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Abstract

Although it is known that lung cancer is prevalent in Kentucky, the exact scope and nature of the problem was
unknown. We report extraordinarily high lung cancer incidences, shifted subtype distributions, late disease
presentation, and poor survival in Kentucky and Appalachian Kentucky. Our findings indicate that Kentucky
lung cancer patients may benefit from expanded efforts in prevention, drug discovery, and health care delivery,
especially in the rural and Appalachian regions.

Introduction: Kentucky is recognized as the state with the highest lung cancer burden for more than 2 decades, but
how lung cancer differs in Kentucky relative to other US populations is not fully understood. Patients and Methods:
We examined lung cancer reported to the Surveillance, Epidemiology, and End Results (SEER) Program by Kentucky
and the other SEER regions for patients diagnosed between 2012 and 2016. Our analyses included histologic types,
incidence rates, stage at diagnosis, and survival in Kentucky and Appalachian Kentucky relative to other SEER regions.
Results: We found that both squamous cell carcinomas and small-cell lung cancers represent larger proportions of
lung cancer diagnoses in Kentucky and Appalachian Kentucky than they do in the SEER registries. Furthermore, age-
adjusted cancer incidence rates were higher in Kentucky for every subtype of lung cancer examined. Most notably,
for Appalachian women the rate of small-cell carcinomas was 3.5-fold higher, and for Appalachian men the rate of
squamous cell carcinoma was 3.1-fold higher, than the SEER rates. In Kentucky, lung cancers were diagnosed at later
stages and lung cancer survival was lower for adenocarcinoma and neuroendocrine carcinomas than in SEER registries.
Squamous cell carcinomas and small-cell carcinomas were most lethal in Appalachian Kentucky. Conclusion: Together,
these data highlight the considerable disparities among lung cancer cases in the United States and demonstrate the
continuing high burden and poor survival of lung cancer in Kentucky and Appalachian Kentucky. Strategies to identify
and rectify causes of these disparities are discussed.
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Lung cancer disparities in KY

Introduction

Lung cancer is the leading cause of cancer mortality in the
United States and worldwide.""* Lung cancer prognosis and treat-
ment varies depending on disease stage, histology and subtype,
presence of driver mutations and other biomarkers, and physical
and psychosocial comorbidities that may affect treatment tolera-
bility and adherence. Nationwide, approximately 10% to 15% of
lung cancer cases are small-cell carcinoma, which is an aggressive
subtype of neuroendocrine tumor. The remainder of epithelial lung
cancers are collectively termed “non—small-cell lung cancer” and can
be subcategorized as adenocarcinoma (* 40%), squamous cell carci-
noma (~ 20%), non—small-cell neuroendocrine carcinomas (~ 5%),
and other complex or ambiguous carcinoma histologies (~ 15% of
lung cancers).*

Kentucky’s lung cancer incidence and mortality rates are the
highest in the nation. National surveillance data from 2012 to 2016
indicate an age-adjusted incidence rate of 92.2 per 100,000 and
mortality rate of 66.1 per 100,000, in contrast to the overall US rates
of 59.2 and 41.9, respectively.” Known contributors to lung cancer
are common in Kentucky. Over 25% of the population smokes,
and many residents are at risk for exposure to radon, air pollu-
tion, and heavy metals.®* Finally, emerging evidence also suggests
distinct genetic susceptibility in rural communities may also plausi-
bly contribute to the observed cancer disparities.” These disparities
are particularly salient in Appalachian Kentucky (AP KY), a rural
region in eastern Kentucky comprising 33% of the state’s land mass
and 26% of the state’s population (see Supplemental Figure 1 in the
online version at doi:10.1016/j.cllc.2021.03.007).1°

Despite the high incidence and mortality of lung cancer in
Kentucky, differences in Kentucky’s lung cancer histologies and
subtypes, and disparities affecting Kentucky lung cancer survival
compared with the United States have not been described. These
data are needed to inform priorities for epidemiologic, therapeu-
tic, and cancer care delivery research to reduce the high incidence
and mortality of lung cancer in the state. The aims of this
research were to compare the entirety of Kentucky and AP KY to
the overall Surveillance, Epidemiology, and End Results (SEER)
database for: (1) incidence of lung cancer histologies and subtypes
among men and women; (2) stage of lung cancer diagnosis; and (3)
survival within strata of lung cancer histology and subtype. We also
examined these questions within AP KY versus non-Appalachian
Kentucky (NAP KY) to help inform priorities for Appalachia in
the United States, which is home to roughly 25 million people and

characterized by a high cancer burden.'”!!

