 15 (34.9)

1 (0.6) 1 (0.8) 0

1 (0.6) 1 (0.8) 0
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observation arm and 14 (8.6%) in the maintenance arm.

The progression rates were 36.3%, 47%, and 25.3%,

respectively (p Z 0.0004).

During induction therapy, 579 (92.9%) patients had

at least one drug-related adverse events, of which 357

(57.3%) had a grade �3. There were 12 toxic deaths

(1.9%) mostly related to sepsis with or without neu-

tropenia. Regarding randomised population, patients in
the maintenance arm exhibited significantly more

adverse events of any grade when compared with the

observation arm (94.7% and 52.4% respectively,

p < 0.001) and of grade � 3 (50.0% vs. 2.4%, p < 0.001)

(appendix table 7). The haematological and non-hae-

matological drug-related adverse events are displayed in

Tables 3 and 4. There were two deaths attributable to

pemetrexed (one sepsis and one febrile neutropenia).
When compared with the maintenance arm, more

patients in the observation arm (133: 81.1% vs. 103:

63.6%) were able to receive 2L. Of the 133 observation

arm patients receiving 2L, 109 (82.0%) received erlotinib

(recommended treatment), 11 (8.3%) nivolumab and 9

(6.8%) another therapy. Of the 103 maintenance arm

patients receiving 2L, 68 (66%) received erlotinib, 22

(21.4%) nivolumab and 4 (3.9%) another therapy. The
response rate to 2L was 7.8% in the observation arm and
Table 4
Nonehaematological treatmenterelated adverse events during maintenanc

Non haematological adverse events Arm follow-up (N Z 166) Mainte

Any grade Grade 3e4 Any gr

Asthenia 13 (7.8%) 1 (0.6%) 58 (53.

Neuropathy peripheral 28 (16.9%) 1 (0.6%) 20 (18.

Renal failure 8 (4.8%) 0 (0%) 23 (21.

Decreased appetite 5 (3%) 0 (0%) 21 (19.

Oedema peripheral 0 (0%) 0 (0%) 25 (22.

Nausea 0 (0%) 0 (0%) 27 (248

Aspartate aminotransferase increase 0 (0%) 0 (0%) 18 (16.

Conjunctivitis 0 (0%) 0 (0%) 17 (15.

Constipation 1 (0.6%) 0 (0%) 12 (11%

Alanine aminotransferase increase 0 (0%) 0 (0%) 12 (11%

Diarrhoea 0 (0%) 0 (0%) 12 (11%

Pyrexia 0 (0%) 0 (0%) 7 (6.4%

Vomiting 0 (0%) 0 (0%) 11 (10.

Sepsis 0 (0%) 0 (0%) 2 (1.8%

a One toxic death.

Table 3
Haematological treatmenterelated adverse events during maintenance.

Haematological adverse events Arm follow-up (N Z 166) Maintena

Any grade Grade 3e4 Any grad

Haematological adverse events 50 (30$1%) 2 (1$2%) 86 (78$9%

Anaemia 46 (27$7%) 2 (1$2%) 80 (73$4%
Neutropenia 4 (2$4%) 0 (0%) 49 (45%)

Lymphopenia 5 (3%) 0 (0%) 11 (10$1%

Thrombocytopenia 3 (1$8%) 0 (0%) 41 (37$6%

Febrile neutropenia 0 (0%) 0 (0%) 7 (6$4%)

a 1 toxic death.
9.4% in the maintenance arm (NS). The OS 2L was 11.7

months (95% CI: 8.8e14.9) in the observation arm and

9.2 months (95% CI: 5.9e13.2) in the maintenance arm

(pZ 0.48). The PFS 2L was 2.9 months (95% CI: 2.1e4)

and 3.2 months (95% CI: 2.2e4.8), respectively.
4. Discussion

In this randomised phase III study comparing observa-

tion and switch maintenance chemotherapy, elderly
patients in the maintenance arm did not experience OS

benefit although they had longer PFS than the obser-

vation arm. Moreover, the higher toxicity in the main-

tenance arm jeopardised this small PFS advantage.

