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randomized controlled trials (RCTs), including the Check-
Mate-9LA and KEYNOTE-189/407 studies [1–3]. They are 
among the most common first-line treatments for patients 
with advanced NSCLC with wild-type EGFR and ALK, as 
their efficacies have been demonstrated regardless of histol-
ogy or PD-L1 expression levels.

Ipilimumab, an anti-CTLA-4 IgG1 monoclonal antibody, 
induces a durable immune response by directly binding to 
and activating T cells while reducing regulatory T cells. 
Generally, the addition of anti-CTLA-4 antibody to anti-
PD-1 or PD-L1 antibody provides longer survival benefits 
but also increases the frequency of immune-related adverse 
events (AEs) [6, 7]. Two network meta-analyses indirectly 

Introduction

Anti-programmed cell death-1 (PD-1), anti-programmed 
cell death ligand-1 (PD-L1), and anti-cytotoxic T-lym-
phocyte-associated protein 4 (CTLA-4) antibodies com-
bined with platinum-based chemotherapy have drastically 
improved the survival outcomes of patients with advanced 
non-small cell lung cancer (NSCLC) [1–6]. Nivolumab plus 
ipilimumab with chemotherapy (NICT) and pembrolizumab 
with chemotherapy (PCT) were approved based on phase III 
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Abstract
Introduction  Nivolumab plus ipilimumab with chemotherapy (NICT) and pembrolizumab with chemotherapy (PCT) are 
commonly used in patients with advanced non-small cell lung cancer (NSCLC). Compared with immune checkpoint inhibi-
tor (ICI) monotherapy, ICI combination therapy can increase immune-related toxicity instead of prolonging survival. This 
study aimed to compare the efficacy and safety of NICT and PCT to decide on the favorable treatment.
Methods  We conducted a multi-center retrospective cohort study on patients who underwent NICT or PCT between Decem-
ber 2018 and May 2022. Propensity score matching (PSM) was performed with the variables age, sex, smoking status, 
performance status, stage, histology, and programmed cell death ligand-1 (PD-L1). The Kaplan–Meier method was used to 
compare survival for the matched patients.
Results  Six hundred consecutive patients were included. After PSM, 81 and 162 patients were enrolled in the NICT and PCT 
groups, respectively. The baseline characteristics were well-balanced. The median progression-free survival was equivalent 
(11.6 vs. 7.4 months; P = 0.582); however, the median overall survival (OS) was significantly longer in the NICT group than 
in the PCT group (26.0 vs. 16.8 months; P = 0.005). Furthermore, OS was better in PD-L1-negative patients who underwent 
NICT than in those who underwent PCT (26.0 vs. 16.8 months; P = 0.045). Safety profiles did not differ significantly in terms 
of severe adverse event and treatment-related death rates (P = 0.560, and 0.722, respectively).
Conclusions  Real-world data suggests that NICT could be a favorable treatment option compared with PCT for patients with 
advanced NSCLC. Further follow-up is needed to determine the long-term prognostic benefit.
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compared data retrieved from the above-mentioned RCTs 
and reported no significant differences among patients with 
NSCLC without PD-L1 selection between NICT and PCT 
in overall survival (OS) and AEs ≥ grade 3 [8, 9]. A phase 
III clinical trial directly comparing NICT and PCT (the 
NIPPON study) was initiated in April 2021; however, the 
NICT group reported treatment-related deaths beyond the 
expected range, leading to premature termination of the trial 
before its outcomes were available [10, 11].

Ultimately, determining the appropriate treatment for 
treatment-naïve advanced NSCLC is difficult, given the 
lack of clinical studies on direct comparisons between NICT 
and PCT in terms of efficacy and safety. Moreover, RCTs 
are often highly selective and low-risk, yielding results 
that cannot be generalized to patient groups in real-world 
settings [12]. Therefore, it is plausible that real-world sce-
narios might entail more severe toxicity compared to that 
observed in the NIPPON study. This highlights the urgent 
need to elucidate and compare the efficacy and safety of 
NICT and PCT using real-world data in terms of treatment 
options. Thus, this study aimed to retrospectively evaluate 
the efficacy and safety of NICT and PCT in treatment-naïve 
patients with advanced NSCLC using propensity score 
matching (PSM) to reduce the impact of differences in base-
line characteristics between treatment groups.