Methods

The 2018 SEER 21 registries research data included in the
SEER*Stat software package (version 8.3.5) were utilized for this
study (see Supplemental Table 1 in the online version at doi:10.
1016/j.cllc.2021.03.007)."* SEER collects data on cancer cases
from various locations and sources throughout the United States,
currently representing over 35% of the US population and 17
states. For the survival analysis, because survival data are incom-
plete for the 21 registries, we utilized the SEER 18 registries (see
Supplemental Table 2 in the online version at doi:10.1016/j.cllc.
2021.03.007). The University of Kentucky Institutional Review
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Board determined that this study is nonhuman subject research.
Primary invasive malignant lung and bronchus cancer cases (Inter-
national Classification of Disease for Oncology 3rd Edition [ICD-
O-3] Site C34, Behavior 3) diagnosed between 2012 and 2016
were analyzed in SEER*Stat. The analytical cases were limited to
first primary invasive diagnoses among patients who were aged
20 years or older at the time of diagnosis. Five major lung
cancer subtypes, namely adenocarcinoma, squamous cell carcinoma,
small-cell carcinoma, neuroendocrine, and other, were defined and
grouped based on ICD-O-3 histology codes (see Supplemental
Table 3 in the online version at doi:10.1016/j.cllc.2021.03.007).
Noninvasive cases were excluded. Appalachian status was deter-
mined by each patient’s county of residence at diagnosis accord-
ing to the Appalachia Regional Commission (ref: https://www.arc.
gov/appalachian-counties-served-by-arc/). Clinical and outcome
variables, including 2000 SEER Summary Stage, were examined.
Smoking prevalence data from years 2000 to 2015 were extracted
from the Behavioral Risk Factor Surveillance System (BRESS), and
Appalachian status was determined by residence.

Age-adjusted incidence rates, standardized to the 2000 US
Standard Population, were directly calculated using SEER*Stat.
Frequency and distribution of cases by stage and histologic type
were calculated. x? tests were used to examine histologic distri-
butions between Kentucky and the other SEER registries, between
AP KY and NAP KY, and rate ratios were used to compare differ-
ences between age-adjusted lung cancer incidence rates between
Kentucky and SEER, and between AP KY and NAP KY. Additional
x? comparisons include adenocarcinoma proportions in men versus
women, incidence rates of small-cell carcinoma and squamous cell
carcinomas in SEER versus AP KY, small-cell carcinoma proportions
and incidence rates in women in SEER versus AP KY, squamous
cell carcinoma proportions and incidence rates in men in SEER
versus AP KY, and comparisons of specific histologic types and stage
distributions for neuroendocrine tumors. Mantel-Cox log-rank tests
were utilized to identify statistical significance of Kaplan-Meier
survival curves. All tests were 2-sided, and a Pvalue of < .05 was
defined as statistically significant. Statistical analysis was performed
in SEER*Stat and SAS/STAT version 9.4 (SAS Institute, Cary, NC)
and GraphPad Prism.

Results
Histologic Distribution of Lung Cancers in Kentucky

Our first analysis was to define the distribution and incidence of
lung cancer histologic types using 5 major groupings: adenocarcino-
mas, squamous cell carcinomas, small-cell carcinomas, non-small-
cell neuroendocrine tumors (including carcinoid, atypical carci-
noid, and large-cell neuroendocrine carcinomas), and “other” carci-
noma subtypes. In the tables and figures, we refer to non—small-cell
neuroendocrine tumors as neuroendocrine for brevity. Compared
with SEER, Kentucky had a lower proportion of adenocarcinomas
(45% SEER vs. 32% KY) and a higher proportion of squamous
cell carcinomas (19% SEER vs. 25% KY) and small-cell carcino-
mas (12% SEER vs. 17% KY). These significant subtype distribu-
tion differences between Kentucky and other states were observed
consistently among men and women (Table 1, P < .0001 for all).
Additional comparisons revealed significant differences in histology
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Distribution of Lung Cancer Histologies, 2012 to 2016, Appalachian Kentucky; Non-Appalachian Kentucky; All Kentucky;

