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Introduction
Lung cancer is the leading cause of cancer-related deaths in 
both men and women, with a 5-year survival rate of around 
19%.1 Historically, the treatment of advanced lung cancer has 
been limited to radiotherapy, chemotherapy, or a combination of 
both depending on the stage of the disease and performance 
status (PS) of the patient. The advent of immune checkpoint 
inhibitors (ICIs) has significantly changed how advanced lung 
cancer is managed. Immune checkpoint inhibitors are mono-
clonal antibodies directed against cytotoxic T-lymphocyte anti-
gen 4, programmed death 1 (PD-1), or its ligand, programmed 
death ligand 1 (PD-L1). Blockage of these proteins removes 
inhibitory signals of T cell activation and produces T-cell-
mediated anti-tumor responses. In a series of randomized 
phase 3 clinical trials (KEYNOTE-010, KEYNOTE-024, 
KEYNOTE-042, CheckMate 017, CheckMate 057, and 
OAK),2–7 these agents have consistently demonstrated superior 

outcomes compared with cytotoxic chemotherapy in many 
patients with advanced non-small-cell lung cancer (NSCLC). 
However, the participants in these studies were limited to those 
with good PS (Eastern Cooperative Oncology Group [ECOG] 
PS score 0 or 1) and those without autoimmune diseases. Also, 
the median age of patients in these clinical trials tended to be 
younger than that of patients in routine oncology practice (“real 
world”). There have been concerns regarding the efficacy of 
these agents in the elderly due to age-associated decline in the 
immune system termed “immunosenescence.”8 Although there 
is preliminary evidence suggesting little difference in efficacy of 
ICIs in older patients compared with younger patients, the 
impact on the elderly is largely unknown.9 To bridge this knowl-
edge gap, we conducted a retrospective study of the effectiveness 
and safety of ICI monotherapy in 220 individuals with advanced 
lung cancer in a real-world setting, where patients tend to be 
older, have poorer PS, and have pre-existing autoimmune 
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3.7 months for subsequent line). Median OS was 12.4 months (15.6 months for first line therapy and 11.5 months for subsequent line). In 
SCLC, median PFS was 1.8 months, and median OS was 4.6 months. A quarter of patients developed irAEs. There was 1 disease flare among 
17 patients with pre-existing autoimmune diseases. ECOG PS of 0 to 1 and body mass index (BMI) ⩾ 25 kg/m2 (but not occurrence of irAE) 
were independently associated with improved OS in NSCLC, with a hazard ratio of 0.41 (95% confidence interval [CI], 0.29-0.59) and 0.62 
(95% CI, 0.44-0.87), respectively.

COnCLuSIOnS: The clinical benefit of ICIs appears to persist in a real-world population of relatively older age, including those with poor 
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diseases in some instances. In addition, we investigated the pre-
dictive factors for survival outcomes of NSCLC with a multi-
variable Cox regression model.

Methods
Data collection

After approval from the University of Minnesota Institutional 
Review Board (Study Number: 1606M88925), we retrospec-
tively collected pathological, radiological, and clinical data on 
consecutive lung cancer patients at the University of Minnesota/
Fairview Health System, who were started on single-agent ICI 
(atezolizumab, nivolumab, or pembrolizumab) therapy between 
March 2015 and August 2018. Patients on clinical trials involv-
ing ICIs were excluded. Patients treated with combination 
ICIs (eg, ipilimumab + nivolumab) or ICI plus cytotoxic 
chemotherapy were not included in this study.

Outcome measures

Disease responses were evaluated using the Response 
Evaluation Criteria in Solid Tumors (version 1.1). Progression-
free survival (PFS) was defined as time from the start of ICI 
treatment to radiologically confirmed progressive disease or 
death due to any cause. Overall survival (OS) was defined as 
time from the start of ICI treatment to death due to any cause.