Materials and methods

Patient selection

Consecutive patients with histologically confirmed advanced 
or recurrent-stage NSCLC were registered through the elec-
tronic databases of 14 institutes in Japan: those who were 
treated with a first-line combination of nivolumab plus ipi-
limumab or pembrolizumab with platinum-based chemo-
therapy were included, and those with major EGFR gene 
mutation (exon 21 L858R or exon 19 deletion) mutations 
and ALK/ROS1 rearrangements were excluded. Patients for 
whom treatment was initiated between December 2018 and 
May 2022 were included, and the cutoff date for data collec-
tion was May 31, 2023.

Study design

This was a multicenter retrospective cohort study. The 
patients were classified into two groups according to 
the first-line treatment type: the NICT group, including 
patients treated with nivolumab plus ipilimumab with plat-
inum-based chemotherapy; and the PCT group, including 
patients treated with pembrolizumab with platinum-based 
chemotherapy.

Clinical data collected from medical records included age, 
sex, smoking status, Eastern Cooperative Oncology Group 
Performance Status (ECOG-PS), stage, driver gene muta-
tion, histology, PD-L1 expression, previous thoracic radio-
therapy, treatment outcomes, and AEs. Clinical responses 
were defined according to the Response Evaluation Criteria 
in Solid Tumors (RECIST) version 1.1 [13]. Time to treat-
ment discontinuation (TTD) was defined as the period from 
the first-line treatment start date to the date of discontinu-
ation for any cause. Progression-free survival (PFS) was 
defined as the period from the first-line treatment start date 
to the date of disease progression or death from any cause, 
and OS was determined from the first-line treatment start 
date to the date of death or last follow-up. The safety level 
was evaluated using the Common Terminology Criteria for 
Adverse Events, version 5.0 (CTCAE, ver5) based on AE 
incidence, treatment discontinuation, and treatment-related 
death (TRD) [14]. In this study, severe AEs (SAEs) were 
defined as AEs ≥ grade 3.

Statistical analyses

The sample size was determined based on the number of 
patients who met the inclusion criteria. The primary end-
points were TTD, PFS, OS, and SAE profiles between 
the matched groups. The secondary endpoint was the OS 
in each subgroup. We used a 1:2 propensity score-nearest 
neighbor matched pair method with a caliper size of 0.2. 
Unbalanced baseline conditions between groups were con-
trolled through PSM with covariate adjustments for age, 
sex, smoking status, ECOG-PS, stage, histology, and PD-L1 
levels [1–3]. Comparisons between groups were performed 
using the Mann–Whitney U-test for continuous data and the 
chi-squared test for categorical data before and after PSM. 
Fisher’s exact test was used for analysis when the small-
est expected value was < 5. Survival was assessed using the 
Kaplan–Meier method, with the log-rank test for compari-
son. The median follow-up duration was calculated using 
only patients without death events. The Cox proportional 
hazards regression model was used for the univariate analy-
sis of TTD, PFS, and OS. Differences with two-sided p val-
ues < 0.05 were considered significant. Statistical analyses 
were performed using SPSS, version 28.0 (IBM, Armonk, 
NY, USA).

Results

Patient characteristics

Among 600 eligible patients, 83 (13.8%) and 517 (86.2%) 
were classified into the NICT and PCT groups, respectively 
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(Fig. S1). Baseline demographic and clinical characteristics 
of the study patients are presented in Table 1. No significant 
differences were noted in age, sex, smoking history, ECOG-
PS, stage, histology, or previous thoracic radiotherapy 
between the two groups; however, a large difference was 
noted in the proportion of PD-L1 tumor proportion score 
(TPS). After PSM, a total of 243 patients were enrolled in 
the study, with 81 and 162 patients in the NICT and PCT 
groups, respectively. Baseline characteristics, including 
the PD-L1 TPS, did not differ significantly between the 
matched groups.

Treatment effectiveness in all matched patients

The median follow-up period was 18.5 (interquartile range, 
14.6–22.1) and 20.9 (interquartile range, 9.8–37.5) months 
among patients treated with NICT and PCT, respectively 
(P = 0.291). The median TTD was 6.2 and 5.1 months [haz-
ard ratio (HR): 0.88, 95% confidence interval (CI): 0.65–
1.18, P = 0.394, Fig.  1A)] and the median PFS was 11.6 

and 7.4 months (HR: 0.91, 95%CI: 0.66–1.27, P = 0.582, 
Fig. 1B) in the NICT and PCT groups, respectively. More-
over, the median OS was significantly longer in the NICT 
group than in the PCT group (26.0 vs. 16.8 months, HR: 
0.54, 95%CI: 0.35–0.83, P = 0.005, Fig. 1C).

