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A rising tide lifts all boats in the personalized cancer care
continuum for mNSCLC: bridging inequities in NGS fosters
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Abstract

Background: Next-generation sequencing (NGS) testing in patients with metastatic non-small cell lung cancer (MNSCLC) identifies actionable
driver oncogenes (ADO) and targeted treatment (TT). Potential inequities were evaluated in NGS testing and TT in patients with mNSCLC.

Patients and methods: This retrospective study used a nationwide electronic health record—derived deidentified database for patients >18
years diagnosed with mNSCLC between 4/2018 and 4/2024, >2 recorded visits, and follow-up >90 days post diagnosis. For TT, patients must
have received NGS testing before first-line (1L) treatment and harbored >1 1L ADO.

Results: A total of 15 392 patients with mNSCLC were included: 66% with commercial insurance, 16% with Medicare, 12% with other, 4%
with Medicaid, and 3% with other government insurance. Patients with commercial insurance had significantly higher odds of receiving NGS
testing vs Medicare, Medicaid, or other insurance. While patient characteristics varied across insurances, the effect of insurance type on NGS
testing did not differ by race/ethnicity, age, or socioeconomic status (SES). Site of care was a significant effect modifier, with increased odds of
NGS testing for community vs academic settings for commercial, Medicare, and other insurance and decreased odds for Medicaid. When all
patients received NGS testing, significantly lower odds of receiving TT occurred for patients with SES 2 vs SES 1 (lowest); higher odds occurred
for Asian vs white patients.

Conclusion: Insurance is a key contributor to inequity in NGS testing. When all patients received NGS testing, equity was achieved in patients
receiving TT, except those with lower SES, who potentially did not qualify for Medicaid.
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Implications for practice

Insurance is a key contributor to inequity in next-generation sequencing (NGS) testing in patients with metastatic non-small cell lung
cancer (MNSCLC) receiving care in community settings; those enrolled in Medicaid were less likely to receive NGS testing vs commercially
insured patients. When all patients with mNSCLC had equitable access to NGS testing, we observed a positive downstream effect of
more equitable access to targeted therapy, with the exception of patients with lower socioeconomic status not qualified for Medicaid.
Insurance is therefore a key consideration to ensure equity from NGS testing to treatment stages in the mNSCLC personalized cancer
care journey.

Introduction time of diagnosis.> Comprehensive genomic profiling through
next-generation sequencing (NGS) is the standard of care
for patients with mNSCLC in order to identify actionable
driver oncogenes (ADO) and determine if and which opti-
mal targeted treatment (TT) may be needed.’* Over 60% of
all patients with NSCLC have oncogenic driver mutations;
of those, approximately 75% have an ADO.’7 The treatment

Lung cancer is one of the most common cancers, represent-
ing 11.7% of all new cancer cases in the United States.!
Non-small cell lung cancer (NSCLC) is the most common
(85%) type of lung cancer, and approximately 30%-40% of
patients present with metastatic NSCLC (mNSCLC) at the
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landscape in mNSCLC has rapidly evolved, with various
biomarkers recommended by the NCCN Clinical Practice
Guidelines in Oncology (NCCN Guidelines®) for the detec-
tion of ADO (eg, inhibitors of EGFR, ALK, ROS1, BRAF
V600E, NTRK1/23/3, RET, MET, HER2, and KRAS G12C).3

Despite improved survival outcomes associated with TT
for ADO identified via NGS testing,®’ inequity in NGS testing
remains, especially for Black patients with lung cancer.!® A
systematic review found racial and ethnic disparities in most
studies that used genomic testing in patients with NSCLC,
with a lower testing rate observed for Black patients.!" A
recent study found that differences within community prac-
tices, across community practices, and within community pri-
mary providers were also main contributors to racial inequity
in NGS testing for Black and Latinx patients.'?

In addition to race and ethnicity inequities, insurance has
been observed as a contributor to inequity in NGS testing.
Compared with public insurance plans, biomarker testing
was significantly more frequently conducted in patients with
private insurance plans and self-pay patients.'> While the
Centers for Medicare & Medicaid Services (CMS) national
coverage decision (NCD) should ensure equitable access to
NGS testing, the policy did not narrow racial inequity in
NGS testing among the Medicare-insured population, espe-
cially for Black and Latinx populations.'* There is a paucity
of data on potential inequity in receiving NGS testing by dif-
ferent insurance programs and the potential effect modifica-
tion by race, socioeconomic status (SES), and practice type. In
addition, questions remain if there is any inequity in patients
with mNSCLC receiving TT after being identified with ADO
through NGS testing.

This study evaluated the following in the mNSCLC person-
alized care continuum: (1) the potential NGS testing inequity
by insurance plans and interactions by site of care, race/eth-
nicity, and SES and (2) the potential inequity in receiving TT
after an ADO was identified through NGS testing in patients
with de novo mNSCLC.

Patients and methods

A retrospective cohort study was performed using the
Flatiron Health electronic health record—derived, US nation-
wide, deidentified longitudinal database comprising patient-
level data originating from =280 US cancer clinics (~800 sites
of care) and curated via technology-enabled abstraction.!s!¢
The data were deidentified and subject to obligations to pre-
vent reidentification and protect patient confidentiality. This
study was conducted in accordance with the International
Society for Pharmacoepidemiology Guidelines for Good
Pharmacoepidemiology Practices and applicable regulatory
requirements. Review and approval by ethics committees or
informed consent from patients included in this study analysis
were not required, as the dataset adheres to the Safe Harbor
Health Insurance Portability and Accountability Act deidenti-
fication rules for the United States and participants confirmed
for inclusion were deidentified.

Patients

For the first study objective, impact of insurance on poten-
tial inequity in NGS testing, patients were included if they
were aged >18 years; were diagnosed with mNSCLC (stage
IVA or IVB) between April 1, 2018 (post—-CMS March 2018
NCD11),and March 30,2024; had >2 recorded visits; and had
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a follow-up of 290 days after metastatic diagnosis. Patients
who received care in both community and academic settings
and those with unknown insurance type were excluded.

For the second study objective, evaluation of any potential
inequity for patients to receive TT after NGS testing, patients
were included if they were aged >18 years; were diagnosed
with mNSCLC (stage IVA or IVB) between April 1, 2018
(post-CMS March 2018 NCD11), and March 30, 2024; had
>2 recorded visits; had a follow-up of >90 days after met-
astatic diagnosis; had received NGS testing before first-line
(1L) treatment initiation; and were identified to harbor an
ADO in the 1L setting (ie, ALK, BRAF, EGFR, MET, NTRK,
RET, and/or ROS-1) per guideline recommendation at the
time this study analysis was conducted in the fourth quarter
of 2023."7 Patients who received care in both community and
academic settings, died <3 months from metastatic diagnosis,
or were enrolled in clinical trials were excluded. To account
for different US Food and Drug Administration (FDA)
approval timelines of TT, a subanalysis was conducted on the
second study objective focusing on patients with mNSCLC
harboring an established ADO (eg, EGFR [FDA approved
in 2004],'"8 ALK [FDA approved in 2011]," or ROS-1 [FDA
approved in 2016]%).

Measures

NGS testing information and results were abstracted from
electronic health record documentation and reported by
testing technology platforms (eg, Illumina HiSeq), specific
FDA-approved tests (eg, FoundationOne® CDx), and testing
providers (eg, Caris Life Sciences).

Area-level SES was measured on the basis of the census
block group data from the American Community Survey
(2015-2019) with respect to the Yost Index (incorporating
median household income, median home value, median gross
rent, percentage of individuals living below 150% poverty
line, percentage of individuals considered working class, per-
centage of unemployed individuals, and education index) and
summarized in US population-weighted quintiles, with 1 rep-
resenting the lowest SES (ie, 20th centile or less) to 5 repre-
senting the highest SES (ie, 80th centile or higher).?!?

Race/ethnicity was self-reported by patients and catego-
rized as follows: non-Latinx white (white), non-Latinx Black,
Latinx, non-Latinx Asian, and Other (Native Hawaiian/Pacific
Islander, American Indian/Alaska Native, or multiracial).

Insurance type was also self-reported (not sourced from
billing transactions) and was categorized in hierarchical order
as follows: commercial, including top health insurance com-
panies as listed by the National Association of Insurance
Commissioners report as well as any recorded health main-
tenance organization and preferred provider organizations;
Medicare, which captures original Medicare fee-for-service;
Medicaid, which includes aliases for state-specific Medicaid
programs (eg, Medi-Cal); other government insurance, which
includes Indian Health Service/Tribal Health Service, city or
county coverage, and jail or correctional facility coverage; and
others, which includes patient assistant programs (defined by
the Association of Community Cancer Centers; includes both
foundation- and pharmaceutical/biotech-supported programs),
self-pay, workers’ compensation, or unknown payer types.

