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Abstract

Background: There is a lack of evidence from nationwide samples on the disparity of initiating immune checkpoint inhibitors (ICIs)
after metastatic lung cancer diagnosis.

Methods: We identified metastatic lung cancer patients diagnosed between 2015 and 2020 from a large, nationwide commercial
claims database. We analyzed the time from metastatic lung cancer diagnosis to ICI therapy using Cox proportional hazard models.
Independent variables included county-level measures (quintiles of percentage of racialized population, quintiles of percentage of
population below poverty, urbanity, and density of medical oncologists) and patient characteristics (age, sex, Charlson comorbidity
index, Medicare Advantage, and year of diagnosis). All tests were 2-sided.

Results: A total of 17 022 patients were included. Counties with a larger proportion of racialized population appeared to be more
urban, have a greater percentage of its residents in poverty, and have a higher density of medical oncologists. In Cox analysis, the
adjusted hazard ratio of the second, third, fourth, and highest quintile of percentage of racialized population were 0.89 (95% confi-
dence interval [CI] ¼ 0.82 to 0.98), 0.85 (95% CI ¼ 0.78 to 0.93), 0.78 (95% CI ¼ 0.71 to 0.86), and 0.71 (95% CI ¼ 0.62 to 0.81), respectively,
compared with counties in the lowest quintile. The slower ICI therapy initiation was driven by counties with the highest percentage
of Hispanic population and other non-Black racialized groups.

Conclusions: Commercially insured patients with metastatic lung cancer who lived in counties with greater percentage of
racialized population had slower initiation of ICI therapy after lung cancer diagnosis, despite greater density of oncologists in their
neighborhood.

There have been major improvements in cancer treatment in
recent years, particularly with the advent of immune checkpoint
inhibitors (ICIs). These novel immunotherapies have improved
the treatment and survival outcomes of many cancers, including
lung cancer (1-5). The major improvements in survival have
fueled the rapid adoption of these novel therapies. A recent study
found that within 4 months after the US Food and Drug
Administration approval of nivolumab, more than 60% of eligible
lung cancer patients had received the drug (6). By the end of 2018,
55% of first-line treatments for newly diagnosed metastatic lung
cancer and 59% of later-line treatments were using one of the
approved immunotherapies (7).

Despite the tremendous potential and excitement, there are
concerns with access to recently launched immunotherapies,
particularly in disadvantaged populations. In this paper, we
explore the disparity in utilization of checkpoint inhibitors
among patients with metastatic lung cancer. Lung cancer is the

leading cause of cancer deaths among men and women in the
United States, making up an estimated 22% of all cancer deaths
in 2021 (8). Nearly 60% of patients with lung cancer were first
diagnosed at distant stage, with a 5-year survival of 6% for those
diagnosed between 2010 and 2016 (8).

As ICIs are a relatively new class of drugs for lung cancer,
research on the disparity in their use is scarce, and findings are
mixed. Two recent studies of stage IV non-small cell lung cancer
using the National Cancer Database, a hospital-based cancer
registry in the United States, found that Black patients experi-
enced delayed initiation and lower utilization of immunotherapy
as the first course of treatment compared with White patients
(9,10). Two studies using regional electronic health records, how-
ever, found no racial disparity in immunotherapy use (6,11). The
difference in findings on racial disparity among existing studies is
possibly because of the difference in their study populations, the
fact that the National Cancer Database registry only documents
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the first course of treatment, and a lack of attention to contextual
factors such as neighborhood disadvantage.

Individuals from marginalized communities are more likely to
experience implicit interpersonal bias while interacting with the
health-care workforce (12). Such racism and implicit bias were
found to be associated with poorer treatment in domains such as
patient centeredness, contextual knowledge of the patient,
patient-provider communication, and treatment recommenda-
tions (12). In addition to characteristics of the individual patients,
characteristics of the geographic location where patients reside
could also influence the use of health-care services (13-15).
Indeed, researchers who have decomposed racial disparity found
that individual factors do not fully account for the observed dif-
ferences, but location characteristics such as residential segrega-
tion are also possible sources of disparity (16,17). Racial
residential segregation creates a platform for disinvestment in
marginalized communities, leading to fewer employment oppor-
tunities, greater poverty, worse physical environments, and fewer
public resources—all could impede access to care (16,18-21).

