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Abstract

American Indians and Alaska Natives experience higher lung cancer mortality than other races in
Minnesota. We compared rates of standard-of-care genetic mutation testing in this group
compared to non-Native controls. No significant difference was identified; further resources
should therefore be focused on other potential contributing factors, such as commercial tobacco
use and other social determinants of health.

Background: American Indians and Alaska Natives (Al/AN) continue to experience extreme
lung cancer health disparities. The state of Minnesota is home to over 70,000 Al/AN, and this
population has a 2-fold increase in lung cancer mortality compared to other races within
Minnesota. Genetic mutation testing in lung cancer is now a standard of high-quality lung cancer
care, and EGFR mutation testing has been recommended for all adenocarcinoma lung cases,
regardless of smoking status. However, genetic testing is a controversial topic for some AI/AN.

Patients and Methods: We performed a multisite retrospective chart review funded by the
Minnesota Precision Medicine Grand Challenge as a demonstration project to examine lung cancer
health disparities in AI/AN. We sought to measure epidemiology of lung cancer among Al
receiving diagnosis or treatment in Minnesota cancer referral centers as well as rate of EGFR
testing. The primary outcome was the rate of £EGFR mutational analysis testing among cases and
controls with nonsquamous, non—small-cell lung cancer. We secured collaborations with 5 health
care systems covering a diverse geographic and demographic population.
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Results: We identified 200 cases and 164 matched controls from these sites. Controls were
matched on histology, smoking status, sex, and age. In both groups, about one third of subjects
with adenocarcinoma received genetic mutation testing.

Conclusion: There was no significant difference in mutation testing in Al compared to non-Al
controls at large health care systems in Minnesota. These data indicate that other factors are likely
contributing to the higher mortality in this group.
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Introduction

Worldwide, lung cancer is the deadliest cancer.! Tobacco use is responsible for 85% of lung
cancers,? with the remainder attributed to other etiologic factors. In the United States, lung
cancer survival is improving.3 However, not all groups are experiencing improved survival.
American Indians and Alaska Natives (Al/AN) continue to experience lung cancer health
disparities. In the state of Minnesota, part of the Indian Health Service Great Lakes (Bemidji
Area) region, Al/AN die of lung cancer more than twice the rate of non-Hispanic whites.*°

Understanding this disparity is complex. Each tribe and regional group of AI/AN may differ
in cultural norms and other health-promoting behaviors. Further, genetic variations may also
contribute to disparities. For example, some Al/AN demonstrate rapid nicotine metabolism,
which may increase risk of nicotine addiction and difficulty in quitting commercial tobacco
useb; Finally, lack of access to high-quality cancer care also contributes to worse cancer
outcomes.”:8 Furthermore, collecting and interpreting data on AI/AN is challenging as a
result of small relative population sizes, the fragmented nature of the health care system,
undercounting as a result of the use of “other” racial categories, and aggregating individuals
from over 573 federally recognized tribes into one group. As a result, the estimated effects
of AI/AN health disparities on overall cancer outcomes is not currently known.

Advances in lung cancer care have modestly improved survival in recent years.® The most
revolutionary advance in the treatment of lung cancer has been the discovery of genetic
mutations that drive lung cancer and therapies targeted to those mutations. Lung cancer
treatment has evolved from one-size-fits-all chemotherapy to targeted therapies that act on
tumor-specific somatic genetic mutations. The National Comprehensive Cancer Network
and other organizations? strongly recommend mutational testing for all patients with
adenocarcinoma lung cancer. Hence, genetic mutation testing in lung cancer is now a
standard of high-quality lung cancer care and is routinely performed on cancer biopsy
specimens.

Precision medicine, through testing for somatic mutations and targeting therapy to such
mutations, has shown dramatic impact on lung cancer outcomes. Precision medicine has the
potential to narrow or widen lung cancer disparities, depending on implementation and
access. Of the tumor genetic mutations shown to vary by race, little is known on differences
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in AlI/AN.1! The extent to which the AlI/AN population receive testing for somatic cancer
mutations is unknown as are the clinical consequences of this testing (or lack thereof).

Patients and Methods

We performed a multisite retrospective review of lung cancer mutational testing in
Minnesota. The pilot was funded by the University of Minnesota and was exempted from
review by the institutional review board. We invited potential collaborators and data analysts
from large health systems in the state of Minnesota to participate. We secured collaborations
with 5 tertiary referral health care systems covering a diverse geographic and demographic
population; none were Indian Health Service, tribe affiliated, or Urban Indian Centers.

The primary outcomes were incidence of genetic mutational testing in Al with
adenocarcinoma and incidence of targeted therapy use in Al receiving a diagnosis or
treatment in Minnesota cancer centers. We also sought to describe lung cancer
histopathology and the frequency of known lung cancer driver mutations in Minnesota Al:
EGFR, ALK, MET, ROS-1, PIK3CA, BRAF, HERZ, and KRAS.