Table 1
US (SEER)
SEER All KY x% PValue?
Cases (%) Cases (%)

Male and female < .0001
Adenocarcinoma 111,886 (44.7) 6,098 (32.4)

Squamous 48,239 (19.3) 4794 (25.4)

Other 51,502 (20.6) 4,051 (21.5)

Small cell 29,176 (11.7) 3,262 (17.3)

Neuroendocrine 9,452 (3.8) 634 (3.4)

Male < .0001
Adenocarcinoma 51,664 (40.8) 3,056 (29.9)

Squamous 29,702 (23.5) 3,048 (29.8)

Other 26,969 (21.3) 2,291 (22.4)

Small cell 14,332 (11.3) 1,553 (15.2)

Neuroendocrine 3939 (3.1) 289 (2.8)

Female < .0001
Adenocarcinoma 60,222 (48.7) 3,042 (35.4)

Squamous 18,537 (15.0) 1,746 (20.3)

Other 24,533 (19.8) 1,760 (20.5)

Small cell 14,844 (12.0) 1,709 (19.9)

Neuroendocrine 5513 (4.5) 345 (4.0)

Non-Appalachian KY | Appalachian KY | »x2” Value®
Cases (%) Cases (%)
< .0001
4,234 (34.1) 1,864 (29.0)
3,054 (24.6) 1,740 (27.0)
2,592 (20.9) 1,459 (22.7)
2,084 (16.8) 1,178 (18.3)
440 (3.5) 194 (3.0)
.0003
2,072 (31.6) 984 (26.7)
1,883 (28.7) 1,165 (31.6)
1,435 (21.9) 856 (23.3)
982 (15.0) 571 (15.5)
184(2.8) 105 (2.9)
< .0001
2,162 (37.0) 880 (32.0)
1171 (20.0) 575 (20.9)
1,157 (19.8) 603 (21.9)
1102 (18.8) 607 (22.0)
256 (4.4) 89 (3.2)

Abbreviations: KY = Kentucky; SEER = Surveillance, Epidemiology, and End Results.
2 Comparing SEER with Kentucky excluded to all Kentucky data.
b Comparing non-Appalachian Kentucky to Appalachian Kentucky data.

groups by sex in both SEER and in Kentucky. Nationally, adenocar-
cinomas represented 49% of lung cancers for women, but only 41%
for men (Figure 1A, P < .0001). Despite a lower overall proportion
of adenocarcinomas in Kentucky, the difference by sex remained
with 35% adenocarcinomas in Kentucky women compared with
30% adenocarcinomas in Kentucky men (Figure 1A, P < .0001).
Although both NAP KY and AP KY expressed similar differences
in comparison to national data, changes in histological distribu-
tions were more pronounced when comparing AP KY to NAP KY
(Table 1, P < .0001). Compared with NAP KY, AP KY had a lower
proportion of adenocarcinomas (34% NAP KY vs. 29% AP KY)
and a higher proportion of squamous cell carcinomas (25% NAP
KY vs. 27% AP KY), “other” carcinomas (21% NAP KY vs. 23%
AP KY), and small-cell carcinomas (17% NAP KY vs. 18% AP KY).
Additional analyses revealed that women in Kentucky, and particu-
larly in AP KY, were more likely to be diagnosed with small-cell
carcinoma than other US women (Figure 1A, P < .0001 SEER vs.
AP KY). In contrast, men in Kentucky, and particularly AP KY, were
diagnosed with a much higher proportion of squamous cell carci-
nomas than other US men (Figure 1A, P < .0001, SEER vs. AP
KY). These data suggest a clear propensity toward small-cell lung
cancer in Appalachian women and squamous lung cancer among
Appalachian men. Together, these data indicate that the incidence of
lung cancer histologic subtypes in Kentucky is significantly different
from that observed nationally. Kentucky patients presented with a
significantly lower percentage of adenocarcinomas and significantly
higher percentages of squamous cell carcinomas and small-cell carci-
nomas, and these differences were even more magnified in AP KY.

As smoking is a well-established risk factor for lung cancer and
the observed differences exist in histological subtypes that are closely
related to smoking,'” the BRFSS database was used to determine
percentages of adults who smoked from years 2000 to 2015. We
observed on average 7% more smokers in NAP KY and 12% more
smokers in AP KY than in the other 49 states over the 16-year
period, and this difference was relatively stable over this period (see
Supplemental Figure 2 in the online version at doi:10.1016/j.cllc.
2021.03.007). This suggests that smoking continues to be a signif-
icant problem in Kentucky, and efforts in smoking cessation are
expected to have large impacts in this population.

