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Background: Immune checkpoint inhibitors (ICIs) are standard-of-care for patients with advanced non-small cell lung cancer 
(aNSCLC) and programmed cell death-ligand 1 (PD-L1) expression ≥50%.
Methods: A retrospective cohort study was conducted using the US de-identified electronic health record-derived Flatiron Health 
aNSCLC database (January 1, 2018, to July 31, 2021) among patients with PD-L1 ≥50% initiating first-line ICIs with or without 
chemotherapy. A clinical trial-like sub-cohort was also identified with Eastern Cooperative Oncology Group performance status 0–1, 
adequate organ function, and no brain metastases or other primary cancers. Kaplan–Meier methods were used to estimate time to 
treatment discontinuation, time to next treatment, progression-free survival and overall survival (OS) by ICI regimen (ICI+chemother-
apy, ICI monotherapy) and PD-L1 expression (50–69%, 70–89%, 90–100%). Cox proportional hazard models were used to examine 
associations between ICI regimen, PD-L1 level, and OS, adjusting for baseline demographic and clinical variables.
Results: A total of 2631 patients with aNSCLC initiating ICI+chemotherapy (n = 992) or ICI monotherapy (n = 1639) were included; 
median (Q1, Q3) age was 71 (63–78) years and 51.6% were male. The trial-like sub-cohort (n = 1029) generally had better outcomes vs. 
the overall cohort. Patients receiving ICI+chemotherapy generally had longer median OS vs. ICI monotherapy. Multivariable analyses 
showed no association between ICI regimen and OS among patients with PD-L1 70–89% (hazard ratio [HR]: 0.90, 95% confidence 
interval [CI]: 0.73–1.09) or 90–100% (HR: 0.91, 95% CI: 0.77–1.08), but patients with PD-L1 50–69% receiving ICI+chemotherapy had 
longer OS (HR: 0.80, 95% CI: 0.64–0.99).
Conclusion: Outcomes in real-world clinical trial-like patients with aNSCLC approached those reported in pivotal ICI trials in high 
PD-L1 expressers. ICI monotherapy offers a potential alternative in patients with PD-L1 ≥70% while avoiding potential chemotherapy 
toxicity exposure; the benefits are less clear in patients with PD-L1 50–69%. Future studies should confirm these findings.
Keywords: immune checkpoint inhibitors, non-small cell lung cancer, PD-L1 expression, real-world data, overall survival, 
progression-free survival

Introduction
Immune checkpoint inhibitors (ICIs) are recommended for first-line treatment of patients with advanced non-small cell lung 
cancer (aNSCLC) and high programmed cell death-ligand 1 (PD-L1) expression levels (i.e., PD-L1 ≥50%) without genomic 
aberrations.1,2 In clinical trials, several ICI therapies resulted in significant improvements vs. chemotherapy in overall 
survival (OS) (median OS ≥18 months or not reached in the ICI arm; Supplementary Table 1) and progression-free survival 

Cancer Management and Research 2022:14 3191–3202                                                   3191
© 2022 Ge et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 23 June 2022
Accepted: 21 October 2022
Published: 16 November 2022

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

https://www.dovepress.com/get_supplementary_file.php?f=376510.docx
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


(PFS) (median PFS approximately 7–8 months in the ICI arm; Supplementary Table 1) and with lower rates of toxicities, 
supporting US Food and Drug Administration (FDA) and European Medicines Agency (EMA) approval.3–5 ICIs have 
become the standard of care for treatment of patients with aNSCLC without actionable genomic aberrations. More recently, 
the FDA approved the first ICI for adjuvant treatment following resection and platinum-based chemotherapy in patients 
with stage II to IIIA NSCLC with PD-L1 ≥1%.6 Potential neoadjuvant use of ICIs in patients with resectable NSCLC are 
currently under investigation.7

In addition to clinical trials, understanding the real-world effectiveness of these immunotherapies in patients with 
aNSCLC can help guide treatment decisions.8,9 Several real-world evidence studies reported shorter OS than what was 
observed in clinical trials,10–13 limiting the generalizability of clinical trial data to clinical practice.9 Moreover, some ICIs 
are recommended as first-line treatment alone (ICI monotherapy) or in combination with chemotherapy (ICI 
+chemotherapy).1,2 However, results from randomized controlled trials that compared different ICI regimens are not 
currently available. Results from a real-world observational study among patients with high PD-L1 expression suggested 
median PFS and OS did not differ between ICI monotherapy and ICI+chemotherapy.14

To better understand the effectiveness of different ICI regimens, the main objectives of this study were to describe 
real-world outcomes among patients with aNSCLC and high PD-L1 expression treated with first-line ICI and to describe 
clinical outcomes among a sub-cohort who met commonly implemented ICI clinical trial criteria. A secondary objective 
was to explore the associations between ICI regimen (ICI+chemotherapy or ICI monotherapy) and PD-L1 expression 
level and OS, for which data are lacking.