TTs in this study were specific to ADO in the 1L treatment
setting per NCCN Guidelines® recommendation at the time
of this study analysis, including ALK, BRAF, EGFR, MET,
NTRK, RET, and/or ROS-1."7
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Statistical analyses

Patient characteristics and demographics were descriptively
summarized. Study cohorts by insurance and by race/ethnic-
ity were compared using the Kruskal-Wallis rank sum test
for continuous variables and Pearson y? test for categorical
variables.

For the first objective on the odds to receive NGS testing
considering the CMS Laboratory Date of Service Policy of
“14-day rule,” for which reimbursement is confined to diag-
nostic tests ordered within 14 days of inpatient/outpatient
discharge,?® and factoring in the lack of testing order date
(but including the sample collection date) available in the
database, the odds of receiving an NGS test result during the
period up to 90 days after metastatic diagnosis was evalu-
ated. Multivariate regression analysis estimated the odds
ratios of NGS testing, with adjustments for age, sex, Eastern
Cooperative Oncology Group (ECOG) performance status,
SES, histology, smoking status, geographic region, practice
type, race/ethnicity, practice volume, and year of advanced
diagnosis. To identify potential effect modification, two-way
interaction terms between insurance group and race/ethnic-
ity, insurance and SES, and insurance and practice type were
included in the multivariate regression analysis to assess the
effects of insurance by race/ethnicity, SES, and practice type.
Multiple imputation was performed to impute missing values
for sex, SES, and smoking status. All other covariates with
missing values were included in the model, with missing/
unknown as a separate category.

For the second objective, the odds of receiving TT after
patients were identified as harboring ADO based on their
NGS testing results, to estimate the odds ratios for receiving

TT, multivariate additive models were applied, with adjust-
ment for race/ethnicity, SES, insurance group, practice type,
practice volume, geographic region, age, sex, histology, smok-
ing status, and ECOG performance status.

All analyses were conducted using R version 4.2.2.

Results

NGS testing inequity by insurance

A total of 15 392 patients with de novo mNSCLC met the
study criteria (Figure 1). The majority of patients had commer-
cial insurance (66 %), followed by 16% with Medicare, 12%
with other insurance (including unknown, patient assistance
program, self-pay, and workers’ compensation), 4% with
Medicaid, and 3% with other government insurance. Across
the different insurance plans, statistically significant differ-
ences were observed in age, sex, SES, race/ethnicity, practice
type, histology, smoking status, ECOG performance status,
and year of advanced diagnosis (Table 1). There was a higher
proportion of non-Latinx Black patients who had Medicaid
(19%) vs commercial (9.7%), Medicare (11%), other insur-
ance (12%), and other government insurance (11%). Similar
results were observed for Latinx patients (Medicaid 9.2% vs
1.7%-6.7% for all other insurance types). There was also a
higher proportion of patients with a history of smoking in
the Medicaid cohort and other government insurance cohorts
(88% for each vs 80%-83% in all other insurance types).

An increasing trend in NGS testing rates was observed
over time across all insurance types between 2018 and 2024
(Figure 2A). For all insurance types, NGS testing rates were
between 73% and 100% in the first half of 2024 that was

Patients 218 years, diagnosed with de novo
mNSCLC (stage IVA or IVB) between
April 1, 2018, and March 31, 2024
N=27,313 (100%)

Patients with =2 recorded visits after
advanced diagnosis and with 290 days’
follow-up after metastatic diagnosis
N=18,915 (69%)

n=5 Received care at both
academic and community

|

settings
n=3519 Insurance type
unknown or not reported

Final study cohort
N=15,392 (56%)

\

Medicare
n=2397

Commercial

n=10,122
(66%)

Medicaid
n=662
(16%) (4%)

Other
government

Other
insurance’
n=1790
(12%)

insurance*
n=421
(3%)

Figure 1. Patient attrition. mNSCLC, metastatic non-small cell lung cancer. * Other government insurance included Indian Health Service/Tribal Health
Service, city or county coverage, and jail or correctional facility coverage. " Other insurance programs included other payer type unknown, patient

assistance program, self-pay, and workers’ compensation.
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Table 1. Characteristics among patients with mNSCLC by insurance type.

Characteristic* Overall Commercial ~ Medicare Medicaid Other Other* P value$
N=15 392 n=10 122 n=2397 n=662 government n=1790
insurance’
n=421

Age, median (IQR), years 69 (55-83) 69 (55-83) 73 (62-84) 63 (50-76) 72 (56-88) 64 (50-78) <.001

Sex <.001
Female 7783 (51%) 5227 (52%) 1217 (51%) 342 (52%) 159 (38%) 838 (47%)

Male 7607 (49%) 4894 (48%) 1179 (49%) 320 (48%) 262 (62%) 952 (53%)
Missing <5 (<1%) <5 (<1%) <5 (<1%) 0 0 0

Histology <.001
Non-squamous cell carcinoma 11,889 (77%) 7857 (78%) 1823 (76%) 485 (73%) 303 (72%) 1421 (79%)
Squamous cell carcinoma 2866 (19%) 1829 (18%) 485 (20%) 142 (21%) 102 (24%) 308 (17%)

NSCLC histology NOS 637 (4.1%) 436 (4.3%) 89 (3.7%) 35(5.3%) 16 (3.8%) 61 (3.4%)

Smoking status <.001
History of smoking 12,633 (82%) 8261 (82%) 1992 (83%) 582 (88%) 372 (88%) 1426 (80%)

No history of smoking 2747 (18%) 1852 (18%) 403 (17%) 80 (12%) 49 (12%) 363 (20%)
Missing 12 (< 1%) 9 (1%) <5 (<1%) 0 0 <5 (<1%)

ECOG performance status <.001
0 4484 (29%) 3069 (30%) 610 (25%) 146 (22%) 116 (28%) 543 (30%)

1 5853 (38%) 3890 (38%) 901 (38%) 248 (37%) 169 (40%) 645 (36%)
2 2074 (13%) 1300 (13%) 392 (16%) 111 (17%) 52 (12%) 219 (12%)
3or4 666 (4.3%) 413 (4.1%) 123 (5.1%) 49 (7.4%) 15 (3.6%) 66 (3.7%)
Unknown 2315 (15%) 1450 (14%) 371 (15%) 108 (16%) 69 (16%) 317 (18%)

Year of advanced diagnosis <.001
2018 2145 (14%) 1333 (13%) 424 (18%) 8 (13%) 6 (11%) 254 (14%)

2019 2698 (18%) 1688 (17%) 518 (22%) 116 (18%) 67 (16%) 309 (17%)
2020 2459 (16%) 1624 (16%) 400 (17%) 97 (15%) 87 (21%) 251 (14%)
2021 2568 (17%) 1722 (17%) 398 (17%) 2 (14%) 5(15%) 291 (16%)
2022 2511 (16%) 1691 (17%) 325 (14%) 132 (20%) 3 (17%) 290 (16%)
2023 2419 (16%) 1642 (16%) 261 (11%) 115 (17%) 1(17%) 330 (18%)
2024 592 (3.8%) 422 (4.2%) 71 (3.0%) 22 (3.3%) 12 (2.9%) 65 (3.6%)

Area-level SES index! <.001

1 Lowest SES 2569 (18%) 1603 (17%) 360 (16%) 200 (33%) 8 (20%) 328 (20%)
2 2758 (19%) 1806 (19%) 374 (17%) 148 (24%) 7 (22%) 343 (21%)
3 3056 (21%) 2012 (21%) 476 (21%) 106 (17%) 5(22%) 377 (23%)
4 3148 (22%) 2119 (22%) 484 (22%) 103 (17%) 4 (22%) 358 (21%)
5 Highest SES 2795 (20%) 1890 (20%) 534 (24%) 3 (8.7%) 4 (14%) 264 (16%)

Missing 1066 692 169 52 33 120

Race/ethnicity <.001
Non-Latinx white 9648 (63%) 6409 (63%) 1625 (68%) 333 (50%) 276 (66%) 1005 (56%)
Non-Latinx Black 1622 (11%) 977 (9.7%) 255 (11%) 125 (19%) 46 (11%) 219 (12%)

Latinx 588 (3.8%) 343 (3.4%) 57 (2.4%) 61(9.2%) 7 (1.7%) 120 (6.7%)
Non-Latinx Asian 558 (3.6%) 358 (3.5%) 82 (3.4%) 5(5.3%) 10 (2.4%) 73 (4.1%)