Lung Cancer Incidence by Histology

In addition to differences in proportions of histologic categories,
age-adjusted lung cancer incidence rates in Kentucky were higher
than national rates for every subtype analyzed (Table 2, P < .0001
for all 5 subtypes). One striking finding was that the overall lung
cancer incidence rate in AP KY was more than twice the national
rate (Figure 1B). The age-adjusted overall lung cancer incidence rate
in SEER was 55.7 per 100,000 compared with 99.2 in Kentucky,
and in NAP KY, the rate was 91.6 compared with 118.1 in AP KY
(Table 2). Compared with SEER, Kentucky had a higher incidence
rate for each lung cancer histology group, including adenocarcinoma
(24.8 vs. 32.0 per 100,000, P < .0001), squamous (10.8 vs. 25.1,
P < .0001), other (11.6 vs. 22.0, P < .0001), small cell (6.4 vs.
16.7, P < .0001), and non—small-cell neuroendocrine tumors (2.1
vs. 3.4, P < .0001; Table 2). This pattern was observed consistently
among men and women. Similarly, compared with NAP KY, AP
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Lung cancer disparities in KY

Figure 1

Histological distributions and incidences of lung cancer in Kentucky differ significantly from SEER data. (A) First
primary tumors from the indicated databases were classified into 5 major non-small-cell lung cancer histological
subtypes. Percentages of each subtype are shown for all patients (men and women), only male patients, and only

female patients. SEER = SEER database without Kentucky data. (B) Incidence of lung cancer as a first primary tumor
was adjusted for age and subclassified into the 5 major histological groups of non-small-cell lung cancer.
SEER = Surveillance, Epidemiology, and End Results database without Kentucky data; NAP KY = non-Appalachian

Kentucky; AP KY = Appalachian Kentucky.
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KY had higher incidence rates for adenocarcinoma (P = .0088),
squamous cell carcinoma (P < .0001), “other” carcinomas (P <
.0001), and small-cell carcinomas (P < .0001; Table 2). Additional
analysis revealed that incidence rates of both squamous cell carcino-
mas and small-cell carcinomas were much higher in AP KY than
observed nationally. For squamous cell carcinomas, the national
incidence rate was 10.8 per 100,000, the NAP KY rate was 22.5, and
the AP KY rate was 31.6 (Figure 1B, P < .0001 for all comparisons).
Small-cell carcinoma incidence rates followed a similar pattern, with
a rate of 6.4 nationally, a rate of 15.0 in NAP KY, and a rate of 20.9
in AP KY (Figure 1B, P < .0001 for all comparisons). Therefore
both incidence rates of squamous lung cancers and small-cell carci-
nomas are at least 2-fold higher in Kentucky, and 3-fold higher in
AP KY when compared with national rates.

With regard to sex, AP KY men experienced the highest lung
cancer incidence, with an age-adjusted rate of 146.6 per 100,000.
The difference in male lung cancer incidence was most pronounced
for the incidence of squamous cell carcinoma, which was 3.1-fold
higher for AP KY men compared with other US men (Figure 1B,
P < .0001). We also found a large difference in small-cell carci-
noma incidence among Appalachian men with a 3.1-fold higher rate
than in other US men (Figure 1B, P < .0001). Appalachian women
showed the largest rate differences in small-cell carcinomas (3.4-fold
more) compared with other US women (Figure 1B, P < .0001).
These data indicate that there are higher lung cancer incidence rates
in Kentucky, the rates are particularly magnified for squamous and
small-cell carcinomas among men, and small-cell carcinomas among
Kentucky women. In AP KY, these differences are even greater.