Patients and Methods
Study Design and Data Source
This was a retrospective cohort study of patients with aNSCLC initiating ICI monotherapy or ICI+chemotherapy as first- 
line treatment in the US nationwide Flatiron Health electronic health record (EHR)-derived database. This longitudinal 
database comprises de-identified patient-level structured and unstructured data curated via technology-enabled 
abstraction.15 During the study period (2018–2021), the Flatiron Health data originated from ~280 US cancer clinics 
representing ~800 sites of care. The data are de-identified and subject to obligations to prevent re-identification and 
protect patient confidentiality. Institutional Review Board approval of the study protocol for creating the aNSCLC 
research database was obtained by Flatiron Health before the current study was conducted and included a waiver of 
informed consent.

Study Population
The study included adults newly diagnosed with aNSCLC, confirmed by review of pathology reports, between January 1, 
2018, and July 31, 2021, who initiated first-line treatment with ICI monotherapy or ICI+chemotherapy within 90 days of 
the aNSCLC diagnosis. The date of first-line therapy initiation was defined as the index date. Lines of therapies were 
identified using Flatiron Heath oncologist-defined algorithms.16 Patients were also required to have received at least one 
PD-L1 testing result ≥50% before or within 28 days of first-line treatment initiation, and the initial diagnosis of aNSCLC 
had to be documented in the oncologist record within the Flatiron Health network no earlier than 30 days before the first 
EHR activity to ensure capture of full aNSCLC treatment history. Patients with known epidermal growth factor receptor 
(EGFR), anaplastic lymphoma kinase (ALK), or C-ROS oncogene 1 (ROS1) alterations were excluded.

A clinical trial-like sub-cohort was identified of patients who met key inclusion and exclusion criteria commonly 
implemented in pivotal PD-1 and PD-L1 clinical trials. The inclusion criteria were at least one Eastern Cooperative 
Oncology Group (ECOG) performance status measurement within 30 days before the index date with the highest ECOG 
performance status ≤1. The exclusion criteria were any diagnosis of other primary malignancies (other than non- 
squamous skin cancer or carcinoma in situ) before the index date; any diagnosis of central nervous system metastases 
(ICD-10-CM codes, C79.3X or C79.4X) on or before the index date; and any abnormal organ or bone marrow function 
within 30 days on or before the index date, defined as meeting any of the following: hemoglobin <9.0 g/dL, absolute 
neutrophil count <1.5 × 109/L, platelet count <100,000/mm3, glomerular filtration rate ≤30 mL/min/1.73 m2, total 
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bilirubin ≥1.5×upper limit of normal (ULN) or >3 × ULN if liver metastases, aspartate aminotransferase and alanine 
aminotransferase >3× ULN or >5 × ULN if liver metastases, alkaline phosphatase >2.5× ULN or >5.0× ULN if liver or 
bone metastases, or met criteria for Hy’s law (alanine aminotransferase >3 × ULN and bilirubin >2× ULN).

Outcomes
Patients were followed from the index date to the event of interest, death, or October 31, 2021, the date of most recent 
data cut or end of follow-up. Outcomes following initiation of first-line treatment (index date) were defined as follows: 
time to treatment discontinuation (TTD) was time until initiation of second-line therapy or having a gap >120 days with 
no systemic therapy following the last administration of first-line treatment or death; time to next treatment (TTNT) was 
time to the date of initiation of second-line therapy or death; PFS was time to the first real-world progression event or 
death; and OS was time to date of death. Real-world progression was based on information abstracted by Flatiron Health 
from the medical charts and was defined as distinct episodes in the patient journey at which the treating physician 
determined there was spread or worsening of the disease. Flatiron Health uses a clinician-anchored approach supported 
by radiology report data, which was found to be the optimal and most practical method for assessing real-world 
progression.17 Patient-level structured data (EHRs, obituaries, and Social Security Death Index) and unstructured EHR 
data (abstracted) were linked by Flatiron to generate a composite mortality variable, which showed high sensitivity and 
specificity compared with the National Death Index.18

Baseline Variables
Baseline demographic and clinical characteristics included age at aNSCLC diagnosis, sex, race or ethnicity, treatment 
setting (academic, community), payer type (commercial, Medicare, Medicaid, other or unknown), histology (non- 
squamous cell carcinoma, squamous cell carcinoma, NSCLC not otherwise specified), ECOG performance status, 
smoking history, stage at initial NSCLC diagnosis, metastases (bone, liver or bile duct, brain), and PD-L1 expression 
level (50–69%, 70–89%, 90–100%). ECOG performance status was assessed within 30 days pre-index, and the closest 
value to the index date was used when multiple scores were available. Metastasis was defined as having any diagnosis 
code (ICD-10-CM) of secondary malignancy neoplasm of the corresponding site on or any time before the index date. 
The PD-L1 thresholds were selected based on the distribution of PD-L1 expression level.