Non-Latinx other 800 (5.2%) 532 (5.3%) 93 (3.9%) 41 (6.2%) 1(5.0%) 113 (6.3%)
Missing 2176 (14%) 1503 (15%) 285 (12%) 7 (10%) 61 (14%) 260 (15%)

Practice type” <.001
Academic 2896 (19%) 1769 (17%) 655 (27%) 125 (19%) 39 (9.3%) 308 (17%)
Community 12,496 (81%) 8353 (83%) 1742 (73%) 537 (81%) 382 (91%) 1482 (83%)

Geographic region <.001
South 6159 (40%) 3964 (39%) 910 (38%) 298 (45%) 248 (59%) 739 (41%)

Northeast 2093 (14%) 1392 (14%) 346 (14%) 98 (15%) 25(5.9%) 232 (13%)
Midwest 1619 (11%) 1164 (11%) 194 (8.1%) 49 (7.4%) 5(8.3%) 177 (9.9%)
West 2162 (14%) 1514 (15%) 240 (10%) 72 (11%) 7 (16%) 269 (15%)
Missing 3359 (22%) 2088 (21%) 707 (29%) 145 (22%) 6 (11%) 373 (21%)
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Table 1. Continued

Per the threshold accepted by the National Center for Health Statistics and the Agency for Healthcare Research and Quality and detailed in the Federal
Committee’s Statistical Policy, 2005, any category including <5 patients for a particular characteristic or variable has been described as such to eliminate
potential patient reidentification. If it was possible to calculate <5 cell value using column total, the next higher number was used for both rows.

* All values are 72 (%) unless otherwise indicated.

tOther government insurance included Indian Health Service/Tribal Health Service, city or county coverage, and jail or correctional facility coverage.
# Other insurance programs included other payer type unknown, patient assistance program, self-pay, and workers’ compensation.

$ Kruskal-Wallis rank sum test; Pearson X? test.
1 SES index is based on where patients reside.

# Practice type is categorized based on visits closest to advanced diagnosis date.

Abbreviations: ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; mNSCLC, metastatic non-small cell lung cancer; NOS, not

otherwise specified; SES, socioeconomic status.

evaluated. Patients with commercial insurance were more
likely to receive NGS testing vs all other insurance types;
these results were all statistically significant except for com-
mercial vs other government insurance (Figure 2B).

Within each people of color race/ethnicity, we observed
a higher proportion of patients enrolled in Medicaid
(Supplementary Table S1). Within the lower SES levels, we
observed a higher proportion of patients enrolled in Medicaid
(Supplementary Table S2). When two-way interactions were
modeled between insurance type and each of race/ethnicity,
SES, and site of care, patients with commercial insurance
were less likely to receive NGS testing if they were non-Latinx
Black, non-Latinx Asian, or non-Latinx Other (vs non-Latinx
white); for Medicare and Medicaid, similar results were
observed for non-Latinx Black patients (Supplementary Table
$3). For commercial, Medicare, and other insurance, patients
were less likely to receive NGS testing in a community prac-
tice vs an academic setting; for Medicaid, the opposite was
observed, with patients more likely to receive NGS testing in a
community practice. A significant interaction effect was only
observed for insurance type by site of care, where the odds
ratio of NGS testing in community vs academic setting was
significantly lower for patients with Medicaid compared with
commercial insurance (odds ratio: 0.18; 95% CI: 0.11, 0.31;
Supplementary Table S4). Race/ethnicity, age, and SES had no
interaction effects on the relationship between insurance plan
and odds of receiving NGS testing.

Inequity inTT

A total of 1811 patients with mNSCLC who received NGS
testing prior to 1L TT initiation and harbored 21 ADO
(ALK, BRAE, EGFR, MET, NTRK, RET, and/or ROS1) met
the study criteria (Figure 3, Table 2). Of these patients,
54% self-reported as non-Latinx white, 15% had race/
ethnicity missing, 12% were Asian, 8% were non-Latinx
Black, 6% were Latinx, and 5% reported as “other” race/
ethnicity (Table 3). Overall, 95% had non-squamous
NSCLC, 2% had squamous NSCLC, and 2% had histology
not otherwise specified. There were significant differences
by race/ethnicity in age at diagnosis, SES, insurance type,
practice type, and smoking status. A higher proportion of
non-Latinx Black (33%) and Latinx patients (30%) were
in the lowest SES 1 compared with other race/ethnicities
(range, 7.3%-14%). For insurance types, a higher pro-
portion of non-Latinx Black (4.2%), Latinx (5.2%), and
non-Latinx Asian (7.0%) patients had Medicaid compared
with patients of other race/ethnicities (range, 1.1%-3.0%).
Other insurance and other government insurance categories
were combined to preserve sample size. EGFR (63%) was
the most common 1L ADO, with the highest proportion
observed in non-Latinx Asian patients (86 %), followed by

Latinx (70%) and missing race/ethnicity (67%; Table 2).
Across race/ethnicity, the mean time from advanced diag-
nosis to NGS testing result date was 22 days (range: 20-26
days), and mean time from advanced diagnosis to 1L TT
initiation: 39 days (range: 35-47 days).

Of patients with mNSCLC harboring 21 1L ADO, Asian
vs white, Medicare vs commercial, and no smoking history
vs smoking history were more likely to receive 1L TT; those
patients in SES 2 (ie, 21st-40th centile) vs lowest SES 1 (ie,
<20th centile/lowest), community vs academic, and squamous
vs non-squamous were less likely to receive 1L TT (Figure 4A).
A total of 1347 patients with mNSCLC harbored an estab-
lished ADO (EGFR, ALK, or ROS-1). Of these patients, Asian
vs white patients were more likely to receive 1L TT, while SES
2 (ie, 21st-40th centile) vs SES 1 (ie, <20th centile/lowest) and
squamous vs non-squamous were less likely to receive 1L TT
(Figure 4B).

Discussion

In this study, we evaluated inequities in the personalized can-
cer care continuum for patients with mNSCLC, from NGS
testing to treatment in routine US clinical care settings.

At the NGS testing stage, while all insurance plans have
increased adoption of NGS testing over time for patients with
mNSCLC, we observed that patients with commercial insur-
ance had significantly higher odds of receiving NGS testing
compared with patients with Medicare, Medicaid, and other
insurance types. These findings were consistent with a study
that also showed that biomarker testing rates were higher for
commercially insured patients vs the Medicare Advantage
population (49% vs 44%; P < .01)** as well as another study
that observed that Medicaid patients were less likely to
receive biomarker testing compared with patients who had
commercial insurance.?

Even though significant differences were observed across
insurance plans by patient characteristics evaluated, our find-
ings suggest that race/ethnicity, age, and SES have no effect
modification on the association between insurance plan and
odds of receiving NGS testing. However, site of care was a
significant effect modifier where Medicaid patients were sig-
nificantly less likely to receive NGS testing vs commercially
insured patients in community vs academic settings. This
was consistent with the literature showing that community
vs academic centers have lower biomarker testing rates.?”
Opportunities remain to reduce the complexity of ordering
and interpreting biomarker tests in all centers where NGS
testing occurs, overcome insufficient tissue availability for
biomarker testing, and address operational challenges on the
multidisciplinary cancer care team to provide all patients with
equitable care.?”
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Figure 2. (A) NGS testing over time and (B) odds of patients with mNSCLC receiving NGS testing by insurance type. mNSCLC, metastatic non-small
cell lung cancer; NGS, next-generation sequencing; OR, odds ratio. * 2024 included only the period from January 2024 to the end of June 2024. ' Other
government insurance included Indian Health Service/Tribal Health Service, city or county coverage, and jail or correctional facility coverage. ¥ Other
insurance programs included other payer type unknown, patient assistance program, self-pay, and workers' compensation.

Our findings underscore the variability of insurance cover-
age for NGS testing, which contributes to inequities in patient
care. Commercial insurances provide variable coverage based
on factors such as FDA labeling, clinical efficacy of tests,
NCCN Guidelines, and peer-reviewed published data and
may require prior authorization.”>?%?* In contrast, Medicare
covers all FDA-approved oncology NGS tests; however, some
medical administrative contractors have had issues with lim-
its on the timing and frequency of testing.3*’! For Medicaid,
each state has a different coverage policy, and many state
Medicaid plans lack explicit coverage policies regarding bio-
marker testing.?*->% For other government insurance plans,
NGS testing is covered by an agreement with a national labo-
ratory and Foundation Medicine; the coverage varies by plan,
patient diagnosis, and other factors.’*%

Since 2021, several states in the United States have passed
legislation to mandate coverage for biomarker testing. As
of July 2024, 20 states (Arizona, Arkansas, California,
Colorado, Connecticut, Florida, Georgia, Illinois, Indiana,
Iowa, Kentucky, Louisiana, Maryland, Minnesota, New
Mexico, New York, Oklahoma, Pennsylvania, Rhode Island,
and Texas) have instituted legislation for insurance to cover
comprehensive biomarker testing, such as NGS testing.’
However, this legislation varies by state: some are Medicaid
oriented only, some are Medicaid and commercial payers, and

some are commercial payer only¥; the legislation does not
consider patient affordability but defers to insurers’ discre-
tion over cost sharing.’®*° As highlighted by a large cohort of
oncologists in the United States, a patient’s insurance coverage
and out-of-pocket costs were key factors in the oncologists’
treatment decisions for the patient.** Although a recent study
observed that the out-of-pocket costs for patients with cancer
represented about 3% of the overall total cost of care, patient
cost-sharing can vary by insurance plan, and data remain lim-
ited on patient affordability of NGS testing.*' Opportunities
remain to refine state Medicaid coverage policy and patient
out-of-pocket cost-sharing design across all insurance types.*?

