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PROBLEM IDENTIFICATION: Precision medicine
initiatives provide opportunities for optimal targeted
therapy in individuals with non-small cell lung cancer.
However, there are barriers to these initiatives that
reflect social determinants of health.

LITERATURE SEARCH: MEDLINE®, CINAHL®,
PsycINFO®, Embase®, and Google Scholar™
databases were searched for articles published in
English in the United States from 2016 to 2020.

DATA EVALUATION: Data that were collected
included individual demographic information,
specific diagnosis, status of targeted genomic
testing, and receipt of targeted therapy. All studies
were retrospective and involved database review of
insurance claims or medical records.

SYNTHESIS: Individuals with non-small cell lung
cancer received less genetic testing and targeted
therapy if they were of a lower socioeconomic status,
had public health insurance or no health insurance,
were Black, or lived in rural communities.

IMPLICATIONS FOR NURSING: Social determinants
of health affect health equity, including in precision
medicine initiatives for individuals with lung cancer.
Gaining an understanding of this impact is the first
step in mitigating inequities.
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ndividuals who have a diagnosis of lung
cancer with actionable genetic subtypes
are poised to greatly benefit from advances
in precision medicine. Lung cancer is con-
sistently the cause of more than 100,000
deaths per year in the United States and is the number
one cause of death among all cancer types (Krist et al.,
2021). In 2003, the human genome was sequenced af-
ter a massive global effort (Connors & Schorn, 2018),
and researchers began to understand the mechanisms
that cause cancer to grow (Krzyszczyk et al., 2018).
Ultimately, this led to the development of precision
medicine and pharmacogenetics techniques, allowing
healthcare providers to treat some cancers in a very
specific way, including some cases of lung cancer. Ad-
vances in this realm have led to the development of
drugs that can specifically target the action of the mu-
tated proteins to inhibit tumor growth. Pharmaceu-
tical companies have pushed the availability of these
targeted therapies into the market (Knutsen, 2016).
Eighty-five percent of lung cancer cases are char-
acterized histologically as non-small cell lung cancer
(NSCLQ). In 57% of cases, lung cancer is diagnosed
after it has metastasized, and the five-year survival
rate for these individuals is less than 6% (Goebel et
al., 2019). In the past decade, individuals with NSCLC
have been shown to carry an identifiable genetic vari-
ant in their tumor cells in more than 53% of cases.
Providers use genetic findings to determine eligibility
for individuals with lung cancer for targeted ther-
apy, which has been shown to prolong survival and
is often considered a first-line treatment (Rajurkar
et al., 2020). Targeted therapies are not only associ-
ated with longer survival, but also fewer side effects
than traditional forms of cancer treatment, such as
chemotherapy and radiation therapy (Ginsburg &
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Phillips, 2018). Kehl et al. (2019) reported that indi-
viduals with stage IV NSCLC have a survival rate of
5.2 months with no systemic treatment, 9.8 months
with chemotherapy, and 18.8 months with targeted
therapy. Another study reported that median survival
for those who received molecular testing and targeted
therapies ranged from 14.9 months to 34.2 months
(Al-Ahmadi et al., 2020). When compared to the tradi-
tional methods of cancer treatment, the development
of targeted therapies is a welcomed option.

Although advances in precision medicine have
led to the development of important protocols for
individuals with NSCLC, many do not undergo the
associated care measures, such as molecular testing
and targeted therapy, or may not benefit from these
therapies. Previous research reveals some social fac-
tors, including socioeconomic status (SES), health
insurance status, race, and regional area, are related
to testing frequency and/or targeted therapy; how-
ever, a structured approach to summarizing findings

FIGURE 1. PRISMA Flow Diagram
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is warranted. The American Medical Association
describes six domains that contribute to social
determinants of health (SDOH): economic stability,
neighborhood and physical environment, education,
food, community and social context, and healthcare
system (Bennett et al., 2018). This narrative review
examines how these and other factors, such as race,
serve as barriers to receiving genetic testing and aims
to understand health system inequities in receiving
targeted therapy. Therefore, the research question
was as follows: What disparities in health care con-
tribute to precision medicine testing and targeted
therapy in individuals with NSCLC?

Methods

Following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
format (Moher et al., 2009), a literature search was
conducted using MEDLINE®, CINAHL®, PsycINFO®,
Embase®, and Google Scholar™ databases. Search
terms, used singly or in combination, were lung cancer
OR lung neoplasms, pharmacogenetic testing OR genetic
testing, healthcare disparities OR health status dispari-
ties OR minority health, precision medicine, access, and
review. Figure 1 illustrates the search and review
process. The search included peer-reviewed arti-
cles of original studies published in English. Data
abstracted included author(s); publication year; title;
data source; population studied; variables assessed
in the study, including demographic characteristics;
statistical analysis; and relevant results. Inclusion cri-
teria were published quantitative studies of genomic
testing for lung cancer diagnosis in the past 10 years;
study data, including demographic and health equity
information, as reflected in SDOH; and studies writ-
ten in English and conducted in the United States.
Studies that were systematic reviews, abstracts, and
poster presentations were omitted.

This study encompasses care measures during
the emerging process of targeted therapy interven-
tions. Although study publication dates are within
the past 10 years (2016-2020), data that the studies
represent date back as far as 2007, when precision
medicine measures were first emerging for NSCLC.
Erlotinib was approved by the U.S. Food and Drug
Administration (FDA) in 2013 as a first-line treatment
for those with an epidermal growth factor receptor
(EGFR) variant, becoming the first targeted ther-
apy to be used as a first-line treatment for advanced
NSCLC (Spira et al., 2016). However, in 2004, erlo-
tinib was initially FDA-approved for use in locally
advanced or metastatic NSCLC (Palazzo et al., 2019),
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demonstrating its value as a promising treatment.
Therefore, based on development and state of the
science for precision medicine initiatives, the current
study captures the rise of these initiatives for use in
individuals with NSCLC.

Quality Appraisal

The studies were independently appraised for appli-
cability and quality by the research team (M.C. and
S.S.D.), who then reached a consensus. Rigor was
assessed by considering the criteria to rate the
strength of scientific evidence published by the
Agency for Healthcare Research and Quality (West
et al., 2002). Table 1 summarizes the strength of sci-
entific evidence, including quality assessments of the
studies and risk of bias.

