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Abstract

Purpose
The primary objective of this study was to identify the potential predictors to assess impact of
maintenance therapy after induction immunochemotherapy in the real-world setting of patients with
advanced non-small cell lung cancer (NSCLC).

Methods
We retrospectively identi�ed 152 patients with advanced NSCLC who received immunochemotherapy at
eight hospitals in Japan between January 2019 to December 2019. Patients who received at least four
cycles of induction immunochemotherapy and one cycle of maintenance therapy with immune-
checkpoint inhibitors were included. We investigated the biomarkers for progression-free survival (PFS)
for maintenance therapy after induction immunochemotherapy.

Results
Out of the 92 patients with advanced NSCLC included in the study, 42 received maintenance therapy with
cytotoxic agents whereas 50 received maintenance therapy without cytotoxic agents. Among those who
received maintenance therapy without cytotoxic agents, responders to prior immunochemotherapy had
signi�cantly longer PFS than non-responders (p = 0.004), except those with maintenance therapy with
cytotoxic agents. In non-responders to prior immunochemotherapy, patients with maintenance therapy
with cytotoxic agents had signi�cantly longer PFS than those with maintenance therapy without
cytotoxic agents (log-rank p = 0.007), whereas among responders to prior immunochemotherapy, there
was no signi�cant difference in PFS for different maintenance regimens (log-rank p = 0.31).

Conclusions
This retrospective study showed that response to prior immunochemotherapy was associated with
clinical outcomes among patients with advanced NSCLC who received maintenance therapy.

1. Introduction
Lung cancer is the leading cause of cancer-related deaths worldwide (1). Novel combination therapies,
such as immune checkpoint inhibitors (ICIs) plus chemotherapy or dual-immunotherapy with or without
chemotherapy have recently been introduced as standard treatments for patients with advanced non-
small cell lung cancer (NSCLC) (2–6). Furthermore, follow up maintenance therapy has been standard
treatment for patients with advanced NSCLC who responded positively to previous immunochemotherapy
(7–10).
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In the KEYNOTE-189 trial, the addition of pembrolizumab to platinum-based chemotherapy followed by
pemetrexed plus pembrolizumab maintenance had demonstrated higher overall survival (OS) and
progression-free survival (PFS), compared to platinum-based chemotherapy followed by pemetrexed
among patients with previously untreated metastatic nonsquamous NSCLC (8). Contrastingly, the phase
III PARAMOUNT trial provided evidence for better results with pemetrexed continuation maintenance
therapy as compared with placebo (11). This evidence suggests that pemetrexed maintenance therapy
could be a useful therapeutic strategy for patients with advanced NSCLC who responded positively to
previous immunochemotherapy, irrespective of the induction immunochemotherapy.

However, a previous prospective cohort study demonstrated that pemetrexed maintenance therapy
induced acute kidney injury in approximately 30% of patients with advanced NSCLC and promoted
treatment discontinuation among 20% of them (12). Another retrospective cohort study disclosed that
patients with NSCLC on pemetrexed-based long term-treatment were at risk of developing renal
impairment, despite renal function remaining stable following pemetrexed treatment induction. This
suggested that a long duration of pemetrexed-based chemotherapy exposure might be harmful (13).
Therefore, the decision to continue cytotoxic agents with maintenance following induction
immunochemotherapy in patients with advanced NSCLC remains unclear.

Thus, the primary objective of this study was to identify the potential predictors to assess the impact of
chemotherapy containing maintenance therapy after induction immunochemotherapy in the real-world
setting of patients with advanced NSCLC.

We present the following article in accordance with the STROBE reporting checklist.

