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Abstract: Little is known regarding the effectiveness and tolerability of immune checkpoint inhibitor
(ICI) rechallenge after disease progression following initial ICI treatments. To identify eligible
patients for ICI rechallenge, we retrospectively analyzed the relationship between clinical profiles
and the effect of ICI rechallenge in patients with non-small cell lung cancer (NSCLC). We enrolled
35 NSCLC patients at six different institutions who were retreated with ICIs after discontinued initial
ICI treatments due to disease progression. Cox proportional hazards models were used to assess the
impact of clinical profiles on overall survival (OS) and progression-free survival (PFS). Median PFS
and OS were 81 d (95% confidence interval, CI, 41–112 d) and 225 d (95% CI 106–361 d), respectively.
The objective response rate was 2.9%, and the disease control rate was 42.9%. Multivariate analysis
demonstrated that Eastern Cooperative Oncology Group Performance Score (ECOG-PS) ≥ 2 (hazard
ratio, HR, 2.38; 95% CI 1.03–5.52; p = 0.043) and body mass index (BMI) > 20 (HR 0.43, 95% CI
0.19–0.95, p = 0.036) were significantly associated with PFS of ICI rechallenge. Our observations
suggest that poor ECOG-PS and low BMI at intervention with ICI rechallenge may be negative
predictors for ICI rechallenge treatment in patients with NSCLC.
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1. Introduction

Lung cancer is the leading cause of cancer death worldwide [1]. Current clinical studies have
shown that some types of molecularly targeted therapies are able to successfully treat a subset of
patients with advanced non-small cell lung cancer (NSCLC). In addition, cancer immunotherapies, such
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as programmed cell death protein 1 (PD-1)/programmed death ligand 1 (PD-L1) checkpoint inhibitors,
are being developed as promising alternative strategies for treating patients with advanced NSCLC.
Of the current immune checkpoint inhibitors (ICIs), nivolumab, pembrolizumab, atezolizumab, and
durvalumab have been approved in the United States, Japan, and other countries for the treatment of
patients with NSCLC based on phase III clinical trials [2–6]. However, the majority of patients with
NSCLC ultimately acquire resistance to ICI treatments. After acquiring resistance to several therapeutic
regimens, ICI rechallenge is considered to be one of the therapeutic options for patients with recurrent
NSCLC. Unfortunately, ICI rechallenge treatment has been clinically effective in only a small number of
NSCLC patients. Therefore, it is warranted to identify predictive clinical markers for the effectiveness
of ICI rechallenge. Previous retrospective studies regarding ICI rechallenge have analyzed only limited
numbers of NSCLC patients [7,8]. Hence, little is currently known regarding the effectiveness and
tolerability of ICI rechallenge after disease progression following initial ICI treatments. In an effort to
identify the patients eligible for ICI rechallenge treatment, we retrospectively analyzed the relationship
between the clinical profiles and the effect of ICI rechallenge in patients with NSCLC.

2. Experimental Section

2.1. Patients

We enrolled 35 patients with NSCLC who were retreated with ICIs after their initial ICI treatments
were discontinued due to disease progression. The patients were treated between April 2017 and
November 2018 at one of six different institutions, which included University Hospital Kyoto Prefectural
University of Medicine (Kyoto, Japan), Japanese Red Cross Kyoto Daiichi Hospital (Kyoto, Japan),
Japanese Red Cross Kyoto Daini Hospital (Kyoto, Japan), Uji-Tokushukai Medical Center (Kyoto, Japan),
Matsushita Memorial Hospital (Osaka, Japan), and Otsu City Hospital (Shiga, Japan). Patient clinical
data were retrospectively obtained from their medical records, including age, sex, height, weight, body
mass index (BMI) at the start of ICI rechallenge, histological subtype, PD-L1 expression level in tumors,
epidermal growth factor receptor (EGFR) mutation status, disease staging, metastatic site, corticosteroid
administration, Eastern Cooperative Oncology Group Performance Status (ECOG-PS), smoking status,
laboratory findings at the time of ICI rechallenge, and overall survival (OS), progression-free survival
(PFS), response rate, and disease control rate for the patients receiving ICI treatment based on the
Response Evaluation Criteria in Solid Tumors (RECIST; version 1.1). The study protocol was approved
by the ethics committee of each hospital. Tumor–node–metastasis (TNM) stage was classified using
the TNM stage classification system, version 8. Six received 2.5 mg to 10 mg p.o. of corticosteroids
administration due to improvement in the cachexia. We have added this information in the materials
and methods section. This study is an exploratory trial.