Statistical Analysis
Baseline characteristics on the index date were described by first-line treatment (ICI+chemotherapy, ICI monotherapy) 
for both the main cohort and the clinical trial-like sub-cohort. Median TTD, TTNT, PFS, and OS with 95% confidence 
intervals (CIs) were estimated using the Kaplan-Meier method by first-line treatment in both the main cohort and sub- 
cohort for all patients with PD-L1 ≥50% and stratified by PD-L1 expression (50–69%, 70–89%, 90–100%).

The potential associations between ICI regimen (ICI+chemotherapy, ICI monotherapy) and PD-L1 expression level 
(50–69%, 70–89%, 90–100%) and OS in the main cohort were assessed using multivariate Cox proportional hazard 
models adjusting for baseline demographic and clinical characteristics, with estimates reported as hazard ratios (HRs) 
and 95% CIs. Considering the potential variation in the association between ICI regimen and outcomes across different 
PD-L1 levels, we included an interaction measure to reflect all six combinations of ICI regimens and PD-L1 expression 
levels. Pairwise comparison between selected pairs of regimens and PD-L1 subgroups was conducted to examine: 1) 
associations between PD-L1 expression levels and OS within the same ICI regimen; and 2) associations between ICI 
regimen and OS within the same PD-L1 expression level.

Results
Patient Population
Of the 25,144 adults newly diagnosed with aNSCLC between January 1, 2018, and July 31, 2021, in the Flatiron Health 
database, 16,542 initiated first-line systemic treatment within 90 days of their aNSCLC diagnosis, and 2631 met all other 
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study criteria and were included in the main cohort (Supplementary Figure 1). The sub-cohort consisted of 1029 patients 
from the main cohort who met the additional clinical trial-like criteria (Supplementary Figure 1).

Patients in the main cohort were 51.6% male, 68.1% White, with a mean (SD) age of 70.0 (9.7) years (Table 1). The 
South had the greatest representation (45.0%), and 51.0% of the patients were commercially insured. The initial 
diagnosis of NSCLC was Stage IIIB or above in 79.7% of patients, with most patients having non-squamous cell 
carcinoma histology (72.0%), and 55.8% of patients had ECOG performance status 0 or 1 (Table 1). The distribution of 
patients across PD-L1 levels was 24.0%, 29.2%, and 46.9% for PD-L1 50–69%, 70–89%, and 90–100%, respectively. 
Patients who received ICI monotherapy were generally older than those who received ICI+chemotherapy, with a higher 
proportion of female patients, and were characterized by differences in clinical characteristics including higher propor-
tions with recurrent disease (25.8% vs. 11.1%) and ECOG performance status 2–4 (23.8% vs. 14.8%).

Demographic and clinical characteristics of the trial-like sub-cohort were similar to those of the main cohort overall 
and for each ICI regimen (i.e., ICI+chemotherapy, ICI monotherapy) except that all trial-like patients had ECOG 
performance status 0 or 1 and no central nervous system metastasis, and a lower proportion of patients treated in the 
academic setting (1.8% in the trial-like sub-cohort vs. 7.8% in the main cohort; Table 1). Characteristics by PD-L1 
expression level for each treatment regimen are shown in Supplementary Table 2.

Table 1 Baseline Demographic and Clinical Characteristics of the Study Populations

Variable All High PD-L1 Expressers Clinical Trial-Like Cohort

All  
(N = 2631)

ICI 
+Chemotherapy 

(n = 992)

ICI Monotherapy 
(n = 1639)

All  
(n = 1029)

ICI 
+Chemotherapy 

(n = 424)

ICI 
Monotherapy  

(n = 605)

PD-L1 expression

50–69% 630 (24.0) 244 (24.6) 386 (23.6) 237 (23.0) 104 (24.5) 133 (22.0)

70–89% 767 (29.2) 303 (30.5) 464 (28.3) 290 (28.2) 127 (30.0) 163 (26.9)
90–100% 1234 (46.9) 445 (44.9) 789 (48.1) 502 (48.8) 193 (45.5) 309 (51.1)

Age

Mean ± SD 70.0 ± 9.7 67.1 ± 9.5 71.8 ± 9.3 69.7 ± 9.6 67.1 ± 9.6 71.5 ± 9.1
Median (Q1, Q3) 71 (63, 78) 67 (61, 74) 73 (65,80) 71 (63, 77) 67 (61, 74) 73 (65, 79)

Age group, years

18–54 165 (6.3) 91 (9.2) 74 (4.5) 64 (6.2) 41 (9.7) 23 (3.8)
55–64 599 (22.8) 300 (30.2) 299 (18.2) 236 (22.9) 123 (29.0) 113 (18.7)

65–74 879 (33.4) 356 (35.9) 523 (31.9) 377 (36.6) 159 (37.5) 218 (36.0)
≥75 988 (37.6) 245 (24.7) 743 (45.3) 352 (34.2) 101 (23.8) 251 (41.5)

Sex

Female 1274 (48.4) 435 (43.9) 839 (51.2) 510 (49.6) 188 (44.3) 322 (53.2)
Male 1357 (51.6) 557 (56.2) 800 (48.8) 519 (50.4) 236 (55.7) 283 (46.8)

