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Abstract
Purpose  This study evaluated the efficacy and safety of nivolumab treatment beyond progressive disease (PD) in non-small 
cell lung cancer (NSCLC).
Patients/methods  Medical records of consecutive patients with advanced NSCLC who received nivolumab between Decem-
ber 2015 and December 2018 were reviewed. Clinical outcomes of three groups of eligible patients who received nivolumab 
as a second-line treatment after PD were compared based on Response Evaluation Criteria in Solid Tumors v1.1. We con-
ducted subgroup analyses in patients with and without new lesions at first PD.
Results  Twenty-eight patients continued nivolumab treatment beyond PD (TBP). Post PD, 46 patients switched to other anti-
cancer treatment (OAT), and 21 received no further anti-cancer treatment (NAT). There were no significant differences in 
overall survival (OS) or survival post progression (SPP) between TBP and OAT groups (OS: 15.6 vs. 13.4 months, P = .40, 
SPP: 12.2 vs. 9.3 months, P = .42). Subgroup analyses indicated that among patients without new lesions at first PD, SPP 
was longer in the TBP than in the OAT groups (12.6 vs. 9.3 months, P = .22, HR: 0.64; 95% CI 0.31‒1.31). The frequency 
of immune-related adverse events leading to discontinuation during nivolumab beyond PD was equivalent to that for pre-PD 
(10.7 vs. 12.6%).
Conclusions  No significant benefits were associated with continuation of nivolumab for advanced NSCLC patients. Continu-
ation of nivolumab beyond PD could be a more useful option in patients without new lesions at first PD. Treatment-related 
toxicities require attention during nivolumab treatment not only before PD but also beyond PD.
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Introduction

Nivolumab, an immune checkpoint inhibitor, is a fully 
human antibody specific to programmed cell death 1 (PD-
1). It blocks the interaction between PD-1 on activated T 
cells and its ligands, leading to efficacy against multiple 
tumor types [1–7]. Checkmate 017/057/078 demonstrated 
the clinical benefits and favorable tolerability of nivolumab 

for previously treated advanced non-small cell lung cancer 
(NSCLC) patients compared with docetaxel [1, 2, 8].

The response to immunotherapy may sometimes dif-
fer from those to previous treatments, showing a slower 
response and pseudo-progression [9]. Response Evaluation 
Criteria in Solid Tumors (RECIST) v1.1 indicated the possi-
bility that patients may benefit from continuing immunother-
apy following progressive disease (PD). Although response 
evaluation criteria for immunotherapy, such as immune-
related response criteria (irRC), immune-related RECIST 
(irRECIST), and modified immune-related RECIST (iRE-
CIST), may help evaluate the response to immunotherapy 
more appropriately, these are complicated and not likely to 
be widely used in clinical practice [10–13].

In addition, with regard to anti-cancer treatments other 
than immunotherapy, continuation of EGFR-TKI beyond 
PD, rather than its discontinuation, may prolong the overall 
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survival (OS) of patients with EGFR activating mutations 
[14, 15].

Some studies have suggested that continuation of immu-
notherapy beyond PD may be beneficial [16–20]. Based on 
these studies, patients with advanced NSCLC may benefit 
from continuing nivolumab beyond PD. However, only a 
few studies have examined whether nivolumab beyond PD is 
effective and safe for patients with advanced NSCLC. There-
fore, the objective of the current study was to estimate the 
efficacy and safety of nivolumab beyond PD in patients with 
advanced NSCLC, as well as the clinical features of patients 
who benefited from nivolumab beyond PD.

Patients and methods

Design

This cross-sectional single-center retrospective study was 
approved by the institutional review board of the National 
Hospital Organization (NHO) Kinki-Chuo Chest Medical 
Center (approval number 2019–014). We used an opt-out 
method to allow patients and families to refuse to participate 
in the study.

Patients

The medical records of 296 consecutive patients with 
advanced NSCLC who received nivolumab in our institu-
tion between 17 December 2015 and 31 December 2018 
were retrospectively reviewed. Of the 296 patients, those 
who received nivolumab as a second-line treatment were 
included. Patients who had been lost to follow-up or 
nivolumab treatment or had not been diagnosed with PD 
using RECIST v1.1 by 28 February 2019 were excluded. 
The medical records of patients who were eligible on 28 
February 2019 were included in the analysis on 26 July 
2019. These patients were classified into three groups 
based on the following treatment after RECIST PD: con-
tinuing nivolumab treatment beyond PD [TBP], switching 
to other anti-cancer therapy [OAT], and receiving no further 
anti-cancer therapy [NAT]. RECIST PD was estimated via 
radiological examinations performed in clinical settings. We 
defined patients receiving nivolumab beyond PD as those 
receiving the last dose of nivolumab ≥ 2 weeks following 
first PD using RECIST v1.1.