Treatment effectiveness in each subgroup

We analyzed the OS, TTD and PFS in certain subgroups. A 
trend for longer OS was observed in patients who received 
NICT than in those who received PCT in both younger (26.0 
vs. 20.7 months; HR, 0.46; 95% CI, 0.21–1.02; P = 0.057) 
and elderly (24.1 vs. 16.6 months; HR, 0.58; 95% CI, 
0.34–0.98; P = 0.043) patients (Fig. 2A1 and A2), respec-
tively. A similar trend of better OS in patients receiving 
NICT was observed in the ECOG-PS 0–1 group alone [not 
reached (NR) vs. 18.9 months; HR, 0.47; 95% CI, 0.28–
0.77; P = 0.003)] (Fig. 2B1 and B2). Histologically, NICT 
was more significantly associated with longer OS than PCT 
for adenocarcinoma (NR vs. 20.7 months; HR, 0.49; 95% 

Table 1  Patient characteristics before and after propensity score matching (PSM)
All pts in the cohort (n = 600) Pts adjusted after PSM (n = 243)
NICT
(n = 83)

PCT
(n = 517)

P value NICT
(n = 81)

PCT
(n = 162)

P value

Median age (range) 69
[36–84]

69
[36–84]

0.196 69
[36–84]

68
[43–80]

0.820

  < 65 31 (37.3) 161 (31.1) 0.257 29 (35.8) 59 (36.4) 1.000
  ≥ 65 52 (62.7) 356 (68.9) 52 (64.2) 103 (63.6)
Sex, n (%) 0.255 0.714
  Female 14 (16.9) 118 (22.8) 14 (17.3) 25 (15.4)
  Male 69 (83.1) 399 (77.2) 67 (82.7) 137 (84.6)
Smoking, n (%) 0.133 1.000
  Never 5 (6.0) 61 (11.8) 5 (6.2) 9 (5.6)
  Former/current 78 (94.0) 456 (88.2) 76 (93.8) 153 (94.4)
ECOG-PS, n (%) 0.453 1.000
  0/1 72 (86.7) 462 (89.4) 71 (87.7) 142 (87.7)
  2/3/4 11 (13.3) 55 (10.6) 10 (12.3) 20 (12.3)
Stage, n (%) 0.890 0.877
  IV 63 (75.9) 396 (76.6) 61 (75.3) 119 (73.5)
  Others 20 (24.1) 121 (23.4) 20 (24.7) 43 (26.5)
  III 10 (12.0) 40 (7.7) 10 (12.3) 13 (8.0)
  Recurrent after surgery 7 (8.4) 74 (14.3) 7 (8.6) 27 (16.7)
  Recurrent after radiotherapy 3 (3.6) 7 (1.4) 3 (3.7) 3 (1.9)
Histology, n (%) 0.088 0.666
  Adenocarcinoma 45 (54.2) 299 (57.8) 45 (55.6) 91 (56.2)
  Squamous cell 25 (30.1) 177 (34.2) 25 (30.9) 55 (34.0)
  Others 13 (15.7) 41 (7.9) 11 (13.6) 16 (9.9)
PD-L1 TPS, n (%) 0.001 0.553
  ≥ 50% 10 (12.0) 157 (30.4) 10 (12.3) 24 (14.8)
  1–49% 32 (38.6) 162 (31.3) 31 (38.3) 55 (34.0)
  <1% 35 (42.2) 142 (27.5) 34 (42.0) 62 (38.3)
  unknown 6 (7.2) 56 (10.8) 6 (7.4) 21 (13.0)
Abbreviations: NICT, nivolumab plus ipilimumab with chemotherapy; PCT, pembrolizumab with chemotherapy; ECOG-PS, Eastern Coopera-
tive Oncology Group Performance Status; PD-L1 TPS, programmed cell death ligand-1 tumor proportion score; pts, patients
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the patients who developed SAEs, the most frequent event 
was pneumonitis (8.6% of patients); however, no significant 
difference was noted between the NICT and PCT groups 
(P = 0.333). Among all SAEs, skin and hepatobiliary toxici-
ties and adrenal pituitary disorder occurred more frequently 
in the NICT group than in the PCT group, although the dif-
ference was not significant.

