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ABSTRACT

Introduction: Biomarker testing is increasingly
crucial for patients with early-stage non-small
cell lung cancer (eNSCLC). We explored bio-
marker test utilization and subsequent treat-
ment in eNSCLC patients in the real-world
setting.

Methods: Using COTA’s oncology database,
this retrospective observational study included
adult patients > 18 years old diagnosed with
eNSCLC (disease stage 0-IIIA) between January
1, 2011 and December 31, 2021. Date of first
eNSCLC diagnosis was the study index date. We
reported testing rates by index year for patients
who received any biomarker test within
6 months of eNSCLC diagnosis and by each
molecular marker. We also evaluated treatments
received among patients receiving the five most
common biomarker tests.
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Results: Among the 1031 eNSCLC patients
included in the analysis, 764 (74.1%) received
> 1 biomarker test within 6 months of eNSCLC
diagnosis. Overall, epidermal growth factor
receptor (EGFR; 64%), anaplastic lymphoma
kinase (ALK; 60%), programmed death receptor
ligand 1 (PD-L1; 48%), ROS proto-oncogene 1
(ROS1; 46%), B-Raf proto-oncogene (40%),
mesenchymal epithelial transition factor
receptor (35%), Kirsten rat sarcoma viral onco-
gene (29%), RET proto-oncogene (22%), human
epidermal growth factor receptor 2 (21%), and
phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit alpha (20%) were the 10 most
frequently tested biomarkers. The proportion of
patients undergoing biomarker testing rose
from 55.3% in 2011 to 88.1% in 2021. The most
common testing methods were Sanger
sequencing for EGFR (244, 37%), FISH (fluores-
cence in situ hybridization) for ALK (464, 75%)
and ROS1 (357, 76%), immunohistochemical
assay for PD-L1 (450, 90%), and next-generation
sequencing testing for other biomarkers. Almost
all the 763 patients who received the five most
common biomarker tests had a test before the
initiation of a systemic treatment.

Conclusion: This study suggests a high bio-
marker testing rate among patients with
eNSCLC in the US, with testing rates for various
biomarkers increasing over the past decade,
indicating a continuous trend towards the per-
sonalization of treatment decisions.
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Key Summary Points

Why carry out this study?

The use of biomarker tests to guide
treatment in patients with early-stage
non-small cell lung cancer (eNSCLC) is
not well understood in the real-world
setting.

This study fills a gap in knowledge by
examining the real-world biomarker test
utilization and subsequent treatment over
11 years in a national sample of adult
patients with eNSCLC.

What was learned from the study?

This study suggests a high biomarker
testing rate, with various biomarker
testing rates increasing over the last
decade in patients with eNSCLC in the US.

In patients who received the five most
commonly used biomarker tests, almost
all received a test before the initiation of a
systemic treatment.

With the rapidly evolving treatment
landscape and testing recommendations
for eNSCLC, future research is needed to
understand whether biomarker testing has
improved optimal treatment decision
making and long-term survival outcomes
for patients with eNSCLC.

INTRODUCTION

Lung cancer is the second most common cancer
and the leading cause of cancer death in the
United States (US) [1]. Approximately 236,740
new cases of lung cancer and 130,180
lung cancer-related deaths are estimated to have
occurred by the end of 2022 [1]. Lung cancer is a

heterogeneous disease [2-4], and 85% of
patients diagnosed with lung cancer have non-
small cell lung cancer (NSCLC) [2]. The main
subtypes of NSCLC are adenocarcinoma (40%),
squamous cell carcinoma (30%), and large cell
carcinoma (10-15%) [5]. Approximately half of
US patients with NSCLC are diagnosed at an
advanced, metastatic stage (aNSCLC; stage IIIB
or IV) [6]. The remaining half are diagnosed at
an early, non-metastatic stage (eNSCLC; stage I,
II, or IIIA) [6]. With an aging population and
the introduction of low-dose computed tomo-
graphy screenings for high-risk individuals, the
number of patients diagnosed with eNSCLC is
likely to increase [6-8].

The discovery of oncogenic driver mutations
in NSCLC, which can be targeted by small
molecule inhibitors, and the development of
immunotherapies have transformed the treat-
ment landscape for patients with NSCLC [9].
The treatment for NSCLC is becoming increas-
ingly biomarker driven, with targeted therapies
requiring testing using companion molecular
diagnostics [10]. In fact, practical guidelines,
such as the Clinical Practice Guidelines in
Oncology (NCCN), the College of American
Pathologists, the International Association for
the Study of Lung Cancer, and the Association
for Molecular Pathology, recommend that all
patients with aNSCLC should undergo, at a
minimum, testing for the most prevalent
biomarkers, including epidermal growth factor
receptor (EGFR), anaplastic lymphoma kinase
(ALK), ROS proto-oncogene 1 (ROSI), B-Raf
proto-oncogene (BRAF), and programmed death
receptor ligand 1 (PD-L1) [11, 12].