Outcomes

We evaluated baseline characteristics [age, sex, ECOG per-
formance status, smoking history, histology, EGFR muta-
tion, presence of brain metastasis, bone metastasis, pleural 
effusion, overall response rate (ORR), disease control rate 

(DCR), and progression free survival (PFS)], OS, duration of 
nivolumab beyond PD, and survival post progression (SPP). 
Further, we evaluated new lesions at first PD, c-reactive pro-
tein (CRP), albumin (Alb), neutrophil-to-lymphocyte ratio 
(NLR), advanced lung cancer inflammation index (ALI) at 
baseline, and first progression using RECIST v1.1 during 
nivolumab treatment.

Safety was assessed in all patients who were eligible. 
Adverse events were graded for severity using the National 
Cancer Institute Common Terminology Criteria for Adverse 
Events, version 4.0.

In addition, we conducted subgroup analyses of SPP in 
patients presenting with and without new lesions at first PD.

Statistical analysis

The characteristics of patients in TBP and OAT groups were 
compared using the Mann–Whitney U test or Fisher’s exact 
test.

PFS was defined as the period from the date of initia-
tion of nivolumab treatment to the date of first progression. 
OS was defined as the period from the date of initiation of 
nivolumab treatment to the date of death due to any cause. 
Duration of nivolumab beyond PD was defined as the period 
from the date of first progression to the date of clinical PD. 
SPP was defined as the period from the date of first progres-
sion to the date of death due to any cause. Data for patients 
not reported as deceased at the time of analysis were cen-
sored at the date they were last known to be alive. PFS, OS, 
duration of nivolumab beyond PD, and SPP were estimated 
using the Kaplan–Meier method, and the log-rank test was 
used to assess differences between TBP and OAT groups, as 
well as differences between TBP and the groups not continu-
ing nivolumab treatment beyond PD (NTBP, i.e. OAT and 
NAT groups). Univariable Cox proportional hazard regres-
sion models were adopted to determine hazard ratios. All 
statistical analyses were performed using EZR software, ver-
sion 1.38. Statistical significance was set at P < 0.05.

Results

Patient characteristics at baseline and at the time 
of PD

The patient selection process is shown in Fig. 1. Of the 296 
consecutive patients with advanced NSCLC who received 
nivolumab in our institution between 17 December 2015 and 
31 December 2018, 144 who received nivolumab monother-
apy as a second-line treatment were identified. Five patients 
lost to follow-up were excluded and 44 patients who were 
found to have not been diagnosed with PD using RECIST 
v1.1 by 28 February 2019 during nivolumab treatment 
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were also excluded. Ninety-five patients were eligible on 
28 February 2019 and the medical records of these patients 
were included in the analysis on 26 July 2019. Post PD, 
28 patients (29%) continued nivolumab, 46 patients (48%) 
switched to OAT, and 21 patients (22%) received NAT 
(Fig. 1).

Patient characteristics are shown in Table 1. The median 
ages of TBP, OAT, and NAT groups were 73 (range: 
45‒85), 71 (range: 55‒84), and 68 (range: 51‒84), respec-
tively. ORRs in the TBP, OAT, and NAT groups were 25% 
[95% confidence interval (CI) 10.7‒44.9], 2.2% (95% CI 
0.1‒11.5), and 0.0% (95% CI 0.0‒13.3), respectively. DCRs 
in the TBP, OAT, and NAT groups were 64.3% (95% CI 
44.1‒81.4), 58.7% (95% CI 43.2‒73.0), and 47.6% (95% CI 
25.7‒70.2), respectively. PFSs in the TBP, OAT, and NAT 
groups were 3.4 months (95% CI 1.7‒4.9), 2.2 months (95% 
CI 1.8‒3.0), and 2.9 months (95% CI 0.9‒4.3), respectively.

Although all baseline characteristics were relatively com-
parable between TBP and OAT groups, there were signifi-
cant differences with respect to ORR (P = 0.026), NLR at 
first PD using RECIST v1.1 (P = 0.011), and ALI at first PD 
using RECIST v1.1 (P = 0.019).