Data Evaluation

Search efforts returned 816 articles after removing
duplicates. Initial review of titles and/or abstracts
revealed 27 articles that possibly met the inclusion
criteria. Following full-text review, 16 articles were
excluded because they did not represent original
research; were posters, abstracts, or unpublished
work; reported qualitative results or data considered
too old to be relevant; or represented international
data. Eleven articles met the inclusion criteria for this
study.

All studies included in this review were retro-
spective and involved a review of medical records
or insurance claims. The databases that were used
varied from providing national data, such as from the
Surveillance, Epidemiology, and End Results Program
database to regional data from medical claims in spe-
cific areas. Specific areas included Minnesota, New
Jersey, Maryland, Kentucky, California, and Ohio.
The potential overlap from use of the same national
database is acknowledged and accepted in this study
because each article addresses the relationship
between precision medicine testing and treatment in
those with NSCLC or lung cancer and varying demo-
graphic factors. The authors’ efforts to illuminate
various disparities differ between studies, making all
data valuable. Of note, more than 1.1 million cases
were reported from an analysis of Medicare claims
from individuals with a diagnosis of lung cancer during
a three-year period in one study (Lynch et al., 2018).
Although this study provides important information
for analysis, the other studies focused on advanced-
stage NSCLC and precision medicine efforts and
ranged from 200 to 35,000 reviewed records.

The years that the data analyzed for this review
span from 2007 to 2017. For studies that reported
age, the mean age of participants ranged from 65 to
72 years. When comparing the prevalence of molec-
ular testing and targeted therapy among participants,

TABLE 1. Rating the Strength of Scientific Evidence by Domain (N = 11)

Study Study Statistical
Study Question  Population Comp Inter Outcomes  Analysis Results  Discussion
Al-Ahmadi et al., 2020 ° o [ ° ° ° ° °
Begnaud et al., 2020 ® ® ) ) ) ° ) )
Enewold & Thomas, 2016 ° ° ° ° ° ° ° °
Gutierrezetal., 2017 o o ° ° ° ° ° °
llleietal., 2018 ° ) ) ) X ° Partially Partially
Kehl etal., 2019 o ° ° ° Partially ° ° °
Larson etal., 2020 ° ° ° ° ° ° ° °
Lynchetal., 2018 ) ) ) ) X ° ) )
Maguire etal., 2019 ° ) ) X ) ° ° °
Palazzo et al., 2019 o o ° ° ° ° ° °
Shenetal.,, 2017 ° ° ° ° [ ° ° °

®—criterion fully met; comp—comparability; inter—intervention; partially—criterion partially met; X—criterion not met
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eight studies addressed disparities based on age, six
studies based on SES, six studies based on medi-
cal insurance status, eight studies based on race, six
studies based on geographic location or spatial sig-
nificance, and seven studies based on gender. For the
abstracted data from each article, see Table 2.

Results

Retrospective Data Analysis of Included Studies
Eleven quantitative studies met inclusion criteria. Key
variables in most studies were genetic testing (also
termed molecular testing) on tumor tissue and tar-
geted therapeutic treatment using precision medicine
techniques. Explanatory variables included SES, med-
ical insurance type, race, geographic region, and type
of treatment facility. In addition, age and gender are
examined, as well as comorbidity score and smoking
status.

Socioeconomic status and health insurance: SES
and type of insurance were collectively discussed
in seven studies. Six of these studies identified that
precision medicine testing was more common if the
individual had private insurance and a higher income.
Enewold and Thomas (2016) reported significant
associations (p < 0.01) between undergoing EGFR
testing and having private or military insurance.
These results were echoed by Kehl et al. (2019), who
reported testing rates to be significantly lower (p =
0.01) in those who qualified for Medicaid, which was
an indication of lower income. This same study eval-
uated the molecular testing rate based on poverty
quintile and found that testing was completed 10%
less often in the lowest poverty quintile as compared
to the highest (p = 0.02). Palazzo et al. (2019) also
reported that those with low income, as indicated
by eligibility or receipt of prescription drug subsi-
dies (Part D Medicare), are significantly less likely to
receive genetic testing (p = 0.0001).

Some heterogeneity was noted in how research-
ers considered Medicaid and Medicare coverage.
Medicaid coverage is based on need, with eligibility
primarily dependent on income, whereas Medicare
eligibility is based on age or disability (Centers for
Medicare and Medicaid Services, 2018). Medicare
recipients who meet Medicaid eligibility because of
chronic illness, long-term care needs, or social risk
factors can qualify for a dual Medicare/Medicare
insurance plan (Centers for Medicare and Medicaid
Services, 2020). Among the reviewed studies, some
inconsistency was seen in the reporting of Medicare
and Medicaid insurance status, primarily in how dual
Medicare/Medicaid was considered (either alone,

260 ONCOLOGY NURSING FORUM MAY 2022, VOL. 49, NO. 3

grouped with Medicare, or grouped with Medicaid).
Despite reporting differences, some trends were
observed. Illei et al. (2018) found that individuals
with Medicaid or Medicare alone and dual Medicare/
Medicaid were less likely to be tested than those with
commercial insurance. Another study supported this
finding, in addition to significantly lower survival (p =
0.0053) for those in public (Medicaid and Medicare)
insurance groups (Larson et al., 2020). Lynch et al.
(2018) reported that individuals with dual Medicare/
Medicaid received molecular testing significantly less
often than individuals with Medicare only (p = 0.000).

Enewold and Thomas (2016) reported that
treatment with erlotinib for stage IV NSCLC (ade-
nocarcinoma subtype) was significantly more likely
for individuals who reside in a higher-income area
(p <0.02). Similarly, Larson et al. (2020) reported that
those enrolled in public health insurance (Medicaid
or Medicare) in Kentucky were significantly less
likely to receive targeted therapy (p = 0.007) when
compared to those with private insurance, as well as
individuals living in moderate to high poverty (p =
0.008). Maguire et al. (2019) reported that individ-
uals with private insurance were significantly more
likely to receive treatment than those with Medicaid
(p < o0.001) and that decreasing neighborhood SES
was associated with decreased treatment (p < 0.001).
However, this same study stated that individuals with
Medicare or dual Medicare/Medicaid did not differ
significantly from those with private insurance in the
receipt of targeted therapy.