Among patients who developed pneumonitis, 18 (22.2%) 
and 30 (18.5%) developed any-grade pneumonitis within 
12 months of combination therapy commencement in the 
NICT and PCT groups, respectively. The frequency of pneu-
monitis at each severity is shown in Fig. 3A. The median 
time to pneumonitis onset was 3.4 and 4.4 months in the 
NICT and PCT groups, respectively (Fig. 3B).

Discussion

We evaluated the efficacy and safety of NICT and PCT in 
treatment-naïve patients with advanced NSCLC in a real-
world setting using PSM. Patients who underwent NICT 
had significantly longer OS than those who underwent PCT, 
and a similar trend was observed in patients with PD-L1 
TPS negative. Moreover, the safety profiles of NICT and 
PCT were comparable in terms of SAE, treatment discon-
tinuation, and TRD rates. To the best of our knowledge, 
this is the first study to investigate the efficacy and safety of 
nivolumab plus ipilimumab and to directly compare NICT 
and PCT in real-world settings.

In this study, no significant differences were noted in 
short-term outcomes (i.e., TTD and PFS) between the NICT 
and PCT groups; however, a longer OS was observed in the 
NICT group. The addition of ipilimumab to anti-PD-1 anti-
body may have affected the longer survival by enhancing 
memory CD8 + T-cell function and decreasing regulatory 
T-cell via antibody-dependent cell-mediated cytotoxicity 

CI, 0.26–0.93; P = 0.029) but not for squamous cell carci-
noma (19.5 vs. 14.4 months; HR, 0.70; 95% CI, 0.36–1.37; 
P = 0.30) (Fig. 2C1 and C2). When subgrouping based on 
PD-L1 expression levels, the OS was significantly longer in 
the NICT group than in the PCT group only in PD-L1 TPS-
negative cases (26.0 vs. 16.8 months; HR, 0.49; 95% CI, 
0.25–0.99; P = 0.045) (Fig.  2D1–3). In contrast, the TTD 
and PFS were almost equal between the NICT and PCT 
groups in all subgroup analyses (Fig. S2 and S3).

Other treatment characteristics for matched 
patients

Approximately 60% of patients in both groups received 
platinum doublets that included pemetrexed, whereas the 
others received platinum doublets that included paclitaxel 
(P = 0.674) (Table S1). Approximately 50% of patients in 
both groups received only first-line treatment at the time 
of the analysis, and no significant differences were noted 
between the two groups (P = 0.102). For NICT and PCT, the 
objective response rates were 71.6% and 58.0% (P = 0.039), 
and the disease control rates were 87.7% and 87.0% 
(P = 0.892), respectively.

Safety profiles

Table 2 summarizes the treatment-related SAEs within 12 
months after initiation of combination therapy. In total, 
28 (34.6%) and 50 (30.9%) patients in the NICT and 
PCT groups, respectively, experienced grade ≥ 3 SAEs 
(P = 0.560), and 15 (18.5%) and 31 (19.1%) patients discon-
tinued treatment owing to SAEs, respectively (P = 0.908). 
Two (2.5%) and six (3.7%) patients died from treatment-
related AEs (P = 0.722): one of pneumonitis and one of 
steroid-related infection in the NICT group and four of 
pneumonitis and two of colitis in the PCT group. Among 

Fig. 1  Kaplan–Meier survival curves of TTD (A), PFS (B), and OS (C) 
in the NICT and PCT groups after propensity score matching. Abbre-
viations: NICT, nivolumab plus ipilimumab with chemotherapy; PCT, 

pembrolizumab with chemotherapy; mTTD, median time to treat-
ment discontinuation; mPFS, median progression-free survival; mOS, 
median overall survival; HR, hazard ratio
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Fig. 2  Subgroup analyses for OS in the NICT and PCT groups after a 
propensity score matching method according to age (A1: <65 years, 
A2: ≥65 years), ECOG-PS (B1: PS 0–1, B2: PS 2–4), histology (C1: 
adenocarcinoma, C2: squamous cell carcinoma), and PD-L1 TPS (D1: 
TPS ≥ 50%, D2: TPS 1–49%, D3: TPS < 1%). Abbreviations: NICT, 

nivolumab plus ipilimumab with chemotherapy; PCT, pembrolizumab 
with chemotherapy; mOS, median overall survival; HR, hazard ratio; 
NR, not reached; ECOG-PS, Eastern Cooperative Oncology Group 
Performance Status; PD-L1 TPS, programmed cell death ligand-1 
tumor proportion score
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in the NICT group. Discontinuation due to mild toxicity 
was approximately 10% more common in the NICT group, 
which may have resulted in a longer immune response [18].