Efficacy of nivolumab beyond progressive disease

The median duration of nivolumab beyond PD was 
3.8 months (95% CI 2.8‒6.6). Following the first PD, no 
patients in the TBP group experienced a decrease in target 
lesions (> 30%) compared to that of baseline. At the time of 
the final analysis, two patients (7%) in the TBP group were 
still receiving nivolumab, while 26 (93%) had discontinued 
nivolumab. OS in the TBP, OAT, NAT, and NTBP groups 

was 15.6 (95% CI 10.8–25.7), 13.4 (95% CI 8.3–20.4), 
4.5 (95% CI 1.7–6.2), and 8.3 months (95% CI 6.4–11.0), 
respectively (Fig. 2a; Online Resource 1). There was no 
significant difference between the TBP group and the OAT 
group (P = 0.40), although the difference between the TBP 
group and the NTBP group was significant (P = 0.026). SPPs 
in the TBP, OAT, NAT, and NTBP groups were 12.2 (95% 
CI 5.8–26.6), 9.3 (95% CI 6.4–13.8), 0.7 (95% CI 0.4–1.7), 
and 5.3 months (95% CI 2.7–6.9), respectively (Fig. 2b; 
Online Resource 2). There was no significant difference 
between the TBP group and the OAT group (P = 0.42), 
although the difference between the TBP group and the 
NTBP group was significant (P = 0.024).

Univariate analyses indicated that, for the TBP and OAT 
groups, a long OS was significantly associated with no 
smoking history, CRP at first progression < 1.0, ALI at first 
progression ≥ 18, and best response PR or SD. Continua-
tion of nivolumab at first PD was not associated with a long 
OS (HR = 0.78; 95% CI 0.44‒1.39; P = 0.40) (Table 2). A 
long SPP was significantly associated with no smoking his-
tory, non-squamous cell lung cancer, baseline CRP < 1.0, 
first PD CRP < 1.0, and first PD ALI ≥ 18. Continuation of 
nivolumab at first PD was not associated with a long SPP 
(HR = 0.79; 95% CI 0.45‒1.40; P = 0.42) (Table 3).

Subgroup analyses of patients with and without new 
lesions at first PD were conducted. In the subgroup analy-
sis of patients without new lesions at first PD (n = 57), 
SPP in the TBP group (n = 19) tended to be longer than 
that in the OAT group (n = 38) (12.6 vs. 9.3  months, 
P = 0.22, HR = 0.64; 95% CI 0.31‒1.31) (Fig. 3a). On 
the other hand, subgroup analyses of patients with new 
lesions at first PD (n = 17) indicated that median SPPs in 

Fig. 1   Flowchart of this study. 
PD progressive disease, 
RECIST response evaluation 
criteria in solid tumors
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Table 1   Patient characteristics

CRP c-reactive protein, PD progressive disease, Alb albumin, NLR: neutrophil-to-lymphocyte ratio, ALI 
advanced lung cancer inflammation index, ORR objective response rate, DCR disease control rate, PFS 
progression free survival

Continuing nivolumab, 
n = 28

Other anticancer treat-
ment, n = 46

No anticancer 
treatment, 
n = 21

Baseline characteristics
Age, years
Median (Range) 73 (45‒85) 71 (55‒84) 68 (51‒84)
Sex, n (%)
 Male 16 (57) 33 (72) 18 (86)
 Female 12 (43) 13 (28) 3 (14)

ECOG performance status, n (%)
 0‒1 22 (79) 38 (83) 11 (52)
 2‒3 6 (21) 8 (17) 10 (48)

Smoking history, n (%)
 Current 2 (7) 13 (28) 5 (24)
 Former 20 (71) 25 (54) 14 (67)
 Never 6 (21) 8 (17) 2 (10)

Histology, n (%)
 Non-squamous 16 (57) 33 (72) 14 (67)
 Squamous 12 (43) 13 (28) 7 (33)

EGFR mutation, n (%)
 Positive 1 (4) 5 (11) 0 (0)
 Negative 20 (71) 32 (70) 13 (62)
 Unknown 7 (25) 9 (20) 8 (38)

Metastasis
 Brain, n (%) 4 (14) 11 (24) 3 (14)
 Bone, n (%) 4 (14) 9 (20) 7 (33)
 Liver, n (%) 5 (18) 4 (9) 7 (33)