At the treatment stage, when all patients with mNSCLC
received NGS testing to identify their ADO before 1L treat-
ment initiation, the inequity by race and inequity by insur-
ance observed at the NGS testing stage no longer applied.
This reinforces the importance of receiving timely NGS test-
ing results to inform the appropriate TT for patients with
mNSCLC, which was previously demonstrated to be a com-
mon barrier for precision oncology.* Significantly lower odds
of receiving TT were observed for patients with SES 2 (ie,
21st-40th centile) vs SES 1 (ie, <20th centile/lowest; adjusted
HR: 0.53, P =.0418 for mNSCLC with any >1 ADO and
0.37, P=.0363 for mNSCLC with historical ADO [EGFR,
ALK, or ROS-1]) and those receiving care in community vs
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academic centers. These results may reflect financial chal-
lenges in patient populations that are most likely to encounter
the Medicaid coverage gap, which include patients with lower
SES who are not eligible for Medicaid and cannot afford pri-
vate insurance.” For patients receiving care in community
centers, the lack of receiving TT may reflect referral bias or
underuse of TT due to operational and/or financial chal-
lenges.* The significantly higher odds of receiving TT by race
(Asian vs white), histology (non-squamous vs squamous), and
smoking history (non-smoker vs smoker) reflects the known
characteristics of patients with mNSCLC who are most likely

Patients aged 2 18 years, diagnosed with de novo
mNSCLC (stage IVA or IVB) between
April 1, 2018, and March 31, 2024
N=29,119 (100%)

Patients with 22 recorded visits after
advanced diagnosis and with 90 days’
follow-up after metastatic diagnosis
N=20,321 (70%)

Patients received 1L treatment
N=18,610 (64%)

n=261 Died = 3 months
after advanced diagnosis
Patients received biomarker testing

prior to 1L treatment initiation
N=14,667 (50%)

n=193 Enrolled in clinical

trials
n=2 Received care in both
academic and community

Patients with mNSCLC,
received NGS testing, and

settings

harbored 1L ADOs*
N=1811 (6%)

Figure 3. Patient attrition. 1L, first line; ADO, actionable driver oncogene;
mNSCLC, metastatic non-small cell lung cancer; NGS, next-generation
sequencing. * ADO included EGFR, ALK, ROS-1, BRAF, MET, NTRK, and
RET.

to have an ADO and may signify that providers are more cog-
nizant of the need for NGS testing when these factors are
present. Similar findings for lower odds of TT in SES 2 vs
SES 1 and higher odds of TT in Asian vs white patients in the
subcohort with historical ADO underscore that better insur-
ance coverage and design is an area of opportunity to ensure
equitable access to TT in mNSCLC.

Our findings were limited by the data available. Reasons
for not getting NGS tested and/or receiving TT were not
available, and NGS may not have been conducted due to
insufficient tissue, lack of reflex testing, insurance denial, lack
of affordability, patient refusal or contraindication, and other
reasons. While area-level SES, insurance, and race/ethnicity
data were included in this study, additional information on
social determinants of health, such as cultural barriers, lan-
guage proficiency, health literacy, proximity to healthcare
providers, support systems, and economic stability, was not
available. In addition, data on patient race/ethnicity and
insurance were self-reported and subjective to misclassifi-
cation, and approximately 15% of race/ethnicity data were
missing. We also did not have details on the list of payers
included in the commercially insured cohort to further discern
if certain aspects of coverage policies hindered patient access
to NGS testing. For example, a recent study found that many
commercial insurance policies were more restrictive on the
number of genes that could be tested vs what is recommended
in the NCCN Guidelines, especially for certain cancer types,
including NSCLC.*# Future studies are warranted to further
understand variability and inequity in coverage and patient
affordability for NGS testing. Finally, findings observed in
this study are reflective of the predominantly community
setting from the Flatiron Health Network and may not be
generalizable to broader cancer care practices in the US or
outside of the US.

Conclusions

Findings from our study provided important insights to
strive for health equity in personalized care in mNSCLC. We
uncovered insurance as a key contributor to inequity in NGS

Table 2. Actionable driver oncogene mutation distribution among patients with mNSCLC who received NGS testing before 1L treatment initiation.

1L ADO, n (%) Overall Non- Non- Latinx Non- Non- Missing
N=1811 Latinx Latinx n=116 Latinx Latinx race/
white Black Asian other ethnicity
n=970 n=145 n=214 n=95 n=271
ALK 158 (8.7%) 90 (9.3%) 6 (11%) 10 (8.6%) 11 (5.1%) <5 (<5%) 7 (10.0%)
BRAF 137 (7.6%) 3(9.6%) 14 (9.7%) <5 (<4%) <5 (<3%) 8 (8.4%) 4(5.2%)
MET 149 (8.2%) 96 (9.9%) 14 (9.7%) 8 (6.9%) <5 (<3%) 9(9.5%) 17 (6.3%)
EGFR 1149 (63%) 552 (57%) 90 (62%) 81 (70%) 183 (86%) 61 (64%) 182 (67%)
NTRK1 <5 (< 1%) <S5 (<1%) <5 (<4%) <5 (<4%) <5 (<3%) 5(<5%) <5 (<2%)
NTRK2 <5 (< 1%) <5 (<1%) <5 (<4%) <5 (<4%) <5 (<3%) 5(<5%) 5(<2%)
NTRK3 <S5 (<1%) <S5 (<1%) <5 (<4%) <5 (<4%) <5 (<3%) 5(< 5%) 5(< 2%)
RET 40 (2.2%) 31(3.2%) <5 (<4%) <5 (<4%) <5 (<3%) <5 (<5%) <5 (<2%)
ROS1 0(2.2%) 25 (2.6%) <5 (<4%) <5 (<4%) <5 (<3%) <5 (<5%) <5 (<2%)
>1 aforementioned ADO 134 (7.4%) 81 (8.4%) 6 (4.1%) 9(7.8%) 7(3.3%) 10 (11%) 21 (7.7%)

Per the threshold accepted by the National Center for Health Statistics and the Agency for Healthcare Research and Quality and detailed in the Federal
Committee’s Statistical Policy, 2005, any category including <5 patients for a particular characteristic or variable has been described as such to eliminate
potential patient reidentification. If it was possible to calculate <5 cell value using column total, the next higher number was used for both rows.

1L, first line, ADO, actionable driver oncogene; mNSCLC, metastatic non-small cell lung cancer; NGS, next-generation sequencing.
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Table 3. Characteristics among patients with mNSCLC who received NGS and harbored ADO by race/ethnicity.