Since the first ICI’s approval in 2015 for metastatic lung can-
cer, there has been limited evidence on the disparity in their use.
In particular, there is a lack of knowledge on how neighborhood
disadvantage affected timely access to ICIs after metastatic lung
cancer diagnosis. The aim of this work was to examine the
impact of neighborhood disparity on access to immunotherapy in
a nationwide sample of commercially insured population. We
hypothesized that patients who lived in disadvantaged commun-
ities (ie, communities with a greater percentage of residents from
racialized groups) had a slower initiation of checkpoint inhibitors
after their lung cancer diagnosis. We followed the American
Medical Association’s recommendation and used “racialized
group” rather than “racial and ethnic minority” throughout this
paper (22). The purpose of using this inclusive language is to
avoid reinforcing the existing discriminatory narratives of the
marginalized communities.

Methods
Data and study population
We conducted a retrospective cohort study using the de-
identified Optum Clinformatics Data Mart. Optum is a large,
adjudicated claims database that covers working-age adults and
their dependents and older adults with Medicare Advantage, with
a total annual enrollment between 15 and 20 million (23).
Patients in Optum have medical and pharmacy benefits, allowing
the analysis of overall utilization of cancer drugs.

We identified male and female patients aged 18 years and
older with newly diagnosed metastatic lung cancer between
January 2015 and December 2020 using the International
Classification of Diseases versions 9 and 10 codes
(Supplementary Table 1, available online). We used a published,
validated algorithm for identifying metastatic lung cancer (both
de novo and recurrent) from Optum data (24). Specifically,
patients were required to have at least 1 inpatient claim with a
diagnosis in any field of lung cancer or at least 2 outpatient
claims with a diagnosis in any field of lung cancer that occurred
at least 30 days apart, between January 2008 and December 2019
(identification period). Their first diagnosis of lung cancer in the
identification period was defined as the index date. To identify
metastatic cancer, patients were required to have at least 2 medi-
cal claims with a diagnosis in any field of secondary metastasis
on separate dates, within 30 days before or any time after the
index date. Patients were excluded if they had diagnosis of other

cancers in the year prior to the index date. Finally, patients were
required to have continuous enrollment in Optum 12 months
before and at least 3 months after their metastatic diagnosis.

ICI therapy initiation
We examined all ICIs approved for lung cancer as of 2020. These
drugs were ipilimumab, pembrolizumab, nivolumab, tezolizu-
mab, and durvalumab. Claims of immunotherapies were identi-
fied using the Healthcare Common Procedure Coding System
codes (Supplementary Table 2, available online). The service date
on the first immunotherapy claim after metastatic cancer diag-
nosis was defined as the date of treatment initiation.

Area-level and patient-level characteristics
Using information from the Census Bureau (25), we divided all
counties into 5 quintiles based on the percentage of population
that are racialized groups and 5 quintiles based on the percentage
of population who live in poverty. A higher quintile indicates a
higher percentage of racialized population and a higher percent-
age of population below poverty line in the county, respectively.
Using information from the rural-urban continuum codes (26),
we grouped areas into metro, urban, and rural areas. Finally, we
extracted density of medical oncologists in a county from a pre-
vious study, where physicians self-identified as providing onco-
logic care to patients were identified from the health-care
provider taxonomy code in the National Provider Identifier data
and aggregated at the county level (27). Patient-level characteris-
tics include age, sex, Charlson comorbidity index (28), Medicare
Advantage vs non-Medicare commercial insurance, and diagno-
sis year. Information on patient demographics such as age and
sex were self-reported in Optum.

Statistical analysis
We first examined the uptake of ICIs in our study sample. To
account for differential follow-up time and censoring, we esti-
mated the restricted mean time from diagnosis to checkpoint
inhibitor initiation (event of interest) and plotted Kaplan–Meier
curves, with steeper curves indicating faster initiation. To illus-
trate geographic variation in checkpoint inhibitor adoption across
the nation, we created maps of uptake by county.