Clinical Lung Cancer November 2021

Lung Cancer Stage at Diagnosis by Histology

SEER Summary Stage is a population measure that classifies
cancer diagnoses as local, regional, or distant at the time of diagnosis.
Table 3 presents comparisons of stage at diagnosis for each histo-
logical subtype for SEER compared with Kentucky and NAP KY
compared with AP KY. For adenocarcinomas there was a significant
shift from local tumors to regional and advanced stage of disease
in Kentucky compared with the SEER population (P < .0001;
Table 3). For “other” carcinoma subtypes, a similar significant trend
was observed when comparing NAP KY to AP KY (P < .0001). The
largest changes in stage distributions were observed in non-small-
cell neuroendocrine tumors, which were much more frequently
diagnosed at a later stage in Kentucky than in the SEER database
(P < .0001). In SEER, 36.9% of non—small-cell neuroendocrine
cancers were diagnosed when they were still localized tumors. In
contrast, localized tumors represented only 30.0% of NAP KY cases,
and 26.3% of Appalachia Kentucky (Figure 2A, P = .038 and
P = .006 compared with SEER, respectively). A nearly reciprocal
increase in advanced stage non—small-cell neuroendocrine cancer
cases was observed in Kentucky, with more than 50.5% of AP
KY cancers diagnosed at a distant stage, compared with 43.9%
distant stage diagnoses in SEER. Non-small-cell neuroendocrine
tumors are subclassified into low-grade carcinoids, mid-grade atypi-
cal carcinoids, and high-grade large-cell carcinomas. When strat-
ified by histologic type, there was a clear shift from carcinoids
nationally to the much more malignant large-cell carcinomas in
Kentucky (Figure 2B, P < .0001 for both NAP vs. SEER and AP vs.
SEER).
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Table 2
(SEER)

SEER All KY Rate-Ratio P
Value?®
Rate Rate

Male and female

Adenocarcinoma 24.8 320 <0001

Squamous 10.8 25.1 < .0001

Other 11.6 22.0 < .0001

Small cell 6.4 16.7 < .0001

Neuroendocrine 2.1 34 < .0001

Total 55.7 99.2

Male

Adenocarcinoma 25.3 34.8 < .0001

Squamous 148 352 < .0001

Other 14.0 283 < .0001

Small cell 6.9 17.2 < .0001

Neuroendocrine 19 32 < .0001

Total 62.9 118.7

Female

Adenocarcinoma 24.6 29.9 <.0001

Squamous 76 16.9 < .0001

Other 9.7 1741 <.0001

Small cell 6.0 16.4 < .0001

Neuroendocrine 2.3 35 < .0001

Total 50.2 83.8

Christine F. Brainson et al

Age-Adjusted Lung Cancer Incidence, 2012 to 2016, Appalachian Kentucky; Non-Appalachian Kentucky; All Kentucky; US

Non-Appalachian KY Appalachian Rate-Ratio P
KY Value®
Rate Rate
311 34.4 .0088
22.5 316 <0001
19.7 27.6 <0001
15.0 209 <0001
33 3.6 5084
91.6 1181
333 38.7 .0058
30.7 46.2 < .0001
25.2 36.0 < .0001
15.4 1.7 < .0001
29 4.0 0726
107.5 146.6
29.6 31.0 3759
15.9 19.4 .0067
15.6 20.9 < .0001
14.8 204 < .0001
36 3.2 4936
79.5 94.9

Abbreviations: KY = Kentucky; SEER = Surveillance, Epidemiology, and End Results.
@ Comparing SEER with Kentucky excluded to all Kentucky data.
® Comparing non-Appalachian Kentucky to Appalachian Kentucky data.

Lung Cancer Survival by Histology

Finally, we evaluated differences in survival based on lung cancer
subtype across SEER registries, and subsequently compared lung
cancer survival in Kentucky to other US patients. First, we compared
the survival of each subtype of lung cancer using all 18 SEER
registries with Kentucky included. Patients with non-small-cell
neuroendocrine tumors experienced the best overall survival, likely
because of the large percentage of this category being low-grade
carcinoids. Next best survival rates were seen in patients with adeno-
carcinoma and squamous cell carcinoma, respectively (Figure 3A).
Both small-cell carcinomas and “other” carcinoma subtypes resulted
in particularly poor prognoses, both demonstrating approximately
25% survival at l-year post diagnosis (Figure 3A). Next, we
compared survival rates in Kentucky to those in SEER for each
lung cancer subtype. Kentucky patients showed significantly lower
overall survival rates compared with SEER for adenocarcinomas (P
< .0001), “other” lung carcinoma subtypes (P < .0001), and non—
small-cell neuroendocrine tumors (P = .0023; Figure 3B). As noted
carlier, the obvious difference in survival for the neuroendocrine
tumors could be because of the shift from low-grade carcinoids to
higher grade large-cell carcinomas observed in Kentucky. Finally, we
compared survival of AP KY and NAP KY patients by lung cancer
subtype. Compared with NAP KY, AP KY patients showed signifi-

cantly lower overall survival for all lung cancer histologies, with the
exception of non—small-cell neuroendocrine tumors, which had a
trend, but a small sample size (Figure 3B). Overall, these data suggest
that in AP KY, lung cancers were not only more common, but also
more deadly.