2.2. Tumor PD-L1 Analysis

PD-L1 expression was analyzed by SRL, Inc. using a PD-L1 IHC 22C3 pharmDx assay (Agilent
Technologies, Santa Clara, CA, USA). The PD-L1 tumor proportion score (TPS) was calculated as a
percentage of at least 100 viable tumor cells with complete or partial membrane staining. Pathologists
at SRL, Inc. interpreted the TPS results.

2.3. Statistical Analysis

Statistical analyses were performed using EZR statistical software, version 1.30 [9]. All statistical
tests were two-sided, and p-values < 0.05 were regarded as statistically significant. The cutoff values
for body mass index (BMI), albumin, lactate dehydrogenase (LDH), neutrophil to lymphocyte ratio
(NLR), lymphocyte to monocyte ratio (LMR), platelet to lymphocyte ratio (PLR), and C-reactive protein
(CRP) following prior therapy were determined according to previous reports [10–15]. The PFS and OS
were calculated using the Kaplan–Meier method, and differences were compared using the log-rank
test. The hazard ratios (HRs) and their 95% confidence intervals (CIs) were estimated using the Cox
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proportional hazards model in univariate analyses. The Cox proportional hazards model was also
used for the multivariate analyses.

3. Results

3.1. Patient Characteristics

A total of 35 NSCLC patients treated with ICI rechallenge between April 2017 and November 2018
at six different institutions in Japan were enrolled. The median age was 70 years (range: 40–83 years),
24 patients (68.6%) were male, and 27 (77.1%) patients had a history of smoking. The histological
subtypes were (23, i.e., 65.7%) adenocarcinoma and (10, i.e., 28.6%) squamous cell carcinoma. Metastatic
disease was detected in the liver of five patients (14.3%) and in the brain of seven patients (20%).
Of the patients, 10 (28.6%) had stage III disease, 19 (54.3%) had stage IV disease, and six (17.1%) had
postoperative recurrence at the time of intervention with the initial ICI treatment. An EGFR mutation
was detected in four patients (11.4%). There were no ALK-positive patients. ECOG-PS was 0–1 for
23 patients (65.7%) and 2–4 for 12 patients (34.3%). The PD-L1 TPS was ≥50% for 14 patients (50%),
1–49% for eight patients (7%), <0% for seven patients (29%), and not evaluated for six patients (17.1%).
The BMI was ≥25 for 3 patients (8.6%), 20–25% for 16 patients (45.7%), and <20 for 16 patients (45.7%).
Table 1 shows the baseline characteristics of patients.

Table 1. Patient characteristics at immune checkpoint inhibitor (ICI) rechallenge treatment.

Items Group n (%)

Age Median (range) 70 (48–83)

Gender
Male 24 (68.6)

Female 11 (31.4)

Eastern Cooperative Oncology Group
Performance Score (ECOG-PS)

0–1 23 (65.7)
2–4 12 (34.3)

Histology
Adenocarcinoma 23 (65.7)

Squamous cell carcinoma 10 (28.6)
Other 2 (5.7)

Smoking Status Never smoker 8 (22.9)
Current or former smoker 27 (77.1)

Staging Stage III 10 (28.6)
Stage IV 19 (54.3)

Postoperative recurrence 6 (17.1)

Epidermal Growth Factor Receptor (EGFR)
Mutations

Positive 4 (11.4)
Negative 31 (88.6)

PD-L1 tumor proportion score (TPS)

≥50% 14 (40)
1–49% 8 (22.9)
<1% 7 (20)

Not evaluated 6 (17.1)

Metastasis
Liver metastasis 5 (14.3)
Brain metastasis 7 (20)

Body Mass Index (BMI)
BMI > 25 3 (8.6)

25 ≥ BMI > 20 16 (45.8)
BMI ≤ 20 16 (45.8)

Corticosteroid Administration
Yes 6 (17.1)
No 29 (82.9)
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Table 1. Cont.