Geographic region

Midwest 377 (14.3) 132 (13.3) 245 (15.0) 168 (16.3) 63 (14.9) 105 (17.4)
Northeast 476 (18.1) 185 (18.7) 291 (17.8) 183 (17.8) 66 (15.6) 117 (19.3)

South 1185 (45.0) 465 (46.9) 720 (43.9) 508 (49.4) 228 (53.8) 280 (46.3)

West 347 (13.2) 144 (14.5) 203 (12.4) 133 (12.9) 51 (12.0) 82 (13.6)
Unknown 246 (9.4) 66 (6.7) 180 (11.0) 37 (3.6) 16 (3.8) 21 (3.5)

Race

Black 210 (8.0) 82 (8.3) 128 (7.8) 77 (7.5) 31 (7.3) 46 (7.6)
Other 629 (23.9) 238 (24.0) 391 (23.9) 247 (24.0) 97 (22.9) 150 (24.8)

White 1792 (68.1) 672 (67.7) 1120 (68.3) 705 (68.5) 296 (69.8) 409 (67.6)

Payer
Commercial 1342 (51.0) 515 (51.9) 827 (50.5) 527 (51.2) 215 (50.7) 312 (51.6)

Medicare 553 (21.0) 175 (17.6) 378 (23.1) 224 (21.8) 74 (17.5) 150 (24.8)

(Continued)
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Table 1 (Continued). 

Variable All High PD-L1 Expressers Clinical Trial-Like Cohort

All  
(N = 2631)

ICI 
+Chemotherapy 

(n = 992)

ICI Monotherapy 
(n = 1639)

All  
(n = 1029)

ICI 
+Chemotherapy 

(n = 424)

ICI 
Monotherapy  

(n = 605)

Medicaid 49 (1.9) 16 (1.6) 33 (2.0) 10 (1.0) 4 (0.9) 6 (1.0)

Other or 

unknown

687 (26.1) 286 (28.8) 401 (24.5) 268 (26.0) 131 (30.9) 137 (22.6)

Practice type

Academic 205 (7.8) 49 (4.9) 156 (9.5) 18 (1.8) 4 (0.9) 14 (2.3)

Community 2426 (92.2) 943 (95.1) 1483 (90.5) 1011 (98.3) 420 (99.1) 591 (97.7)
Histology

NSCLC NOS 131 (5.0) 61 (6.2) 70 (4.3) 52 (5.1) 25 (5.9) 27 (4.5)

Non-squamous 
cell carcinoma

1893 (72.0) 733 (73.9) 1160 (70.8) 739 (71.8) 312 (73.6) 427 (70.6)

Squamous cell 

carcinoma

607 (23.1) 198 (20.0) 409 (25.0) 238 (23.1) 87 (20.5) 151 (25.0)

Smoker 2452 (93.2) 919 (92.6) 1533 (93.5) 955 (92.8) 397 (93.6) 558 (92.2)

Stage at initial 

diagnosis
I–IIIA 501 (19.0) 104 (10.5) 397 (24.2) 203 (19.7) 52 (12.3) 151 (25.0)

IIIB or IIIC 113 (4.3) 40 (4.0) 73 (4.5) 47 (4.6) 20 (4.7) 27 (4.5)

IV 1985 (75.5) 842 (84.9) 1143 (69.7) 766 (74.4) 350 (82.6) 416 (68.8)
Unknown 32 (1.2) 6 (0.6) 26 (1.6) 13 (1.3) 2 (0.5) 11 (1.8)

ECOG performance 

status
0 529 (20.1) 226 (22.8) 303 (18.5) 389 (37.8) 165 (38.9) 224 (37.0)

1 939 (35.7) 356 (35.9) 583 (35.6) 640 (62.2) 259 (61.1) 381 (63.0)

2 426 (16.2) 125 (12.6) 301 (18.4) – – –
3 101 (3.8) 21 (2.1) 80 (4.9) – – –

4 10 (0.4) 1 (0.1) 9 (0.6) – – –

Missing or 
unknown

626 (23.8) 263 (26.5) 363 (22.2) – – –

ECOG group

0 or 1 1468 (55.8) 582 (58.7) 886 (54.1) 1029 (100) 424 (100) 605 (100)
2 to 4 537 (20.4) 147 (14.8) 390 (23.8) – – –

Missing 626 (23.8) 263 (26.5) 363 (22.2) – – –

Metastasis
Bone or bone 

marrow

535 (20.3) 231 (23.3) 304 (18.5) 209 (20.3) 106 (25.0) 103 (17.0)

Liver or bile duct 138 (5.2) 45 (4.5) 93 (5.7) 54 (5.2) 20 (4.7) 34 (5.6)
Brain or cerebral 

meninges

309 (11.7) 121 (12.2) 188 (11.5) – – –

Diagnosis year
2018 783 (29.8) 233 (23.5) 550 (33.6) 293 (28.5) 87 (20.5) 206 (34.1)