Discussion

Although the incidences of all histological subtypes were signif-
icantly higher (in both men and women) in Kentucky than
in the United States overall (Table 2), the percentages of both
squamous cell carcinoma and small-cell lung cancer relative to the
total lung cancer burden were strikingly greater among Kentucky
residents. These subtypes are almost exclusively associated with
smoking.'” By comparison, although the majority of adenocarci-
nomas are smoking-related, a sizable and growing proportion of
this subtype occurs in never smokers.'* Importantly, earlier studies
have demonstrated the prevalence of small-cell carcinoma in female

smokers,'>1©

and shifts toward higher proportions of squamous
cell carcinomas and small-cell lung cancer in “heavy” smokers."?
Thus the higher incidences of these subtypes and the sex differences
observed in Kentucky are likely a direct reflection of tobacco
use,'” which remains higher in Kentucky than nationally despite a

downward trend (see Supplemental Figure 2 in the online version
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Table 3
Kentucky; US (SEER)
SEER All KY x2Test P
Value®
Cases (%) | Cases (%)

Adenocarcinoma < .0001

Localized 24,162 (22.0) 1,205 (19.9)

Regional 22,254 (20.3) 1,333 (22.0)

Distant 63,423 (57.7) 3,513 (58.1)

Unknown 2047 47

Squamous 1839

Localized 10,593 (22.5) 1,031 (21.8)

Regional 15,909 (33.8) 1,660 (35.1)

Distant 20,590 (43.7) 2,043 (43.1)

Unknown 1147 60

Other 2915

Localized 6,180 (15.8) 504 (16.7)

Regional 7,564 (19.3) 595 (19.7)

Distant 25,361 (64.9) 1,915 (63.5)

Unknown 12,397 1,037

Small cell .0486

Localized 1,173 (4.1) 104 (3.2)

Regional 5,877 (20.5) 650 (20.2)

Distant 21,570 (75.4) 2,461 (76.6)

Unknown 556 47

Neuroendocrine < .0001

Localized 3,417 (36.9) 182 (28.8)

Regional 1,782 (19.2) 153 (24.3)

Distant 4,069 (43.9) 296 (46.9)

Unknown 184 3

Distribution of Stage at Lung Cancer Diagnosis, 2012 to 2016, Appalachian Kentucky; Non-Appalachian Kentucky; All

Non-Appalachian KY | Appalachian KY x2Test P
Value®
Cases (%) Cases (%)
6063
851(20.2) 354 (19.2)
927 (22.1) 406 (22.0)
2427 (57.7) 1086 (58.8)
29 18
4351
676 (22.4) 355 (20.8)
1057 (34.9) 603 (35.3)
1292 (42.7) 751 (43.9)
29 31
< .0001
372 (19.0) 132 (12.5)
384 (19.6) 211 (20.0)
1202 (61.4) 713 (67.5)
634 403
5517
70 (3.4) 34(2.9)
423 (20.6) 227 (19.55)
1560 (76.0) 901 (77.55)
31 16
4635
131(30.0) 51(26.3)
108 (24.7) 45(232)
198 (45.3) 98 (50.5)
3 0

For x 2 test analysis and percentage, the group ‘unknown’ was censored.
Abbreviations: KY = Kentucky; SEER = Surveillance, Epidemiology, and End Results.
@ Comparing SEER with Kentucky excluded to all Kentucky data.