Items Group n (%)

History of Treatment before ICI Rechallenge

Surgery 6 (17.1)
Radiation therapy 12 (34.3)

Chemotherapy (platinum) 30 (85.7)
Chemotherapy (non-platinum) 25 (71.4)

First ICIs Nivolumab 19 (54.3)
Pembrolizumab 12 (34.3)
Atezolizumab 4 (11.4)

Second ICIs Nivolumab 5 (14.3)
Pembrolizumab 7 (20)
Atezolizumab 23 (65.7)

Line of First ICI Median (range) 3 (1–15)

Line of Second ICI Median (range) 4 (2–19)

Duration from the End of the First ICI to the
Start of the Second ICI Median (95% confidence interval; CI) 157 d (106–238)

3.2. Efficacy and Safety of ICI Treatments

The initial ICI treatment consisted of nivolumab for 19 (54.3%) patients, pembrolizumab for 12
(34.3%) patients, and atezolizumab for four (11.4%) patients. The rechallenge treatment consisted
of nivolumab for five (14.3%) patients, pembrolizumab for 7 (20.0%) patients, and atezolizumab for
23 (65.7%) patients. The patients were treated with different regimens of ICIs between the initial
and rechallenge treatments. In the initial ICI treatment, no patients experienced a complete response
(0%), 12 experienced a partial response (34.3%), 12 experienced stable disease (34.3%), 10 experienced
progressive disease (28.6%), and one was non-evaluable (2.9%). The objective response rate was 34.3%,
and the disease control rate was 68.6% (Figure 1a). The PFS and OS of the initial ICI treatments were
120 d (95% CI 84–139 d) and 596 d (95% CI 455–864 d), respectively (Figure 2a,b). In the ICI rechallenge
treatment, no patients experienced a complete response (0%), one experienced a partial response
(2.9%), 14 experienced stable disease (40.0%), 18 experienced progressive disease (51.4%), and two
were non-evaluable (5.7%). The objective response rate was 2.9% and the disease control rate was
45.7% (Figure 1b). The PFS and OS of the ICI rechallenge were 81 d (95% CI 41–112 d) and 225 d (95%
CI 106–361 d), respectively (Figure 2c,d).
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Figure 1. Frequency of the best overall response to immune checkpoint inhibitors (ICIs). (a) Frequency
of the best overall response to first ICI treatment. (b) Frequency of the best overall response to
ICI rechallenge treatment. PD, progressive disease; PR, partial response; SD, stable disease; NE,
not evaluated.
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Figure 2. Kaplan–Meier survival curves of progression-free survival (PFS) and overall survival (OS) of
patients who received immune checkpoint inhibitor (ICI) rechallenge treatment. (a) PFS of non-small
cell lung cancer (NSCLC) patients (n = 35) on first ICI treatment. (b) OS of NSCLC patients (n = 35) on
first ICI treatment. (c) PFS of NSCLC patients (n = 35) on ICI rechallenge treatment. (d) OS of NSCLC
patients (n = 35) on ICI rechallenge treatment.

Univariate analyses of the patient data revealed that ECOG-PS ≥ 2 (HR 2.21, 95% CI 1.00–4.83,
p = 0.048), BMI > 20 (HR 0.47, 95% CI 0.22–0.99, p = 0.047), NLR ≥ 5 (HR 2.22, 95% CI 1.02–4.84,
p = 0.045), and LMR < 1.7 (HR 0.44, 95% CI 0.21–0.93, p = 0.032) were significantly associated with PFS
of ICI rechallenge (Table 2). Moreover, multivariate analysis demonstrated that ECOG-PS ≥ 2 (HR 2.38,
95% CI 1.03–5.52, p = 0.043) and BMI > 20 (HR 0.43, 95% CI 0.19–0.95, p = 0.036) were significantly
associated with PFS of ICI rechallenge (Table 3 and Figure 3).

Table 2. Cox proportional hazards and logistic regression models for progression-free survival (PFS)
and overall survival (OS).

Items
PFS (Univariate Analysis) OS (Univariate Analysis)

HR (95% CI) p-Value HR (95% CI) p-Value

Age > 75 Years 0.81 (0.34–1.91) 0.63 1.45 (0.55–3.80) 0.45
Male Gender 1.47 (0.66–3.26) 0.35 2.39 (0.80–7.17) 0.12

Smoker 1.508 (0.63–3.59) 0.35 2.50 (0.73–8.58) 0.14
ECOG-PS ≥ 2 2.21 (1.00–4.83) 0.048 4.23 (1.65–10.89) 0.0028

Squamous Histology 1.08 (0.47–2.48) 0.86 0.67 (0.24–1.83) 0.43
EGFR Mutations Positive 0.83 (0.28–2.43) 0.73 1.17 (0.34–4.02) 0.80