Race: Enewold and Thomas (2016) noted that
individuals of Hispanic and Asian/Pacific Islander
descent were associated with increased rates of EGFR
testing compared to other races (p < 0.01). Lynch et al.
(2018) stated that individuals of Asian/Pacific Islander
descent underwent molecular testing with the highest
percentage of those studied when compared to other
racial groups, and Kehl et al. (2019) reported a test-
ing rate of 32.8% among Asian individuals and 26.2%
among White individuals. Of note, the 14.1% rate of
testing among Black individuals was almost half the
rate for White indiviudals and less than half the rate of
testing for Asian individuals. Palazzo et al. (2019) also
made this distinction, reporting that Asian individuals
were the most likely to receive molecular testing and
targeted therapy, whereas Black individuals received
the lowest rate of testing and therapy (p < 0.0001).

Several other studies also supported the obser-
vation that individuals of Asian descent received
targeted therapy more often than individuals of
other racial backgrounds (Enewold & Thomas, 2016;
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TABLE 2. Abstracted Data From Included Studies (N = 11)

Design, Sample,
Study and Data Sources

Al-Ahmadi
etal., 2020

An observational, retrospective
study of 928 individuals with stage
IVNSCLC (median age = 64.8
years); data from a single health
center at University Hospitals
Seidman Cancer Center in Cleve-
land, Ohio, from August 2013 to
December2016

Begnaud
etal., 2020

A pilot, multisite, retrospective
review comparing 200 American
Indian cases (X age = 65.1 years)
to 164 non-American Indian
matched controls from 2010 to
2013; data from manual chart
review or computerized data
extraction at 5 healthcare systems
in Minnesota (omitted Indian
Health Services or Urban Indian
Centers)

Enewold & A retrospective records review of

Thomas, 1,358 individuals (X age = 67.7

2016 years) diagnosed with stage -1V
cancerin 2010 who were at least
1 year postdiagnosis; sample data
from SEER data; minority groups
oversampled to promote precision

ONF.ONS.ORG

Variables and Outcomes

Demographic variables: age, race,
gender, and smoking history;
othervariables: next-generation
sequencing testing and receipt of
targeted therapy

Demographic variables: age,
gender, smoking status, date of
diagnosis, and tumor histology;
primary outcomes: incidence of
genetic testing and use of targeted
therapy

Demographic variables: age,
gender, race, and smoking status;
othervariables: staging, tumor
characteristics, EGFR testing
status, and treatment with erlotinib

Results

Greedy matching algorithm matched among age,
race, sex, smoking, tumor stage, and surgery; the
survival rate was 25.3 months in the Kaplan-Meier
tested group and 14.6 months in the untested
group (p = 0.002), which was still significant

when corrected for death less than 1 month from
diagnosis (p = 0.028); no differences in race for use
of molecular testing (p = 0.32) or access to targeted
therapy (p = 0.8), but specific DNA variants differed,;
median survival for those who completed molecular
testing and targeted therapy differed by race (34.2
months for White individuals and 14.9 months for
Black individuals, p = 0.015); 4 gene variants were
seen more frequently in Black individuals than in
White individuals; 60.9% overall received targeted
therapy.

Among populations studied, more than 90%

of cases and controls were current or previous
smokers; EGFR testing offered to American Indian
cases more frequently than controls; KRAS variant
detected in American Indian population in greater
frequency as compared to controls; no significant
difference in testing frequency among cases and
controls; testing rates increased over time in all
groups; Fisher exact test for within-site differences
in rates of testing among cases and controls
showed a lower rate of testing in controls at 1 site; 7
people prescribed targeted therapy (mostly Ameri-
can Indian cases)

Overall EGFR testing rate was 16.8% and 19.9%-
22.6% (depending on tumor histology); erlotinib
administered to 33.6% of individuals with EGFR
variant (p < 0.01); EGFR testing was more likely in
those who were of younger age; were of Hispanic or
Asian/Pacific Islander descent; had private, military,
orotherinsurance (p < 0.01); were nonsmokers (p =
0.04); had no comorbidities (p < 0.01); were living 2
months or longer after diagnosis (p < 0.01); and had
a histology of adenocarcinoma or other nonspeci-
fied carcinoma (p < 0.01); EGFR variants reported

in 30.4% of stage IV tumors; treatment with erlotinib
was more likely for those who were of Hispanic or
Asian/Pacific Islander descent (p < 0.01), were
nonsmokers (p < 0.01), had a histology of adeno-
carcinoma (p < 0.01), had an EGFR variant (p <
0.01), resided in a higher-income area (p < 0.02),
and were treated at a larger hospital (p = 0.04).

Continued on the next page
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TABLE 2. Abstracted Data From Included Studies (N = 11) (Continued)

Design, Sample,

Study and Data Sources

Gutierrez
etal., 2017

A retrospective medical record
review of 814 individuals (median
age = 67 years) diagnosed with
stage Illb or IV cancer between Jan-
uary 2013 and December2015;
data from 89 oncologists at

15 community oncology sites in
New Jersey and Maryland and
COTA, Inc. database

lllei et al., A retrospective analysis of 34,483

2018 individuals aged older than 18
years (median age = 72 years) with
stage Illb or IV NSCLC at a com-
munity practice; data from Flatiron
Health and electronic heath record
database from January 2011 to
May 2017

Kehl etal., A retrospective, observational

2019 analysis of 5,556 individuals
diagnosed with primary stage IV de
novo lung adenocarcinoma (age
range = 60-99 years) between
2008 and 2013 who were more
than 60 days postdiagnosis; data
from SEER database, Medicare
claims, and medical records
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Variables and Outcomes

Demographic variables: gender,
age, race, site of care, practice
size, smoking status, and time of
death; othervariables: EGFR or
ALK testing and broad molecular
testing; disease characteristics,
clinical history at first diagnosis
compared between groups, and
time (days) between diagnosis and
testing

Demographic variables: date of
birth, sex, race, insurance, smoking
history, and state of residence;
other variables: initial date of
NSCLC diagnosis, advanced
diagnosis date (stage IlIB or IV),
histology, medication orders and
administrations, and information
on ALK biomarker testing