2019 761 (28.9) 303 (30.5) 458 (27.9) 310 (30.1) 128 (30.2) 182 (30.1)

2020 737 (28.0) 303 (30.5) 434 (26.5) 300 (29.2) 144 (34.0) 156 (25.8)
2021 350 (13.3) 153 (15.4) 197 (12.0) 126 (12.2) 65 (15.3) 61 (10.1)

Note: Data are presented as number (%) unless otherwise indicated. 
Abbreviations: ECOG, Eastern Cooperative Oncology Group; ICI, immune checkpoint inhibitor; NOS, not otherwise specified; NSCLC, non-small cell lung cancer; PD- 
L1, programmed cell death-ligand 1; Q1, Q3, quartiles 1 and 3, respectively; SD, standard deviation.
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Time-to-Event Analysis
Median (Q1, Q3) duration of follow-up in the main cohort was 7.8 (2.4–18.7) months, which was slightly shorter vs. 9.4 
(3.7–20.1) months in the trial-like sub-cohort. Similarly, median (Q1, Q3) duration of follow-up was shorter with ICI 
monotherapy than ICI+chemotherapy, 7.4 (2.1–18.6) months and 8.5 (3.3–19.0) months, respectively. Median PFS and 
OS were generally longer with ICI+chemotherapy than with ICI monotherapy, generally increased across both ICI 
regimens at higher PD-L1 expression levels, and were generally longer in the trial-like sub-cohort than the overall cohort 
(Table 2). In particular, the median OS was 16.8 months (95% CI: 13.7–19.0) and 13.2 months (95% CI: 11.7–15.3) with 
ICI+chemotherapy and ICI monotherapy, respectively, among the overall high PD-L1 expresser population. This 
difference was primarily driven by patients with PD-L1 50–69% (medians of 14.9 [95% CI: 11.3–19.8] and 10.5 
[95% CI: 8.1–13.2] months with ICI+chemotherapy and ICI monotherapy, respectively), as the difference between 
treatment groups was small for both the PD-L1 70–89% (12.6 [95% CI: 9.9–19.0] vs. 12.5 [95% CI: 10.5–14.8] months) 
and PD-L1 90–100% (18.9 [95% CI: 15.9–22.8] vs. 17.6 [95% CI: 13.4–21.3] months) expression levels (Table 2). 
A higher proportion of patients receiving ICI monotherapy had ECOG performance status ≥1 than those receiving ICI 
+chemotherapy, with the largest difference between treatment regimens observed among those with PD-L1 50–69% 
(59.3% vs. 43.5%), followed by PD-L1 90–100% (59.7% vs. 51.7%), and PD-L1 70–89% (58.8% vs. 55.1%), which 
might partially explain the shorter median OS in those receiving ICI monotherapy. Median (95% CI) TTD and TTNT are 
shown in Supplementary Table 3, with generally longer median time to events in ICI+chemotherapy than ICI 
monotherapy.

Patients in the clinical trial-like sub-cohort generally had better outcomes relative to those in the overall cohort across 
all PD-L1 levels (Table 2, Supplementary Table 3). Differences in OS between the main cohort and trial-like cohort 
varied across PD-L1 levels in patients receiving ICI+chemotherapy, with the largest difference seen in those with PD-L1 
70–89%. For ICI monotherapy, differences in median OS between the two cohorts were observed across PD-L1 
expression levels. For each ICI regimen, median PFS was similar between the main cohort and the trial-like sub- 
cohort (difference in median PFS was ≤1 month; Table 2) and was also close to what was reported in ICI pivotal clinical 
trials (Supplementary Table 1).

Associations Between ICI Regimen, PD-L1 Expression Level, and OS
Comparisons between ICI regimens by PD-L1 levels showed that among patients with PD-L1 50–69%, those receiving 
ICI+chemotherapy had a lower risk of death than those receiving ICI monotherapy (HR: 0.80, 95% CI: 0.64–0.99). 
A similar risk of death was observed between ICI regimens among patients with PD-L1 expression levels of 70–89% and 
90–100% (Figure 1). Among patients treated with ICI+chemotherapy, the risk of death was similar for those with PD-L1 
50–69% and those with PD-L1 70–89%, with the HR approaching 1 (HR: 0.98, 95% CI: 0.78–1.24). In contrast, patients 

Table 2 Unadjusted Median Progression-Free Survival and Overal Survival

Outcome PD-L1 Expression Median (95% CI), Months

All High PD-L1 Expressers Clinical Trial-Like Cohort

ICI+Chemotherapy ICI Monotherapy ICI+Chemotherapy ICI Monotherapy

PFS 50–100% 7.4 (6.6–8.0) 5.4 (4.7–5.8) 7.8 (6.5–9.4) 5.9 (4.8–7.2)

50–69% 6.5 (5.3–7.4) 4.3 (3.4–5.0) 5.9 (4.6–8.2) 4.8 (3.6–6.9)