Participant Selection and Matching

Deidentified cases were requested from each institution meeting the following inclusion
criteria: self-identified AI/AN in the electronic health record, lung cancer diagnosis after
2010, and age > 18 years at the time of diagnosis. Lung cancer diagnoses were identified
using the International Classification of Diseases, 9th Revision (ICD-9), before October
2015 and the International Classification of Diseases, 10th Revision (ICD-10) after October
2015.

Controls were requested on these inclusion criteria, self-identified non-Al/AN, lung cancer
diagnosis after 2010, and age > 18 years at the time of diagnosis. Matched controls were
requested from each center at a ratio of 1:1 on the basis of tumor histology, smoking status,
sex, age, and date of diagnosis. From one center, we received a large number of controls, so
to reduce the influence of this center on the analysis, the controls were matched 1:1 using
the “nearest” neighbor propensity score method, using tumor histology, smoking status, sex,
age, and date of diagnosis as matching factors. This was completed with the “Matchlt”
package in R (R Foundation for Statistical Computing, Vienna, Austria; http://www.r-
project.org/).

Data Collection and Analysis

Each health system collected data by manual chart review or through computerized data
extraction from a clinical data warehouse. One site utilized an existing lung cancer registry.
Guidelines for data collection and documentation were provided for standardization across
sites in the absence of a common data model across sites. Data were fully deidentified at
each site, then submitted to the University of Minnesota Clinical and Translational Science
Institute Biomedical Informatics team for analysis. Data were harmonized and integrated
into a single data set. Statistical analysis was performed by the Biostatistics Core of the
Masonic Cancer Center at the University of Minnesota.
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Age is summarized with the mean and standard deviation, and cases and controls were
compared by a 2-sample ttest. All categorical measures are summarized with frequencies
and percentages, and were compared by the Fisher exact test. < .05 was considered
statistically significant. All analyses were done in R 3.5.1. Histology responses were
reviewed by investigators (A.B., R.K., P.Y.) to confirm and classify lung cancer. Eight cases
and 23 controls were excluded as a result of lack of histopathology result or non—lung
cancer histology (eg, lymphoma, sarcoma).

Occurrence of testing and results for the genetic mutations of interest (EGFR, ALK, MET,
ROS-1, PIK3CA, BRAF, HERZ, KRAS) were recorded. In addition, the use of any clinically
available targeted therapies was recorded.

Data for 200 cases and 164 controls were collected. Cases and controls had equal
proportions of men and women. Most were current or former cigarette smokers. Lung cancer
histology was mostly non—small-cell lung cancer (NSCLC), specifically adenocarcinoma
(Table 1). One site (site 4) did not submit controls, so the 36 cases from that site were
excluded from outcome analyses. Another site (site 2) did submit cases; however, some
controls were diagnosed before 2010. These were included to give a more representative
description of detected mutations.

Overall, cases of adenocarcinoma or NSCLC not otherwise specified received testing 35%
of the time, while 22% of controls were tested (Table 2). More cases had an £EGFR mutation
detected, while more controls had KRAS mutation detected. Seven patients were prescribed
targeted therapy, most of whom were cases. Missing data were minimal, with only one
missing mutation test result. The Fisher test for within-site differences in rates of testing
among cases and controls showed a lower rate of testing in controls at site 2, but we did not
identify between-site difference for testing rates (Table 3). Testing rates increased over time
in all groups (Figure 1). One interesting finding was that 2 of 3 cases tested for KRAS had
the mutation, while none of the 5 controls tested did.

Discussion

This project was designed as a secondary research use of electronic health records with data
sharing to aggregate a sample of Minnesota AI/AN with lung cancer from different health
systems. AlI/AN comprise 1.88% of Minnesota’s population,? so each large health system
has a small number of AI/AN patients with lung cancer. The study is limited by its
retrospective nature, as well as potential bias due to reliance on self-report of race.12
However, difficulty studying heterogeneous groups of marginalized persons with justifiable
mistrust of researchers limits prospective study design. AI/AN are underrepresented in
clinical trials.13 As such, we believe creative methods like this pragmatic and deidentified
approach to examining the glaring disparities observed in lung cancer outcomes between
whites and Al/AN are necessary steps toward understanding tumor genetic mutations in Al
with lung cancer and its effects on outcomes.14

Clin Lung Cancer. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Begnaud et al.

Page 5

The rate of genetic testing was higher in cases than controls, though this may be attributable
to inclusion of controls diagnosed before 2010. Sensitivity analysis was performed to
exclude subjects diagnosed before 2010, resulting in a higher rate of testing for both cases
and controls at that site. Cases found to have a mutation were not less likely to receive
targeted therapy.