Primary outcome: molecular
testing rate within 60 days of diag-
nosis; secondary outcome: overall
survival (ascertained starting 60
days postdiagnosis); demographic
variables: race, poverty rating, age,
sex, comorbidity, disability status,
urban/rural status, and NCI center
claim

Results

No difference in EGFR and ALK testing frequency
among settings (75% treated in community cancer
centers, 25% in referral center containing a dedi-
cated lung cancer program); age, gender, and race
did not influence testing frequency for EGFR and
ALK; active smokers were tested less frequently (p <
0.01); broad molecular testing was less frequent
than EGFR and ALK; physicians at community
centers were more likely to test for all biomarkers

(p <0.01); gender, age, and race had no influence
on broad molecular testing; active smokers received
broad molecular testing less frequently (p < 0.07);
of those who were positive for an EGFR or ALK
variant, 73% received first-line targeted therapy;
barriers included insufficient tissue sample with
long response time and lack of integration of testing
and reimbursement; median survival was 31.8
months for those who received targeted therapy,
12.7 months for those who received cytotoxic che-
motherapy, and 5.1 months for those who received
supportive care.

Overall, 53.1% of participants tested for ALK
(higher for those with nonsquamous versus
squamous histology); ALK testing rates increased
over time and with commercial insurance; women
more likely than men to be tested (OR = 1.14);
those less likely to receive testing included older
individuals (aged 75-84 years) (OR = 0.66), those
with a smoking history (OR = 0.72), those living in
non-Western regions (OR = 0.5), and those with
Medicaid (OR = 0.6) or Medicare (OR = 0.93);
21.5% of individuals initiated therapy before
receiving test results.

25.9% of individuals received molecular testing
within 60 days of diagnosis; 26.2% were White,
14.1% were Black (adjusted OR = 0.53), 32.8%
were Asian or otherrace (OR = 1.54, p <0.001);
28.4% were ineligible for Medicaid, and 20.6%
were eligible (adjusted OR =0.79, p=0.01);
30.7% in the lowest ecologic poverty quintile and
19.9% in highest quintile (adjusted OR=0.77,p =
0.02); median survival was 18.8 months for those
who received testing and targeted therapy with a
TKI, 9.8 months for those who received chemo-
therapy, and 5.2 months for those who received
supportive care.

Continued on the next page

ONF.ONS.ORG



Downloaded on 05-18-2024. Single-user license only. Copyright 2024 by the Oncology Nursing Society. For permission to post online, reprint, adapt, or reuse, please email pubpermissions@ons.org. ONS reserves all rights.

TABLE 2. Abstracted Data From Included Studies (N = 11) (Continued)

Design, Sample,
Study and Data Sources

Larsonetal.,,  Aretrospective, probabilistic data
2020 analysis of 4,957 individuals
aged 20 years or older with stage
IlIb-1V cancer; data from Kentucky
Cancer Registry, linked with Med-
icaid, Medicare, and private health
insurance from 2007 to 2011

Lynch et al., A retrospective study of

2018 1,178,293 Medicare beneficiaries
diagnosed with lung cancer (X
age = 72.9 years); data primarily
from Medicare claims from 2010
102013

ONF.ONS.ORG

Variables and Outcomes

Outcomes: EGFR variant test

and erlotinib prescription;
demographic variables: age at
diagnosis, race, sex, smoking
status, education, poverty status,
metropolitan status, Appalachian
status, insurance type, comorbid-
ity, hospital type, and distance to
a hospital

Outcome variable: whether the
individual had a claim for a lung
cancer molecular test; demo-
graphic variables: age, gender,
race, Medicaid status, risk score,
zip code of residence, distance
from a referral center, and dis-
tance to an NCI cancer center

Results

Younger individuals (p < 0.001), women (p = 0.001),
and nonsmokers (p = 0.027) more likely to be

tested; individuals enrolled in Medicaid (OR = 0.19)
or Medicare (OR = 0.61) less likely to be tested as
compared to those with private insurance (p <0.001);
individuals in nonmetropolitan area (OR =0.51)
ornon-Appalachian area (OR = 0.6) less likely to
receive testing (p = 0.001); younger individuals (p =
0.008) and women (p = 0.005) more likely to receive
erlotinib; those enrolled in Medicaid (OR = 0.55) and
Medicare (OR = 0.63) significantly less likely to receive
erlotinib as compared to those with private insurance
(p=0.007); those living in moderate poverty (OR =
1.9) or high poverty (OR = 1.84) significantly less likely
to receive erlotinib than those living in low poverty

(p = 0.008); improved survival seen with younger age,
women, and low comorbidity score; significantly less
likely survival for those living in metropolitan Appa-
lachia (HR = 1.09), rural Appalachia (HR = 1.1), and
rural non-Appalachia (HR = 1.13); those living in rural
non-Appalachia had significantly less likely survival
(p=0.037); those enrolled in Medicaid (HR=1.17)
and Medicare (HR = 1.11) had significantly lower
likelihood of survival than those with private insurance
(p =0.005); those who received EGFR testing (HR =
0.07, p=0.003) and those who received erlotinib
(HR=0.62, p<0.001) had increased likelihood
survival compared to those who did not.

5% underwent a molecular test, and younger
individuals (aged less than 55 years) least likely to
be tested; 13.7% were Asian/Pacific Islander, 8.7%
were White, 7.3% were Black, 6.5% were Hispanic,
and 7.1% were North American Native; individuals
who were Asian/Pacific Islander most likely to be
tested (OR = 1.63); Hispanic (OR = 0.87) and Black
individuals (OR = 0.95) least likely to be tested

(p <0.05) (reference group = non-Hispanic White);
women more likely than men to be tested (OR =
1.18); those without Medicaid (9.1%) tested more
often than those with Medicaid (6.7%) (OR=0.74,

p = 0.00); individuals with lung cancer with lower
comorbidity scores (less than 1) are twice as likely to
be tested (10.6% versus 5.4%), with 23% decreased
odds of testing for a 1-unit score increase; testing
rates were greater for those closer to NCI centers or
metropolitan county; Boston and Los Angeles had
highest testing rates.