Statistical analysis

Predictive models for OS and PFS were fit using multiple Cox 
regression. Predictive factors were chosen based on prior pub-
lished results or hypothesized associations. Sex, ECOG PS 
score (0-1 vs ⩾2), and smoking status (never vs current/former) 
were modeled as binary variables. Body mass index (BMI) was 
modeled both as a binary variable (⩾ 25 kg/m2 vs <25 kg/m2) 
and as a continuous variable using a 4-knot restricted cubic 
spline. Splines are flexible parameterizations used to model 
smooth but non-linear associations between the predictor and 
outcome.10 A hazard ratio (HR) and confidence interval (CI) 
can be calculated at any 2 points within the variable’s range; for 
convenience, we chose round values corresponding to approxi-
mately the first and third quartiles of the variable’s distribution. 
Age was similarly modeled using a 3-knot restricted cubic 
spline. Immune-related adverse events (irAEs) could occur any 
time during the follow-up period and were therefore modeled 
as a time-varying binary variable. If an irAE occurs at time t, the 
patient belongs to the no irAE group before time t, then moves 
to the irAE group.11 Wald null hypothesis tests for each variable 
are reported. Kaplan-Meier curves were calculated for OS and 
PFS. Analysis was performed using R software, version 3.412,13 
and IBM SPSS Statistics for Windows, Version 25.0 (IBM 
Corp, Armonk, NY, USA).

Results
Patient and disease characteristics

A total of 220 patients with advanced lung cancer who received 
at least 1 dose of single-agent atezolizumab, nivolumab, or 
pembrolizumab were included in this analysis. Of those, 100 
(45.5%) patients were male; most (93.2%) patients were white. 
Median age of patients was 66.5 years (range 36-92); 32.7% of 
the patients were 65 years and older, and 22.3% were 75 years 
and older. At the time of staring ICIs, 125 (56.8%) patients 
were overweight or obese (BMI ⩾ 25 kg/m2); 79 (35.9%) 
patients had an ECOG PS score ⩾2; and 26 (11.8%) patients 
were never smokers. Seventeen (7.7%) patients had pre-exist-
ing autoimmune disease. The most common histology was 
NSCLC (90.9%), with 24.5% squamous and 66.4% nonsqua-
mous NSCLC; 95.5% were treated at stage IV disease and 
4.5% at stage III disease; 25.0% had brain metastases at base-
line. Median number of previous lines of systemic therapy was 
1 (range 0-10). Atezolizumab, nivolumab, and pembrolizumab 
were given to 9 (4.1%), 152 (69.1%), and 59 (26.8%) patients, 
respectively (Table 1).

Programmed death ligand 1 expression status was known in 
94 (42.7%) patients: 48 (21.8%) with PD-L1 tumor proportion 
score (TPS) ⩾50% and 46 (20.9%) with PD-L1 TPS <50%. 
Other molecular characteristics including epidermal growth 
factor receptor (EGFR) mutation, anaplastic lymphoma kinase 
(ALK) rearrangement, proto-oncogene receptor tyrosine 
kinase ROS proto-oncogene 1 (ROS1) rearrangement, and 
Kirsten rat sarcoma viral oncogene homolog (KRAS) mutation 
are summarized in Table 2.

Treatment outcomes

Median follow-up from initiating ICI therapy was 11.4 (inter-
quartile range [IQR] 3.8-23.3) months with data cutoff in 
March 2020. Median number of cycles of therapy was 4 (IQR 
2-11.5). In the NSCLC cohort, the objective response rate 
(ORR) was 32.0% (95% CI, 25.6%-39.0%). Ten (5.0%) patients 
had complete response, and 54 (27.0%) had partial response 
(Table 3). Median PFS was 3.8 months (4.7 months for first-line 
therapy and 3.7 months for subsequent-line therapy). The esti-
mated rate of PFS was 38.8% at 6 months, 27.8% at 12 months, 
and 18.2% at 24 months (Figure 1). Median OS was 12.4 months 
(15.6 months for first-line therapy and 11.5 months for subse-
quent-line therapy). The estimated rate of OS was 33.6% at 
24 months, 26.7% at 36 months, and 22.9% at 48 months.

Of the 20 patients with SCLC, the ORR was 25.0% (95% 
CI, 8.7%-49.1%). There were no complete responses. Median 
PFS was 1.8 months. The estimated rate of PFS was 30.0% at 
3 months and 15.0% at 12 months. Median OS was 4.6 months. 
The estimated rate of OS was 65.0% at 3 months and 25.0% at 
12 months.
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Table 1. Patient demographic and disease characteristics.