Biomarker testing is also crucial for patients
with eNSCLC [11]; for example, some clinical
trials have reported survival benefits associated
with adjuvant chemotherapy in eNSCLC
[13, 14]. Information collected from biomarkers
could help with identifying patients with
eNSCLC who are most likely to benefit from
adjuvant therapy [8, 15-17].

A growing number of biomarker-based
treatments, along with companion diagnostic
devices, tailored to patients with eNSCLC are
now under development or have been approved
by the US Food and Drug Administration (FDA)
[8, 18]. For example, the 2022 update to the
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NCCN Guidelines recommended osimertinib as
an option for adjuvant therapy in patients with
resectable stage IIB-IIIA or high-risk stage IB-IIA
NSCLC harboring EGFR mutations who have
received previous adjuvant chemotherapy, or
are ineligible to receive platinum-based
chemotherapy [11, 19], based on the results of
the ADAURA trial which showed an unprece-
dented disease-free survival benefit [16, 17]. In
addition, the VENTANA PD-L1 (SP263) Assay
(Ventana Medical Systems, Inc., a member of
the Roche Group) was recently approved as a
companion diagnostic device for adjuvant
treatment with atezolizumab (Tecentriq,
Genentech, Inc.) in patients with stage II to IIIA
NSCLC whose tumors have PD-L1 expression
on > 1% of tumor cells [18].

However, little is known about how bio-
marker tests are conducted and used to guide
treatments in patients with eNSCLC in the real-
world setting. In this exploratory study, we
aimed to understand the real-world utilization
of biomarker tests and the subsequent treat-
ment among patients newly diagnosed with
eNSCLC. We also investigated the timing of
biomarker testing and its relation to initiation
of systemic treatment.

METHODS

Study Design and Data Source

This retrospective, observational cohort study
used COTA’s Real World Evidence (RWE) data-
base, an electronic health records (EHR)-
derived, de-identified oncology database [20].
The database includes data from 1.7 million
patient records from over 1500 oncologists, of
whom approximately 50% are from academic
settings and 50% from community medical
centers, representing diverse treatment settings.
These treatment settings include academic, for-
profit, community sites, and hospital systems in
most of the US, with concentrations in the
Northeast, Southeast, and South-Central
regions of the US. Some examples of cancer
centers include Miami Cancer Institute, Hack-
ensack Meridian Health, John Theurer Cancer

Center, Regional Cancer Care Associates, and
Medstar Health.

COTA datasets contain individual patient
data from the time of initial cancer diagnosis
through to the most recent documentation in
the EHR. Other available information includes
patient demographics, cancer diagnosis,
comorbidity, performance status, tumor histol-
ogy, laboratory data, biomarker test methods
and results, treatment information, and adverse
events. All data available within the EHR at the
time of abstraction were included in the RWE
dataset. Where patients did not receive all of
their care at a singular primary site, COTA
reviewed and collected data from all available
outside records that were scanned into the EHR
and/or detailed by the treating physician.
Patients who did not have sufficient documen-
tation or had significant gaps in their patient
journey within the EHR were excluded.

Compliance with Ethics Guidelines

All study data were fully compliant with US
patient confidentiality requirements, including
the Health Insurance Portability and Account-
ability Act (HIPAA) of 1996. The study used only
de-identified patient records and, therefore, was
exempted from institutional review board
approval. Informed consent was not required, as
this was not an interventional study, and rou-
tinely collected, anonymized data were used.
This study complied with all relevant national
regulations and was performed in accordance
with the principles of the Declaration of Hel-
sinki and the International Conference on
Harmonization Guidelines on Good Clinical
Practice. Full permission was received by COTA
to access the study database.

Study Sample Selection

The study population included adult
patients > 18 years old with eNSCLC. A total of
1200 adult patients with a diagnosis of eNSCLC
between January 1, 2000 and December 31,
2021 were initially identified by COTA, using
the following patient identification and extrac-
tion criteria. Patients with a diagnosis of lung
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cancer were first identified based on having at
least one international Classification of Dis-
eases, 9th Revision, Clinical Modification (ICD-
9-CM) code or ICD-10-CM code for lung cancer.
Medical abstractors then manually confirmed
the diagnosis in the EHR and completed the full
patient record extraction. Patients with NSCLC
were then identified based on the histology
codes for NSCLC. eNSCLC patients were inclu-
ded in the study cohort based on having the
disease at stage O-IIIA. Patients were excluded if
they met the following criteria: (1) they
were < 18 years of age at the time of diagnosis;
(2) they did not have the malignancy of interest
(i.e., NSCLC); (3) they had no date of diagnosis
in the EHR; (4) they had no clinician note
available; (5) they were not evaluated at the
accessible provider site for the malignancy of
interest; or (6) they had concurrent primary
malignancies. In our analyses, we further
excluded patients who: (1) had a diagnosis of
eNSCLC before 2011; (2) had an unspecified
cancer stage; and (3) received biomarker testing
prior to having a NSCLC diagnosis.
Additionally, for the study analysis, we lim-
ited the biomarker test utilization to within
6 months or 182 days of the eNSCLC diagnosis

Table 1 Attrition table: patient selection

date. The 6-month cut-off date was specified
because the study clinical expert advised that
the majority of patients with eNSCLC are typi-
cally treated within 6 months of diagnosis.
Patients were further required to have at least
one medical activity, defined as having at least
one office visit or treatment, within 182 days
after eNSCLC diagnosis. To ensure that patients
were actively receiving care within the COTA
Health Database, patients were excluded if they
had no evidence of an interaction with the
healthcare system within 90 days of diagnosis
or a survival of less than 30days after the
diagnosis date. Patients were also excluded if
they enrolled in clinical trials within 182 days
of eNSCLC diagnosis. A total of 1031 patients
with eNSCLC were included in this analysis
after applying these study eligibility criteria
(Table 1).