Characteristic* Overall Non-Latinx Non-Latinx Latinx Non-Latinx ~ Non-Latinx  Missing race/ P valuef
n=1811 white Black n=116 Asian other ethnicity
n=970 n=145 n=214 n=95 n=271

Age, median (IQR), years 69 (53-85) 69 (54-84) 67(51-83) 63 (41-85) 69 (53-85) 70 (53-87) 72 (57-87) <.001

Sex 4
Female 1173 (65%) 608 (63%) 101 (70%) 76 (66%) 142 (66%) 60 (63%) 186 (69%)

Male 638 (35%) 362 (37%) 44 (30%) 40 (34%) 72 (34%) 35(37%) 85 (31%)

Histology >.9
Non-squamous cell carcinoma 1722 (95%) 921 (95%) 137 (94%) 110 (95%) 2201 (> 94%) 94 (99%) 258 (95%)
Squamous cell carcinoma 45(2.5%) 25(2.6%) <5(<3.4%) <5(<4.3%) <5(2.3%) <5(<5.2%) 8(3.0%)

NSCLC histology NOS 44 (2.4%) 24 (2.5%) <5(<3.4%) <5(<4.3%) 7(3.3%) <5(<5.2%) <5(<1.8%)

Smoking status <.001
History of smoking 827 (46%) 503 (52%) 60 (41%) 50 (43%) 60 (28%) 46 (48%) 108 (40%)

No history of smoking 983 (54%) 466 (48%) 85 (59%) 66 (57%) 154 (72%) 49 (52%) 163 (60%)
Missing <5 (<1%) <S(<1%) 0 0 0 0 0

ECOG performance status .005

0 589 (33%) 314 (32%) 40 (28%) 33 (28%) 0(37%) 24 (25%) 8 (36%)
1 648 (36%) 350 (36%) 58 (40%) 39 (34%) 4(39%) 35(37%) 2 (30%)
2 195 (11%) 103 (11%) 24 (17%) 11 (9.5%) 20 (9.3%) 10 (11%) 7 (10.0%)
3or4 54 (3.0%) 21(2.2%) <5(<3.4%) <5(<43%) 9(4.2%) 6 (6.3%) 2 (4.4%)
Unknown 325 (18%) 182 (19%) 19 (13%) 31 (27%) 21 (9.8%) 20 (21%) 2 (19%)

Year of advanced diagnosis <.001
2018 141 (7.8%) 86 (8.9%) 13 (9.0%) <5 (<4.3%) 17 (7.9%) 0 (11%) 1(4.1%)

2019 269 (15%) 162 (17%) 18 (12%) 11 (9.5%) 8 (13%) 20 (21%) 0 (11%)
2020 272 (15%) 123 (13%) 17 (12%) 27 (23%) 9 (18%) 6 (27%) 0 (15%)
2021 331 (18%) 171 (18%) 24 (17%) 21 (18%) 8 (18%) 21 (22%) 6 (21%)
2022 359 (20%) 181 (19%) 34 (23%) 27 (23%) 6 (21%) 8 (8.4%) 3(23%)
2023 375 (21%) 209 (22%) 32 (22%) 26 (22%) 1(19%) 9(9.5%) 8 (21%)
2024 64 (3.5%) 38(3.9%) 7(4.8%) <5(<4.3%) <5(<2.3%) <5(<52%) 13 (4.8%)

Area-level SES index* <.001

1 Lowest SES 199 (12%) 66 (7.3%) 44 (33%) 2 (30%) 7 (8.4%) 1(14%) 9 (12%)
2 284 (17%) 142 (16%) 25 (19%) 0 (19%) 9 (19%) 4 (18%) 4 (17%)
3 361 (22%) 189 (21%) 30 (22%) 20 (19%) 1(20%) 4 (18%) 7 (27%)
4 414 (25%) 256 (28%) 21 (16%) 20 (19%) 0(25%) 9 (25%) 8 (19%)
5 Highest SES 420 (25%) 254 (28%) 15 (11%) 4 (13%) 5(27%) 8 (24%) 4 (25%)

Missing 133 63 10 10 12 19 19

Practice type’ <.001
Academic 444 (25%) 306 (32%) 38 (26%) 39 (34%) 35 (16%) 17 (18%) 9(3.3%)
Community 1367 (75%) 664 (68%) 107 (74%) 77 (66%) 179 (84%) 78 (82%) 262 (97 %)

Geographic region
South 518 (40%) 290 (46%) 73 (71%) 26 (40%) 7 (27%) 25 (33%) 57 (22%)

Northeast 278 (21%) 137 (22%) 19 (18%) 9 (14%) 2 (36%) <5(<5.2%) 48 (19%)
Midwest 204 (16%) 143 (22%) 7 (6.8%) 7 (11%) 20 (11%) 18 (24%) 9(3.5%)
West 307 (23%) 66 (10%) <5(<3.4%) 23(35%) 5(26%) 29 (39%) 140 (55%)
Missing 504 334 42 51 40 20 17

Insurance type <.001
Commercial 1045 (58%) 581 (60%) 72 (50%) 52 (45%) 120 (56%) 57 (60%) 163 (60%)
Medicare 186 (10%) 111 (11%) 13 (9.0%) 7 (6.0%) 3 (11%) <10 (< 11%) 25 (9.2%)

Medicaid 54 (3.0%) 18(1.9%) 6 (4.1%) 6(5.2%) 5(7.0%) <5(<5.2%) 8(3.0%)
Other insurance' 189 (10%) 89 (9.2%) 28 (19%) 19 (16%) 9 (8.9%) 9(9.5%) 25 (9.2%)
Not reported 337 (19%) 171 (18%) 26 (18%) 32 (28%) 7 (17%) 21 (22%) 50 (18%)

Per the threshold accepted by the National Center for Health Statistics and the Agency for Healthcare Research and Quality and detailed in the Federal
Committee’s Statistical Policy, 2005, any category including <5 patients for a particular characteristic or variable has been described as such to eliminate
potential patient reidentification. If it was possible to calculate <5 cell value using column total, the next higher number was used for both rows.

* All values are 7 (%) unless otherwise indicated.

T Kruskal-Wallis rank sum test; Pearson X? test.

* SES index is based on where patients reside.

$ Practice type is categorized based on visits closest to advanced diagnosis date.

T Included 164 patients with other insurance and 25 with other government insurance. Other insurance and other government insurance categories were combined
to preserve sample size. Other insurance programs included other payer type unknown, patient assistance program, self-pay, and workers’ compensation. Other
government insurance included Indian Health Service/Tribal Health Service, city or county coverage, and jail or correctional facility coverage.

Abbreviations: ADO, actionable driver oncogene; ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; mNSCLC, metastatic non-small
cell lung cancer; NGS, next-generation sequencing; NOS, not otherwise specified; SES, socioeconomic status.
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Adjusted OR
N P value
A Race/ethnicity (95% CI)
Non-Latinx white 970 Reference
Non-Latinx Black 145 —— 1.32(0.71,2.62) 0.3975
Latinx 116 ——o— 1.62(0.8,3.69) 0.2106
Non-Latinx Asian 214 O 2.92 (1.48,6.46)  0.004
Non-Latinx other 95 — 0.84 (0.43,1.81) 0.6432
Missing 271 —— 1.75(1.03,3.08)  0.045
SES
SES 1 199 Reference
SES 2 284 —— 0.53 (0.28,0.96) 0.0418
SES 3 361 —— 0.88 (0.46, 1.61)  0.6837
SES 4 414 —— 0.99 (0.52, 1.83)  0.983
SES 5 420 [ ! 1.17(0.6,2.21)  0.6381
Insurance
Commercial 1045 B oﬁe(ffroe;clfsz) 0.0436
Medicare 186 —— . .07, 4. .
Medicaid 54 ——— 0.99(0.4,2.99) 0.9803
Other insurance* 189 — 0.76 (0.47,1.29)  0.2959
Not reported 337 —— 1.12(0.71,1.82) 0.6231
Histology
Non-squamous 1722 Reference
Squamous 45 ——— 0.35(0.16, 0.82)  0.0103
NOS 44 ——— 0.66 (0.29, 1.74)  0.3638
Smoking status
With a history 827 Reference
No history 983 —— 2.01(1.43,2.85) 0.0001
Practice type
Academic 444 Reference
Community 1367 —— 0.24 (0.09, 0.68)  0.0061
Geographic region
South 518 Reference
Northeast 278 —— 0.89 (0.52,1.51)  0.6603
Midwest 204 H——— 1.65(0.89,3.2) 0.1239
West 307 —— 0.85(0.49, 1.47) 0.5472
Missing 504 —— 0.43(0.19,1.04) 0.048
Age group
65-74 years 562 Reference
18-64 years 636 H o 1.37(0.9,2.09)  0.142
275 years 613 —Q— 0.97 (0.65, 1.45)  0.8907
Sex
Female 1173 Reference
Male 638 —o 0.74(0.53,1.03)  0.072
ECOG performance status
0 589 Reference
1 648 1.11(0.75,1.63) 0.5958
2 195 1.63 (0.89,3.16) 0.1306
3 54 1.18 (0.47,3.61) 0.7465
4 325 1.12(0.67,1.92) 0.6711
r T , )
0.1 0 5 1. 0
—
Did not receive TT Received TT
Adjusted OR
Adjusted OR
N P value
B Race/ethnicity (95% CI)
Non-Latinx white 667 Reference
Non-Latinx Black 110 1.45 (0.57, 4.48) 0.4710
Latinx 94 0.89 (0.37, 2.41) 0.8029
Non-Latinx Asian 197 O 2.74 (1.14,7.70) 0.0357
Non-Latinx other 66 — 0.56 (0.21, 1.80) 0.2813
Missing 213 —t — 1.51(0.71, 3.42) 0.2982
SES
SES 1 149 Reference
SES 2 205 . S 0.37 (0.14, 0.90) 0.0363
SES 3 271 —_— 0.82(0.29, 2.11) 0.6894
SES 4 303 — 0.75 (0.27, 1.90) 0.5659
SES 5 326 e 1.08 (0.37, 2.90) 0.8869
Insurance
Commercial 774 Reference
Medicare 135 —— 1.89 (0.71, 6.58) 0.2526
Medicaid 44 — 0.63 (0.22, 2.31) 0.4352
Other insurance* 139 }—»—ta 063 (032 133) 02026
Not reported 255 — 1.42 (0.70, 3.10) 0.3499
Histology
Non-squamous Reference
Squamous 28 _— 0.31(0.11, 1.13) 0.0461
NOS 25 — 0.68 (0.17,4.56)  0.6242
Smoking status
With a history 541 Reference
No history 806 —— 1.60(0.97,264)  0.0673
Practice type
Academic 316 Reference
Community — 0.48(0.10,2.85)  0.3849
Geographic region
South 362 Reference
Northeast 216 —— 0.56 (0.26, 1.21) 0.1332
Midwest 164 —— 1.19 (0.48, 3.26) 0.7139
West 249 — 0.60 (0.28, 1.32) 0.2034
Missing 355 S 0.61(0.17,2.89)  0.4744
Age group
65-74 years 426 Reference
18-64 years 501 —p— 1.19 (0.66, 2.13) 0.5683
=75 years 420 H—— 1.60 (0.84, 3.09) 0.1551
ex
Female 900 Reference
Male 447 —— 0.99 (0.60, 1.67)  0.9707
ECOG performance status
0 457 Reference
1 485 —— 1.08 (0.62, 1.90) 0.7850
2 133 F——@——298(1.01,12.82) 0.0813
3 43 ——— 0.92(0.29,4.12)  0.9012
4 229 —— 1.34 (0.62, 3.07) 0.4645
01 05 1.0 50