Continued on the next page
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TABLE 2. Abstracted Data From Included Studies (N = 11) (Continued)

Design, Sample,

Study and Data Sources

Maguire et A retrospective data analysis of

al., 2019 17,310 individuals aged older
than 20 years (X age = 70 years)
with primary stage IV NSCLC; data
from California Cancer Registry
from2012t0 2014

Palazzo et A retrospective analysis of 9,900

al., 2019 individuals aged 65 years or older

with stage IV primary cancer who
were continuously enrolled in
Medicare from 1 year prediagnosis
to death or end of study; data from
SEER database and Medicare
claims from 2007 to 2011
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Variables and Outcomes

QOutcome variables: any first-line
systemic treatment, first-line use
of bevacizumab combinations, or
first-line use of TKIs; demographic
variables: health insurance type,
sex, race, neighborhood SES,
rural/urban residence, age at
diagnosis, comorbidity score, treat-
ment at an NCI-designated cancer
center, and tumor histology

Primary outcomes: receipt of a
genetic test and treatment with
erlotinib; explanatory variables:
income level, residence in a
high-poverty location, urban resi-
dence, sex, race, age at diagnosis,
histology, and comorbidity score

Results

TKls received less often for those with Medicaid

or other public insurance (RR=0.7, p<0.001);
receipt of systemic treatments did not differ signifi-
cantly for those with Medicare or dual Medicare/
Medicaid compared to those who were privately
insured; individuals who were Asian/Pacific Islander
(RR=3.37) or Hispanic (RR=1.75, p<0.001)
received TKIs at a higher frequency as compared to
non-Hispanic White individuals; those in low neigh-
borhood SES quintile (RR = 0.53) received TKls less
frequently than those in highest neighborhood SES
(p <0.001); TKIs were administered to those with a
comorbidity score of 1 (RR=0.69) or2 (RR=0.61)
less often than to those with no comorbidities (p <
0.001); treatment with TKIs occurred more often
inwomen (RR = 1.6, p <0.001); treatment more
frequently seen at NCl centers (RR=1.29, p <
0.001); treatment with TKIs gradually decreased as
age increased (p=0.001).

Individuals with low income less likely to undergo
genetic testing (p <0.001) and receive treatment
with erlotinib (p = 0.013); high-poverty areas

less likely to have genetic testing (p <0.001) and
receive treatment with erlotinib (p < 0.001); Asian
(14.8%) most likely and Black (5.3%) individuals
least likely to receive genetic testing (p <0.001);
Asian individuals (33.9%) most likely and Black
individuals (8.8%) least likely to receive treatment
(p <0.001); women, those living in urban areas,
and those with adenocarcinoma more likely to
receive treatment (p < 0.001 for all variables);
those younger than age 75 years more likely to
receive genetic testing but less likely to receive
treatment with erlotinib; low income significantly
associated with lower genetic testing (OR =0.73,
p = 0.043); residence in a high-poverty area not
significant; being diagnosed when aged younger
than 75 years associated with higher odds of test-
ing (OR = 1.55, p = 0.001); a comorbidity score of
3 or higher significantly associated with lower odds
of testing (OR = 0.53, p = 0.039); among untested
individuals, Asian individuals had a higher rate of
treatment with erlotinib (OR = 2.45, p <0.001),
and Black individuals had a lower rate (OR = 0.58,
p = 0.038) (reference group: non-Hispanic White);
women were associated with higher use of erlotinib
(OR=1.45,p<0.001).

Continued on the next page
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TABLE 2. Abstracted Data From Included Studies (N = 11) (Continued)

Design, Sample,
Study and Data Sources

Shenetal., A retrospective, longitudinal

2017 analysis of 5,842 individuals
newly diagnosed with metastatic
lung cancer from January 2013 to
June 2014; data from the Truven
Health MarketScan database,
commercial health insurance
plans, and Medicare supplemental
plans; subgroup analysis: patients
treated with bevacizumab and/
or pemetrexed (drugs used in
nonsquamous NSCLC)

Variables and Outcomes

Outcome variable: EGFR testing;
secondary outcome variable: filled
prescriptions for erlotinib; demo-
graphic variables: age, gender,
region, comorbidity scores, and
type of insurance

Results

In EGFR testing group, 18% received EGFR testing
within 6 months of diagnosis, 5% received erlotinib,
and 58% who received erlotinib did not undergo
EGFR testing (p <0.001); EGFR testing lower among
older individuals (p < 0.001), individuals living

in the north central region of the United States
(p=0.009), and those with a high comorbidity
score (p <0.001); in the subgroup, 37% received
EGFR testing; among individuals who received
erlotinib, 43% did not undergo EGFR testing; men
had a significantly lower EGFR testing rate (34%
versus 39% for women) (p = 0.024); no significant
differences by region; testing increased over time
for both groups; younger individuals (aged 18-54
years) more likely to receive testing (OR = 1.79, p <
0.001); women significantly more likely to receive
testing (OR = 1.23, p = 0.045)

ALK—anaplastic lymphoma kinase; EGFR—epidermal growth factor receptor; HR—hazard ratio; NCI—-National Cancer Institute; NSCLC—non-small cell
lung cancer; OR—odds ratio; RR—risk ratio; SEER—Surveillance, Epidemiology, and End Results Program; SES—socioeconomic status; TKI—tyrosine

kinase inhibitor

Maguire et al., 2019; Palazzo et al., 2019). Maguire et
al. (2019) reported that individuals of Asian/Pacific
Islander and Hispanic descent received targeted ther-
apy at a significantly higher rate when compared to
non-Hispanic White individuals (p < 0.001).

Two studies in this review reported conflicting
information regarding race in relation to molecular
testing and targeted therapy. Gutierrez et al. (2017)
and Al-Ahmadi et al. (2020) found that race had no
significant influence on molecular testing frequency.
However, both studies represented regional data,
with the Gutierrez et al. (2017) study representing 15
regional clinics in New Jersey and Maryland and the
Al-Ahmadi et al. (2020) study representing one large
institution in Cleveland, Ohio. Although race was not a
factor for testing in these two studies, one of the stud-
ies reported that survival for individuals with NSCLC
undergoing molecular testing and targeted therapy
differed, with a median survival of 34.2 months for
White individuals and only 14.9 months for Black indi-
viduals (p = 0.015) (Al-Ahmadi et al., 2020).