Three-month and 9-month cut-off dates
were used for sensitivity analysis. Similar study
sample sizes were found. The index date was the
date of the first eNSCLC diagnosis. Patients were
followed until death, the last medical activity
date, or end of the study period, whichever
occurred first.

Step/definition Patients, 7
(%)

0. Adult patients > 18 years old with eNSCLC extracted from COTA RWD 1200 (100)

1. Patients remaining from Step 0, with an eNSCLC diagnosis in or after 2011 1120 (93.3)

2. Patients remaining from Step 1, excluding those with cancer stage unspecified 1119 (93.3)

3. Patients remaining from Step 2, with biomarker tested on or after the initial diagnosis date, excluding 1111 (92.6)

patients with biomarker tested before the initial eNSCLC diagnosis date

4. Patients remaining from Step 3, who had at least one medical activity within 182 days after the initial 1103 (91.9)

diagnosis

5. Patients remaining from Step 4, who had evidence of an interaction with the healthcare system within 90 1043 (86.9)

days of diagnosis or a survival of more than 30 days after the diagnosis date

6. Patients remaining from Step 5, who did not enroll in a clinical trial within 182 days of the initial

diagnosis

Analytic sample

1031 (85.9)

1031 (85.9)

eNSCLC early non-small cell lung cancer, RIWD real-world data
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Study Measures

Patients’ demographic and clinical characteris-
tics were measured on or around the index date,
including age at diagnosis, sex, race (e.g., white,
African American, Asian, and other), ethnicity
(Hispanic vs. non-Hispanic), cancer stage, East-
ern Cooperative Oncology Group Performance
Status Scale [21], personal history of cancer,
history of tobacco usage, diagnosis method (i.e.,
biopsy, clinical, cytology, excisional biopsy, fine
needle aspirate, surgical resection, other), and
year of initial diagnosis.

The study database recorded details of the
patients’ biomarker testing, such as the name of
the molecular biomarker, test results (positive
vs. negative), testing methods, specimen type,
as well as dates of test collection and reporting.
The specific testing methods included poly-
merase chain reaction, fluorescence in situ
hybridization (FISH), immunohistochemistry
(IHC), mutation-specific IHC, next-generation
sequencing (NGS), ribonucleic acid (RNA)
sequencing, Sanger sequencing, and unspeci-
fied. The specimen types included blood,
tumor, and unspecified. The biomarker turn-
around time was calculated as the difference
between the date the specimen was collected in
the laboratory and the date of the test result
available to the provider.

Patients’ treatment information included
surgery, radiation therapy, and systemic treat-
ment regimens. We further categorized systemic
treatment regimens into the following five cat-
egories: chemotherapies only, immunothera-
pies only, targeted  therapies  only,
immunotherapy and chemotherapy (immuno-
chemo), and targeted therapy and chemother-
apy (targeted-chemo).

Statistical Analysis

Descriptive statistics were reported for the
study, with the mean (median, minimum,
maximum) used for continuous variables and
the number (n) and proportion for categoric
variables. The chi-squared test was used for
categorical variables, and the f-test was

performed for continuous variables to obtain
p values.

To understand the biomarker test utilization
over time, owing to the fact that biomarker
testing rates were expected to change over the
study time period between January 1, 2011 and
December 31, 2021, we reported the biomarker
testing rate by year of index diagnosis date for
patients who received any biomarker test within
6 months of their eNSCLC diagnosis and by
each molecular marker. We further evaluated
the distribution of cancer stages, methods of
testing, and specimen types among patients
who received at least one biomarker test within
6 months of their eNSCLC diagnosis.

For treatment utilization, we reported the
lines of therapy patients received within 1 year
of their eNSCLC diagnosis. Additionally, in a
subgroup of patients who received the five most
commonly used biomarker tests, we reported
the time from initial diagnosis to biomarker
testing and the time from biomarker testing to
first-line systemic treatment initiation. We fur-
ther stratified our analysis by treatment type
(i.e., chemotherapy vs. non-chemotherapy). All
analyses were conducted using R version 4.2.0.

RESULTS

Patient Demographic and Clinical
Characteristics

Of the 1031 eNSCLC patients included in the
study, the majority were aged 65 years and older
(65-74 years: 39.4%; 75-84years: 26.4%;
85+ years: 5.1%), female (52.9%), white
(91.8%), and had a history of tobacco use
(81.4%) (Table 2).