Pleural effusion, n (%) 13 (46) 21 (46) 9 (43)
CRP (mg/dL), Median (Range)
 Baseline 0.7 (0.0‒9.2) 0.7 (0.0‒7.2) 2.1 (0.1‒11.7)
 First PD 1.1 (0.0‒5.7) 1.3 (0.0‒15.6) 5.8 (0.5‒27.5)

Alb (g/dL), Median (Range)
 Baseline 3.8 (2.5‒4.3) 3.8 (2.2‒4.8) 3.3 (2.3‒3.9)
 First PD 3.8 (2.5‒4.3) 3.5 (2.0‒4.2) 2.6 (1.6‒3.8)

NLR, Median (Range)
 Baseline 3.2 (0.8‒9.3) 3.6 (0.7‒11.3) 4.4 (1.6‒32.3)
 First PD 3.4 (1.6‒10.1) 5.5 (1.0‒60.0) 6.6 (2.4‒44.7)

ALI, Median (Range)
 Baseline 23.1 (7.0‒108.4) 23.0 (7.5‒133.5) 13.5 (1.5‒37.7)
 First PD 21.9 (9.1‒62.2) 13.0 (0.9‒86.7) 7.6 (0.7‒37.1)

ORR before PD
 % 25.0 2.2 0.0
 95% CI 10.7‒44.9 0.1‒11.5 0.0‒13.3

DCR before PD
 % 64.3 58.7 47.6
 95% CI 44.1‒81.4 43.2‒73.0 25.7‒70.2

PFS before PD
 Months 3.4 2.2 2.9
 95% CI 1.7‒4.9 1.8‒3.0 0.9‒4.3
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the TBP (n = 9) and OAT groups (n = 8) were 10.7 and 
9.3 months, respectively (P = 0.78; HR = 1.18; 95% CI 
0.38‒3.61) (Fig. 3b).

Treatment exposure and response durations of patients 
in the TBP group are shown in Online Resource 3.

Safety

During nivolumab pre-PD, Grade 2‒4 treatment-related 
toxicities leading to temporary or permanent discontinu-
ation of nivolumab occurred in 1 (3.6%), 8 (17.4%), and 

Fig. 2   a Kaplan–Meier curves for overall survival in TBP, OAT, and 
NAT groups. b Kaplan–Meier curves for survival post progression in 
TBP, OAT, and NAT groups. TBP continuing nivolumab treatment 

beyond progressive disease, OAT switching to other anti-cancer treat-
ment, NAT receiving no further anti-cancer treatment

Table 2   Cox regression analysis 
of overall survival (TBP and 
OAT groups, n = 74)

TBP continuing nivolumab treatment beyond progressive disease, OAT switching to other anti-cancer treat-
ment, HR hazard ratio, PS performance status, PD progressive disease, CRP c-reactive protein, NLR neu-
trophil-to-lymphocyte ratio, ALI advanced lung cancer inflammation index, PR partial response, SD stable 
disease

Variables Overall survival

univariate HR 95%CI P

Age (years) (≥ 70 vs. < 70) 1.14 0.65‒2.01 .65
Sex (male vs. female) 1.53 0.85‒2.75 .16
ECOG PS (0‒1 vs. 2‒3) 0.67 0.35‒1.32 .25
 Smoking history (yes vs. no) 2.31 1.04‒5.15 .040
 Histology (squamous vs. non-squamous) 1.70 0.98‒2.97 .061
 Nivolumab continuation at first PD (yes vs. no) 0.78 0.44‒1.39 .40
 New lesions at first PD (yes vs. no) 1.05 0.56‒1.98 .87

CRP (mg/dL) (≥ 1.0 vs. < 1.0)
 Baseline 1.62 0.94‒2.80 .085
 First PD 1.83 1.04‒3.20 .035

NLR (≥ 4.0 vs. < 4.0)
 Baseline 1.31 0.74‒2.31 .35
 First PD 1.38 0.80‒2.38 .25

ALI (≥ 18 vs. < 18)
 Baseline 0.69 0.39‒1.22 .20
 First PD 0.46 0.25‒0.84 .012

Best response to nivolumab before first PD
 (PR or SD vs. PD) 0.45 0.26‒0.77 .0041
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3 (14.3%) patients in the TBP, OAT, and NAT groups, 
respectively, and in 12 (12.6%) of all patients. One patient 
in the TBP group stopped receiving nivolumab due to 
Grade 3 liver damage. One patient temporarily stopped 
receiving nivolumab due to tuberculosis, although it 

remains unclear whether it was related to the treatment 
or not.