2. Materials And Methods

2.1 Patients
In the present study, 152 patients with advanced NSCLC on a combination therapy of immunotherapy
and chemotherapy at eight institutions in Japan (University Hospital Kyoto Prefectural University of
Medicine, Japanese Red Cross Kyoto Daiichi Hospital, Japanese Red Cross Kyoto Daini Hospital, Uji-
Tokushukai Medical Center, Otsu City Hospital, Matsushita Memorial Hospital, Fukuoka University
Hospital, and Fujita Health University Hospital) between January and December 2019 were
retrospectively identi�ed. Patients who received at least four cycles of induction therapy and one cycle of
maintenance therapy were included. The medical records of each patient were reviewed to collect the
following data: age at the start of induction therapy; sex; smoking status; treatment regimens; body mass
index (BMI) at the start of induction therapy; laboratory �ndings at the start of maintenance therapy;
Eastern Cooperative Oncology Group Performance Status (ECOG-PS) at the start of induction therapy;
disease staging classi�ed using the TNM stage classi�cation system version 8; histological subtypes;
epidermal growth factor receptor (EGFR) mutation status; anaplastic lymphoma kinase (ALK) fusion
status; programmed death-ligand 1 (PD-L1) expression level in tumors measured using the PD-L1 IHC
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22C3 pharmDx assay (Agilent Technologies, Santa Clara, CA, USA); best overall response (BOR) without
con�rmation evaluated by each attending physician according to the Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1; and PFS of maintenance therapy.

2.2 Ethical Consideration
The study was conducted in accordance with the Declaration of Helsinki (as revised in 2013). The study
protocol was approved by the Ethics Committees of the Kyoto Prefectural University of Medicine
(approval no. ERB-C-1803) and each of the participating hospitals. Informed consent was not required
due to the retrospective nature of the study, and used the o�cial website as an opt-out method, which
was also approved by the ethics committee of each hospital.

2.3 Statistical analysis
We retrospectively collected data on September 30, 2020. Patients who were alive and progression free
were censored at the date of last follow-up update. Student’s t-test was used to compare the means of
continuous variables (such as age). To compare the proportions of categorical variables (such as sex)
between the groups, Fisher's exact test was employed. Survival curves were calculated with the Kaplan–
Meier method, and differences were compared by using the log-rank test. PFS of maintenance therapy
was calculated from the date of initiation of maintenance therapy to the date of disease progression or
death from any cause. Cox proportional hazards models were used to calculate the hazard ratios (HRs)
and 95% con�dence intervals (CIs). The variables with p < 0.10 in univariate analysis were included in the
multivariate analysis. Patients whose laboratory data was missing or whose BOR was not evaluable (NE)
were excluded from the analysis. The cut-off point of PFS for patients without chemotherapy for
maintenance therapy was set at 90 days, based on PFS of the control arm in the PARAMOUNT trial (14).
Responders were de�ned as patients who achieved complete response (CR) and partial response (PR),
and non-responders were de�ned as patients who had stable disease (SD). Maintenance therapy with
cytotoxic agents (cytotoxic maintenance) was de�ned as maintenance therapy with pemetrexed and ICIs,
and maintenance therapy without cytotoxic agents (non-cytotoxic maintenance) was de�ned as
maintenance therapy with ICIs alone or in combination with anti-VEGF antibody bevacizumab. Neutrophil-
to-lymphocyte ratio (NLR) was de�ned as the absolute neutrophil count divided by the absolute
lymphocyte count. The cut-off value of NLR was set at �ve, based on a previous study (15). Statistical
analyses were performed using EZR statistical software (version 1.42. Division of Hematology, Saitama
Medical Center, Jichi Medical University, Japan) (16). All statistical tests were two-tailed and p value < 
0.05 was considered signi�cant.

3. Results

3.1 Patient characteristics
A total of 152 patients with advanced NSCLC on a combination of immunotherapy plus chemotherapy at
eight hospitals in Japan from January to December 2019 were identi�ed. Ninety-three of the identi�ed
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patients who had received at least four cycles of induction therapy and one cycle of maintenance therapy
were included in the present study. Fifty patients received non-cytotoxic maintenance and 43 patients
received cytotoxic maintenance. One patient receiving cytotoxic maintenance was excluded from
analysis due to missing laboratory data (Fig. 1). The median follow-up time after initiation of
maintenance therapy was 9.8 months.