Most patients (n = 764, 74.1%) received at
least one biomarker test within 6 months of
their eNSCLC diagnosis, and a higher percent-
age of these patients were female, Hispanic or
Latino, did not have a history of tobacco use,
and received their cancer diagnosis after a sur-
gical resection (p < 0.05) as compared with
those who did not receive any biomarker test
(n =267, 25.9%).
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Table 2 Patient characteristics overall and by biomarker testing status

Had = 1 biomarker test No biomarker test Overall p value
(N = 764) (N =267) (N =1031)
Age at diagnosis, years 0.952
Mean (SD) 694 (9.48) 69.4 (8.91) 694 (9.33)
Median [Q1, Q3] 70.0 [63.0, 76.0] 69.0 [63.0, 76.0] 70.0 [63.0, 76.0]
Age group at diagnosis, years, 0.962
7 (%)
18-44 6 (0.8) 1 (0.4) 7 (0.7)
45-64 218 (28.5) 75 (28.1) 293 (28.4)
65-74 300 (39.3) 106 (39.7) 406 (39.4)
75-84 200 (26.2) 72 (27.0) 272 (26.4)
85+ 40 (5.2) 13 (4.9) 53 (5.1)
Sex, 7 (%) 0.026
Female 420 (55.0) 125 (46.8) 545 (52.9)
Male 344 (45.0) 142 (53.2) 486 (47.1)
Race, 7 (%) 0.459
Asian 16 (2.1) 3 (L.1) 19 (1.8)
Black or African American 26 (3.4) 8 (3.0) 34 (3.3)
Other race 19 (2.5) 11 (4.1) 30 (2.9)
Patient declined 2 (0.3) 0 (0.0) 2 (0.2)
White 701 (91.8) 245 (91.8) 946 (91.8)
Ethnicity, 7 (%) 0.011
Hispanic or Latino 327 (42.8) 90 (33.7) 417 (40.4)
Not Hispanic or Latino 437 (57.2) 177 (66.3) 614 (59.6)
Tobacco history, 7 (%) 0.017
No 124 (16.2) 25 (94) 149 (14.5)
Yes 618 (80.9) 221 (82.8) 839 (81.4)
Missing 22 (2.9) 21 (7.9) 43 (4.2)
Cancer history, 7 (%) 0.821
No 588 (77.0) 203 (76.0) 791 (76.7)
Yes 176 (23.0) 64 (24.0) 240 (23.3)
Cancer stage, 7 (%) 0.497
0-1A 221 (28.9) 89 (33.3 310 (30.1)
IB 124 (16.2) 38 (14.2) 162 (15.7)
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Table 2 continued

Had = 1 biomarker test No biomarker test Overall p value
(N = 764) (N = 267) (N = 1031)
II 161 (21.1) 58 (21.7) 219 (212)
I 258 (33.8) 82 (30.7) 340 (33.0)
ECOG performance status 0.210
grade, 7 (%)
0 309 (40.4) 100 (37.5) 409 (39.7)
1 196 (25.7) 71 (26.6) 267 (25.9)
2 30 (3.9) 14 (5.2) 44 (4.3)
3 7 (0.9) 7 (2.6) 14 (1.4)
4 1(0.1) 0 (0.0) 1 (0.1)
Missing 221 (28.9) 75 (28.1) 296 (28.7)
Diagnosis method, 7 (%) 0.006
Biopsy 342 (44.8) 132 (49.4) 474 (46.0)
Clinical® 2 (0.3) 2 (07) 4 (04)
Cytology 9 (1.2) 7 (2.6) 16 (1.6)
Fine needle aspirate 57 (7.5) 15 (5.6) 72 (7.0)
Other 1(0.1) 3 (L1) 4 (0.4)
Surgical resection 351 (45.9) 104 (39.0) 455 (44.1)
Unknown 2 (0.3) 4 (1.5) 6 (0.6)
Year of initial diagnosis, 7 (%) < 0.001
2011 21 (2.7) 17 (6.4) 38 (3.7)
2012 27 (3.5) 18 (6.7) 45 (4.4)
2013 49 (6.4) 19 (7.1) 68 (6.6)
2014 55 (7.2) 31 (11.6) 86 (8.3)
2015 84 (11.0) 51 (19.1) 135 (13.1)
2016 79 (10.3) 47 (17.6) 126 (12.0)
2017 117 (15.3) 29 (10.9) 146 (14.2)
2018 127 (16.6) 21 (7.9) 148 (14.4)
2019 90 (11.8) 23 (8.6) 113 (11.0)
2020 78 (10.2) 6(22) 84 (8.1)
2021 37 (4.8) 5 (1.9) 42 (4.1)

Clinical suspicion of a patient with symptoms indicating eNSCLC
ECOG Eastern Cooperative Oncology Group, QI first quartile, Q3 third quartile, SD standard deviation

