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q Departement of Oncology, Hôpital Mont de Marsan – Mont-de-Marsan, France 
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A B S T R A C T   

Background: Benefit from maintenance in advanced non-squamous non-small cell lung cancer (NS-NSCLC) might 
favor switch maintenance after disease stabilization (SD) and continuation after objective response (OR). This 
trial assessed a maintenance strategy conditioned by response to cisplatin-gemcitabine (CG) with G continuation 
for patients with OR or switch to pemetrexed (P) for patients with SD as compared with a control arm based on 
the Paramount regimen. 
Methods: Eligibility criteria: age 18–70 years, ECOG PS 0–1, untreated stage IV NS-NSCLC without EGFR or ALK 
alteration, ineligibility to bevacizumab. Patients were randomized 1:1 to receive either CG (4 cycles) followed by 
G maintenance in case of OR followed by P at progression, or switch to P for patients with SD, or 4 cycles of CP 
followed by P (control arm). Primary endpoint: overall Survival. 
Results: Between 2012 and 2016, 932 patients were randomized (CG: 467, CP: 465) with well-balanced char-
acteristics. 257 patients (56.7%) in the CG arm received maintenance (G: 142, P: 113) versus 277 patients 

* Corresponding author. 
E-mail address: pierre-jean.souquet@chu-lyon.fr (P.-J. Souquet).  

Contents lists available at ScienceDirect 

Lung Cancer 

journal homepage: www.elsevier.com/locate/lungcan 

https://doi.org/10.1016/j.lungcan.2021.11.014 
Received 30 August 2021; Received in revised form 16 November 2021; Accepted 22 November 2021   

mailto:pierre-jean.souquet@chu-lyon.fr
www.sciencedirect.com/science/journal/01695002
https://www.elsevier.com/locate/lungcan
https://doi.org/10.1016/j.lungcan.2021.11.014
https://doi.org/10.1016/j.lungcan.2021.11.014
https://doi.org/10.1016/j.lungcan.2021.11.014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lungcan.2021.11.014&domain=pdf


Lung Cancer 164 (2022) 84–90

85

(59.7%) in the CP arm. Median number of maintenance cycles was 5 for G and P (CG induction) and 4 for P (CP 
induction). OS adjusted HR was 0.97 (95% CI 0.84, 1.13; p = 0.71) with a median of 10.9 months (CG) versus 
10.4 (CP). HR for PFS was 0.95 (95% CI 0.83, 1.09; p = 0.45) with a median of 4.8 months for CG versus 4.5 for 
CP. Safety profile was as expected. 
Conclusions: Adapting maintenance strategy according to response to induction chemotherapy does not improve 
patient outcome. Clinical trial information: NCT01631136.   

1. Background 

Lung cancer is the most common cause of cancer deaths in Europe, 
affecting more 310.00 people each year, with more than half discovered 
at the metastatic stage. Significant progress was achieved in recent years 
in non-squamous non-small-cell lung cancer (NSCLC) with systematic 
biomarker testing [1], making it possible to specifically target certain 
oncogenic alterations, as well as the advent of anti-PD-1 (Programmed 
Cell Death Protein 1) and anti-PD-L1 (Programmed Cell Death 1 Ligand − 1) 
immunotherapy treatments as a second-line treatment then as a first-line 
single agent treatment (patients with a PD-L1 expression in>50% of 
tumour cells) [2], and in combination with chemotherapy for patients 
with tumour regardless of PD-L1 expression [3–4]. Actually, a majority 
of patients with NSCLC is still treated with chemotherapy as a part of the 
first-line treatment. The most widely used chemotherapy in patients 
with good Performance Status (ECOG PS 0 or 1) and non-squamous 
NSCLC is the combination of cisplatin (C) and pemetrexed (P) with a 
maintenance with P until progression or toxicity, according to the 
PARAMOUNT trial [5]. Maintenance with P in patients whose disease 
was controlled after 4 induction cycles achieved a significant survival 
benefit compared to placebo, regardless of the response to the induction 
therapy. The doublet CG remains an acceptable alternative, showing 
progression-free survival (PFS) comparable to CP as a 1st-line treatment 
for non-squamous NSCLC [6]. The IFCT-GFPC 0502 trial [7] assessing 
maintenance with G after a CG induction regimen versus observation 
with a predefined second-line treatment with P in both arms, showed a 
significant prolongation of PFS favouring G maintenance, leading in 
patients with objective response to CG to a median overall survival (OS) 
of 15.2 months, compared with 10.8 months in the observation arm, 
close to statistical significance (Hazard Ratio (HR) 0.72 [0.51–1.04]). 
The switch maintenance with P after an induction regimen without P [8] 
also significantly improved overall survival in non-squamous NSCLC, 
with a trend toward a greater benefit in patients with a stable disease 
(SD) after induction chemotherapy (HR 0.61 [0.48–0.81]). 