Did not receive TT  Received TT
Adjusted OR

Figure 4. Odds of receiving targeted therapy among (A) patients with mNSCLC who received NGS testing and harbored >1 ADO (ie, ALK, BRAF,
EGFR, MET, NTRK, RET, and/or ROS-1) and (B) a subcohort of patients with mNSCLC who received NGS testing and harbored EGFR, ALK, or ROS-
1. ADO, actionable driver oncogene; ECOG, Eastern Cooperative Oncology Group; mNSCLC, metastatic non-small cell lung cancer; NGS, next-
generation sequencing; NOS, not otherwise specified; OR, odds ratio; SES, socioeconomic status; TT, targeted therapy. * Included 164 patients with
other insurance and 25 with other government insurance. Other insurance and other government insurance categories were combined to preserve
sample size. Other insurance programs included other payer type unknown, patient assistance program, self-pay, and workers’ compensation. Other
government insurance included Indian Health Service/Tribal Health Service, city or county coverage, and jail or correctional facility coverage.
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testing among patients with mNSCLC. In particular, patients
receiving care in the community setting were less likely to
receive NGS testing if enrolled in Medicaid as opposed to
commercial insurance. We also observed the importance of
addressing inequity in NGS testing. When all patients with
mNSCLC received NGS testing, we observed the downstream
positive benefit of achieving equity in these patients receiving
biomarker-driven TT, with the exception of those with lower
SES, which was potentially due to ineligibility for Medicaid.
Future studies are warranted to better understand the effec-
tiveness of state legislation on addressing inequities in bio-
marker testing and identify opportunities to further refine the
statutes so that all patients have equal coverage, can afford
out-of-pocket costs, and receive timely access to NGS testing
and TT. This will ensure that an equitable, personalized cancer
care journey can be a reality for all patients with mNSCLC.

Acknowledgments

This study was sponsored by Genentech, Inc. Third-party edi-
torial assistance, under the direction of Esprit Ma, was pro-
vided by Denise Kenski of Nucleus Global and was funded by
Genentech, Inc. in accordance with Good Publication Practice
(GPP 2022) guidelines.

Author contributions

All authors contributed to study inception and design, analy-
sis plan, results interpretation, and manuscript revision.

Funding

This study was sponsored by Genentech, Inc.

Conflicts of interest

Victor T. G. Lin received research funding from AstraZeneca,
Aveo, BeiGene, Genentech, GSK, Loxo/Lilly, Merck, and Pfizer
and serves as the site principal investigator for a variety of clin-
ical trials for Mary Bird Perkins Cancer Center. Esprit Ma is an
employee of Genentech and owns stock in Roche. Zhiyu Xia
is an employee of Genentech and owns stock in Roche. Danny
Sheinson is an employee of Genentech and owns stock in Roche.
Elaine Yu is an employee of Genentech and owns stock in Roche.
Neha Jain has participated in a J&]J scientific advisory board.
Richard Lewis Martin reports no conflicts. Richard Zuniga has
participated in Flatiron and Bristol-Myers Squibb scientific advi-
sory boards and received honoraria and been lead author for
ChemoMouthpiece. Davey Daniel has received research fund-
ing from AstraZeneca, Genentech, Guardant Health, Janssen,
Bristol Myers Squibb, G1 Therapeutics, Merck, Novartis,
AbbVie, ARMO, Immunomedics, Lilly, Merus NV, Daiichi
Sankyo, Roche, Celgene, and Amgen. Richard S.P. Huang
is an employee of Foundation Medicine and owns stock in
Roche. Gregory Vidal has received consulting fees from Roche/
Genentech, Novartis, Eli Lilly, Gilead, Puma, Pfizer, Stemline, and
Biotheranostics; has received fees for non-CME services from
Eli Lilly, Novartis, Puma, and Pfizer; has conducted contracted
research for Roche/Genentech, Puma, Celcuity, Merck, BMS, Eli
Lilly, GTx, AstraZeneca, Pfizer, Gilead, Tesaro, Halozyme, GSK,
and Natera; and owns stock in Oncodisc. Thomas Stricker is
an employee of Tennessee Oncology/One Oncology and has
received honoraria from Illumina.

The Oncologist, 2025, Vol. 30, No. 5

Data availability

The data that support the findings of this study were origi-
nated by and are the property of Flatiron Health, Inc., which
has restrictions prohibiting the authors from making the data
set publicly available. Requests for data sharing by license or
by permission for the specific purpose of replicating results in
this manuscript can be submitted to publicationsdataaccess@
flatiron.com.

Supplementary material

Supplementary material is available at The Oncologist online.

References

1. Cancer Stat Facts: Lung and Bronchus Cancer. Accessed November
7,2024. https://seer.cancer.gov/statfacts/html/lungb.html.

2. Tamura T, Kurishima K, Nakazawa K, et al. Specific organ metasta-
ses and survival in metastatic non-small-cell lung cancer. Mol Clin
Oncol. 2015;3:217-221. https://doi.org/10.3892/mc0.2014.410

3. Referenced with permission from the NCCN Clinical Practice
Guidelines in Oncology (NCCN Guidelines®) for Non-Small Cell
Lung Cancer version 11.2024. © National Comprehensive Cancer
Network, Inc. 2024. All rights reserved. Accessed November 27,
2024. To view the most recent and complete version of the guide-
line, go online to NCCN.org. NCCN makes no warranties of any
kind whatsoever regarding their content, use or application and
disclaims any responsibility for their application or use in any way.

4. Chakravarty D, Johnson A, Sklar ], et al. Somatic genomic testing
in patients with metastatic or advanced cancer: ASCO provisional
clinical opinion. | Clin Oncol. 2022;40:1231-1258. https://doi.
org/10.1200/JCO.21.02767

5. Hirsch FR, Scagliotti GV, Mulshine JL, et al. Lung cancer: current
therapies and new targeted treatments. Lancet. 2017;389:299-311.
https://doi.org/10.1016/S0140-6736(16)30958-8

6. VanderLaan PA, Rangachari D, Costa DB. The rapidly evolving
landscape of biomarker testing in non-small cell lung cancer. Cancer
Cytopathol. 2021;129:179-181. https://doi.org/10.1002/cncy.22334

7. Koénig D, Savic Prince S, Rothschild SI. Targeted therapy in
advanced and metastatic non-small cell lung cancer. An update
on treatment of the most important actionable oncogenic driver
alterations. Cancers (Basel). 2021;13:804. https://doi.org/10.3390/
cancers13040804

8. Singal G, Miller PG, Agarwala V, et al. Association of patient
characteristics and tumor genomics with clinical outcomes among
patients with non-small cell lung cancer using a clinicogenomic
database. JAMA. 2019;321:1391-1399. https://doi.org/10.1001/
jama.2019.3241