ChARACTeRISTIC N = 220

Age (y)

 Median 66.5

 Range 36-92

Age category—n (%)

 <65 y 99 (45.0)

 ⩾65 to <75 y 72 (32.7)

 ⩾75 y 49 (22.3)

Male sex—n (%) 100 (45.5)

Race—n (%)

 White 205 (93.2)

 Other 15 (6.8)

Body mass index

 <25 kg/m2 95 (43.2)

 ⩾25 kg/m2 125 (56.8)

disease stage—n (%)

 III 10 (4.5)

 IV 210 (95.5)

eCOg performance-status score—n (%)†

 0-1 141 (64.1)

 ⩾2 79 (35.9)

Smoking status—n (%)

 Current or former smoker 194 (88.2)

 never smoker 26 (11.8)

Pre-existing autoimmune diseases—n (%) 17 (7.7)

histology—n (%)

 Squamous nSCLC 54 (24.5)

 nonsquamous nSCLC 146 (66.4)

 SCLC 20 (9.1)

Presence or history of brain metastases—n (%) 55 (25.0)

Previous line of systemic therapy—n (%)

 0 43 (19.5)

 1 102 (46.4)

 ⩾2 75 (34.1)

ICI drug name—n (%)

 Atezolizumab 9 (4.1)

 nivolumab 152 (69.1)

 Pembrolizumab 59 (26.8)

Abbreviations: ICI, immune checkpoint inhibitor; NSCLC, non-small-cell lung 
cancer; SCLC, small-cell lung cancer.

Immune-related adverse events

In the entire cohort, 55 patients experienced irAEs (Table 4), 
with an incidence rate of 25.0% (95% CI, 19.4%-31.3%). The 
most common irAEs were hypothyroidism (6.4%) and colitis 
(5.5%). Median time to irAE onset was 3.3 (IQR 1.6-6.7) 
months. Thirty-three (15.7%) patients required systemic corti-
costeroids for irAEs. Discontinuation of treatment because of 
irAEs occurred in 7 (3.2%) patients. There was no death related 
to irAEs.

Immune checkpoint inhibitors in patients with pre-
existing autoimmune diseases

Among the 17 patients with pre-existing autoimmune diseases, 
1 (5.9%) patient with rheumatoid arthritis had flare of disease 
while receiving ICI therapy. Four (23.5%) patients developed 
an irAE that was not attributed to the pre-existing autoim-
mune disease. The ORR in these 17 patients was 23.5% (95% 
CI, 6.8%-49.9%).

Therapy discontinuation

Ten patients (all with NSCLC) were taken off therapy after 
being treated with ICI monotherapy for 2 years or more 
(Supplementary Table 1). With a median follow-up of 3.6 
(IQR 3.1-5.5) months from the last dose of ICI, no patient 
had evidence of disease progression.

Predictive factors associated with survival outcomes 
in NSCLC

Based on our multiple Cox regression model, ECOG PS 0-1 
was independently associated with a longer PFS (HR = 0.54, 
95% CI, 0.39-0.75, P < .01), whereas never smoking was inde-
pendently associated with a shorter PFS (HR = 1.92, 95% CI, 
1.18-3.12, P < .01) in the NSCLC cohort. There was a trend 
toward longer PFS in patients with BMI ⩾ 25 kg/m2 
(HR = 0.76, 95% CI, 0.55-1.04, P = .08). We did not find strong 
evidence of association between PFS and age, sex, or the occur-
rence of an irAE (time-varying) (Table 5).

In the NSCLC cohort, ECOG PS 0 to 1 and BMI ⩾ 25 kg/
m2 were independently associated with a longer OS, with a HR 
of 0.41 (95% CI, 0.29-0.59, P < .01) and 0.62 (95% CI, 0.44-
0.87, P < .01), respectively. We did not find strong evidence of 
association between OS and age, sex, smoking status (never vs 
current/former), or the occurrence of an irAE (time-varying). 
BMI was also fit as a continuous variable in a separate model 
(Supplementary Table 2). We found that expected OS was 
longest for BMI values between 27 and 32 kg/m2, and gradu-
ally diminished for BMI values both above and below that 
range (Supplementary Figure 1). For example, the estimated 
HR for a BMI of 30 kg/m2 relative to 20 kg/m2 was 0.44 (95% 
CI, 0.28-0.71, P < .01).
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Table 2. Molecular characteristics.

CHARACTERISTIC ENTIRE COHORT (N = 220) NSCLC (N = 200) SCLC (N = 20)

PD-L1 TPS—n (%)

 ⩾50% 48 (21.8) 48 (24.0) 0

 <50% 46 (20.9) 43 (21.5) 3 (15.0)

 Unknown 126 (57.3) 109 (54.5) 17 (85.0)

EGFR mutation—n (%)

 Positive 15 (6.8) 15 (7.5) 0

 Negative 145 (65.9) 141 (70.5) 4 (20.0)

 Unknown 60 (27.3) 44 (22.0) 16 (80.0)

ALK rearrangement—n (%)