In a study by Begnaud et al. (2020), genetic test-
ing and targeted therapy among American Indian
individuals with lung cancer was compared with
non-American Indian individuals with lung cancer
in a regional healthcare system in Minnesota. Of
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note, only one-third of individuals from each group
received genetic testing. In addition, the variant most
frequently identified in American Indian individuals
was the KRAS gene, a finding most often associated
with a history of smoking and deemed difficult to
treat (Rajurkar et al., 2020). This finding emphasizes
the importance of a diverse population in precision
medicine efforts.

Access: Several studies agreed that molecular
testing of tumors in individuals with NSCLC was
more likely if the individual lived in an urban or met-
ropolitan area (Larson et al., 2020; Lynch et al., 2018;
Palazzo et al., 2019). Palazzo et al. (2019) made the
additional claim that targeted treatments were more
commonly given to individuals residing in urban areas
(p <0.0001). Larson et al. (2020), who studied health-
care trends involving precision medicine in Kentucky,
made the distinction that those who lived in rural
areas—Appalachian areas or non-Appalachian areas—
received precision medicine testing significantly less
often than those in metropolitan areas (p = 0.001).
In their study, Lynch et al. (2018) reported that Los
Angeles, California, and Boston, Massachusetts, had
the highest rates of testing (p = 0.000).

Regional observations were also reported. Illei et
al. (2018) found that those who lived in non-Western
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states were less likely to get tested. Shen et al. (2017)
reported that the north central region of the United
States had lower rates of precision medicine test-
ing for eligible individuals when compared to other
regions (p = 0.009). Two studies reported that resid-
ing close to a National Cancer Institute testing center
was associated with higher rates of testing (Lynch et
al., 2018) and higher rates of targeted therapy use (p <
0.001) (Maguire et al., 2019).

Age and gender: Most studies reported that
molecular testing, either specific tests such as EGFR
or panel testing for multiple markers, was associated
with increased testing at younger ages (Enewold &
Thomas, 2016; Illei et al., 2018; Larson et al., 2020;
Palazzo et al., 2019; Shen et al.,, 2017). The only
researchers who disagreed with this association were
Lynch et al. (2018), who reported less molecular test-
ing at younger ages (aged less than 55 years). However,
the population for this study was individuals with
Medicare, with age eligibility of 65 years or older.
Similarly, several studies described a relationship of
greater incidence of targeted therapy at younger ages
(Larson et al., 2020; Maguire et al., 2019), and one
study noted no significant difference (Gutierrez et
al., 2017). Palazzo et al. (2019) reported that although
younger age (less than 75 years) was associated with
more testing, it was also associated with a decreased
incidence of receiving targeted therapy.

Most studies were consistent regarding gender
and molecular testing and targeted therapy. Women
were significantly more likely to undergo testing
according to five studies (Illei et al., 2018; Larson et
al., 2020; Lynch et al., 2018; Palazzo et al., 2019; Shen
et al., 2017), and three studies reported that women
were also more likely to receive targeted therapies
(Larson et al., 2020; Maguire et al., 2019; Palazzo et al.,
2019). Only one study reported no difference between
gender and genetic testing (Gutierrez et al., 2017).

Smoking and comorbidity status: Four studies
reported on the smoking status of individuals and
the likelihood of receiving genetic testing and treat-
ment. All reported lower odds for testing in active
smokers or increased incidence of testing for non-
smokers (Enewold & Thomas, 2016; Gutierrez et al.,
2017; Illei et al., 2018; Larson et al., 2020), whereas
one study reported that nonsmokers with no smoking
history had a higher likelihood of receiving treatment
with targeted therapy (p < 0.01) (Enewold & Thomas,
2016).

Four studies measured individual comor-
bidity index. All results showed a significant
association between higher comorbidity scores and

266 ONCOLOGY NURSING FORUM MAY 2022, VOL. 49, NO. 3

lower molecular testing rates (Enewold & Thomas,
2016; Lynch et al., 2018; Palazzo et al., 2019; Shen et
al., 2017). Maguire et al. (2019) reported that lower
average comorbidity scores were also associated with
an increased rate of receiving targeted therapy (p <
0.001).

Quality Review

All studies met the criteria for the study question,
study population, and comparability of participants
adequately. Although most studies had a homoge-
neous population regarding diagnosis of NSCLC,
there was variability among participants in specific
demographic variables, such as race, SES, medical
insurance status, geographic location, age, and gender.
All but four studies addressed the intervention of
molecular testing and the outcome of targeted ther-
apy. The study by Maguire et al. (2019) explored
outcomes only, including tyrosine kinase inhibitor
targeted therapy (Rajurkar et al., 2020). All studies
conducted appropriate statistical analyses, with most
reporting results clearly and appropriately, and pre-
senting thoughtful discussions, including limitations
and future directions. All studies were retrospective
in nature and primarily involved review of medical
billing records. Only two studies did not report a
funding source.

Discussion

This review confirms that health disparities must be
acknowledged when considering precision medicine
initiatives in the realm of molecular testing and tar-
geted therapeutic treatment for individuals with
NSCLC in the United States. The main disparities
were seen in SES, race, and access (regional area).
SDOH domains are closely aligned with the disparities
that were observed in this review. The SDOH domains
of economic stability and healthcare system become
important when considering disparities observed in
SES and health insurance status. Race plays a role in
discriminatory practices assigned to the social and
community context domain. In addition, the social
context of smoking is relevant in this study popula-
tion as demonstrated in the studies reviewed. Lastly,
access is a function of the domain of neighborhood
and built environment in many ways. Table 3 high-
lights the SDOH domains and their relationship to
studies examined.