Time from metastatic lung cancer diagnosis to initiating
checkpoint inhibitors was then analyzed using Cox proportional
hazard models. We aimed to construct the most parsimonious
model that includes all variables that may affect checkpoint
inhibitor initiation. To do so, we first examined the correlation
between each neighborhood and patient characteristic and
checkpoint inhibitor initiation. In the univariate analyses, per-
centage of racialized population, urbanity, and density of medical
oncologists, as well as all patient-level characteristics, were stat-
istically significantly correlated with initiation (P from log-rank
test < 0.2). We then constructed 3 models. In the first model, to
estimate the crude hazard ratios (HRs), we only included quin-
tiles of percentage of racialized population in a county. In the sec-
ond model, we adjusted for patient characteristics (age, sex,
Charlson comorbidity index, Medicare Advantage, and year of
diagnosis) in addition to county-level racialized population. In
the third model, we further adjusted for urbanity and density of
oncologists in a county in addition to the variables included in
the second model. In a secondary analysis, we broke down the
composition of racialized population into Black, Hispanic, and
other racialized groups and included quintiles of these measures
in the Cox model. In a sensitivity analysis, we restricted our study
sample to those with at least 12 months of continuous
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enrollment period post metastatic cancer diagnosis. To examine

the proportional hazards assumption, we tested the Schoenfeld

residuals after fitting a Cox model (29). The P value for the main

predictor of interest—racialized population—was 0.171, suggest-

ing that the proportional hazards assumption was valid. In all

regressions, we clustered standard errors at the county level. A 2-

sided test with a P value of less than .05 is considered statistically

significant. We used Stata 15.1 (College Station, TX) for all statis-

tical analyses.

Results
Between 2015 and 2020, a total of 17 022 metastatic lung cancer

patients in our data were diagnosed and met our inclusion crite-

ria (Table 1). The average age of our study sample was 71.5 (9.3)

years, and 52.7% were female. Approximately 20% of our study

sample had 0 Charlson comorbidity, 24% had 1 or 2

comorbidities, and more than half (54%) had 3 or more.
Approximately 81.4% of our sample had Medicare Advantage (as
opposed to employer-based commercial insurance).
Approximately 13% of our study population lived in poverty, and
86% lived in metro areas. On average, there were 4.5 medical
oncologists per 100 000 population in the county. Over the entire
follow-up period, approximately 41% of the study population
used checkpoint inhibitors, whereas the remaining 59% were cen-
sored. The average length of enrollment in our dataset post meta-
static cancer diagnosis was 15.6 months.

The racial composition of a county appeared to be correlated
with poverty, urbanity, and density of medical oncologists
(Table 1; Supplementary Tables 3-5, available online). We
observed greater percentage of population living in poverty and
in metro areas and greater density of medical oncologists in
counties with greater percentage of its residents from racialized
groups. Furthermore, patients residing in counties with a larger

Table 1. Characteristics of patient population by quintiles of racialized population in a county

Characteristics All patients (N¼17 022) By racialized population quintiles

1 (lowest percentage) 2 3 4 5 (highest percentage)

Age, mean (SD), y 71.5 (9.3) 70.9 (9.2) 71.0 (9.1) 71.7 (9.4) 71.7 (9.2) 72.1 (9.4)
Female, No. (%) 8967 (52.7) 1753 (51.3) 1781 (52.4) 1867 (54.4) 1802 (53.2) 1764 (52.2)
Percentage of population living below

poverty line, mean (SD)
13.1 (4.6) 11.7 (4.6) 11.7 (3.7) 11.9 (4.0) 14.5 (4.1) 15.7 (4.9)

Urbanity of county, No (%)
Metro 14 632 (85.9) 2025 (59.2) 3088 (90.7) 3183 (92.6) 3133 (92.5) 3203 (94.7)
Urban 2049 (12.0) 1170 (34.2) 276 (8.1) 219 (6.4) 223 (6.6) 161 (4.8)
Rural 351 (2.1) 224 (6.6) 41 (1.2) 34 (1.0) 32 (0.9) 20 (0.6)

Number of medical oncologists per
100 000 in the county, mean (SD)

4.5 (4.5) 2.5 (3.5) 3.6 (3.3) 5.1 (4.0) 6.4 (5.5) 5.4 (4.9)

Charlson comorbidity index, No. (%)
0 3333 (19.6) 641 (18.9) 671 (19.7) 688 (20.0) 681 (20.1) 652 (19.3)
1-2 4046 (23.8) 896 (26.2) 869 (25.5) 798 (23.2) 785 (23.2) 698 (20.6)
�3 9124 (53.6) 1797 (52.6) 1758 (51.6) 1836 (53.4) 1822 (53.8) 1911 (56.5)

Medicare Advantage, No. (%) 13 861 (81.4) 2731 (79.9) 2754 (80.9) 2781 (80.9) 2789 (82.3) 2806 (82.9)
Checkpoint inhibitor initiation, No.