 Positive 2 (0.9) 2 (1.0) 0

 Negative 154 (70.0) 150 (75.0) 4 (20.0)

 Unknown 64 (29.1) 48 (24.0) 16 (80.0)

ROS1 rearrangement—n (%)

 Positive 2 (0.9) 2 (1.0) 0

 Negative 148 (67.3) 144 (72.0) 4 (20.0)

 Unknown 70 (31.8) 54 (27.0) 16 (80.0)

KRAS mutation—n (%)

 Positive 33 (15.0) 33 (16.5) 0

 Negative 58 (26.4) 54 (27.0) 4 (20.0)

 Unknown 129 (58.6) 113 (56.5) 16 (80.0)

Abbreviations: ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; KRAS, Kirsten rat sarcoma viral oncogene homolog; NSCLC, non-small-cell 
lung cancer; PD-L1, programmed death ligand 1; ROS1, proto-oncogene receptor tyrosine kinase ROS proto-oncogene 1; SCLC, small-cell lung cancer; TPS, tumor 
proportion score.

Table 3. Summary of response.

VARIABLE NSCLC (N = 200) SCLC (N = 20)

Objective response—n (% [95% CI]) 64 (32.0 [25.6-39.0]) 5 (25.0 [8.7-49.1])

 Complete response—n (% [95% CI]) 10 (5.0 [2.4-9.0]) 0

 Partial response—n (% [95% CI]) 54 (27.0 [21.0-33.7]) 5 (25.0 [8.7-49.1])

Stable disease—n (% [95% CI]) 40 (20.0 [14.7-26.2]) 1 (5.0 [0.1-24.8])

Progressive disease—n (% [95% CI]) 95 (47.5 [40.4-54.7]) 14 (70.0 [45.7-88.1])

Could not be determined—n (% [95% CI]) 1 (0.5 [0-2.8]) 0

Abbreviations: CI, confidence interval; NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer.

Because of the high amount of missing data (not done or 
not accessible) for the molecular markers, separate exploratory 
models were fit to assess the association of PD-L1 expression, 
EGFR mutation, and KRAS mutation with PFS and OS. 
Eastern Cooperative Oncology Group PS was included in the 
exploratory models because it was the strongest predictor in 

the full model. Programmed death ligand 1 TPS ⩾ 50% did not 
have a significant association with prolonged PFS or OS as 
compared with PD-L1 TPS < 50%. Epidermal growth factor 
receptor mutation was associated with shorter PFS (HR = 2.41, 
95% CI, 1.35-4.30, P < .01), but not OS (HR = 0.85, 95% CI, 
0.42-1.72, P = .65). There was no significant association 
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between KRAS mutation and PFS (HR = 1.21, 95% CI, 0.77-
1.90, P = .41) or OS (HR = 1.33, 95% CI, 0.82-2.17, P = .25) 
(Supplementary Tables 3–5).

Cox regression analysis was not performed for SCLC given 
the small number of patients.

Discussion
To the best of our knowledge, this is one of the largest studies 
with access to individual patient data to assess the real-world 
outcomes of single-agent ICI therapy in advanced lung cancer, 
particularly NSCLC. Youn et al14 recently published real-world 
survival outcomes of ICI therapy in 1256 older adults 
(⩾65 years) with NSCLC based on the Surveillance, 
Epidemiology, and End Results (SEER)–Medicare linked 
database. The advantage of our study is that we have access to 
each patient’s electronic medical record (EMR), which allows 
us to have more comprehensive and accurate data collection. 
With each individual’s EMR available, we were able to evaluate 
the ORR, PFS, molecular markers, and other characteristics, 
which were not examined in Youn’s study given the limitations 
of SEER-Medicare linked database.

The median age (66.5 years) of our patient population was 
noted to be older than the landmark phase 3 trials, which 
ranged from 61 years in the CheckMate 057 trial6 to 64.5 years 
in the OAK trial.7 Around 36% of our patients had an ECOG 
PS ⩾ 2, whereas those patients with poor PS were excluded 

from all major landmark trials. While caution should be exer-
cised when comparing the results of different studies, the 
median OS (15.6 months) in our NSCLC cohort was compa-
rable with that reported in the KEYNOTE-042 trial 
(16.7 months)4 in the first-line setting. In the non-first-line 
setting, the median OS (11.5 months) in our NSCLC popula-
tion was also comparable with that reported in some of the 
landmark trials (from 9.2 to 13.8 months depending on the 
studies).2,5–7 It should be kept in mind that the treatment 

Figure 1. Progression-free survival and overall survival: (A) Kaplan-

Meier estimates of progression-free survival and (B) overall survival. Tick 

marks indicate censoring of data. NSCLC, non-small-cell lung cancer; 

SCLC, small-cell lung cancer.