® Comparing non-Appalachian Kentucky to Appalachian Kentucky data.

at doi:10.1016/j.cllc.2021.03.007). High tobacco use, including
smoking intensity, may also explain the shift from carcinoid to
large-cell neuroendocrine carcinomas in Kentucky.'®' Clearly,
additional interventions geared toward smoking prevention and
cessation will continue to be needed to reduce the lung cancer
burden in Kentucky. To this end, Kentucky has implemented
the first comprehensive online program to train clinical staff
in smoking cessation techniques (https://www.uky.edu/breathe/
tobacco-treatment/tobacco-treatment-specialist-training).  Inter-
ventions including smoke-free ordinances, Kentucky’s Smoking
Cessation Quitline, smoking cessation tools available through
Medicaid, and initiatives to reduce radon and smoke in homes
have all had some success, although challenges for adherence and
mitigation remain.’** On a positive note, there is evidence that a
majority of Kentuckians support a statewide smoke-free law, and
that with continued perseverance, smoking rates can be substan-
tially lowered in our state.”* For patients with cancer, Markey
Cancer Center (MCC) has joined numerous other cancer centers in
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the National Cancer Institute’s Moonshot Program Quit-Smoking
Iniative.”” Our “Cancer-specific, Assessment, Referral, Engagement
and Support” (CARES) Tobacco Treatment Program, has shown
strong interest from patients and we hope this interest translates
into increased smoking cessation in the near future.

Although the higher smoking rate may be largely responsible for
the observed disparities in lung cancer in Kentucky, especially in
Appalachian regions, other factors such as genetic, physical, and
environmental exposures, as well as interactions between smoking
and these factors, may also contribute to the observed disparities.
Studies to identify genetic risk factors in Kentucky lung cancer
patients are ongoing and have suggested distinct genomic signa-
tures. Because of homogeneous ancestry and geographic isolation,
Kentucky, and especially AP KY, are ideal populations for high
prevalence of “founder effects” that may influence disease devel-

26:27 For example, Appalachia is known for

opment and outcomes.
an increased risk for Lynch syndrome with the American Founder

Mutation of MSH2.*® Our previous analyses of lung tumor samples
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Figure 2 | Non-small-cell neuroendocrine carcinomas are diagnosed at later stage and are higher grade in Kentucky than in
SEER. (A) First primary neuroendocrine carcinomas were categorized as either localized, regional, or distant in the
database. The percentage of each group is shown. (B) Non—-small-cell neuroendocrine histology codes were segregated

into 3 categories of increasing grade. The percentage of each group is shown. SEER = Surveillance, Epidemiology, and

End Results database without Kentucky data; NAP KY = non-Appalachian Kentucky; AP KY = Appalachian Kentucky.
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suggested that mutation rates of specific genes in Appalachian
patients were different from those in The Cancer Genome Atlas
lung cancer patients,”’ also concluding that squamous lung cancer
disease progression is genetically different in Kentucky. In addition,
evidence from genome-wide association studies of lung cancer
suggested that genetic risk factors were differentially associated with
specific subtypes of lung cancer. For example, the 5p15 suscepti-
bility locus for lung cancer was more specific to adenocarcinoma,
whereas the 6p21 locus was more strongly associated with squamous
cell carcinoma.®® Other genetic susceptibility loci that were found
associated with squamous cell carcinoma included common genetic
variants at 6p21.33, 12q13.33, 9p21.3, 22q12.1, and 2q32.1,°"7!
as well as rare genetic variants in the BRCA2 gene on 13q13.1 and
in CHEK? on 22q12.l.32’33 With regard to environmental factors,
radon, the second leading risk factor for lung cancer, is a likely
contributor either independently or synergistically in combination
with smoking. Large geographic areas of Kentucky have moder-
ate to high radon potential, and testing of Kentucky houscholds
statewide and in Appalachia revealed that 26% to 29% showed
radon levels above the Environmental Protection Agency action
limit.***> Other contributing exposures may have been airborne
particulates from coal-fired power plants and from surface and
underground coal mining. It has also been suggested that elevated
exposures to arsenic, nickel and/or chromium could be a contribut-
ing factor to the extreme cancer burden in AP KY, although this

needs furtcher study.’>*” Ongoing research is underway to identify
genetic variants associated with increased risks of lung cancer and
subtypes in the Kentucky population.