BMI > 20 0.47 (0.22–0.99) 0.047 0.42 (0.17–1.02) 0.056
BMI > 25 0.54 (0.19–1.59) 0.27 0.92 (0.26–3.25) 0.90

Corticosteroids Administration 1.3 (0.49–3.52) 0.58 0.66 (0.19–2.27) 0.51
Alb > 3.5 g/dL 0.53 (0.25–1.11) 0.092 0.37 (0.15–0.90) 0.028

CRP > 1.0 mg/dL 1.44 (0.68–3.04) 0.34 2.92 (1.10–7.76) 0.032
LDH > 245 U/L 1.41 (0.67–2.99) 0.37 2.16 (0.89–5.24) 0.090

NLR > 5.0 2.22 (1.02–4.84) 0.045 1.98 (0.79–4.92) 0.14
LMR > 1.7 0.44 (0.21–0.93) 0.032 0.51 (0.21–1.23) 0.14
PLR > 262 2.23 (0.99–5.03) 0.054 2.80 (1.02–7.67) 0.045

Liver Metastasis 1.79 (0.61–5.28) 0.29 1.95 (0.55–6.886) 0.30
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Table 2. Cont.

Items
PFS (Univariate Analysis) OS (Univariate Analysis)

HR (95% CI) p-Value HR (95% CI) p-Value

Brain Metastasis 1.17 (0.47–2.91) 0.73 0.58 (0.17–2.00) 0.39
PD-L1 TPS 1–49% 0.32 (0.096–1.05) 0.059 0.55 (0.16–1.89) 0.34
PD-L1 TPS > 50% 0.35 (0.12–1.05) 0.061 0.42 (0.12–1.49) 0.18

Lines between First and Second ICIs > 2 1.26 (0.55–2.87) 0.58 1.54 (0.59–4.04) 0.38
PFS of First ICI >120 d 1.06 (0.50–2.23) 0.89 1.30 (0.55–3.08) 0.54

Duration from the End of the First ICI to
the Second ICI >157 d 0.97 (0.47–2.02) 0.94 0.77 (0.32–1.84) 0.55

Partial Response with First ICIs 0.58 (0.26–1.33) 0.20 0.99 (0.40–2.48) 0.98

Table 3. Cox proportional hazards and logistic regression models for progression-free survival (PFS)
and overall survival (OS).

Items
PFS (Multivariate Analysis) OS (Multivariate Analysis)

HR (95% CI) p-Value HR (95% CI) p-Value

ECOG-PS ≥ 2 2.38(1.03–5.52) 0.043 3.01(1.10–8.24) 0.032
BMI > 20 0.43(0.19–0.95) 0.036

Alb > 3.5 g/dL 0.48(0.18–1.28) 0.14
CRP > 1.0 mg/dL 1.51(0.48–4.75) 0.49

NLR > 5.0 1.08(0.22–5.18) 0.93
LMR > 1.7 0.57(0.13–2.54) 0.46
PLR > 262 1.93(0.68–5.43) 0.22
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Figure 3. Kaplan–Meier survival curves for progression-free survival (PFS) of patients who received
immune checkpoint inhibitor (ICI) rechallenge treatment. (a) Eastern Cooperative Oncology Group
(ECOG-PS) ≥ 2, (b) body mass index (BMI) ≤ 20, (c) neutrophil-to-lymphocyte ratio (NLR) > 5, and (d)
lymphocyte-to-monocyte ratio (LMR) ≤ 1.7 were significantly associated with inferior PFS.

Univariate analyses of the patient data revealed that ECOG-PS ≥ 2 (HR 4.23, 95% CI 1.65–10.89,
p = 0.0023), CRP > 1.0 (HR 2.92, 95% CI 1.10–7.76, p = 0.032), albumin > 3.5 (HR 0.37, 95% CI 0.15–0.90,
p = 0.028), and PLR > 262 (HR 2.80, 95% CI 1.02–7.67, p = 0.045) were significantly associated with OS
of ICI rechallenge (Table 2). Multivariate analysis demonstrated that ECOG-PS ≥ 2 (HR 3.01, 95% CI
1.10–8.24, p = 0.032) was significantly associated with OS of ICI rechallenge (Table 3).
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4. Discussion