Table 4. Immune-related adverse events.

ADVERSE EVENT N = 220

Any irAE—n (%) 55 (25.0)

Endocrine disorder 20 (9.1)

 Hypothyroidism 14 (6.4)

 Hyperthyroidism 2 (0.9)

 Hypophysitis 2 (0.9)

 Thyroiditis 1 (0.5)

 Diabetes 1 (0.5)

Respiratory disorder 4 (1.8)

 Pneumonitis 4 (1.8)

Skin disorder 9 (4.1)

 Skin rash/dermatitis 8 (3.6)

 Psoriasis 1 (0.5)

Gastrointestinal disorder 19 (8.6)

 Colitis 12 (5.5)

 Hepatitis 3 (1.4)

 Gastritis 2 (0.9)

 Pancreatitis/pancreatic insufficiency 2 (0.9)

Musculoskeletal disorder 4 (1.8)

 Arthritis 3 (1.4)

 Myopathy 1 (0.5)

Other 12 (5.5)

 Fever 2 (0.9)

 Immune-mediated cytopenias 2 (0.9)

 Nephritis 2 (0.9)

 Neuritis 1 (0.5)

 Mucositis 1 (0.5)

 Dry mouth 1 (0.5)

 Dry eye 1 (0.5)

 Encephalitis 1 (0.5)

 Hemolysis 1 (0.5)
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option in our cohort was more heterogeneous with 3 different 
ICI monotherapies (atezolizumab, nivolumab, and pembroli-
zumab). Given the high amount of missing data for PD-L1 
expression in our population, median OS was not calculated 
based on PD-L1 TPS.

A quarter of patients in our study experienced at least 1 
irAE, with endocrine and gastrointestinal disorders being the 
most common. The incidence (23.5%) of irAEs in patients 
with pre-existing autoimmune diseases was similar to that in 
our entire cohort. There was only 1 disease flare (rheumatoid 
arthritis) in the 17 patients with underlying autoimmune dis-
eases. These findings suggest the relative safety of ICIs in this 
unique patient population, which was excluded from the phase 
3 landmark trials. Further studies with large numbers of 
patients in prospective randomized controlled trials (RCTs) are 
needed to evaluate the safety of ICIs in patients with pre-exist-
ing autoimmune diseases.

Little is known regarding when to stop ICIs in patients who 
have had prolonged responses. Ten patients with NSCLC dis-
continued ICI therapy after at least 2 years of treatment; none 
of them had disease progression during the relatively short 
median follow-up of 3.6 months after the last dose of ICI. 
Gettinger et al reported long-term outcomes of the phase 1 
nivolumab trial in previously treated advanced NSCLC. 
Nivolumab was discontinued in 18 responders for reasons 
other than progressive disease (7 completed the maximum 
96 weeks of therapy according to the study protocol); half of 
the patients had responses for more than 9 (range 9.2-16.4) 
months after the last dose of nivolumab.15 CheckMate 153 
prospectively evaluated the safety/efficacy with continuous ver-
sus 1-year fixed duration nivolumab in advanced NSCLC as an 
exploratory endpoint. Continuous nivolumab increased PFS 
(HR = 0.42, 95% CI, 0.25-0.71) and led to a trend toward pro-
longed OS (HR = 0.63, 95% CI, 0.33-1.20), as compared with 
stopping nivolumab at 1 year.16 In our practice, we discuss the 
pros and cons of discontinuing ICI with patients at the 2-year 

mark and make a shared decision. Further studies are war-
ranted to determine the optimal duration of ICI therapy in 
advanced NSCLC.