Lung cancer histology in this study of Minnesota Al/AN was similarly distributed to the
general United States population (primarily adenocarcinoma), in contrast to the squamous-
cell predominance shown in a large review of Surveillance, Epidemiology, and End Results
program data.1®> That study was published in 2010 and reported a larger proportion of
NSCLC not otherwise specified, which may account for the difference. As expected, testing
rates increased over time (Figure 1), consistent with the 2013 practice guideline calling for
testing in all adenocarcinoma.1® In this study, the proportion of current, former, and never
smokers does not match that of the general population with lung cancer. This is consistent
with the known higher rate of commercial tobacco use in Minnesota AI/AN compared to
whites.1” Commercial tobacco use stems from colonialization of traditional practices in
some tribes. As Carol Hernandez (Anishinaabe), an Al/AN tobacco program advocate,
notes,

In the past, Minnesota tribes used noncommercial tobacco for ceremonial use. Some tribes
used kinnikinnick (“that which is mixed”) with red willow bark often mixed with plants such
as bearberry. Others used asemaa, which is a plant in the Nicotiana rustica family. Today,
Nicotiana tabacum (commercial tobacco) is used by many American Indians as a substitute
for the Nicotiana rustical8

Although the small numbers do not permit us to draw firm conclusions, the difference in
KRAS frequency between cases and controls is intriguing, especially considering that
KRAS mutation is associated with poor prognosis in lung cancer and has no targeted therapy
yet available.19 KRAS mutations are typically seen in tumors from patients who smoke, and
only 5% to 10% of KRAS-mutant lung cancers are reported in never or light smokers.
Conversely, EGFR mutation detection rates appear lower in cases, which represents a lack of
opportunity for treatment with this class of targeted therapy. Further studies are warranted to
determine if this mutation discrepancy might at least in part underlie differences in lung
cancer mortality.

Our study found a shockingly low rate of targeted therapy prescription for detected
mutations. This may be the result of missing data, but we cannot ascertain that from this
study. Alternative explanations include cost of targeted therapy and underinsurance.

In the AI/AN community, some justifiably doubt the intents of the mainstream medical
system, and genetic testing in particular is a controversial topic. Controversy over genetic
testing is due primarily to concerns about genetic lineage and its impact on cultural identity
as well as tribal membership.12 However, testing for somatic cancer mutation is limited to
the genes known to affect lung cancer and is considered theragnostic—that is, standardized
personalized testing used to guide therapy. Approval for such a test would not typically be
sought from a patient because it is now a routine clinical test. Thus, lack of consent or
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suspicion should not lower the rate of testing AI/AN for target mutations. Our findings
confirm this assumption.

Conclusion

This study provided evidence that despite disparities in access to care among Al/AN,20
among those receiving tertiary cancer care, disparities in testing for somatic gene mutations
and targeted treatments are unlikely. Thus, efforts to improve the disparities seen in lung
cancer mortality in this and similar populations will be more effective by focusing on
improving differences in commercial tobacco use and other disparities in care, including
access to early cancer detection.21:22 Additionally, our data show that there is a need for
increased standard-of-care genetic testing in all patients with nonsquamous NSCLC. Finally,
further investigation into lung cancer mutation rates in Al, particularly KRAS, might
uncover reasons for mortality disparities.
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Refer to Web version on PubMed Central for supplementary material.
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Clinical Practice Points
. AIl/AN experience higher lung cancer mortality than other races, but the cause
of this disparity is unknown.
. We compared rates of standard-of-care £GFR mutation testing in Minnesota

AIl/AN with lung cancer compared to non-Al/AN controls.

. No significant difference was identified; therefore, further study should be
focused on other potential contributing factors.
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Rates of Mutational Testing by Site Over Time
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Any Mutation Test Rates for Subjects With Adenocarcinoma or Non—Small-Cell Lung Cancer, Not Otherwise

Specified

Site Case Control P
1 10 (27.0) | 9(24.3) | .999
2 19 (42.2) | 4(133) | .010
3 6(286) | 7(21.8) | .999
5 4(50.0) | 2(25.0) | .608
Total | 39(35.1) | 22(22.7) | .067
P .357 453

Data are presented as n (%) unless otherwise indicated.
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Table 3
Specific Mutation Test Rates and Results for Subjects With Adenocarcinoma or Non—Small-Cell Lung Cancer,
Not Otherwise Specified
Mutation Cases (N =111) | Controls (N =97) P
EGFR
Tested 35 (31.5) 17 (17.5) 025
Mutation detected 2(5.7) 4 (23.5) .140
ALK
Tested 17 (15.3) 12 (12.4) 556
Mutation detected 1(5.9) 0 469
ROS1
Tested 2(1.8) 5(5.1) .255
Mutation detected 0 1(20) 495
KRAS
Tested 3(2.7) 5(5.1) ATT
Mutation detected 2 (66.7) 0 .035

Data are presented as n (%) unless otherwise indicated.
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