9. Stricker T, Jain N, Ma E, et al. Clinical value of timely targeted
therapy for patients with advanced non-small cell lung cancer with
actionable driver oncogenes. Oncologist. 2024;29:534-542. https://
doi.org/10.1093/oncolo/oyaec022

10. Bruno DS, Hess LM, Li X, Su EW, Patel M. Disparities in bio-
marker testing and clinical trial enrollment among patients with
lung, breast, or colorectal cancers in the United States. JCO Precis
Oncol. 2022;6:¢2100427. https://doi.org/10.1200/P0O.21.00427

11. Meernik C, Raveendran Y, Kolarova M, et al. Racial and ethnic
disparities in genomic testing among lung cancer patients: a sys-
tematic review. | Natl Cancer Inst. 2024;116:812-828. https://doi.
org/10.1093/jnci/djae026

12. Vidal GA, Jain N, Fisher A, et al. Racial and ethnic inequities at the
practice and physician levels in timely next-generation sequencing
for patients with advanced non-small-cell lung cancer treated in
the US community setting. JCO Oncol Pract. 2024;20:370-377.
https://doi.org/10.1200/0P.23.00253

13. Yoon B, Weeraratne D, Arriaga Y, Huang H, Osterman T. Evalu-
ating health disparities in access to genomic testing for metastatic


publicationsdataaccess@flatiron.com
publicationsdataaccess@flatiron.com
https://seer.cancer.gov/statfacts/html/lungb.html
https://doi.org/10.3892/mco.2014.410
https://doi.org/10.1200/JCO.21.02767
https://doi.org/10.1200/JCO.21.02767
https://doi.org/10.1016/S0140-6736(16)30958-8
https://doi.org/10.1002/cncy.22334
https://doi.org/10.3390/cancers13040804
https://doi.org/10.3390/cancers13040804
https://doi.org/10.1001/jama.2019.3241
https://doi.org/10.1001/jama.2019.3241
https://doi.org/10.1093/oncolo/oyae022
https://doi.org/10.1093/oncolo/oyae022
https://doi.org/10.1200/PO.21.00427
https://doi.org/10.1093/jnci/djae026
https://doi.org/10.1093/jnci/djae026
https://doi.org/10.1200/OP.23.00253

The Oncologist, 2025, Vol. 30, No. 5

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

non-small cell lung cancer patients. ] Clin Oncol. 2021;39:Abstract
113. https://doi.org/10.1200/JCO.2020.39.28_suppl.113

Sheinson DM, Wong WB, Meyer CS, et al. Trends in use of
next-generation sequencing in patients with solid tumors by race
and ethnicity after implementation of the medicare national cover-
age determination. JAMA Netw Open. 2021;4:e2138219. https://
doi.org/10.1001/jamanetworkopen.2021.38219

Ma X, Long L, Moon S, Adamson BJS, Baxi SS. Comparison of
population characteristics in real-world clinical oncology databases
in the US: Flatiron Health, SEER, and NPCR. medRxiv. https://doi.
org/10.1101/2020.03.16.20037143

Birnbaum B, Nussbaum N, Seidl-Rathkopf K, et al. Model-
assisted cohort selection with bias analysis for generating large-
scale cohorts from the EHR for oncology research. arXiv. https://
doi.org/10.48550/arXiv.2001.09765

Referenced with permission from the NCCN Clinical Practice
Guidelines in Oncology (NCCN Guidelines®) for Non-Small Cell
Lung Cancer version 5.2023. © National Comprehensive Cancer
Network, Inc. 2023. All rights reserved. Accessed November 27,
2024. To view the most recent and complete version of the guide-
line, go online to NCCN.org. NCCN makes no warranties of any
kind whatsoever regarding their content, use or application and
disclaims any responsibility for their application or use in any
way.

Cohen MH, Johnson JR, Chen YFE Sridhara R, Pazdur R. FDA
drug approval summary: erlotinib (Tarceva) tablets. Oncol-
ogist.  2005;10:461-466.  https://doi.org/10.1634/theoncolo-
gist.10-7-461

Pfizer. News release. U.S. Food and Drug Administration Approves
Pfizer’s XALKORI (crizotinib) as First and Only Therapy Specifi-
cally for Patients With Locally Advanced or Metastatic ALK-Positive
Non-Small Cell Lung Cancer. Accessed December 10, 2024. https:/
www.pfizer.com/news/press-release/press-release-detail/u_s_food_
and_drug_administration_approves_pfizer_s_xalkori_crizotinib_
as_first_and_only_therapy_specifically_for_patients_with_locally_
advanced_or_metastatic_alk_positive_non_small_cell lung cancer.
US Food and Drug Administration. FDA Approves Crizotinib
Capsules. Accessed December 10, 2024. https://www.fda.gov/
drugs/resources-information-approved-drugs/fda-approves-crizo-
tinib-capsules.

Yu M, Tatalovich Z, Gibson JT, Cronin KA. Using a composite
index of socioeconomic status to investigate health disparities
while protecting the confidentiality of cancer registry data. Cancer
Causes Control. 2014;25:81-92. https://doi.org/10.1007/s10552-
013-0310-1

Yost K, Perkins C, Cohen R, Morris C, Wright W. Socioeconomic
status and breast cancer incidence in California for different race/
ethnic groups. Cancer Causes Control. 2001;12:703-711. https:/
doi.org/10.1023/a:1011240019516

Centers for Medicare & Medicaid Services. Laboratory Date of
Service Policy. Accessed December 10, 2024. https://www.cms.
gov/medicare/payment/fee-schedules/clinical-laboratory-fee-sched-
ule-clfs/date-service-policy.

DaCosta Byfield S, Bapat B, Becker L, et al. Real-world costs
and outcomes associated with biomarker testing by comprehen-
sive genomic profiling (CGP) and non-CGP approaches among
patients with metastatic non-small cell lung cancer (mNSCLC).
J Clin Oncol. 2024;42:€20598-¢20598. https://doi.org/10.1200/
jc0.2024.42.16_suppl.e20598

American Cancer Society Cancer Action Network. Improving
Access to Biomarker Testing: Advancing Precision Medicine in
Cancer Care. Accessed December 10, 2024. https://www.fight-
cancer.org/sites/default/files/Improving %20Access %20to%20Bio-
marker%20Testing.pdf.

Lynch JA, Berse B, Rabb M, et al. Underutilization and dispari-
ties in access to EGFR testing among Medicare patients with lung
cancer from 2010-2013. BMC Cancer. 2018;18:306. https://doi.
org/10.1186/s12885-018-4190-3

Kim ES, Roy UB, Ersek JL, et al. Updates regarding biomarker
testing for non-small cell lung cancer: considerations from the

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

4S.

1

National Lung Cancer Roundtable. ] Thorac Oncol. 2019;14:338-
342. https://doi.org/10.1016/j.jth0.2019.01.002

Lu CY, Loomer S, Ceccarelli R, et al. Insurance coverage policies
for pharmacogenomic and multi-gene testing for cancer. | Pers
Med. 2018;8:19. https://doi.org/10.3390/jpm8020019

LUNGevity Foundation and American Cancer Society Cancer Action
Network. Landscape Analysis: Payer Coverage Policies of Tumor
Biomarker Testing. Accessed December 10, 2024. https://www.lun-
gevity.org/sites/default/files/biomarker/ACS-CAN-LUNGevity_Pay-
erCoveragePoliciesof TumorBiomarkerTesting_112018.pdf.

Phillips KA. Evolving payer coverage policies on genomic sequenc-
ing tests: beginning of the end or end of the beginning? JAMA.
2018;319:2379-2380. https://doi.org/10.1001/jama.2018.4863
Centers for Medicare & Medicaid Services. Next Generation
Sequencing (NGS) for Medicare Beneficiaries With Advanced
Cancer. Accessed December 10, 2024. https://www.cms.gov/medi-
care-coverage-database/view/ncacal-decision-memo.aspx?pro-
posed=N&NCAId=296.

Grant P, Langlois S, Lynd LD, GenCOUNSEL Study, Austin JC,
Elliott AM. Out-of-pocket and private pay in clinical genetic test-
ing: a scoping review. Clin Genet. 2021;100:504-521. https://doi.
org/10.1111/cge. 14006

LUNGevity Foundation. State Scorecard State Medicaid Coverage
Policy and Impact on Lung Cancer Outcomes. Accessed December
10, 2024. https://lungevity.org/sites/default/files/state-scorecards/
LUNGevity-scorecard-030920.pdf.

Foundation Medicine. News release. Foundation Medi-
cine Now an In-Network Provider for Humana Military and
Health Net Federal Services. Accessed December 10, 2024.
https://www.foundationmedicine.com/press-releases/founda-
tion-medicine-now-an-in-network-provider-for-humana-mili-
tary-and-health-net-federal-services.