Using multiple Cox regression models, we attempted to 
identify predictive factors for better survival outcomes in 
advanced NSCLC. Our finding that an ECOG PS of 0 or 1 
was independently associated with significant improvement 
in PFS and OS compared with ECOG PS of 2 or greater is 
consistent with outcomes reported in prior studies.17,18 
Individuals with ECOG PS ⩾ 2 constituted 36% of the 
entire cohort; however, this population is usually excluded or 
underrepresented in clinical trials. Caution should be exer-
cised when treating this frail population with ICIs. In our 
study, never smoking was independently associated with sig-
nificantly shorter PFS, but not OS in NSCLC patients 
treated with ICI monotherapy. Smoking has been shown to 
strongly correlate with tumor mutational burden, thus poten-
tially increasing ICI efficacy in NSCLC.19 However, results 
from phase 3 RCTs have been inconsistent, and it requires 
further study.20 Overweight and obesity (BMI ⩾ 25 kg/m2) 
were found to be independently associated with improved 
OS and a trend toward improved PFS in our NSCLC cohort, 
which is consistent with a large study by Kichenadasse and 
colleagues.21 It is postulated that obesity increases immune 
aging and leads to PD-1-mediated T cell dysfunction 
through leptin.22 Interestingly, when BMI was fit in a sepa-
rate Cox regression model as a continuous variable, the 
expected OS was longest in the BMI range of 27 to 32 kg/m2 
and gradually diminished for BMI values both below and 
above that range. In a small study of 70 patients with meta-
static NSCLC who received nivolumab monotherapy, sig-
nificant increase in ORR and PFS was observed in the 28 
patients who developed irAEs.23 However, the result of this 
study was confounded because the longer the PFS was, the 
more time the patient had to develop irAEs. Haratani et al24 
recognized the time-dependent nature of irAEs and did a 

Table 5. Cox proportional hazard regression analysis of the effect of various parameters on progression-free survival and overall survival.

VARIABLE PROGRESSION-FREE SURVIVAL OVERALL SURVIVAL

 HR 95% CI P VALUE HR 95% CI P VALUE

Age (75 vs 60)† 0.87 0.68-1.11 .29 0.85 0.65-1.11 .41

Sex (male vs female) 1.21 0.89-1.65 .23 1.22 0.88-1.71 .24

ECOG PS (0-1 vs ⩾2) 0.54 0.39-0.75 <.01 0.41 0.29-0.59 <.01

BMI (⩾25 vs <25) 0.76 0.55-1.04 .08 0.62 0.44-0.87 <.01

Smoking (never vs current/former) 1.92 1.18-3.12 <.01 1.35 0.79-2.31 .28

irAE (time-varying) 1.20 0.81-1.78 .36 0.69 0.45-1.07 .10

Abbreviations: BMI, body mass index; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; irAE, immune-related adverse event; PS, 
performance status.
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landmark study to examine the association of irAEs with 
survival outcomes in 134 patients with advanced NSCLC 
who were treated with nivolumab. Immune-related adverse 
events were observed in 69 patients and associated with sig-
nificant increase in ORR, PFS, and OS in a 6-week land-
mark analysis. In contrast, we fit our multivariable Cox 
regression model using irAEs as a time-varying binary vari-
able, similar to a recent analysis in melanoma.25 We found no 
significant associations between irAEs and PFS or OS in 
advanced NSCLC. The different methodologies in Cox 
regression analysis could be one of the causes of the contra-
dicting results as compared with Haratani’s study.

The published data on ICIs in real-world lung cancer 
patients are limited to (1) small studies of less than 100 
patients, focusing on particular subgroups such as patients 
with autoimmune disease, individuals with advanced age, or 
those experiencing irAEs or (2) large studies based on certain 
database (eg, SEER-Medicare linked database) that did not 
have access to detailed individual patient records. Our study 
is one of the largest studies to date with more comprehensive 
data collection. Our findings will help clinicians assess the 
safety and effectiveness of ICIs in advanced lung cancer 
patients in routine oncology practice, particularly in those 
who would be excluded from completed RCTs. This study 
has a few limitations. First, this is a retrospective study at a 
single institution, providing a lower level of evidence com-
pared with RCTs. Second, with the vast majority of our 
patients being white, other races were underrepresented. 
Third, the ICI monotherapy is heterogeneous as we included 
patients treated with single-agent atezolizumab, nivolumab, 
or pembrolizumab, and these 3 medications were not evenly 
distributed in the cohort with only 4.1% receiving atezoli-
zumab. Fourth, the large amount of missing data on molecu-
lar markers makes it impossible to perform multivariable Cox 
regression analysis using these markers as preplanned varia-
bles. Caution should be exercised when interpreting the 
results from this study.

Conclusions
In conclusion, our study supports data from the major land-
mark trials of ICI monotherapy in advanced lung cancer (par-
ticularly NSCLC) with comparable outcomes, although we 
included patients with poor PS and pre-existing autoimmune 
diseases in the real-world setting. Eastern Cooperative 
Oncology Group PS of 0 to 1 and BMI ⩾ 25 kg/m2 were inde-
pendently associated with improved OS in NSCLC patients 
treated with ICI monotherapy.
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