In subgroup analyses, similar trends were observed for 
subsets such as age ≥ 65 years, better PS, adenocarcinoma, 
and PD-L1 TPS negative. Currently, data on adding ipi-
limumab in elderly patients and those with poorer PS are 
limited. The Energy-GFPC 06-2015 study (the phase III 
trial of NI versus platinum-based chemotherapy in elderly 
and PS 2 patients) reported no benefits from the addition 
of ipilimumab for patients with PS 2 patients but high-
lighted a significant OS benefit in elderly patients [19]. 
NICT may provide similar advantages in elderly patients. 
In KEYNOTE-189/407 follow-up data, 5-year survival has 
gradually decreased as PD-L1 TPS decreased [20, 21]. In 
contrast, in the CheckMate-9LA trial, 3-year survival has 
remained constant, regardless of PD-L1 TPS [22]. These rel-
ative trends may have caused the difference in our OS data 
according to PD-L1 TPS; OS was significantly prolonged 
in the NICT group only when PD-L1 TPS < 1%. The reason 
for this difference in OS among different histology remains 
unknown as OS-HR is better in squamous cell carcinoma 
than in non-Squamous cell carcinoma in Checkmate-9LA 
(HR: 0.64, 95%CI: 0.48–0.86 vs. HR: 0.80, 95%CI: 0.65–
0.98). However, the differences in genetic profile between 
the two groups may have affected OS (Table S2).

Investigating the safety of additional anti-CTLA-4 anti-
bodies was essential for this study because the NIPPON 
study finally reported that 11 patients (7.4%) in the NICT 
group developed TRD [11]. The most common cause of 
death was pneumonitis in four cases, but the second most 
common cause was cytokine release syndrome (CRS). CRS 
has no specific diagnostic methods and may be among the 

[15, 16]. In a network meta-analysis, O’Byrne et al. [17] 
demonstrated that the annual survival HR for nivolumab 
plus ipilimumab was the reverse of that for PCT after 12 
months and remained superior to PCT thereafter. Moreover, 
the PFS-HR for PCT was equivalent or superior to that for 
nivolumab plus ipilimumab at 6 months. These results sug-
gest NICT may still exhibit potential anti-tumor effects even 
after image-based disease progression by RECIST. In addi-
tion, the time from treatment discontinuation to disease pro-
gression was 2.3 months in the PCT group versus 5.2 months 

Table 2  Treatment-related severe adverse events (SAEs)a within 12 
months after initiation of combination therapy

NICT
(n = 81)

PCT
(n = 162)

P value

Number of patients with SAEs, (%) 28 
(34.6)

50 (30.9) 0.560

SAEs leading to discontinuation, 
n (%)

15 
(18.5)

31 (19.1) 0.908

Treatment related death, n (%)b 2 (2.5) 6 (3.7) 0.722
SAEs occurring in ≥ 3 patients, n 
(%)
  Pneumonitis 5 (6.2) 16 (9.9) 0.333
  Skin toxicity 6 (7.4) 3 (1.9) 0.064
  Colitis 4 (4.9) 7 (4.3) 1.000
  Hepatobiliary toxicity 6 (7.4) 3 (1.9) 0.064
  Renal toxicity 2 (2.5) 3 (1.9) 1.000
  Adrenal pituitary disorder 6 (7.4) 4 (2.5) 0.088
  Febrile neutropenia 2 (2.5) 5 (3.1) 1.000
  Others (details unknown) 1 (1.2) 7 (4.3)
a Severe adverse events indicate grade 3 or higher
b Treatment related deaths include one pneumonitis case and one ste-
roid-related infection in the NICT group and four pneumonitis cases 
and two colitis cases in the PCT group
Abbreviations: NICT, nivolumab plus ipilimumab with chemother-
apy; PCT, pembrolizumab with chemotherapy