During nivolumab treatment beyond PD, Grade 2‒4 
treatment-related toxicities leading to discontinuation of 
nivolumab occurred in 3 patients (10.7%). One patient died 

Table 3   Cox regression 
analysis of overall survival post 
progressive disease (TBP and 
OAT group, n = 74)

TBP continuing nivolumab treatment beyond progressive disease, OAT switching to other anti-cancer treat-
ment, HR hazard ratio, PS performance status, PD progressive disease, CRP c-reactive protein, NLR neu-
trophil-to-lymphocyte ratio, ALI advanced lung cancer inflammation index, PR partial response, SD stable 
disease, PFS progression free survival

Variables Overall survival post progressive disease

univariate HR 95%CI P

Age (years) (≥ 70 vs. < 70) 1.26 0.71‒2.22 .43
Sex (male vs. female) 1.48 0.82‒2.67 .19
ECOG PS (0‒1 vs. 2‒3) 0.59 0.30‒1.15 .12
 Smoking history (yes vs. no) 2.53 1.12‒5.65 .024
 Histology (squamous vs. non-squamous) 2.14 1.22‒3.76 .0080
 Nivolumab continuation at first PD (yes vs. no) 0.79 0.45‒1.40 .42
 New lesions at first PD (yes vs. no) 1.15 0.61‒2.16 .66

CRP (mg/dL) (≥ 1.0 vs. < 1.0)
 Baseline 2.0 1.46‒3.49 .013
 First PD 2.3 1.30‒4.01 .0041

NLR (≥ 4.0 vs. < 4.0)
 Baseline 1.41 0.80‒2.48 .24
 First PD 1.68 0.97‒2.91 .063

ALI (≥ 18 vs. < 18)
 Baseline 0.64 0.36‒1.14 .13
 First PD 0.38 0.21‒0.69 .0016
 PFS (m)
(≥ 3.0 vs. < 3.0)

0.75 0.43‒1.30 .30

Best response to nivolumab before first PD
 (PR or SD vs. PD) 0.62 0.36‒1.07 .083

Fig. 3   a Kaplan–Meier curves for survival post progression in 
patients without new lesions at first progressive disease in TBP and 
OAT groups. b Kaplan–Meier curves for survival post progression in 

patients with new lesions at first progressive disease in TBP and OAT 
groups. TBP continuing nivolumab treatment beyond progressive dis-
ease, OAT switching to other anti-cancer treatment, N/A not available
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due to acute liver involvement and interstitial lung disease, 
one stopped receiving nivolumab due to Grade 3 diarrhea, 
and another stopped receiving nivolumab due to Grade 2 
interstitial lung disease.

Of the 27 patients in the TBP group who discontinued 
nivolumab treatment, 16 (59.3%) switched to OAT, while 11 
(40.7%) did not receive any anti-cancer therapy.

Discussion

This retrospective study indicated that there was no signifi-
cant difference in OS between TBP and OAT groups (OS: 
15.6 vs. 13.4 months; P = 0.40), while the difference between 
TBP and NTBP groups was significant (15.6 vs. 8.3 months; 
P = 0.026). Furthermore, the difference in SPP between TBP 
and OAT groups (12.2 vs. 9.3 months; P = 0.42) was not 
significant, while the difference between TBP and NTBP 
groups was (12.2 vs. 5.3 months; P = 0.024). Subgroup anal-
yses indicated that, in patients without new lesions at first 
PD, SPP tended to be longer in the TBP group than in the 
OAT group (12.6 vs. 9.3 months; P = 0.22; HR: 0.64; 95% 
CI 0.31‒1.31). The frequency of immune-related adverse 
events leading to discontinuation during nivolumab beyond 
PD was equivalent to that of pre-PD (10.7 vs. 12.6%).