(%)
Yes 6988 (41.0) 1599 (46.8) 1447 (42.5) 1422 (41.4) 1301 (38.4) 1219 (36.0)
Censored 10 044 (59.0) 1820 (53.2) 1958 (57.5) 2014 (58.6) 2087 (61.6) 2165 (64.0)

Length of continuous enrollment
after diagnosis, mo

15.6 (14.2) 13.8 (12.2) 15.0 (13.6) 15.4 (14.0) 17.3 (15.5) 16.7 (15.2)

Figure 1. Geographic variation in uptake of immune checkpoint inhibitors between 2015 and 2020 by metastatic lung cancer patients with employer-
sponsored commercial insurance or Medicare Advantage. Counties with at least 5 metastatic lung cancer patients diagnosed in our study period were
included in this map.
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racialized population were less likely to use checkpoint inhibitors
and had longer time between diagnosis and initiation. Lastly, the

average length of enrollment after metastatic cancer diagnosis
appeared to be slightly longer in patients residing in areas with a

larger racialized population.
Across the nation, there was a large amount of geographic var-

iation in checkpoint inhibitor adoption (Figure 1). In univariate
analyses and spatial examinations, a larger percentage of racial-

ized population, more urban, lower density of medical oncolo-

gists, as well as older age, female, more comorbidities, and
enrollment in Medicare Advantage were statistically significantly

correlated with slower initiation of checkpoint inhibitors

(Figure 2; Supplementary Figures 1-12, available online). In par-
ticular, the restricted mean time from diagnosis to initiation was

229, 239, 246, 250, and 260 days for racialized population quintiles
1 through 5, and the differences between quintiles 2-5 and

quintile 1 were all statistically significant (Figure 2). County-level
poverty was not correlated with initiation in univariate analysis.

Moreover, patient cohorts diagnosed in earlier years had slower
initiation: the mean time from diagnosis to initiation of check-

point inhibitors decreased from 325 days in the cohort diagnosed

in 2015 to 180 days in the cohort diagnosed in 2020
(Supplementary Figure 1, available online).

In multivariate Cox regression analyses, greater percentage of

racialized population in a county was associated with slower ini-

tiation of checkpoint inhibitors, with and without adjusting for
other county and patient characteristics (Table 2, models 1-3). In

the full model (model 3), the adjusted hazard ratios of the second,

third, fourth, and highest quintile of racialized population in a
county were 0.89 (95% confidence interval [CI] ¼ 0.82 to 0.98),

0.85 (95% CI ¼ 0.78 to 0.93), 0.78 (95% CI ¼ 0.71 to 0.86), and 0.71
(95% CI ¼ 0.62 to 0.81), respectively, compared with the lowest
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Figure 2. Mean days (restricted means) from metastatic cancer diagnosis to initiation of checkpoint inhibitors (A) and Kaplan-Meier curves (B) by
quintiles of percentage of racialized population, both truncated at 1 year (length of follow-up for those diagnosed in 2020, the latest year). Higher
quintiles indicate greater percentage of population from racialized groups. The differences in restricted mean time between quintiles 2-5 and quintile 1
were 10, 17, 22, and 31, respectively (all statistically significant).
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quintile of racialized population. In models 1 and 2, where fewer

covariates were adjusted for, the hazard ratios of racialized popu-

lation quintiles were almost the same as those from model 3.
In the secondary analysis, when the percentage of racialized

population in a county was broken down into Black, Hispanic,

and other racialized groups, the slower initiation in counties with

a larger racialized population was driven by counties with the

highest percentage of Hispanic population and other racialized

groups (Table 3). The adjusted hazard ratio of the highest quintile

of Hispanic population was 0.75 (95% CI ¼ 0.67 to 0.83) compared

with the lowest quintile (Table 3, model 3). The adjusted hazard

ratio of the highest quintile of other racialized population was

0.79 (95% CI ¼ 0.70 to 0.90) compared with the lowest quintile. In

models 1 and 2, where fewer covariates were adjusted for, the

hazard ratios of quintiles of Hispanic population and other racial-

ized groups were almost the same as those from model 3.
In the sensitivity analysis, when the study sample was limited

to those with at least 12 months of continuous enrollment after

metastatic cancer diagnosis, the results were robust

(Supplementary Tables 6 and 7, available online).