70–89% 6.7 (5.9–8.0) 4.6 (3.8–6.0) 7.1 (5.8–10.6) 5.8 (3.9–7.5)
90–100% 8.7 (7.5–10.1) 6.3 (5.5–7.6) 9.7 (7.5–12.9) 7.2 (5.5–8.6)

OS 50–100% 16.8 (13.7–19.0) 13.2 (11.7–15.3) 19.0 (15.6–22.2) 17.5 (14.8–20.5)

50–69% 14.9 (11.3–19.8) 10.5 (8.1–13.2) 15.8 (11.3–21.0) 14.6 (9.9–18.7)
70–89% 12.6 (9.9–19.0) 12.5 (10.5–14.8) 20.1 (10.5–28.2) 17.2 (12.5–22.9)

90–100% 18.9 (15.9–22.8) 17.6 (13.4–21.3) 21.7 (15.6–26.5) 20.8 (15.9–26.2)

Abbreviations: CI, confidence interval; ICI, immune checkpoint inhibitor; OS, overall survival; PD-L1, programmed cell death-ligand 1; PFS, progression-free 
survival.
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0 1

Decreased risk of death Increased risk of death

2 3 4

PD-L1 70–89% ICI+chemotherapya 0.81 (0.66–0.99)

PD-L1 70–89% ICI monotherapya 0.91 (0.76–1.08)

PD-L1 90–100% ICI+chemotherapya 0.67 (0.55–0.81)

PD-L1 90–100% ICI monotherapya 0.73 (0.62–0.86)

PD-L1 50–69% ICI+chemotherapya 0.80 (0.64–1.00)

HR (95% CI)

65–74 1.11 (0.86–1.43)

≥75 1.29 (1.00–1.66)

Northeast 0.93 (0.80–1.08)

West 0.95 (0.80–1.13)

Unknown 1.83 (1.27–2.63)

PD-L1–ICI regimen 
interaction term, Ref: Patients
with PD-L1 50–69% receiving
ICI monotherapy

55–64 1.07 (0.83–1.38)Age, years, Ref: 18–54 

Male 1.19 (1.07–1.33)Sex, Ref: Female

Academic 0.42 (0.28–0.63)Clinical setting, Ref: Community

Midwest 1.02 (0.88–1.19)Region, Ref: South

Black 1.00 (0.81–1.23)Race, Ref: White

Other 1.14 (1.01–1.30)

Medicare 1.00 (0.87–1.14)Payer, Ref: Commercial

Medicaid 0.98 (0.64–1.48)

Other/unknown 0.87 (0.76–0.99)

Smoker 1.01 (0.82–1.24)Smoking status, Ref: Non-smoker

NSCLC histology NOS 1.11 (0.87–1.41)Histology, 
Ref: Non-squamous Squamous cell carcinoma 1.14 (1.01–1.29)

IV 1.26 (1.10–1.45)

Unknown 1.19 (0.74–1.92)

IIIB/C 0.84 (0.61–1.14)Stage at initial diagnosis, 
Ref: I–IIIA

1 1.32 (1.13–1.54)ECOG performance status,
Ref: 0

≥3 2.85 (2.19–3.71)

Missing 1.40 (1.18–1.66)

2 1.88 (1.57–2.24)

Liver or bile duct 1.61 (1.31–1.99)Metastasis, Ref:
No metastasis at site Brain or cerebral meninges 0.98 (0.82–1.16)

Bone or bone marrow 1.19 (1.05–1.36)

Year of aNSCLC diagnosis, 
Ref: 2021

2018 0.86 (0.69–1.08)

2019 0.91 (0.73–1.14)

2020 0.99 (0.79–1.25)

HR (95% CI)

1.26 (1.01–1.56)
1.12 (0.92–1.36)
1.10 (0.92–1.30)

0.98 (0.78–1.24)
1.19 (0.96–1.49)
1.21 (0.99–1.49)

1.11 (0.93–1.32)
1.37 (1.16–1.60)
1.24 (1.06–1.45)

HR (95% CI)

ICI monotherapy vs ICI+chemotherapy within PD-L1 strata
PD-L1 50–69%
PD-L1 70–89%
PD-L1 90–100%

Within ICI+chemotherapy
PD-L1 50–69% vs 70–89%
PD-L1 50–69% vs 90–100%
PD-L1 70–89% vs 90–100%

Within ICI monotherapy
PD-L1 50–69% vs 70–89%
PD-L1 50–69% vs 90–100%
PD-L1 70–89% vs 90–100%

Comparison

Selected pair-wise comparisons defined by PD-L1 expression level and ICI regimen

Figure 1 Adjusted hazard ratios and their 95% confidence intervals for variables associated with overall survival in the main cohort aInteraction term on PD-L1 level and ICI 
regimen, with pair-wise comparison between selected pairs presented in the table below the Forest plot. 
Abbreviations: aNSCLC, advanced non-small cell lung cancer; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; ICI, immune 
checkpoint inhibitor; PD-L1, programmed cell death-ligand 1; Ref, reference group.
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with PD-L1 50–69% or 70–89% had an approximately 20% higher risk of death than those with PD-L1 90–100% (HRs 
of 1.19 [95% CI: 0.96–1.49] and 1.21 [95% CI: 0.99–1.49], respectively) (Figure 1). Similarly, within the ICI 
monotherapy group, there was no difference in risk of death between patients with PD-L1 50–69% and 70–89%. 
However, compared with patients with PD-L1 90–100%, those with PD-L1 50–69% and 70–89% had higher risks of 
death, by 37% (HR: 1.37, 95% CI: 1.16–1.60) and 24% (HR: 1.24, 95% CI: 1.06–1.45), respectively.