Fig. 3  The frequency of pneumonitis development in patients was 
stratified according to grade within 12 months of NICT or PCT initia-
tion (A); time from NICT and PCT initiation to the onset of any grade 

pneumonitis (B). Abbreviations: NICT, nivolumab plus ipilimumab 
with chemotherapy; PCT, pembrolizumab with chemotherapy
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be eliminated for data that were not measured as covariates 
of propensity scores. In our study, we did not include meta-
static sites as covariates but the other possible prognostic 
factors. Then, cases that were not matched were excluded 
from the analysis; thus, generalizability is limited. As we 
enrolled a larger number of patients who underwent PCT, 
we chose 1:2 nearest-neighbor matching to avoid substan-
tial case exclusion during matching.

Conclusions

Our study demonstrates differences in efficacy and safety 
in a real-world setting by comparing NICT with PCT 
through PSM. NICT provided longer OS benefits than PCT, 
and similar findings were observed for subsets such as the 
elderly, better PS, and PD-L1 TPS-negative. Safety profiles 
were almost comparable although there were unbalanced 
incidences of pneumonitis, skin and hepatic toxicities, and 
adrenal pituitary disorder. The real-world data suggest that 
NICT could be a favorable first-line treatment option com-
pared with PCT for patients with advanced NSCLC with 
no EGFR and ALK genomic aberrations. Further investiga-
tion is warranted for long-term survival owing to the short 
follow-up period in this study.

Supplementary Information  The online version contains 
supplementary material available at https://doi.org/10.1007/s00262-
023-03583-4.
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SAEs of unknown cause. The cause of such a high TRD 
rate in the NIPPON study remains unclear. A subset analysis 
of Asian patients in CheckMate-9LA demonstrated that no 
TRD occurred regardless of SAEs in 21% of patients [23]. 
We also demonstrated that two (2.5%) patients in the NICT 
group died owing to SAEs, which was equivalent to the 
TRD rate (2%) in Checkmate-9LA. Thus, the TRD in the 
NIPPON study may be too high, not least because our TRD 
cases had no CRS and immunotherapy-induced CRS is rare 
worldwide [24, 25]. However, due to the existence of sev-
eral reports, CRS should be monitored carefully during ICI 
combination therapy. In the NICT group, SAEs occurred 
in 28 (34.6%) patients, and skin and hepatobiliary toxici-
ties and adrenal pituitary disorder occurred more frequently 
than in the PCT group. The CheckMate-9LA Asian subset 
analyses presented similar results, with skin toxicity being 
the most common SAE, followed by endocrine and hepatic 
disorders. Moreover, Gu et al. [26] reported that NICT 
results in a higher rate of dermatological and hepatic SAEs 
than nivolumab alone (risk ratios of 5.0 and 2.3, respec-
tively). Hence, although it is not necessary to avoid using 
NICT owing to concerns regarding TRDs, these AEs should 
be noted when using NICT.

Patients who underwent PCT developed more severe 
pneumonitis than those who underwent NICT, and the TRDs 
in the PCT group included four cases of pneumonitis. In the 
KEYNOTE-189/407 trials, the frequency of severe pneu-
monitis was 2.7–3.2% [27]. Two real-world PCT datasets 
reported drug-related pneumonitis frequencies: Fujimoto et 
al. and Renaud et al. reported severe pneumonitis rates of 
3.3% and 2.5% during their follow-up periods, respectively 
[28, 29], which were much lower than the rate observed in 
our study (9.9%). This is likely because a longer follow-up 
period was set in this study than in the other study (20.9 
vs. 4.5 months). Finally, pneumonitis onset was similar in 
both groups, but the disease tended to be more severe in 
the PCT group. This indicates that patients receiving PCT 
should be more carefully monitored for pneumonitis than 
those receiving NICT during the disease course.

Despite the large multicenter cohort and novel findings, 
this study has some limitations, including its retrospective 
nature, the possibility of selection bias, and the relatively 
small sample size in the NICT group. In our cohort, driver 
gene mutations were not included as an adjustment factor; 
the PCT group had a much higher frequency of unknown 
mutations than the NICT group because comprehensive 
panel testing was not widely available at the time of PCT 
initiation. Moreover, almost all patients belonged to a 
single ethnic group (Japanese), which limits the generaliz-
ability of these results to other populations. Finally, PSM 
has some limitations despite being designed to reduce con-
founding biases [30]. First, confounding biases could not 
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