Discussion
We analyzed the utilization of ICIs among adult patients with

employer-based insurance or Medicare Advantage diagnosed

with metastatic lung cancer between 2015 and 2020 and found

large disparity in the timeliness of access. Patients residing in

counties with a larger percentage of racialized population had

statistically significantly slower initiation of checkpoint inhibi-

tors following their metastatic cancer diagnosis. This association

was driven by areas with the highest density of Hispanic popula-
tion and other racialized groups.

In our analysis, we found that areas with a greater racialized
population were also urban areas with greater density of medical
oncologists. However, the greater availability of oncologists in
these areas did not translate into a more rapid access to check-
point inhibitors. Prior evidence suggested that racialized patients
and White patients were to a large extent treated by different
physicians. One study found that most visits made by racialized
patients were with a small group of physicians who provided
only a small percentage of care to White patients, and those
physicians were less likely to be board certified and more likely to
report that they were unable to provide high-quality care to their
patients (30). In our case, though areas with high racialized popu-
lation have more medical oncologists per population, it is possi-
ble that only a small percentage of oncologists in those areas
actually served the large racialized population living in these ter-
ritories, because of racial segregation in hospitals, lack of diver-
sity and low cultural competency of health-care professionals,
and inability of the health system to demonstrate trustworthi-
ness, and this fraction of physicians caring for the racialized pop-
ulation may also be less well trained and may have less access to
important clinical resources.

This implies that policies that aim to improve access to cancer
care in racialized communities by increasing availability of medi-
cal oncologists in their county of residence may not achieve the
intended goal if the characteristics of physicians who serve pri-
marily racialized communities are not well understood. Prior evi-
dence suggests that racialized physicians provide a
disproportionate share of care to underserved populations—
racialized groups, low income, Medicaid enrollees, uninsured,

Table 2. Cox proportional hazard regression output with racialized population quintiles

Variable Model 1a Model 2b Model 3c

HR (95% CI) P HR (95% CI) P HR (95% CI) P

Percentage of racialized population in a
county quintile; referent: quintile 1,
lowest percentage)
2 0.90 (0.83 to 0.98) .01 0.89 (0.81 to 0.96) .005 0.89 (0.82 to 0.98) .01
3 0.86 (0.78 to 0.95) .002 0.85 (0.77 to 0.93) .001 0.85 (0.78 to 0.93) .001
4 0.80 (0.73 to 0.88) <.001 0.79 (0.72 to 0.87) <.001 0.78 (0.71 to 0.86) <.001
5 (highest percentage) 0.72 (0.62 to 0.83) <.001 0.70 (0.61 to 0.81) <.001 0.71 (0.62 to 0.81) <.001

Age group (referent: younger than 55), y
55 to younger than 65 — — 1.06 (0.90 to 1.26) .47 1.06 (0.90 to 1.26) .47
65 to younger than 75 — — 1.03 (0.87 to 1.23) .70 1.03 (0.87 to 1.22) .72
75 and older — — 0.80 (0.67 to 0.96) .02 0.80 (0.67 to 0.96) .01

Female (referent: male) — — 0.83 (0.80 to 0.87) <.001 0.83 (0.79 to 0.87) <.001
Charlson comorbidities (referent: 0)

1-2 — — 1.02 (0.95 to 1.10) .54 1.02 (0.95 to 1.10) .55
�3 — — 0.93 (0.87 to 0.99) .02 0.93 (0.87 to 0.99) .02
Medicare Advantage — — 0.84 (0.78 to 0.91) <.001 0.84 (0.78 to 0.92) <.001

Urbanity (referent: metro)
Urban — — — — 1.03 (0.95 to 1.12) .44
Rural — — — — 1.15 (0.98 to 1.36) .09