The aim of the IFCT-GFPC-1101 trial was to determine whether a 
maintenance strategy taking into consideration the quality of response 
to the GC induction chemotherapy would be better than a uniform 
maintenance strategy with P for all non-progressive non-squamous 
NSCLC patients, after 4 CP induction cycles. Meanwhile, this trial rep-
resents the largest assessing maintenance chemotherapy in NSCLC. 

2. Materials and methods 

Patients were enrolled before starting induction chemotherapy if 
they met the following eligibility criteria: Stage-IV non-squamous 
NSCLC (7th classification UICC) [9], histologically or cytologically 
proven, aged 18 to 70 years, PS 0 or 1, deemed ineligible for bev-
acizumab, biological and cardiac functions without abnormalities, 
measurable disease, lack of known activating EGFR mutation or ALK 
translocation, at least one measurable lesion (RECIST 1.1) [10], no un-
controlled active pathology, and any history of cancer of less than 5 
years. Patients with treated or untreated asymptomatic brain metastases 
were eligible (brain imaging was mandatory). Patients could not have 
received prior chemotherapy. Palliative radiation therapy may be 
administered prior to or concomitantly with chemotherapy except in the 
gemcitabine arm. The eligibility criteria for the maintenance phase were 
as follows: non-progressive disease after the four induction cycles, 

hepatic or bone marrow biological functions with a residual toxicity of 
grade less than 2 and a creatinine clearance > 45 mL/min (MDRD for-
mula) [11]. All patients have given their written consent for partici-
pating in the study and for the collection of archived biopsies and blood 
samples. The study was approved by the Ethics Committee of Grenoble 
(Sud-Est V) and was conducted in accordance with the Declaration of 
Helsinki and the GCCP guideline. The participating sites are listed in the 
acknowledgements section. 

Study design (Supplementary Fig. S1) 
The patients were randomised 1:1 after stratification on PS (0 versus 

1), histology (adenocarcinoma versus other), gender, center, and stage 
(M1a versus M1b) between a control group and an investigational arm. 
The control arm included 4 induction cycles with C 75 mg/m2 and P 
500 mg/m2 given every three weeks, followed by, in the absence of 
disease progression, a maintenance with P 500 mg/m2 every 3 weeks, 
until progression or unacceptable toxicities. The second-line treatment 
was left to the investigator’s choice. The investigational arm consisted of 
a combination of C 75 mg/m2 every 3 weeks and G1250 mg/m2, on D1 
and D8, every 3 weeks. After 4 cycles, the summative assessment by 
investigators determined the modalities for the maintenance treatment: 
in case of objective response (OR), continuation maintenance with G 
1,250 mg/m2 given on D1 and D8 of 21-day cycles until progression or 
toxicity; in case of SD, switch maintenance with P 500 mg/m2 given 
every 3 weeks until progression (with folic acid and vitamin B12 sup-
plementation). In case of maintenance with G, a second-line treatment 
with P was required until progression or toxicity. 

Tumour assessments were performed by investigators every 6 weeks 
for the first 18 weeks then every 9 weeks, according to RECIST 1.1. 
Toxicity was assessed and graded using the NCICTC version 4.0. [12]. 

3. Statistics 

The primary endpoint was OS. The secondary endpoints included 
PFS, response rate, duration of response, exposure to the treatments, 
tolerability and toxicities from the induction, and maintenance treat-
ments. Considering a proportion of approximately 40% of patients not 
accessing the maintenance (20% due to tumour progression, 20% due to 
toxicities or worsening PS), the OS of the CP control arm was estimated 
at 12.7 months (from the data of Paramount [5]); in the investigational 
arm, the expected OS was 15.4 months (from the data from the IFCT- 
GFPC-0502 trial [7] and the JMEN trial [8]). With a bilateral alpha 
risk of 5% and a power of 80%, 857 events should be recorded to detect 
an HR at 0.82, requiring an enrolment number of 932 patients, for an 
enrolment period estimated at 36 months. The analysis was conducted 
as an intent-to-treat, with a bilateral log-rank test for OS. An interim 
analysis for futility was planned after 539 events. During this analysis in 
April 2016, the discontinuation criteria for futility for this study were 
met (p = 0.93 for OS, as the p-value for futility was set at p > 0.7287), 
but as 909 patients had already been enrolled, the IDMC recommended 
the continuation of the trial until the end of the planned enrolment, 
particularly for increasing the power of exploratory analyses concerning 
the maintenance phase, since no differences in toxicity were observed. 
At the survival analysis date on 29 November 2016. 
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4. Findings 