I\ Adis



350

Oncol Ther (2023) 11:343-360

100
90
80174

70 -

64
60

48 46

40

Patients, %

35
29

15 15 4,
110 10 10 10 9 9 g g g 8

Fig. 1 Biomarker tests received within 6 months of
diagnosis among the 1031 patients with eNSCLC during
the entire study period between 2011-2021. ALK
anaplastic lymphoma kinase, BRAF B-Raf proto-oncogene,
DDR2 discoidin-domain receptor 2, EGFR epidermal
growth factor receptor, eNSCLC early non-small cell lung
cancer, ERBB2 erythroblastic oncogene B, FGFRI fibrob-
last growth factor receptor 1, HER2 human epidermal
growth factor receptor 2, KEAPI Kelch-like ECH-associ-
ated protein 1, KRAS Kirsten rat sarcoma viral oncogene,
LKBI liver kinase B1, MAP 2k1 mitogen-activated protein
kinase 1, MAP 2k2 mitogen-activated protein kinase 2,

MEK]I mitogen—activated protein kinase 1, MEK2
Biomarker Test Utilization Over Time

and Testing Methods

Overall, the 10 most frequently tested

biomarkers were EGFR (64%), ALK (60%), PD-L1
(48%), ROS1 (46%), BRAF (40%), mesenchymal
epithelial transition factor receptor (MET)
(35%), Kirsten rat sarcoma viral oncogene
(KRAS) (29%), RET proto-oncogene (RET) (22%),
human epidermal growth factor receptor 2
(HER2) (21%), and PIK3CA (20%, Fig. 1). Most
patients (n = 660, 64.0%) received more than
one biomarker test within 6 months of diagno-
sis. The proportion of patients undergoing bio-
marker testing rose from 55.3% in 2011 to
88.1% in 2021 (Fig. 2). In particular, there was a
significant increase in the proportion of
patients who received PD-L1 testing after the
index diagnosis year of 2016 (Fig. 2).

mitogen-activated protein kinase 2, MET mesenchymal
epithelial transition factor receptor, MLHI MutL protein
homolog 1, MSH2 MutS homolog 2, MSH6 MutS
homolog 6, MSI microsatellite instability, NRAS neurob-
lastoma ras viral oncogene, NTRKI neurotrophic tyrosine
kinase receptor 1, NTRK2 neurotrophic receptor tyrosine
kinase 2, NTRK3 neurotrophic receptor tyrosine kinase 3,
PD-L1 programmed death receptor ligand 1, PIK3CA
phosphatidylinositol-4,5-bisphosphate ~ 3-kinase catalytic
subunit alpha, PMS2 mismatch repair endonuclease,
RET RET proto-oncogene, ROSI ROS proto-oncogene 1,
STKI11 serine/threonine kinase 11, 7MB tumor mutational
burden

The most commonly performed testing
methods were Sanger sequencing for EGFR
(n = 244, 37%), FISH for ALK (n = 464, 75%) and
ROS1 (n =357, 76%), IHC for PD-L1 (n = 450,
90%), and NGS testing for other biomarkers
(Fig. 3). Most biomarker tests were conducted
using tumor samples rather than blood samples
(Fig. 4). The test turnaround time was shortest
for IHC testing (median [interquartile range
[IQR]]: 9 [7-22] days) and longest for RNA
sequencing (median [IQR]: 59 [36-68.8] days)
(Table 3). NGS testing had the second-longest
turnaround time (median [IQR]: 30 [16-50.5]
days) (Table 3).
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Fig. 2 Trends in receipt of the top 10 biomarker tests
within 6 months of diagnosis over time (2011—2021).
ALK anaplastic lymphoma kinase, BRAF B-Raf proto-
oncogene, EGFR epidermal growth factor receptor, HER2
human epidermal growth factor receptor 2, KRAS Kirsten

Treatment Utilization and Time
to Treatment

Among the 1031 eNSCLC patients included in
this analysis, most of the patients (n = 696,
67.5%) received surgery as their first-line treat-
ment, followed by chemotherapy (n= 182,
17.7%), and radiation therapy (n = 133, 12.9%)
(Fig. 5). Only 14 patients (1.4%) received
immunotherapy or targeted therapy as their
first-line treatment (Fig. 5). Ten out of these 14
patients had non-positive gene alterations. In
addition, among the 566 patients who received
systemic therapies, the median time from
diagnosis to the first-line systemic therapy was
around 50 days for chemotherapy, 44.5 days for
immuno-chemo combination therapy, 75 days
for immunotherapy, 95days for targeted

2017 2018 2019 2020 2021

rat sarcoma viral oncogene, MET mesenchymal epithelial
transition factor receptor, PD-LI programmed death
receptor ligand 1, PIK3CA phosphatidylinositol-4,5-bis-
phosphate 3-kinase catalytic subunit alpha, RET RET
proto-oncogene, ROSI ROS proto-oncogene 1

therapies, and 294 days for targeted-chemo
combination therapy (Table 4).