No. medical oncologists per 100 000 — — — — 1.01 (0.99 to 1.01) .14
Diagnosis year (referent: 2015)

2016 — — 1.35 (1.21 to 1.50) <.001 1.35 (1.21 to 1.50) <.001
2017 — — 2.01 (1.83 to 2.21) <.001 2.01 (1.83 to 2.21) <.001
2018 — — 2.77 (2.53 to 3.02) <.001 2.76 (2.53 to 3.02) <.001
2019 — — 4.06 (3.71 to 4.44) <.001 4.05 (3.70 to 4.44) <.001
2020 — — 4.91 (4.44 to 5.42) <.001 4.90 (4.43 to 5.41) <.001

a Model 1 only included quintiles of percentage of racialized population, to estimate crude hazard ratios. CI ¼ confidence interval; HR ¼ hazard ratio.
b Model 2 adjusted for patient characteristics (age, sex, Charlson comorbidity index, Medicare Advantage, and year of diagnosis) in addition to percentage of

racialized population.
c Model 3 further adjusted for urbanity and density of oncologists in addition to the variables included in model 2.
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and non-English home language speakers (31). Our finding that
increasing availability of medical oncologists may not improve
access to quality care even among commercially insured individ-
uals highlights the importance of improving the racial and ethnic
diversity of the physician workforce, the cultural competency of
physicians failing to treat racialized groups, and catchment area
concordance as key to meeting national goals of eradicating
health disparities.

The slower initiation of checkpoint inhibitors in counties with
a larger racialized population observed in our analysis was driven
by slower initiation in counties with the highest density of
Hispanics and other non-Black racialized population. This could
be due to language barriers. Prior research found that Spanish-
speaking Americans received about one-third less health care
(measured in spending) as compared with patients whose pri-
mary language is English (32). Furthermore, Americans with lim-
ited English proficiency are less likely to have a usual care
provider (33). These findings highlighted the need for improving
the cultural competency and language training of physicians to
meet the needs of diverse patients.

In our sample, we did not observe any difference in time to ini-
tiation of checkpoint inhibitors among counties with different
levels of poverty. This could be because our sample consisted of
commercially insured (including Medicare Advantage) patients,
and most plans after January 2016 had an annual out-of-pocket
maximum (OOPM) on medical expenses (34). Checkpoint inhibi-
tors are mostly covered under medical benefits, and because of
the high costs associated with cancer diagnosis and ICIs, many
patients might have reached their annual OOPM of medical
expense by the time or shortly after they initiated immunother-
apy. Once they reach annual OOPM, there is no cost sharing for
the rest of the year.

There are several limitations that are worth noting. First, even
though we used a validated algorithm to identify metastatic lung
cancer, there were likely misclassifications. The validation study
showed that the sensitivity and specificity of the algorithm was
55% and 85%, respectively (24). Second, information on severity
of disease, such as stage and tumor size, was not available in
claims data. This may introduce selection bias in our retrospec-
tive, observational design. Third, the average length of

Table 3. Cox proportional hazard regression output with quintiles of Black, Hispanic, and other racialized populations

Variable Model 1a Model 2b Model 3c

HR (95% CI) P HR (95% CI) P HR (95% CI) P

Percentage of Black population in a county
quintile; referent: quintile 1 (lowest per-
centage)
2 0.97 (0.89 to 1.06) .48 0.95 (0.87 to 1.04) .30 0.96 (0.88 to 1.05) .33
3 0.93 (0.84 to 1.04) .20 0.92 (0.83 to 1.02) .10 0.92 (0.84 to 1.02) .12
4 1.00 (0.91 to 1.09) .91 0.97 (0.90 to 1.06) .56 0.98 (0.90 to 1.06) .57
5 (highest percentage) 0.99 (0.92 to 1.08) .89 0.99 (0.91 to 1.08) .84 0.99 (0.90 to 1.08) .79