Patient characteristics classi�ed by maintenance regimens are shown in Table 1. Median age of the
patients with cytotoxic maintenance and those with non-cytotoxic maintenance was 69 years (range 45–
79) and 68 years (range 39–79), respectively. About 95.2% (n = 40) of the patients received cytotoxic
maintenance of platinum with pemetrexed plus pembrolizumab while the remaining received carboplatin
with pemetrexed plus atezolizumab. The regimens in the patients with non-cytotoxic maintenance were
carboplatin with paclitaxel, atezolizumab, and bevacizumab (26.0%, n = 13), carboplatin with paclitaxel or
nab-paclitaxel plus pembrolizumab (72.0%, n = 36), and carboplatin with nab-paclitaxel plus
atezolizumab (2.0%, n = 1). All patients receiving cytotoxic maintenance suffered from adenocarcinoma.
The patients with non-cytotoxic maintenance showed a higher proportion of squamous cell carcinoma
(52.0%, n = 26).

3.2 Association of clinical outcomes of maintenance
therapy to induction immunochemotherapy
The results of univariate and multivariate analyses for PFS of maintenance therapy using Cox
proportional hazards models are presented in Table 2. Multivariate analysis elaborated that CR plus PR
for induction immunochemotherapy and serum albumin ≥ 3.5 g/dL were signi�cantly associated with
prolonged PFS in patients with non-cytotoxic maintenance (HR 0.31, 95% CI 0.14–0.68, p = 0.004; HR
0.20, 95% CI 0.064–0.64, p = 0.007). In contrast, in patients with cytotoxic maintenance, multivariate
analysis was not performed because the p-values for all variables were above 0.10 in univariate analysis.

Kaplan–Meier curves illustrated that responders of induction immunochemotherapy had signi�cantly
longer PFS of non-cytotoxic maintenance than non-responders (HR 0.31, 95% CI 0.14–0.67; log-rank p = 
0.002) (Fig. 2A). Contrastingly, there was no signi�cant difference in PFS associated with cytotoxic
maintenance among responders and non-responders of induction therapy (HR 0.89, 95% CI 0.35–2.29;
log-rank p = 0.82) (Fig. 2B). Similarly, the Kaplan–Meier curves for PFS in patients with cytotoxic and non-
cytotoxic maintenance were evaluated according to the responsiveness to prior immunochemotherapy.
Among non-responders, the patients receiving cytotoxic maintenance had signi�cantly longer PFS than
did those with non-cytotoxic maintenance (HR 0.28, 95% CI 0.10–0.74; log-rank p = 0.007 (Fig. 2C). In
contrast, among responders to prior immunochemotherapy, there was no signi�cant difference in PFS
between the two groups (HR 0.69, 95% CI 0.34–1.42; log-rank p = 0.31) (Fig. 2D).

Furthermore, we analyzed the characteristics of prior immunochemotherapy responders and non-
responders who received non-cytotoxic maintenance. It was found that non-responders were more likely
to have positive oncogenic driver mutations with NLR ≥ 5 (20.0% vs 2.9%, p = 0.075; 20.0% vs 2.9%, p = 
0.075, respectively) (Table 3). On assessing the association between responsiveness to prior
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immunochemotherapy and PFS duration with non-cytotoxic maintenance, it was found that patients with
PFS > 90 days of non-cytotoxic maintenance had a signi�cantly higher response rate to prior
immunotherapy than did those with PFS ≤ 90 days (89.2% vs 45.4%, p = 0.001) (Fig. 3). These �ndings
suggest that response to induction therapy might serve as a predictor for outcomes to non-cytotoxic
maintenance therapy in NSCLC patients.

4. Discussion
Existing literature suggests that immunotherapy regimens, including those comprising ICIs, contribute to
long-term survival among advanced NSCLC patients (17, 18). Therefore, maintenance therapy following
induction treatment plays the critical role of controlling the disease progression and enhancing patient
survival. However, the impact of maintenance therapy among patients with advanced NSCLC has not
been fully understood.