TRICARE. Cancer Clinical Trials. Accessed December 10, 2024.
https://tricare.mil/Plans/SpecialPrograms/CancerClinical Trials.
American Cancer Society Cancer Action Network. Access to Bio-
marker Testing. Accessed December 10, 2024. https://www.fight-
cancer.org/what-we-do/access-biomarker-testing.

Epstein Becker Green Law. Mandated Coverage of Biomarker
Testing: Q& A With Robert Hearn. Accessed December 10, 2024.
https://www.ebglaw.com/insights/news/mandated-coverage-of-bio-
marker-testing-q-a-with-robert-hearn.

Lin GA, Coffman JM, Phillips KA. The state of state biomarker
testing insurance coverage laws. JAMA. 2024;331:1885-1886.
https://doi.org/10.1001/jama.2024.6058

Kalantri S, Singh R, Singh I, Kolesar J, Kloecker G. Review of state
legislation mandating biomarker coverage in cancer care. | Thorac
Oncol.2024;19:5426. https://doi.org/10.1016/j.jtho.2024.09.1403
Yabroff KR, Sylvia SK, Zhao J, et al. Importance of patient health
insurance coverage and out-of-pocket costs for genomic testing in
oncologists’ treatment decisions. JCO Oncol Pract. 2024;20:429-
437. https://doi.org/10.1200/0OP.23.00153

Sheinson D, Patel A, Wong W. Impact of copay maximizer programs
on total patient liability. ] Manag Care Spec Pharm. 2024;30:5136.
Sadik H, Pritchard D, Keeling DM, et al. Impact of clinical practice
gaps on the implementation of personalized medicine in advanced
non-small-cell lung cancer. JCO Precis Oncol. 2022;6:€2200246.
https://doi.org/10.1200/PO.22.00246

Monestime S, Rigney M, Phipps N, et al. Health inequities across
the lung cancer care continuum in ten marginalized populations:
a narrative review. | Thorac Dis. 2023;15:6345-6361. https://doi.
0rg/10.21037/jtd-23-727

Roberts TJ, Kehl KL, Brooks GA, et al. Practice-level variation in
molecular testing and use of targeted therapy for patients with
non-small cell lung cancer and colorectal cancer. JAMA Netw
Open. 2023;6:€2310809. https://doi.org/10.1001/jamanetworko-
pen.2023.10809

Wong WB, Anina D, Lin CW, Adams DV. Alignment of health plan
coverage policies for somatic multigene panel testing with clini-
cal guidelines in select solid tumors. Per Med. 2022;19:171-180.
https://doi.org/10.2217/pme-2021-0174


https://doi.org/10.1200/JCO.2020.39.28_suppl.113
https://doi.org/10.1001/jamanetworkopen.2021.38219
https://doi.org/10.1001/jamanetworkopen.2021.38219
https://doi.org/10.1101/2020.03.16.20037143
https://doi.org/10.1101/2020.03.16.20037143
https://doi.org/10.48550/arXiv.2001.09765
https://doi.org/10.48550/arXiv.2001.09765
https://doi.org/10.1634/theoncologist.10-7-461
https://doi.org/10.1634/theoncologist.10-7-461
https://www.pfizer.com/news/press-release/press-release-detail/u_s_food_and_drug_administration_approves_pfizer_s_xalkori_crizotinib_as_first_and_only_therapy_specifically_for_patients_with_locally_advanced_or_metastatic_alk_positive_non_small_cell_lung_cancer
https://www.pfizer.com/news/press-release/press-release-detail/u_s_food_and_drug_administration_approves_pfizer_s_xalkori_crizotinib_as_first_and_only_therapy_specifically_for_patients_with_locally_advanced_or_metastatic_alk_positive_non_small_cell_lung_cancer
https://www.pfizer.com/news/press-release/press-release-detail/u_s_food_and_drug_administration_approves_pfizer_s_xalkori_crizotinib_as_first_and_only_therapy_specifically_for_patients_with_locally_advanced_or_metastatic_alk_positive_non_small_cell_lung_cancer
https://www.pfizer.com/news/press-release/press-release-detail/u_s_food_and_drug_administration_approves_pfizer_s_xalkori_crizotinib_as_first_and_only_therapy_specifically_for_patients_with_locally_advanced_or_metastatic_alk_positive_non_small_cell_lung_cancer
https://www.pfizer.com/news/press-release/press-release-detail/u_s_food_and_drug_administration_approves_pfizer_s_xalkori_crizotinib_as_first_and_only_therapy_specifically_for_patients_with_locally_advanced_or_metastatic_alk_positive_non_small_cell_lung_cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-crizotinib-capsules
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-crizotinib-capsules
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-crizotinib-capsules
https://doi.org/10.1007/s10552-013-0310-1
https://doi.org/10.1007/s10552-013-0310-1
https://doi.org/10.1023/a:1011240019516
https://doi.org/10.1023/a:1011240019516
https://www.cms.gov/medicare/payment/fee-schedules/clinical-laboratory-fee-schedule-clfs/date-service-policy
https://www.cms.gov/medicare/payment/fee-schedules/clinical-laboratory-fee-schedule-clfs/date-service-policy
https://www.cms.gov/medicare/payment/fee-schedules/clinical-laboratory-fee-schedule-clfs/date-service-policy
https://doi.org/10.1200/jco.2024.42.16_suppl.e20598
https://doi.org/10.1200/jco.2024.42.16_suppl.e20598
https://www.fightcancer.org/sites/default/files/Improving%20Access%20to%20Biomarker%20Testing.pdf
https://www.fightcancer.org/sites/default/files/Improving%20Access%20to%20Biomarker%20Testing.pdf
https://www.fightcancer.org/sites/default/files/Improving%20Access%20to%20Biomarker%20Testing.pdf
https://doi.org/10.1186/s12885-018-4190-3
https://doi.org/10.1186/s12885-018-4190-3
https://doi.org/10.1016/j.jtho.2019.01.002
https://doi.org/10.3390/jpm8020019
https://www.lungevity.org/sites/default/files/biomarker/ACS-CAN-LUNGevity_PayerCoveragePoliciesofTumorBiomarkerTesting_112018.pdf
https://www.lungevity.org/sites/default/files/biomarker/ACS-CAN-LUNGevity_PayerCoveragePoliciesofTumorBiomarkerTesting_112018.pdf
https://www.lungevity.org/sites/default/files/biomarker/ACS-CAN-LUNGevity_PayerCoveragePoliciesofTumorBiomarkerTesting_112018.pdf
https://doi.org/10.1001/jama.2018.4863
https://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&NCAId=296
https://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&NCAId=296
https://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&NCAId=296
https://doi.org/10.1111/cge.14006
https://doi.org/10.1111/cge.14006
https://lungevity.org/sites/default/files/state-scorecards/LUNGevity-scorecard-030920.pdf
https://lungevity.org/sites/default/files/state-scorecards/LUNGevity-scorecard-030920.pdf
https://www.foundationmedicine.com/press-releases/foundation-medicine-now-an-in-network-provider-for-humana-military-and-health-net-federal-services
https://www.foundationmedicine.com/press-releases/foundation-medicine-now-an-in-network-provider-for-humana-military-and-health-net-federal-services
https://www.foundationmedicine.com/press-releases/foundation-medicine-now-an-in-network-provider-for-humana-military-and-health-net-federal-services
https://tricare.mil/Plans/SpecialPrograms/CancerClinicalTrials
https://www.fightcancer.org/what-we-do/access-biomarker-testing
https://www.fightcancer.org/what-we-do/access-biomarker-testing
https://www.ebglaw.com/insights/news/mandated-coverage-of-biomarker-testing-q-a-with-robert-hearn
https://www.ebglaw.com/insights/news/mandated-coverage-of-biomarker-testing-q-a-with-robert-hearn
https://doi.org/10.1001/jama.2024.6058
https://doi.org/10.1016/j.jtho.2024.09.1403
https://doi.org/10.1200/OP.23.00153
https://doi.org/10.1200/PO.22.00246
https://doi.org/10.21037/jtd-23-727
https://doi.org/10.21037/jtd-23-727
https://doi.org/10.1001/jamanetworkopen.2023.10809
https://doi.org/10.1001/jamanetworkopen.2023.10809
https://doi.org/10.2217/pme-2021-0174

	A rising tide lifts all boats in the personalized cancer care continuum for mNSCLC: bridging inequities in NGS fosters equity in targeted treatment
	Introduction
	Patients and methods
	Patients
	Measures
	Statistical analyses

	Results
	NGS testing inequity by insurance
	Inequity in TT

	Discussion
	Conclusions
	Acknowledgments
	References