4.1. Patients and exposure to the treatment 

Between July 2012 and June 2016, 932 patients were enrolled in the 
study at 72 French sites, 467 in the investigational arm (CG) and 465 in 
the reference arm (CP). One patient was not taken into consideration in 
the analyses because the patient’s consent was not retrieved in the pa-
tient’s file. The intent-to-treat (ITT) analysis thus deals with 931 pa-
tients. The patient demographic and clinical characteristics were well 
balanced between both groups (Table 1) with a median age of 60 years, 
69% men and less than 7% of non-smokers. 81 % of patients had a “wild 
type” EGFR, and less than 2% of patients had an activating EGFR mu-
tation (documented after the inclusion in the trial), while the EGFR 
status remained unknown in 17% of the cases. Twenty-one percent of 
patients had brain metastases, and the majority of patients had a PS 1, a 
M1b stage, and “adenocarcinoma” histology. 

The flow chart for the study and the causes for study withdrawals 
(before or after maintenance) are shown in Fig. 1. 

Exposure to induction therapy was proven to be equivalent between 
the two groups at each cycle (supplementary Fig. S2). After the 4 in-
duction cycles, 257 patients (56.7%) received a maintenance in the CG 
arm, 142 patients receiving maintenance with G, and 115 a switch 
maintenance with P. In the CP arm, 277 patients (59.7% of patients 
treated), continued with the maintenance with P. The median exposure 
to maintenance chemotherapy was 4 cycles in the control arm for 
maintenance with P (CP group), 5 cycles for switch maintenance with P, 
and 5 cycles for maintenance with G in the investigational CG arm 
(supplementary Fig. S2). 

4.2. Efficacy 

After a median follow-up of 30.5 months (IQR: 20.6–41.1 months), 
no significant difference in OS was observed between both arms, with a 
median of 10.9 months in the CG arm [95% CI: 9.6–12.1] and 10.4 
months in the CP arm [95% CI: 8.9–11.6] (Fig. 2), respectively. The HR 
for OS adjusted for the stratification factors was 0.97 [95% CI: 

0.84–1.13, p = 0.71]. The analysis of survival in subgroups according to 
the main clinical criteria does not suggest any trend in favour of CG or 
CP (Fig. 3). The median PFS was 4.8 months for the CG arm [95% CI: 
4.5–5.1] versus 4.5 months in the CP arm [95% CI: 4.3–5.1], respec-
tively, with an HR adjusted for the stratification factors of 0.95 [95% CI 
0.83–1.09, p = 0.45] (Fig. 2). The best response and disease control rates 
during the induction chemotherapy did not statistically differ either, 
with 36.1% and 70.8% for the CG arm and 34.2% and 76.3% in the CP 
control arm, respectively (supplementary table S3). For patients who 
entered into the maintenance phase, the exploratory analysis for PFS 
from the start of maintenance (supplementary fig. S4a) showed a trend 
to a numerically longer median PFS for the investigational arm, with 4.6 
versus 3.5 months for P in the control arm respectively, which was not 
significant (p = 0.21). The PFS analysis from the start of the mainte-
nance according to the response to the induction therapy showed a 
similar median duration for the responders and the patients with SD in 
the control arm using P (3.6 and 3.2 months respectively), while in the 
investigational arm, the median PFS was 4.6 months for G in responders 
to CG, and 4.6 months with P in patients with SD after CG induction. 

The median OS from the start of the maintenance treatment was 
similar in both groups, 14.1 versus 13.5 months in the CG arm and the 
CP arm, respectively (supplementary fig. S4b) p = NS. There was no 
significant unbalance in the number of patients receiving post-study 
treatments, (supplementary table S5), in both arms. P was used in 
47.9% of patients receiving CG as an induction therapy, while taxanes 
were the most widely used subsequent treatment for patients in the 
control arm. The use of immunotherapy has been low (13% of patients), 
due to the limited availability of these treatments especially at the 
beginning of the study. 

4.3. Tolerability 

During the induction phase (Table 2), a higher haematological 
toxicity with anaemia, thrombocytopenia, and neutropenia of any grade 
was observed in the CG arm, as well as for grade 3 or 4 toxicities. 
However, there was no difference in rates of febrile neutropenia. Nine 
toxic deaths occurred during the induction phase, 6 in the CP arm (from 

Table 1 
Baseline patient characteristics.   