Among 763 patients who received the five
most commonly used biomarker tests (i.e.,
EGFR, ALK, PD-L1, ROS1, and BRAF), the time
from initial diagnosis to biomarker testing and
from biomarker testing to first-line systemic
treatment initiation was investigated (Fig. 6).
The average times from eNSCLC diagnosis to
biomarker testing ranged from 5.3 days for PD-
L1 to 8.7 days for BRAF. More than 97% of the
patients received these biomarker tests before
the initiation of a systemic treatment. The times
between biomarker testing and systemic treat-
ment initiation varied with both biomarker and
treatment type, ranging between 49 and 56 days
on average for chemotherapy and between 94
and 113 days for non-chemotherapy.
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Fig. 3 Distribution of biomarker testing methods among
764 patients with eNSCLC who received biomarker tests
within 6 months of diagnosis. ALK anaplastic lymphoma
kinase, BRAF B-Raf proto-oncogene, DDR2 discoidin-
domain receptor 2, EGFR epidermal growth factor
receptor, eNSCLC carly non-small cell lung cancer, FISH
fluorescence in situ hybridization, FGFRI fibroblast
growth factor receptor 1, HER2 human epidermal growth
factor receptor 2, JHC immunohistochemistry, KEAPI
Kelch-like ECH-associated protein 1, KRAS Kirsten rat
sarcoma viral oncogene, MEKI mitogen-activated protein
kinase 1, MEK2 mitogen-activated protein kinase 2, MET
mesenchymal epithelial transition factor receptor, MLH1

DISCUSSION

Broad molecular profiling is essential for
improving the care of patients with NSCLC [22].
Our study fills a gap in knowledge by examining
the real-world biomarker test utilization and
subsequent treatment over a period of 11 years
in a national sample of adult patients diagnosed
with eNSCLC. Our results show that the bio-
marker testing rate was high in the overall study
sample, with 74.1% patients receiving at least
one biomarker test within 6 months of their
eNSCLC diagnosis. There was an increased

MutL protein homolog 1, MSH2 MutS homolog 2, MSH6
MutS homolog 6, MSI microsatellite instability, NGS
next-generation sequencing, NRAS neuroblastoma ras viral
oncogene, NTRKI neurotrophic tyrosine kinase receptor
1, NTRK2 neurotrophic receptor tyrosine kinase 2,
NTRK3 neurotrophic receptor tyrosine kinase 3, PCR
polymerase chain reaction, PD-L1 programmed death
receptor ligand 1, PIK3CA phosphatidylinositol-4,5-bis-
phosphate 3-kinase catalytic subunit alpha, PMS2 mis-
match repair endonuclease, RET RET proto-oncogene,
RNA ribonucleic acid, ROSI ROS proto-oncogene 1,
STK11 serine/threonine kinase 11, 7MB tumor muta-
tional burden

adoption of biomarker testing over time, from
55.3% in 2011 to 88.1% in 2021. Among 763
patients who received the five most commonly
used biomarker tests, almost all of them
received a biomarker test before the initiation of
a systemic treatment.

The overall high biomarker testing rate in
eNSCLC patients observed in our study is com-
parable with the rates reported in aNSCLC
patients, which range from 80 to 90% [23]. The
approval and favorable results of a number of
biomarker-based treatments, along with com-
panion diagnostic devices, particularly for
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Fig. 4 Distribution of specimen types among 764 patients
with eNSCLC who received biomarker tests within
6 months of diagnosis. ALK anaplastic lymphoma kinase,
BRAF B-Raf proto-oncogene, DDR2 discoidin-domain
receptor 2, EGFR epidermal growth factor receptor,
eNSCLC early non-small cell lung cancer, FGFRI fibrob-
last growth factor receptor 1, HER2 human epidermal
growth factor receptor 2, KEAPI Kelch-like ECH-associ-
ated protein 1, KRAS Kirsten rat sarcoma viral oncogene,
MEK]I mitogen—activated protein kinase 1, MEK2 mito-
gen-activated protein kinase 2, MET mesenchymal epithe-
lial transition factor receptor, MLHI MutL protein

aNSCLC patients, may have promoted the
increased adoption of biomarker testing during
our study period. In our study, we observed a
rapid uptake of PD-L1 testing after 2016, fol-
lowing the approval of pembrolizumab in
October 2015 for patients with previously trea-
ted metastatic NSCLC whose tumors express
PD-L1 as determined by an FDA-approved
companion diagnostic [24]. A similar pattern of
PD-L1 testing was also observed in patients with
aNSCLC. For instance, a study focusing on
patients with metastatic NSCLC reported an
almost 10% increase in PD-L1 testing rate, from
3.0% in the second quarter of 2015 to 12.8% in

homolog 1, MSH2 MutS homolog 2, MSH6 MutS
homolog 6, MSI microsatellite instability, NRAS neurob-
lastoma ras viral oncogene, NTRKI neurotrophic tyrosine
kinase receptor 1, N TRK2 neurotrophic receptor tyrosine
kinase 2, NTRK3 neurotrophic receptor tyrosine kinase 3,
PD-L1 programmed death receptor ligand 1, PIK3CA
phosphatidylinositol-4,5-bisphosphate ~ 3-kinase catalytic
subunit alpha, PMS2 mismatch repair endonuclease,
RET RET proto-oncogene, ROSI ROS proto-oncogene
1, STKI11 serine/threonine kinase 11, 7MB tumor
mutational burden

the first quarter of 2016, following the approval
of pembrolizumab in October 2015 [25]. A more
recent study found that PD-L1 testing increased
from 7.2% in 2015 to 73.2% in 2018 among
patients with advanced NSCLC [26].