Economic Stability and Healthcare System

It was consistently reported that those of lower
SES are less represented in individuals who receive
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molecular testing and/or targeted therapy when com-
pared to the NSCLC population as a whole (Enewold
& Thomas, 2016; Illei et al., 2018; Kehl et al., 2019;
Larson et al., 2020; Lynch et al., 2018; Maguire et al.,
2019; Palazzo et al., 2019). Health insurance type and
status are often a measure of one’s economic situa-
tion. According to a U.S. Census report (Berchick et
al., 2019), about 8% of the U.S. population was unin-
sured in 2018. Of those who were insured, about
two-thirds had private insurance and about one-
third had public insurance. Public insurance was split
between Medicaid and Medicare. The percentage
of individuals with private insurance increased as
income level increased, and the percentage of indi-
viduals with public insurance or no insurance was
highest at low-income levels (Berchick et al., 2019).
Because Medicare eligibility is primarily based on age
rather than need, it is interesting to see how it com-
pares to other insurance types. Individuals who had
Medicaid alone or paired with Medicare received less
molecular testing and targeted therapy than those
with private insurance. Only one study (Maguire et
al., 2019) demonstrated that dual Medicare/Medicaid
insurance recipients received the same likelihood for
targeted therapy as those with commercial insurance.
The authors acknowledge that this finding contrasts

with that of other researchers and hypothesize that
perhaps the dual coverage defrayed some costs related
to care and treatment that would be incurred with
Medicare alone. Dual eligibility for Medicare/Medicaid
offers an interesting comparison to Medicare or
Medicaid alone or other insurance. In the U.S. health-
care system, different levels of insurance coverage
translate to different levels of financial coverage for
particular care measures (Goodell, 2020; Ridic et al.,
2012). Individuals are often in a position where they
must assume the burden of the cost for precision
medicine initiatives (Krzyszczyk et al., 2018), with the
cost for testing and one round of treatment approxi-
mated to be $10,000 (Burris et al., 2018). Therefore,
it is unsurprising to observe inequities in this realm.

Social and Community Context

Black Americans are shown to be consistently under-
represented in testing and treatment populations
when compared to all other racial backgrounds (Kehl
et al.,, 2019; Lynch et al., 2018; Palazzo et al., 2019).
The disparity that is observed in Black individuals
with NSCLC is concerning because this population
far exceeds those from other racial backgrounds
in mortality even in early-stage cancer (Al-Ahmadi
et al., 2020; Soneji et al., 2017). The importance of

TABLE 3. Relationship of Study Findings to Specific Social Determinants of Health (N = 11)

Neighborhood Social
Economic and Built Healthcare and Community

Study Stability Education Environment Services Context
Al-Ahmadi et al., 2020 X X X ° °
Begnaud etal., 2020 X X X °
Enewold & Thomas, 2016 ° ° X [ °
Gutierrezetal., 2017 X X X ° °
llleietal., 2018 X X o ° °
Kehletal., 2019 ° X ° [ °
Larson etal., 2020 ° ° ° ° °
Lynchetal., 2018 ° X X [ °
Maguire etal., 2019 ° X ) ) °
Palazzo et al., 2019 o X ° [ °
Shenetal.,, 2017 X X ° ° X

®—criterion fully met; X—criterion not met
Note. Social determinant of health definitions are based on information from Bennett et al., 2018.
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testing individuals from diverse racial and ethnic
backgrounds has become apparent in precision med-
icine because specific genetic variations can differ
in frequency among different races. For example,
among non-Hispanic White individuals, the rate of
EGFR variants in the tumor tissue of individuals with
NSCLC is about 10%-20%, whereas for individu-
als with the same clinical findings who are of South
American or Asian descent, the incidence is as high
as 50% (Tan et al.,, 2016). An early understanding of
the incidence of the EGFR variant in individuals with
NSCLC in Asian individuals was achieved through the
IPASS studies (Fukuoka et al., 2011). This, in part, may
contribute to the increased incidence and treatment
among Asian individuals with NSCLC. The impor-
tance of testing individuals from diverse backgrounds
is even more crucial so that treatment can be opti-
mized for all individuals.

Studies that examined smoking status all reported
that molecular testing and targeted therapy were
less likely in individuals who smoked (Enewold &
Thomas, 2016; Gutierrez et al., 2017; Illei et al., 2018;
Larson et al., 2020). The retrospective nature of most
of the studies prevents further examination of this
association, but one explanation may be that those
who continue to smoke may be unable to modify this
behavior. It has been reported that those who smoke
and develop advanced lung cancer express feelings
of responsibility and inevitability for their diagnosis
(Dickerson et al., 2012). In one study that reported
a low genetic testing rate of about one-third of indi-
viduals with advanced lung cancer, more than 90%
of participants reported that they had a current or
former smoking habit (Begnaud et al., 2020). Care
must be taken in this realm because smoking status
is known as an unreliable data point, particularly in
electronic health records (Patel et al., 2020).

Neighborhood and Built Environment

Regional area analysis indicated that individuals
residing in urban areas were more likely to undergo
molecular testing and/or receive targeted ther-
apy when compared to those residing in rural areas
(Larson et al., 2020; Lynch et al., 2018; Palazzo et
al., 2019). Further trends suggest that populations
in Western states have higher testing and treatment
rates (Illei et al., 2018), and populations in the middle
Northern states have lower rates (Shen et al., 2017).
This could be suggestive of the concentration of
urban areas in coastal regions. In addition, practice
types in urban areas are varied, and there are more
opportunities to be treated at hospital-, research-,
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or specialty-based settings, all of which report
higher testing and treatment rates than general and
community-based healthcare settings. Urban areas
are also where National Cancer Institute-designated
centers are likely to be found (Lynch et al., 2018;
Maguire et al., 2019). The National Institutes of
Health (2017) noted that 85% of cancer care in the
United States is provided in community settings,
which is the most prevalent format available in rural
areas. Center practice distinctions also were apparent
in a survey study of oncologists conducted by Gray
et al. (2017), who reported that molecular testing
for individuals with NSCLC occurs significantly less
often in nonprofit integrated health systems when
compared to hospital-based specialty groups or solo
practices. Therefore, the concept of spatial signif-
icance is a strong contributor to health disparities
when examining the use of precision medicine initia-
tives among those who live in rural and urban areas.
For individuals with NSCLC to benefit from specific
treatments, it is necessary to gain access to facilities
and healthcare providers who are cognizant of the
standards of care. Of note, many healthcare providers
have expressed concern with maintaining the experi-
ence and knowledge necessary to provide up-to-date
care. This is particularly true in primary care, where
providers are hesitant to implement care because of
lack of knowledge of or resources on genetics (Carroll
et al., 2016).