CG Arm(N ¼ 466) CP Arm(N ¼ 465) ALL(N ¼ 931)  

Age (years) : Median [range] 59.2 [35.5–70.7] 60.1 [33.5–71.0] 59.7 [33.5–71.0]  

Gender Female N (%) 146 (31.3) 141 (30.3) 287 (30.8)  

Male N (%) 320 (68.7) 324 (69.7) 644 (69.2)  

PS 0 N (%) 179 (38.5) 185 (39.8) 364 (39.1)  
1 N (%) 285 (61.3) 280 (60.2) 565 (60.8)  
2 N (%) 1 (0.2) 0 (0) 1 (0.1)  
Unknown N 1 0 1  

Smoking Smoker N (%) 434 (93.3) 434 (93.9) 868 (93.6)  
Non smoker N (%) 31 (6.7) 28 (6.1) 59 (6.4)  
Unknown N 1 3 4  

TNM M1a N (%) 95 (20.4) 87 (18.7) 182 (19.5)  
M1b N (%) 371 (79.6) 378 (81.3) 749 (80.5)  

Brain metastasis Yes N (%) 88 (18.9) 109 (23.4) 197 (21.2)  
No N (%) 378 (81.1) 356 (76.6) 734 (78.8)  

Histology Adenocarcinoma N (%) 408 (87.6) 409 (88) 817 (87.8)  
Other N (%) 58 (12.4) 56 (12) 114 (12.2)  

EGFR Undetermined N (%) 32 (6.9) 22 (4.7) 54 (5.8)  
Mutation N (%) 9 (1.9) 8 (1.7) 17 (1.8)  
Not performed N (%) 55 (11.8) 51 (11) 106 (11.4)  
Wild-type N (%) 370 (79.4) 384 (82.6) 754 (81)   
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sepsis, including 3 during febrile neutropenia) and 3 in the CG arm (from 
sepsis and 1 from renal failure). During the maintenance phase 
(Table 3), toxicities were found to be similar between P continuation, G 
continuation and P in switch maintenance, except for a higher propor-
tion of thrombocytopenia of any grade with G, without increase of grade 
3–4 thrombocytopenia. Peripheral neuropathy was slightly more com-
mon with G maintenance compared to P (21.1% versus 11.3%). The 
most common non-haematological toxicities encountered with P were 
anorexia, lacrimation, and peripheral oedema. Five deaths occurred, 1 
in the CP arm followed by P (bone marrow failure) and four in the G arm 
(2 from kidney failure, 1 bone marrow failure, and 1 worsening of 

general condition). 

5. Discussion 

While the results of the IFCT-GFPC 1101 trial were generated before 
immunotherapy era, chemotherapy still remains a component of first- 
line treatment in a majority of patients with stage IV non-squamous 
NSCLC, integrating a maintenance strategy in combination with an 
anti-PD(L)-1 for eligible patients. The maintenance strategy has proven 
to improve both PFS and OS in several studies and meta-analyses, mainly 
with P in non-squamous carcinomas. 

Fig. 1. Flow chart study.  

Fig. 2. Overall Survival/Progression Free Survival.  
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Historically, the IFCT-GFPC 11.01 trial was designed to optimise the 
maintenance strategy by adapting the maintenance drug to the response 
to the induction platinum-based doublet. In order to avoid altering pa-
tients quality of life and prevent any cumulative toxicities, only two 
cytotoxic agents and one anti-VEGF treatment are useable as a mainte-
nance treatment: G, P, and bevacizumab. G has been used in 2 trials 
[7,13], for which the primary objective was to demonstrate a PFS 
benefit, but none had the power required to demonstrate a difference in 
terms of OS. In the French trial, which pre-determined the second-line 
treatment after progression during observation or maintenance treat-
ment, patients whose disease was controlled after 4 CG cycles were 
randomised between an observation control arm, a switch maintenance 
arm with erlotinib, and a continuation maintenance arm with G. The HR 
for PFS between G maintenance and observation was 0.56 [95% CI 