Regardless of the test results (positive or
negative) of patients who received EGFR, ALK,
PD-L1, ROSI, and BRAF testing, the five most
commonly used biomarker tests in our study,
the majority of them received chemotherapy,
the recommended primary systemic treatment
following eNSCLC diagnosis [19]. The adoption
of targeted and immunotherapy agents for
eNSCLC in guidelines or practice has been
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Table 3 Biomarker turnaround time in days by testing method within 6 months of diagnosis

Method Biomarker tests, 7 Mean Min 25% Median 75% Max
FISH 975 23.6 3 12 16 25 151
THC 511 222 0 7 9 22 163
Mutation-specific IHC 6 138 7 8 10 12 36
NGS 2179 415 0 16 30 50.5 163
PCR 551 23.1 0 12 17 28 114
RNA sequencing 78 64.2 24 36 59 68.75 163
Sanger sequencing 403 14.8 6 9 11 14 138
Unspecified 77 37.8 0 13 20 29 152

Turnaround time is defined as the days elapsed from the date that the specimen was received/collected to the date of the test
result. The distribution of turnaround times is restricted to those between 0 and 182 days. We excluded 49 out of 746
patients who received at least one biomarker test due to negative turnaround times or whose turnaround times were greater

than 182 days

FISH fluorescence in situ hybridization, IJHC immunohistochemistry, Max maximum, Mz minimum, NGS next-generation

sequencing, PCR polymerase chain reaction, RNA ribonucleic acid

relatively recent. For instance, the first FDA
approval for neoadjuvant therapy (i.e., nivolu-
mab) for eNSCLC only occurred in 2022 [27].
This may explain the low use of immunother-
apy or targeted therapy observed in our study.
Additionally, the varied range of times between
biomarker testing and chemotherapy initiation,
an average 49- to 56-day gap, was consistent
with clinical practice, as the majority of these
patients had undergone surgery and typically
needed to wait at least 6-8 weeks after resection
to be considered for systemic chemotherapy.
For patients who initiated non-chemotherapy
treatment, the 94- to 113-day gap may be
because these patients had to have completed
adjuvant chemotherapy first. The recent FDA
approvals of adjuvant therapies (i.e., osimer-
tinib and atezolizumab) for eNSCLC will change
practices in biomarker testing; testing for PD-L1
and EGFR mutations is vital for determining
whether patients need these adjuvant therapies
after their lung resections [28].

Our results also show that different
biomarkers were tested via a wide variety of
testing techniques or platforms. For example,
Sanger sequencing and polymerase chain reac-
tion (PCR) were the main methods used to test
for EGFR, while FISH was the most frequently

used testing method for detecting ALK. For
most patients (90%), IHC tests were used for
determining PD-L1 status. Additionally, we
found that NGS testing was frequently used for
testing for other biomarkers, especially for less
commonly observed but emerging actionable
biomarkers, such as KRAS, HER2, and neu-
rotrophin receptor tyrosine kinase (NTRK). This
is consistent with prior studies on biomarker
testing in advanced settings, indicating that
NGS technologies can increase efficiency by
substituting for other tests used for biomarker
testing, thus enabling testing for a wide range of
genes simultaneously [29]. This also aligns with
our finding that patients tend to be tested for
multiple biomarkers rather than one single
biomarker. Single-gene tests such as Sanger
sequencing, IHC, and a range of in situ
hybridization tests are usually less expensive per
test than multigene methods. However, two
decision analytical models suggested that using
NGS or multi-gene panel sequencing as the
initial test can lead to cost savings compared
with a single-marker genetic testing approach
(12, 30].

Furthermore, in most cases, single-gene tests
have a shorter turnaround time than multigene
methods. As shown in our results, IHC tests had
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the shortest turnaround time (median: 9 days)
among all testing techniques, while NGS testing
can take around 30 days from receiving speci-
mens at a laboratory to the date of obtaining
test results. The turnaround times for FISH and
Sanger sequencing tests are consistent with
previous studies [29]. However, the turnaround
times for FISH, PCR, and NGS tests are longer
than those reported by Hess et al., where med-
ian turnaround times of < 10 days for all testing
modalities including NGS were reported [23].
We noted that their definition of turnaround
time was the time taken to receive results from
the time that the specimen was received in the
laboratory that performed the test, which did

non-small cell lung cancer, Immuno-chemo immunother-
apy and chemotherapy, Targered-chemo targeted therapy
and chemotherapy

not account for the time taken to prepare and
send the sample to the laboratory conducting
the test. Moreover, Hess et al. evaluated a
smaller subset of biomarkers (EGFR, ROS1, ALK,
and BRAF) than those included in this study.
These differences are likely to have played a role
in the discrepancies between the two studies. In
a survey of medical oncologists in the US, most
providers considered 1 or 2 weeks an accept-
able turnaround time [31]. Delays could occur
at any point along the timeline, including
biopsy, pathology sent out, testing, and analy-
sis. Therefore, future studies should take into
account the various steps in the process, start-
ing at the time of specimen collection.
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Table 4 Time in days from diagnosis to first-line systemic therapy among 566 patients who received systemic treatment