Other Variables Associated with OS
Several other variables were found to be associated with OS. Patients treated in the academic setting had a 58% lower 
risk of death than those in a community setting (HR: 0.42, 95% CI: 0.28–0.63). In contrast, several patient characteristics 
were associated with poorer OS, including male sex, age ≥75 years, squamous cell carcinoma histology, ECOG 
performance status, stage IV disease, and metastasis in either the liver/bile duct or bone/bone marrow (Figure 1). For 
ECOG performance status, a higher risk of death was observed at higher scores relative to a score of 0, with HRs that 
ranged from 1.32 (95% CI: 1.13–1.54) with ECOG performance status 1, to 2.85 (95% CI: 2.19–3.71) with ECOG 
performance status ≥3.

Discussion
The survival benefits of several ICI therapies compared with chemotherapy among patients with aNSCLC and PD-L1 ≥50% 
were demonstrated in clinical trials. Our results showed that in real-world patients who met several ICI trial inclusion and 
exclusion criteria, the median OS and PFS approached those reported in the pivotal trials of ICIs in patients with aNSCLC and 
PD-L1 ≥50% (Supplementary Table 1). Consistent with prior real-world studies,13,19,20 survival estimates in the broader high 
PD-L1 expresser cohort were generally lower than those in the clinical trial-like sub-cohort and compared with clinical trials, 
but differences were minimized in patients with PD-L1 ≥90%. To our knowledge, our study is the first real-world study 
reporting survival outcomes by ICI regimen and by granular PD-L1 expression levels among high expressers. Our results 
suggest ICI+chemotherapy may have a greater benefit in patients with PD-L1 50–69% while ICI monotherapy may offer 
a potential alternative to the ICI+chemotherapy combination in those with PD-L1 ≥70%.

Real-world outcomes differ from clinical trials as trial participants tend to be healthier and younger due to more 
restrictive selection criteria than in the real-world setting. The presence of an ECOG performance status ≥2, active brain 
metastasis, and inadequate organ function are often reasons for exclusion of patients from clinical trials, yet these clinical 
variables are important prognostic factors for survival in patients with aNSCLC. When we selected real-world patients 
meeting such key trial eligibility criteria, we observed outcomes closer to those reported in trials despite the fact that 
these real-world patients were older with a percentage of patients ≥75 years old (34%) that was higher than typically seen 
in clinical trials. Furthermore, there were very small differences overall in PFS between the clinical trial-like sub-cohort 
and the main cohort when stratified by ICI regimen, which may be related to the lack of potential confounders associated 
with post-progression antineoplastic treatment. The median PFS in this real-world patient population also approached 
that reported in clinical trials (Supplementary Table 1).

While the use of select ICI monotherapy or ICI+chemotherapy has been recommended for patients with PD-L1 ≥50% 
in the absence of contraindicated genomic aberrations,1 there are no randomized controlled trial data to further guide 
regimen selection between ICI monotherapy and ICI+chemotherapy in this population. A recent network meta-analysis 
of clinical trials evaluating the efficacy of ICIs in aNSCLC showed that ICI+chemotherapy appeared to improve OS and 
overall response rate compared with ICI monotherapy only among PD-L1 high expressers, defined as PD-L1 ≥50%; no 
benefits were conferred by ICI+chemotherapy relative to ICI monotherapy or dual-agent ICI for negative (PD-L1 <1%) 
or low expressers (PD-L1 1–49%).21 On other hand, three real-world studies reported survival outcomes among patients 
with aNSCLC and high PD-L1 expression by ICI regimen. One study among patients with PD-L1 ≥50%, ECOG 
performance status 0 or 1, non-squamous histology, and normal laboratory values in the Flatiron Health database 
found similar PFS and OS outcomes between ICI+chemotherapy and ICI monotherapy after multivariate adjustment.12 

Another study, which also used the Flatiron Health database, reported similar median OS between ICI+chemotherapy and 
ICI monotherapy among patients with squamous histology (median OS 12.3 [95% CI: 9.3–not estimable] vs. 11.9 [95% 
CI: 10.0–14.1] months), while numerically longer median OS was observed in ICI+chemotherapy among patients with 
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non-squamous histology (median OS 19.1 [95% CI: 15.5–22.1] vs. 15.3 [95% CI: 13.4–17.5] months).20 A third study 
among high PD-L1 expressers using the ConcertAI Oncology database reported a median OS of 22.4 months (95% CI: 
15.7–not estimable) with ICI+chemotherapy vs. 18.3 months (95% CI: 14.8–22.0) with ICI monotherapy.22 No adjusted 
comparison between ICI+chemotherapy and ICI monotherapy was performed in the latter two studies. Population 
heterogeneity may also contribute to different findings across studies and none of these studies reported outcomes by 
further granular strata of PD-L1 ≥50%. Additionally, it should be noted that in these studies, patients in the ICI 
monotherapy group tended to be older with poorer ECOG performance status (≥2) compared with those receiving ICI 
+chemotherapy, which was also observed in our study population.