Individual-Related Risk Factors

Studies that examined comorbidity scores all
reported that molecular testing and targeted therapy
were less likely if the individual had a higher comor-
bidity score (Enewold & Thomas, 2016; Lynch et al.,
2018; Maguire et al., 2019; Palazzo et al., 2019; Shen
et al,, 2017). One explanation may be that comor-
bidities can contribute to a more urgent health
crisis or may make a lung tissue biopsy procedure
too dangerous. Another possibility is that the indi-
vidual died before testing and/or treatment could
be completed. One study reported an association
between increased molecular testing rates and living
at least two months after diagnosis (Enewold &
Thomas, 2016). Gutierrez et al. (2017) reported that
4% of their study population died within one month
of diagnosis, but this association was not consis-
tently reported in all studies. Most cases of lung
cancer are diagnosed at advanced stages (Crino et
al., 2010), making molecular testing an intervention
that requires much valuable time. Although molec-
ular testing techniques vary, results can take two
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weeks to be completed (Krzyszczyk et al., 2018) and
are sometimes not received in the clinic for as many
as 23 days (Gutierrez et al., 2017). Often, providers
will start targeted therapy prior to receiving molec-
ular testing results or without completing molecular
testing (Illei et al., 2018) to allow the individual the
potential for benefit. There is the possibility of reli-
ably detecting circulating tumor cells or circulating
tumor DNA in the bloodstream (Heitzer et al., 2017)
in the future, which would allow testing in a safe and
minimally invasive manner, as well as potentially
provide earlier detection.

Consideration can also be given to possible feel-
ings of mistrust and misunderstanding that surround
new protocols in health care. Many individuals
view clinical trial participation as burdensome and
inconsequential (Miller et al., 2013) or leading to a
financial burden in exchange for modest clinical bene-
fit (Carrera & Ormond, 2015). Others report mistrust
of the healthcare system and unfavorable attitudes
toward research (Rogers et al., 2018), including how
their personal genetic data are used and whether they
will gain knowledge from the testing (Edwards et al.,
2016). Qualitative exploration of these factors may
offer insight.

This review illustrates the continuing disparities
that exist in the healthcare system regarding SDOH.
Although new advances are ongoing and promising, it
is difficult to appreciate the benefit when segments of
the population are not receiving the same care. This
is unjust not only on a social level, but also on a sci-
entific level, as shown by the importance of studying
the varying genetic changes among those of different
racial backgrounds. It is beneficial to explore ways to
mitigate disparities on all levels and in all realms of
health care. One consistency among most individu-
als in the United States is that they seek medical care
when they are sick. The focus of mitigation efforts
should be on education and outreach for frontline pro-
viders. This is possible with a knowledgeable provider
in primary care, oncology, inpatient, or emergency
services, paired with outreach capabilities that equip
healthcare centers beyond research facilities with the
tools needed for the latest advances in care. Although
awareness is an important first step, it is not enough.
Efforts in this realm, starting with policy changes
and provision of resources, can be coordinated on a
national level. Awareness of inequities continues with
dissemination of existing practices, such as in the cur-
rent review. Finally, educational efforts in the formal
educational settings, as well as continuing education
formats, are crucial.
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m Advances in genomics and genetic testing are rapid and have a
vast and continuing influence on health.

m Healthcare measures uniformly are unequally distributed and
are not limited to targeted therapy, lung cancer, or other types of
cancer.

m Raising awareness of disparities in health care is an important
step toward policy change.

Limitations

Not all studies reviewed were comprehensive about
SDOH, which poses a limitation. Future studies could
focus on precision medicine efforts in NSCLC and
SDOH in particular. Of note are the vast and rapid
discoveries in precision medicine efforts, which make
it challenging for providers of clinical care to stay up
to date on research advances. As new and promising
initiatives become available, researchers’ continued
attention on disparities and ways to mitigate them
will ensure that equity is not forgotten. Another lim-
itation is that this review focused on retrospective
studies that analyzed medical and billing records, so
the views of the affected individuals were not con-
sidered. Future studies exploring this perspective
could provide a deeper understanding of factors that
contribute to disparities. By examining the reasons
why individuals did not pursue molecular testing,
researchers can gain insight into individuals” desires
to get tested, their mistrust or skepticism of testing,
or lack of knowledge. Complementing this narrative
with qualitative efforts can enhance understanding. A
third limitation is the lack of detail that was discussed
regarding medical insurance. The complexities of
insurance coverage are vast, and the general nature
of what was provided in this review only allowed for
broad associations. Lastly, the authors acknowledge
that some articles that may have contributed to the
findings of this review may have been missed.

Implications for Nursing
Precision medicine is becoming integrated into
almost all aspects of health care. As understanding of
the human genome experiences exponential growth,
so does the ability to treat genetic changes that are
responsible for illness. Nurses are also involved in
most aspects of health care, so the need for compre-
hension in this realm is great.

Nursing literature often adopts the concept of
precision health to offer broader meaning. Valuing
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the scientific advances that are leading to strides in
health care with a holistic view, nurses have stressed
the importance of considering social, societal, and
environmental determinants of health (Dorsey et
al.,, 2019). Expanding on the National Institute of
Nursing Research Symptom Science Model, Hickey
et al. (2019) developed the Nursing Science Precision
Health Model, in which phenotypic characterizations
included lifestyle and environmental factors, and
clinical applications included self-management of
interventions. Together with a clinical presentation
and the details of genetic and biochemical test results,
there is a need for nurses to help with the translation
of complex information to individuals to whom they
provide care.

A further implication for nurses is the need for
advocacy and policy changes to ensure that health
care is delivered in a fair and equitable manner.
Precision medicine initiatives can be powerful tools in
the treatment of devastating illnesses, and their bene-
fits should apply to all with an appropriate diagnosis.
The disparities illuminated in this review illustrate
the need for work in this realm. Nurses, making up the
largest segment of healthcare workers in the United
States (Fayer & Watson, 2015), are poised to have an
important voice in this change. Several researchers
have called for the creation of an overall policy to
direct precision medicine efforts (Bertier et al., 2016).
This would serve to offer guidelines for all stakehold-
ers to use in developing and providing care equitably.
Through these approaches, nurses are positioned to
lead the way in mitigating many of the SDOH that
exist not only in the realm of precision medicine, but
in health care itself.

Conclusion

Rapid advances in molecular testing and the devel-
opment of targeted therapeutic treatments have
demonstrated promising results for individuals with
NSCLC. This narrative explored the current literature
to comprehensively identify disparities in precision
medicine initiatives for individuals with NSCLC. The
reviewed studies contribute to greater understand-
ing of the provision of care. Gaining awareness of the
inequities in the provision of precision medicine ini-
tiatives is the first step toward mitigation.
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