In a previous switch maintenance trial with peme-

trexed after four cycles of platinum-based doublet [3], an

improvement in both PFS and OS was noted. More

drug-related grade � 3 toxicities occurred in the main-
tenance arm (16% versus 4%) as this was also the case in

the herein study; their frequency rates were even higher

in our study, probably due to our patients’ age and

because PS 2 patients were allowed. As in our study,

fewer patients in the pemetrexed arm received 2L than

those in the observation arm. As for continuation

maintenance, a subgroup analysis comparing patients
e (more than 10% of patients except for sepsis).

nance pemetrexed (N Z 109) Maintenance gemcitabine (N Z 43)

ade Grade 3e4e5 Any grade Grade 3e4

2%) 14 (12.8%) 15 (34.9%) 4 (9.3%)

3%) 1 (0.9%) 10 (23.3%) 4 (9.3%)

1%) 3 (2.8%) 4 (9.3%) 0 (0%)

3%) 2 (1.8%) 3 (7%) 0 (0%)

9%) 2 (1.8%) 4 (9.3%) 0 (0%)

%) 0 (0%) 1 (2$3%) 0 (0%)

5%) 4 (3.7%) 3 (7%) 0 (0%)

6%) 1 (0$9%) 0 (0%) 0 (0%)

) 1 (0.9%) 3 (7%) 0 (0%)

) 2 (1.8%) 3 (7%) 0 (0%)

) 2 (1.8%) 1 (2.3%) 0 (0%)

) 0 (0%) 5 (11.6%) 0 (0%)

1%) 0 (0%) 1 (2.3%) 0 (0%)

) 1 (0.9%)a 0 (0%) 0 (0%)

nce pemetrexed (N Z 109) Maintenance gemcitabine (N Z 43)

e Grade 3e4e5 Any grade Grade 3e4

) 39 (35$8%)a 37 (86%) 14 (32$6%)

) 18 (16$5%) 33 (76$7%) 6 (14$0%)

25 (22$9%) 19 (44$2%) 6 (13$9%)

) 3 (2$8%) 8 (18$6%) 0%

) 16 (14$7%) 23 (53$5%) 3 (7%)

7 (6$4%)a 2 (4$7%) 2 (4$7%)
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aged � 70 years and those aged <70 years was per-

formed in the PARAMOUNT study [18]. Only 92 pa-

tients (17%) during maintenance therapy were � 70

years, and 17 were � 75 years indicating that there were

few very old patients in the PARAMOUNT study. Once

again, this illustrates the need for dedicated studies

involving elderly patients. Gemcitabine has been

explored previously, mainly as a continuation mainte-
nance therapy [7,19,20]. Although there was a significant

PFS benefit in 2 studies [7,19], no survival benefit

occurred in any of the three studies.

In our study, as expected, more patients in the

observation arm could undergo 2L. The survival and

PFS on 2L were in line with what was observed with

erlotinib in our previous study and the BR21 study

[11,21].
The relevance of geriatric indexes is still a matter of

controversy. Adapted treatment based on geriatric

assessment rather than PS and age did not result in

significant outcome differences in a previous trial

involving patients aged 70 years and over [22]. In our

previous study [9], we incorporated geriatric indexes,

such as the MMS and ADL, and we found a prognostic

impact of these factors but not any predictive impact. In
the herein study the MMS had to be > 23; this probably

explains why this index did not exert any prognostic or

predictive impact. IADL, GDS 15 and ONCODAGE

were of prognostic value in univariate analysis of sur-

vival of the 627 patients, and GDS 15 and ONCO-

DAGE (but not PS) had an independent impact on

being randomised; however, only ONCODAGE also

exhibited an independent prognostic value on OS, in
addition to PS and disease stage. Comprehensive geri-

atric assessment is time-consuming and not easy to

implement in a non-geriatric department. ONCODAGE

could, thus, be a good surrogate [15].

Our study has several limitations. The choice of the

geriatric indexes was somewhat arbitrary, primarily

based on the following characteristics: not excessively

time-consuming and well-recognised in the literature.
The combination of ONCODAGE and IADL appears,

in fact, to be of special interest [23]. Another study

limitation is the relatively high number of missing

values pertaining to the geriatric indexes at the time of

randomisation. In addition, erlotinib is no longer rec-

ommended as salvage therapy in patients without

EGFR mutations. Of note, several patients did not

receive this recommended 2L, but rather immuno-
therapy. However, we do not believe that our study

conclusions would have differed. It must be stressed

that using immune checkpoint inhibitors in the elderly

needs to be clarified with respect to the immunose-

nescence concept [24] and that, in the subgroup ana-

lyses of the 2L, patients aged � 75 did not derive the

same survival benefit compared with their younger

counterparts [25,26]. When the cutoff was 65 years,
instead, no outcome differences were observed [27].
In conclusion, ‘stop and go’ attitude appears more

appropriate in elderly with advanced NSCLC, as more

patients without maintenance can undergo 2L, which

results in a similar survival rate with less toxicity. Given

the possibility of maintenance with chemotherapy plus

checkpoint inhibitors being one of the new standards of

treatment in fit patients [28], this could possibly not be

applied to elderly patients.
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