The current study indicated the absence of a significant 
difference in OS and SPP between TBP and OAT groups, 
although median OS and SPP in the TBP group were a little 
longer than those in the OAT group. Recent studies have 
suggested that continuing immunotherapy beyond PD may 
be beneficial [16–20]. It has been suggested that nivolumab 
treatment beyond PD may be associated with improved sur-
vival in patients with melanoma and renal cell carcinoma 
[16–18]. Following a phase III OAK study, Gandara et al. 
suggested that atezolizumab, which is an immune check-
point inhibitor like nivolumab, is effective beyond PD. Fur-
thermore, Ricciuti et al. conducted a retrospective study 
and reported that OS of patients with NSCLC continuing 
nivolumab beyond PD was significantly longer than that 
of patients switching to a different regimen or receiving 
no further therapy (P < 0.0001) [20]. The less favorable 
results of nivolumab treatment beyond PD observed in our 
study, as compared with those of previous studies, may be 
due to the difference in patient characteristics. While we 
defined nivolumab beyond PD as nivolumab ≥ 2 weeks 
after first PD using RECIST v1.1, Ricciuti et al. defined it 
as nivolumab ≥ 6 weeks after first PD using RECIST v1.1. 
This may have led to the more favorable results observed 
in patients receiving nivolumab beyond PD in the previous 
study.

According to the univariate analyses of TBP and OAT 
groups, continuation of nivolumab at first PD was not associ-
ated with long OS (HR = 0.78; 95% CI 0.44‒1.39; P = 0.40) 

or SPP (HR = 0.79; 95% CI 0.45‒1.40; P = 0.42), while long 
OSs and SPPs were significantly associated with CRP at first 
PD (< 1.0) and ALI at first PD (≥ 18). Thus, the favorable 
results observed in patients continuing nivolumab beyond 
PD by previous studies [16–20] may not have been due to 
continuing nivolumab beyond PD, but to good clinical char-
acteristics. The results of our study challenge the previously 
reported efficacy of nivolumab beyond PD.

On the other hand, subgroup analyses showed that SPP 
in patients without new lesions at first PD in the TBP group 
tended to be longer than that in the OAT group (12.6 vs. 
9.3 months; P = 0.22; HR = 0.64; 95% CI 0.31‒1.31). Thus, 
continuation of nivolumab beyond PD may be a more useful 
option for patients without new lesions at first PD. Further-
more, recent studies have reported that local consolidative 
therapy may improve survival in advanced NSCLC patients 
with oligometastasis [21–24]. Therefore, nivolumab treat-
ment beyond PD may be more effective in combination with 
local consolidative therapy.

With regard to the safety of nivolumab beyond PD, the 
current study indicated that the frequency of Grade 2‒4 
treatment-related toxicities leading to discontinuation of 
nivolumab was not higher for nivolumab beyond PD (10.7%) 
than for nivolumab pre-PD (12.6%). Large clinical stud-
ies have shown that 7‒10% of patients with NSCLC who 
were treated with nivolumab exhibited Grade 3 or 4 toxic-
ity events [1, 2]. The frequency of Grade 2–4 treatment-
related toxicities leading to discontinuation of nivolumab 
during nivolumab beyond PD observed in this study was 
not considered to be higher than that observed in previous 
studies. Furthermore, Ricciuti, et al. reported that there was 
no significant difference in the rate of Grade 3 or 4 adverse 
events between patients who continued nivolumab beyond 
PD and those who did not (11.6% vs. 8.6%) [20]. Therefore, 
nivolumab treatment beyond PD may be relatively well toler-
ated by patients with advanced NSCLC.

However, the present study indicated that treatment-
related toxicities occurred not only during nivolumab pre-
PD but also beyond PD. In addition, one patient died due to 
immune-related adverse events. The patient had a medical 
history of usual interstitial pneumonia. He was considered 
to have PD due to lung metastasis following 10 cycles of 
nivolumab. Thereafter, he suffered acute liver involvement 
and ILD exacerbation during the 42nd cycle of nivolumab 
beyond PD, suggesting that patients with ILD should avoid 
continuation of nivolumab beyond PD. Attention also needs 
to be paid to treatment-related toxicities during nivolumab 
beyond PD.

This study was beset with certain limitations. Firstly, it was 
conducted at a single center using a relatively small sample 
size. Secondly, this study was retrospective and involved sig-
nificantly different patient characteristics at first PD. However, 
it is difficult to conduct a prospective study wherein patient 
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characteristics at first PD are well balanced. Thirdly, response 
evaluation criteria for immunotherapy, such as irRC, iRECIST, 
and irRECIST, were not used. However, these are complicated 
and not likely to be widely used in clinical practice. Thus, the 
use of simpler radiological findings to estimate whether con-
tinuing nivolumab is beneficial to patients may be warranted.

In conclusion, there were no significant benefits associated 
with continuation of nivolumab for advanced NSCLC patients. 
Continuation of nivolumab beyond PD may be especially 
useful for patients without new lesions at first PD. Attention 
must be paid to treatment-related toxicities during nivolumab 
beyond PD.
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