In this study, we identi�ed a population of patients with advanced NSCLC who demonstrated good
outcomes following administration of maintenance therapy after induction immunochemotherapy.
Among non-responders to prior immunochemotherapy, it was noted that treatment with cytotoxic
maintenance signi�cantly prolonged PFS compared to those receiving non-cytotoxic maintenance. In
contrast, there was no signi�cant difference in PFS between responders receiving non-cytotoxic
maintenance or cytotoxic maintenance. This is the �rst study to demonstrate the signi�cance of response
to prior immunochemotherapy as a potential predictor for the success of maintenance therapy after
induction immunochemotherapy in patients with advanced NSCLC.

A previous meta-analysis demonstrated that response to ICIs monotherapy was associated with good
clinical outcomes, including long PFS for patients with advanced NSCLC. It also suggested that non-
responders to induction therapy might not be a suitable population for non-cytotoxic maintenance (19).

The present study found no difference in PFS for cytotoxic maintenance therapy between non-responders
and responders to prior immunochemotherapy. Previous studies indicate that intervention by cytotoxic
chemotherapy elicited antitumor immune systems through several mechanisms, including eliciting
immunogenic tumor cell death, increasing the ratio between effector T and regulatory T cells (Tregs) in
the peripheral blood, and reducing myeloid-derived suppressor cells in tumor tissues (20–22). Therefore,
in the case of ineffectual induction immunochemotherapy, multidisciplinary maintenance, including
chemotherapy, might be needed to enhance the effects of maintenance therapy. Although, the
pemetrexed containing maintenance enhanced the e�cacy of maintenance immunotherapy, there is a
possibility of increased frequency of adverse effects, such as kidney injury, during long periods of
maintenance therapy, leading to discontinuation of effective maintenance treatment (12, 23). Therefore,
reduction of overmedication remains essential to drug tolerability along with long-term survival and
economic viability. Future long-term follow-up studies are needed to support these �ndings.

Despite our best efforts, certain limitations of this study must be acknowledged. First, the distribution of
histological subtypes was different between groups receiving cytotoxic and non-cytotoxic maintenance.
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Although there was no difference between histological subtypes and PFS for non-cytotoxic maintenance,
the histological subtypes could potentially affect the comparison between maintenance therapies.
Second, we could not evaluate adverse effects associated with maintenance therapy which remains one
of the most important factors to select therapeutic strategy in NSCLC patients. Third, a single experienced
attending physician determined the timing of tumor imaging and judged the tumor response, which might
introduce measurement bias.

In conclusion, the present study retrospectively analyzed patient data to identify potential predictors for
maintenance therapy after induction immunochemotherapy in patients with advanced NSCLC. It found
that response to induction immunochemotherapy was one of the most important factors to select a
therapeutic strategy for maintenance therapy in patients with advanced NSCLC. Future prospective large-
cohort studies are warranted to con�rm our �ndings.
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Tables
Due to technical limitations, table 1,2,3 is only available as a download in the Supplemental Files section.

Figures

Figure 1
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Patient enrollment process and best overall response. BOR: best overall response, CR: complete response,
PR: partial response, SD: stable disease, NE: not evaluable.

Figure 2

Kaplan–Meier curves for PFS of maintenance therapy in patients under non-cytotoxic maintenance (A)
and those with cytotoxic maintenance (B) according to responsiveness to prior immunochemotherapy.
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Kaplan–Meier curves for PFS of maintenance therapy in non-responders (C) and responders (D) to prior
immunochemotherapy according to maintenance regimens. PFS: progression-free survival.

Figure 3

Best overall response to prior immunochemotherapy in patients with non-cytotoxic maintenance
classi�ed by PFS of maintenance therapy. CR: complete response, RP: partial response, SD: stable
disease, PFS: progression-free survival.
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