Percentage of Hispanic population in a
county quintile; referent: quintile 1 (low-
est percentage)
2 1.01 (0.92 to 1.10) .90 1.02 (0.94 to 1.10) .69 1.02 (0.94 to 1.11) .61
3 0.91 (0.83 to 1.00) .04 0.91 (0.84 to 1.00) .05 0.92 (0.84 to 1.01) .07
4 0.94 (0.86 to 1.03) .19 0.95 (0.86 to 1.04) .24 0.95 (0.87 to 1.04) .30
5 (highest percentage) 0.73 (0.66 to 0.81) <.001 0.74 (0.67 to 0.83) <.001 0.75 (0.67 to 0.83) <.001

Percentage of other racialized population
in a county quintile; referent: quintile 1
(lowest percentage)
2 1.01 (0.92 to 1.10) .17 1.06 (0.98 to 1.15) .15 1.07 (0.98 to 1.17) .14
3 1.03 (0.83 to 1.00) .51 1.04 (0.96 to 1.13) .34 1.05 (0.95 to 1.15) .34
4 1.04 (0.86 to 1.03) .49 1.01 (0.92 to 1.11) .85 1.01 (0.92 to 1.12) .80
5 (highest percentage) 0.79 (0.66 to 0.81) <.001 0.79 (0.70 to 0.89) <.001 0.79 (0.70 to 0.90) <.001

Age group (referent: <55), y
55 to younger than 65 — — 1.05 (0.89 to 1.25) .53 1.06 (0.89 to 1.25) .53
65 to younger than 75 — — 1.05 (0.89 to 1.25) .57 1.05 (0.89 to 1.24) .58
75 and older — — 0.83 (0.69 to 0.99) .04 0.83 (0.69 to 0.99) .04

Female (referent: male) — — 0.84 (0.80 to 0.87) <.001 0.84 (0.80 to 0.87) <.001
Charlson comorbidities (referent: 0)

1-2 — — 1.03 (0.96 to 1.10) .43 1.03 (0.96 to 1.10) .44
�3 — — 0.93 (0.87 to 0.99) .02 0.93 (0.87 to 0.99) .02

Medicare Advantage — — 0.83 (0.77 to 0.90) <.001 0.83 (0.77 to 0.90) <.001
Urbanity (referent: metro)

Urban — — — — 1.01 (0.93 to 1.11) .76
Rural — — — — 1.14 (0.96 to 1.35) .13

No. medical oncologists per 100 000 — — — — 1.00 (0.11 to 1.01) .51
Diagnosis year (referent: 2015)

2016 — — 1.35 (1.22 to 1.50) <.001 1.35 (1.21 to 1.50) <.001
2017 — — 2.01 (1.83 to 2.21) <.001 2.01 (1.83 to 2.21) <.001
2018 — — 2.78 (2.54 to 3.03) <.001 2.77 (2.54 to 3.03) <.001
2019 — — 4.08 (3.73 to 4.47) <.001 4.07 (3.72 to 4.46) <.001
2020 — — 4.93 (4.46 to 5.46) <.001 4.92 (4.45 to 5.45) <.001

a Model 1 only included quintiles of percentage of racialized population, to estimate crude hazard ratios. CI ¼ confidence interval; HR ¼ hazard ratio.
b Model 2 adjusted for patient characteristics (age, sex, Charlson comorbidity index, Medicare Advantage, and year of diagnosis) in addition to percentage of

racialized population.
c Model 3 further adjusted for urbanity and density of oncologists in addition to the variables included in model 2.
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enrollment appeared to be slightly longer in counties with a

larger racialized population. This may have biased our study

results in a more conservative fashion as patients living in highly

racialized areas had slower initiation and lower probability of ini-

tiating checkpoint inhibitors despite longer enrollment in our

data. Fourth, information on the socioeconomic characteristics of

individual patients was not available in our data. As a result, we

were not able to examine how individual-level race influenced

timeliness of initiating ICIs after lung cancer diagnosis. Finally,

our study population consisted of commercially insured popula-

tion from a large national insurer. The findings may not general-

ize to the traditional Medicare, Medicaid, or uninsured

populations.
Metastatic lung cancer patients with employer-based insur-

ance or Medicare Advantage who lived in counties with greater

percentage of racialized population had slower initiation of

checkpoint inhibitors after their cancer diagnosis, despite greater

density of medical oncologists in their neighborhood. More

research is needed on the provider, patient, and health-care sys-

tem characteristics that contributed to slower access to care in

areas with higher proportion of racialized population.
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