0.44–0.72], with an overall survival of 12.1 versus 10.8 months slightly 
in favour of CG. In the exploratory subgroup analysis, responder patients 
to CG benefitted more from the continuation maintenance, than patients 
with SD. In the trial assessing the P switch maintenance compared to a 
placebo [8], the survival benefit appeared greater for patients with SD 
after the induction chemotherapy as compared with responder patients. 
In the Paramount trial [14] assessing P maintenance after 4 cycles of CP, 
the survival benefit appeared to be consistent in both patients with 
objective response and with SD, explaining that the maintenance 
regimen was not adapted to the response to induction treatment in the 
CP control arm. Overall, these findings made it possible to expect an 
increased benefit by adopting continuation maintenance in patients with 
objective response to a platinum-based doublet, and a switch mainte-
nance in patients whose disease is only stabilised by the induction 
chemotherapy. This strategy required a non-containing P induction 
regimen, and the choice of GP doublet was supported by the absence of 
PFS difference observed between the CG and CP regimens in the non- 
inferiority phase III JMDB trial for the subgroup of non-squamous car-
cinomas [6,15]. The investigational arm of our trial thus included a 
maintenance with G in patients responding to the CG doublet but a P 
switch maintenance for those with SD, with a comparison to the best arm 
of the Paramount trial [14]. In addition, this strategy made it possible to 
use P as a second-line treatment for the patients benefitting from a 
continuation maintenance with G. However, our OS results were inferior 
to those from previously published trials, including maintenance trials. 
Several factors can account for this disappointing survival. First, the 
randomisation was performed before the patient received any treat-
ment, and the overall population includes patients who progressed on 
chemotherapy, contrary to the majority of maintenance trials that only 
include patients without disease progression at the end of the induction 
therapy. Second, the inclusion criteria specified the ineligibility for 
bevacizumab, often resulting in a more central cancer location, greater 
mediastinal involvement, or patients with medical contraindications to 
bevacizumab because of comorbidities that could thus derive a poorer 
prognosis. Third, the exclusion of patients with EGFR mutation or ALK 
rearrangement whose prognosis would be better, and fourth the enrol-
ment of 20% of patients with asymptomatic cerebral metastases, may 

Fig. 3. Forest plots of OS according to clinical characteristics and stratification factors.  

Table 2 
Toxicities during induction phase (first 4 cycles).   

CG Arm (N 
= 453)Any 
grade 

CP Arm (N 
= 464)Any 
grade 

CG Arm (N 
= 453) 
Grade ≥ 3 

CP Arm (N 
= 464) 
Grade ≥ 3 

Anemia 62.9% 57.3% 12.2% 11.4% 
Neutropenia 51.7% 38.4% 30.4% 20.5% 
Febrile 

neutropenia 
1.8% 3% 1.5% 3%$$$ 

Thrombocytopenia 48.3% 21.8% 18.9% 6.8% 
Sepsis 0.4% 0.9% 0.4%$ 0.9%$ 

Nausea 53% 46.8% 5.5% 4.5% 
Vomiting 25.6% 18.3% 2.8% 3.0% 
Anorexia 19.9% 16.4% 1.1% 2.6% 
Asthenia* 47.7% 39.7% 4.9% 5.6% 
Renal failure* 15.7% 15.3% 3.1% 1.9% 
Diarrhea 13.5% 10.1% 1.3% 2.3% 
Constipation 11.5% 9.1% 0.2% 0% 
Stomatitis* 5.3% 9.9% 0% 0.9% 

*Asthenia = Asthenia or General physical health deterioration or Fatigue 
Renal failure = Renal failure or Creatinine renal clearance decreased or 
Hypercreatinaemia or Blood creatinine increased 
Stomatitis = Stomatitis or Dry mouth or Aphthous stomatitis or Oral candidiasis 

$ Death 
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have contributed to poor median OS in this study. 
Hence, no difference in OS or PFS was observed between the two 

strategies, indicating the adaptation of the maintenance chemotherapy 
to the response to the induction chemotherapy does not provide any 
benefits, compared to a conventional therapeutic strategy based on the 
Paramount trial. The exploratory sub-group analyses did not individu-
alise either any clinical profile of patients who could derive some benefit 
from this strategy. However, we performed a purely exploratory analysis 
revealing a slight benefit, although statistically not significant, in favour 
of the maintenance strategy defined according to response to the in-
duction therapy , for both PFS and OS when the survival was calculated 
from the start of the maintenance treatment (median PFS and OS at 4.6 
and 14.1 months in the CG arm and at 3.5 and 13.5 months in the CP 
arm, respectively). The fact that this slight PFS benefit does not result in 
an OS improvement in the totality of the population trial may come from 
the lack of statistical power, from the confounding influence of subse-
quent treatments, and the integration in the OS analysis the patients who 
were not eligible for maintenance treatment. 

There was no unexpected increased incidence in the adverse events 
rates, although there was a twice higher rate of treatment-related deaths 
in the CP arm as compared with the GP arm, and the maintenance phase 
of treatments remained well-tolerated either with P or G. 

6. Conclusion 

The adaptation of the maintenance strategy to the quality of response 
(partial response versus disease stabilisation) to the induction CG 
doublet does not improve overall survival compared with the classical 
strategy of P maintenance irrespective of the extent of response to in-
duction treatment. 
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