Few studies have reported outcomes further stratified by PD-L1 expression levels among those with PD-L1 ≥50%. In 
the exploratory analysis of the Phase 3 clinical trial of cemiplimab among high PD-L1 expressers (EMPOWER-Lung 1), 
PD-L1 expression levels (≥90%, >60% to <90%, ≥50% to ≤60%) correlated with depth of changes in tumor measure-
ments as well as with incremental improvements in OS, PFS, and overall response rate.5 Additional real-world studies 
among patients treated with first-line pembrolizumab monotherapy have evaluated other strata for optimal grouping of 
PD-L1 expression levels using recursive partitioning.23,24 In those studies, very high PD-L1 expressers, defined as PD-L1 
≥90%, were compared with PD-L1 50–89%,23–25 and had both higher overall response rate and longer OS. However, 
these studies did not evaluate ICI+chemotherapy vs. ICI monotherapy.

In the current study, we found that among patients with PD-L1 expression ≥70%, ICI monotherapy and ICI+chemotherapy 
resulted in similar benefits in OS, despite that patients receiving ICI monotherapy were older and had poorer ECOG 
performance status, while ICI+chemotherapy seemed to provide greater survival benefits than ICI monotherapy in those 
with PD-L1 50–69%. Approximately 39% of patients received ICI+chemotherapy in the PD-L1 50–69% group, highlighting 
a potential opportunity for therapy that warrants further evaluation. Furthermore, 37% of those with PD-L1 ≥70% received 
concomitant chemotherapy even though our findings suggested a benefit similar to ICI monotherapy, which avoids the toxicity 
of chemotherapy. The reasons behind such treatment choices were unavailable in this database, but may relate to several 
clinical factors. Some studies suggested the possibility of acquired resistance to ICIs when used over long periods of time, or 
more important, the fact that chemotherapy may increase the tumor’s response to ICIs and provide better short-term disease 
control.26 More granular stratification among patient with high PD-L1 expression should be included in future clinical trials 
and real-world studies to help better evaluate how the addition of chemotherapy to ICIs may impact outcomes in patients with 
aNSCLC.

A few strengths and limitations of this study should be noted. First, the study used the nationwide EHR-derived database 
comprising patients treated primarily in the community setting, reflecting a more general clinical practice. Even though we 
attempted to generate a clinical trial-like cohort, these patients might not resemble such patients in clinical trials due to limited 
data availability and achievable operationalization of trial-like eligibility criteria in real-world databases, e.g., patients without 
laboratory measurements were assumed to have adequate organ function. The distribution of demographic or clinical 
characteristics, such as age, sex, or histology may also differ in real-world vs. clinical trial populations. We were also not 
able to identify whether patients received ICIs as adjuvant or neoadjuvant treatments for earlier stages of disease. Therefore, 
differences in outcomes observed between the trial-like cohort and ICI pivotal clinical trials may be attributable to the 
differences in baseline characteristics and should be interpreted with caution. Indication bias was possible as patients receiving 
ICI monotherapy appeared to be older with poorer ECOG performance status than those receiving ICI+chemotherapy. 
Residual confounding in this study is likely; confounding by severity of detrimental prognostic factors might not be well 
captured in this database. However, if healthier patients were more likely to receive concomitant chemotherapy, such treatment 
choice may bias towards better outcomes in patients receiving ICI+chemotherapy, further supporting our finding of no 
survival benefits with concomitant chemotherapy in those with high PD-L1 expression. PD-L1 expression misclassification 
was possible as different commercial and laboratory-based assays were used among patients and the reliability of these assays 
might vary. Future studies should explore the benefit of adding chemotherapy to ICIs among patients with aNSCLC and high 
PD-L1 expression. The study period overlapped with occurrence of the COVID-19 pandemic, which may have impacted 
treatment patterns and clinical outcomes.
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Conclusions
In this large real-world study of patients with aNSCLC and high PD-L1 expression who initiated first-line ICI regimens, 
outcomes in the clinical trial-like patients approached those reported in the key pivotal ICI trials conducted in high PD- 
L1 expressers. ICI monotherapy may offer a chemotherapy-sparing option in those with PD-L1 levels ≥70%; the benefits 
are less clear in patients with PD-L1 expression levels 50–69%. Future studies are warranted to better understand the 
benefits of adding chemotherapy in patients with high PD-L1 expression.
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