within the first year of diagnosis by regimen type

Regimen n Mean Min 25% Median 75% Max
Chemotherapy 532 63.6 1 33 50 77 343
Immunotherapy 6 117.8 55 57.5 75 110.5 328
Immuno-chemo 12 95.7 3 23.75 44.5 1225 351
Targeted therapy 13 104.0 3 40 95 155 292
Targeted-chemo 3 235.7 104 199 294 301.5 309

Immuno-chemo immunotherapy and chemotherapy, Max maximum, Mz minimum, Targeted-chemo targeted therapy and

chemotherapy

Strategies can be employed to shorten the time
to receipt of results, such as coordinating efforts
between pathologists and surgeons to stan-
dardize procedures and decreasing the turn-
around time within biomarker testing
companies [31]. Prolonged turnaround times
can influence oncologists to delay the decision
to start treatment [31].

Although this study indicated high rates of
biomarker testing in eNSCLC patients, there are
several factors at play which can limit the uti-
lization of such tests in the administration of
targeted therapies. Poor quality and/or avail-
ability of tissue samples that prevent sufficient
biomarker testing have been noted as signifi-
cant constraints [32, 33]. Rapid on-site evalua-
tion can help to ensure that the sample quality
and quantity are sufficient; biomarker-specific
processing methods and tissue-sparing tech-
niques can all be implemented to limit this [32].
A previous study indicated that 49.7% of
advanced NSCLC patients are lost to precision
oncology due to factors associated with getting
biomarker results [33]. In addition to insuffi-
cient sampling methods, the study also noted
inadequate processing and interpretation of
biomarker tests results as factors impeding the
administration of appropriate targeted treat-
ment [33]. Furthermore, many patients do not
undergo biomarker testing due to factors such
as cost concerns, test accessibility, lack of
awareness of testing options, and low confi-
dence of the ordering physician or the patient
in the test value [33]. Removing the barriers that

exist between biomarker testing and precision
oncology will begin with furthering our under-
standing of these clinical gaps and the imple-
mentation of standardized protocols to support
clinicians with the use of predictive biomarker
testing in eNSCLC and wider oncology.

A limitation of our study may be that it is
likely that the frequent NGS testing for less
commonly used biomarkers observed in our
study, such as KRAS, HER2, and NTRK, was
performed in academic centers, as previous
studies have suggested that academic practices
tend to adopt NGS testing earlier than com-
munity practices [23]. However, we were not
able to assess this due to a lack of information
about community versus academic settings in
our study base. Future studies should investi-
gate this and find out how much of the
increased PD-L1 testing was being driven by
academic centers in our dataset, as routine PD-
L1 testing for eNSCLC was not considered
clinically relevant until 2021, when regulatory
approval for PD-Ll-driven adjuvant therapy
with atezolizumab occurred. Additionally, it is
worthwhile noting that emerging biomarkers,
such as HER2, RET, and MET, are reimbursed by
few payers [34]. Due to a lack of patients’
insurance or payment data in our study data-
base, we do not know how various biomarker
tests or procedures were paid for in this study.
Third, our study database included patients
with eNSCLC representing the Northeast,
Southeast, and South-Central regions of the US.
Therefore, our results might not be
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Fig. 6 Time from diagnosis to the five most commonly
used biomarker tests and time from the five most
commonly biomarker tests to systemic treatment initiation
within 1 year of eNSCLC diagnosis. Note: of the 763
patients who received these five biomarker tests, 20 had

generalizable to patients from other regions.
Future studies should be conducted using a
larger, real-world database representing all
regions of the US. Furthermore, there is a lack of
diversity in the race distribution in the data-
base, with most of the included patients being
white (91.8%). Test utilization and subsequent
treatment may vary across different race sub-
groups. For instance, a previous study reported
that 50.1% of white patients versus 39.9% of
Black/African Americans ever received NGS
testing (p < 0.0001) [35].

CONCLUSION

This is the first real-world study to assess the
biomarker test utilization and subsequent
treatment in patients with eNSCLC. The study
suggests a high biomarker testing rate among
patients with eNSCLC in the US, with testing
rates for various biomarkers increasing over
time during the past decade, indicating a con-
tinuous trend towards the personalization of
treatment decisions. Timely biomarker testing is
essential for patients with NSCLC to ensure that

biomarker tests after their initial systemic treatment and
were excluded from this figure. Chemo chemotherapy,
eNSCLC early non-small cell lung cancer, Non-chemo non-
chemotherapy

patients receive the appropriate treatment at
the right time. With the rapidly evolving treat-
ment landscape and testing recommendations
for eNSCLC, future research is needed to
understand whether biomarker testing has
improved optimal treatment decision making
and long-term survival outcomes for patients
with eNSCLC.
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