Kentucky is a predominantly rural state, and rural areas face
major health care provider shortages, especially in oncologic care.”
AP KY is particularly geographically isolated, posing challenges to
accessing high-quality medical care and likely leading to dispari-
ties in stage and diagnosis and ultimately mortality.”” Other access
barriers and contributors to poor survival may include poor socioe-
conomic status and health literacy. Kentucky’s poverty rate exceeds
the national average with 25% of AP KY residents living in poverty
compared with 14% in the United States.'” Of the 55 AP KY
counties, 33 have at least 10% of the population living in extreme
poverty, which is defined as below 50% of the US poverty level.'’
Another possible contributor to the lower lung cancer survival is
the fact that more than 50% of older AP KY residents have at least
one disability.'’ Although many patients with lung cancer present
with physical and psychological comorbidities, patients with lung
cancer in Kentucky are likely to present with very high rates of
comorbidities, which can affect treatment tolerability and ultimately
survival.“*¢ Finally, the potential influence of lung cancer nihilism
and stigma cannot be ignored. Despite the clear evidence for
improved survival with early detection and therapeutic advances for
advanced stage disease, many health care providers and patients may
continue to view lung cancer as a death sentence, which can inter-
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Lung cancer disparities in KY

Figure 3 = Subtype-specific lung cancer survival rates are often significantly lower in Kentucky. (A) Overall survival of first primary
lung malignancies was calculated for each of the 5 major histological subgroups of non-small-cell lung cancer. These
data represent the SEER database including Kentucky. (B) Overall survival of first primary lung malignancies was
calculated for each of the 5 major histological subgroups of non-small-cell lung cancer. The data were further grouped

as either SEER without Kentucky and compared with Kentucky overall, or grouped as only Kentucky and compared
Appalachian to non-Appalachian Kentucky. Mantel-Cox log-rank P values are shown, significant P values are in red.
SEER = Surveillance, Epidemiology, and End Results database without Kentucky data; NAP KY = non-Appalachian
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Kentucky; AP KY = Appalachian Kentucky.
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fere with diagnosis and treatment.” Additional studies are needed
to further examine multilevel determinants of poor lung cancer
outcomes in Kentucky.

Conclusion

Our findings suggest significant opportunities for multilevel
interventions to reduce cancer incidence by targeted prevention, to
improve screening for early detection, address barriers for access-
ing care, improve management of comorbidities, and ensure deliv-
ery of guideline-concordant lung cancer care in rural areas. Toward
that end, Kentucky is implementing one of the most successful lung
cancer screening programs in the United States.® Efforts to increase
education and increase computed tomography screening for high-
risk individuals should detect lung cancers at an earlier stage, facil-
itate better treatments, and extend patient survival.” Although the
data presented here were collected before wide-spread immunother-
apy use, we suspect that the differences will persist despite this novel
therapeutic approach. The University of Kentucky’s MCC has estab-
lished a network of community-based cancer care facilities across
the state and region, many of which are able to conduct behavioral
and therapeutic trials. Furthermore, MCC has implemented remote
tumor boards, including molecular tumor boards, to provide clini-
cians in the community with access to precision medicine exper-
tise.*® These efforts will improve access to high-quality, guideline-
concordant lung cancer care in the state and stand to improve future
outcomes. Given the unique subtype distributions and genetics of
tumors from our state,”” we have a considerable opportunity for
further investigate the genetics of lung cancer development. There-
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fore MCC is participating in the ORIEN Total Cancer Care proto-
col, and tumor sequencing results are being compiled with exten-
sive clinical and outcome data. These initiatives will allow Kentucky
clinicians and scientists to identify new therapeutic targets and
strategies relevant for our patient population.

Clinical Practice Points

o For decades it has been recognized that lung cancer is a larger
problem in Kentucky than it is nationally, but we lacked details
on the exact nature of this disparity.

¢ Here, we performed a detailed analysis of the scale and scope of
the lung cancer disparities in Kentucky, and particularly in rural
AP KY, by comparing to data from the SEER registry during the
2012 to 2016, 5-year period.

e We identified that in Kentucky, the distribution of lung cancer

cases is skewed from the national experience by presenting with

a significantly larger proportion of squamous cell carcinoma and

small-cell carcinoma cases, and a significantly smaller proportion

of lung adenocarcinoma cases. Incidence rates for all histologic

subtypes of lung cancers were significantly higher in Kentucky

than in SEER, and higher in AP KY than in non-Appalachian

areas of the state.

e Most notably, for AP KY women, the rate of small-cell carcinoma

was 3.5-fold higher, and for AP KY men the rate of squamous cell

carcinoma was 3.1-fold higher, than the SEER rates.

e Finally, lung cancer survival was lower in AP KY for all the major

subtypes of lung cancer examined. Although findings from our

investigation are distressing, they provide guidance for increased
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awareness and pursuit of important therapeutic and cancer care
delivery interventions for our state.
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