PD-L1 expression in tumors has been used clinically as a positive predictive biomarker for the
effective initial ICI treatment of patients with NSCLC [16]. However, clinically useful biomarkers have
not yet been identified for predicting the efficacy of ICI rechallenge. Fujita et al. reported that objective
response rate (ORR), disease control rate (DCR), and PFS values of pembrolizumab rechallenge after
refractory nivolumab for 12 patients with NSCLC were 8.3%, 41.7%, and 3.1 months, respectively [8].
In addition, ORR, DCR, and PFS of atezolizumab rechallenge after refractory anti-PD-1 antibodies for
18 patients with NSCLC were 0%, 38.9%, and 2.9 months, respectively [17]. Another report showed
that ORR, DCR, and PFS values of ICI rechallenge in 14 patients with ICI refractory tumors were
7.1%, 21.4%, and 1.6 months, respectively [7]. Our current observations showed that ORR, DCR,
PFS, and OS values of ICI rechallenge in 35 patients with NSCLC were 2.9%, 42.9%, 2.7 months,
and 7.5 months, respectively. These reproducible findings suggest that refractory NSCLC tumors
for initial ICI treatments may exhibit poor responses to ICI rechallenge treatments, and the clinical
benefits may be limited compared with those of the initial ICI treatment. However, a subset of patients
with NSCLC demonstrate good outcomes with ICI rechallenge treatments. Therefore, there is a need
for the elucidation of predictive clinical factors for re-treatment of ICI responders among patients
with NSCLC.

Our multivariate analysis identified ECOG-PS and BMI as independent factors associated with
poorer PFS of ICI rechallenge treatment in patients with NSCLC who were refractory to initial ICI
treatment. This is the first report that identifies predictive clinical factors for the efficacy of ICI
rechallenge in patients with NSCLC. The general and nutritional status of patients with NSCLC are
closely related to the effects of ICI treatment. Several studies have demonstrated that poor ECOG-PS
is a predictive negative factor related to clinical outcomes of initial ICI treatment in patients with
NSCLC [10,13,18,19]. ECOG-PS is one of the factors that determines the tumor immune environment,
and it has been reported that an imbalance of circulating T-lymphocyte subpopulations in patients
with gastric cancer correlates with ECOG-PS [20]. BMI is widely used for relating weight to height,
defining body size, and indicating nutritional status. In addition, a lower BMI is associated with
increased mortality risk [21–24]. Our previous clinical study demonstrated that NSCLC patients with
sarcopenia exhibit a significantly shorter median PFS following ICI treatment compared to that of
non-sarcopenia patients [25]. Given these observations, a poor ECOG-PS and a low BMI at the time
of ICI treatment intervention may be useful for predicting non-responders to initial ICI treatment, as
well as ICI rechallenge treatment among patients with NSCLC. Recent clinical trials demonstrated
that the ghrelin/growth hormone secretagogue receptor agonist anamorelin increases lean body
mass and improves the performance status in NSCLC patients with cachexia [26,27]. Therefore, the
administration of anamorelin may improve the effect of ICI rechallenge treatment.

The effectiveness of initial ICI treatments has been reported to be associated with PD-L1 expression
in NSCLC tumors [28]. Our current observations show that the patients with PD-L1 expression tended
to have longer PFS. This suggests that PD-L1 expression levels in pre-treatment tumors may be a factor
to consider when with regard to ICI rechallenge treatment. Regardless, based on our observations, the
values of blood NLR, LMR, and PLR at baseline may be useful tools for predicting responders to the
ICI rechallenge treatment, which is consistent with the initial ICI treatment [10,13,15,29]. Thus, when
considering ICI rechallenge treatment in patients with NSCLC, the inflammation markers, such as
NLR, LMR, and PLR, may be useful to some extent for identifying responders to ICI rechallenge.

A previous report suggests that the response to initial ICI treatments correlates with the clinical
response to ICI rechallenge treatment in patients with melanoma [30]. However, our results failed to
indicate a relationship between clinical outcomes of initial ICI treatment and ICI rechallenge treatment
in patients with NSCLC. This suggested that there may be differences between the immunological
properties of NSCLC and melanoma.

The current study had several limitations. First, it consisted of a small retrospective sample.
Therefore, a further large-cohort study is warranted to identify the predictive markers of ICI rechallenge
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treatment. Second, although the treatment was administered at multiple centers, there may have been
bias in terms of the timing of evaluating the patients using CT scanning, even though it was performed
every 1–3 months after treatment.

5. Conclusions

Our observations suggest that a poor ECOG-PS and a low BMI at the time of intervention with
ICI rechallenge may be useful as negative predictors for ICI rechallenge treatment in patients with
NSCLC. As this retrospective study was a relatively small-scale study, further experiments are needed
to validate the observations.
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