ORIGINAL REPORTS: CANCER

REGIONAL DISPARITIES IN TREATMENT AND SURVIVAL
OF EARLY STAGE NON-SMALL CeLL LUNG CANCER

Obijectives: Recently, disparities related to
ethnicity and rural place of residence for initial
treatment and mortality of non-small cell lung
cancer (NSCLC) have been reported. As a large
proportion of residents in New Mexico are
either Hispanic or reside in rural areas, we
hypothesized that mortality of patients with
early stage NSCLC would be higher in New
Mexico compared to other areas of the country.

Methods: We used the Surveillance, Epidemi-
ology, and End Results (SEER) Program registry
to compare mortality from Stages 1A-2B
NSCLC in New Mexico to other SEER registries
between 1988-1997, and determined wheth-
er differences were related to demographics,
tumor stage, place of residence, ethnicity, or
receipt of surgical treatment. Data was collect-
ed from nine SEER registries functioning during
the entire targeted period of 1988-1997.

Results: Cases in the New Mexico Registry had
a greater mortality risk (adjusted HR 1.22, Cl
1.12-1.32) compared to cases enrolled in the
other SEER registries. This higher risk was
related to less cancer-directed surgery in
New Mexico SEER patients, and a shift toward
greater proportions of elderly and Stage 1B
cases in New Mexico. Rural Stage 1B cases also
exhibited greater risk than urban cases. Ethnic
differences did not contribute to the higher
mortality risk observed in New Mexico cases,
although rural Hispanics had a higher mortality
risk than urban Hispanics.

Conclusions: These findings suggest a regional
disparity in treatment and mortality risk for early
stage NSCLC in New Mexico compared to the
rest of the country. (Ethn Dis. 2007;17:358-364)
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INTRODUCTION

Lung cancer remains the leading cause
of cancer death in the United States. Non-
small cell lung cancer (NSCLC) repre-
sents approximately 80% of all new lung
cancer cases, although only one third of
NSCLC patients present with potentially
curable early stage disease. Surgical re-
section remains the recommended treat-
ment for these patients.z_4

Recently, disparities in initial
NSCLC treatment and mortality related
to ethnicity,”'" age,'*""?
residence at time of diagnosisB_lG have

and place of

been noted in a variety of US population
groups. In addition, regional geographic
disparities in survival have been noted for
several cancers within the United States.
For example, differences in lung cancer
mortality between states have been
identified.'” Age-adjusted lung cancer
mortality rates vary across regions of the
United States, with the Southeast having
the highest mortality rates and the
Mountain region having the lowest.'®
However, the Mountain region has
demonstrated the greatest increases for
both sexes over the last few decades.'®
New Mexico, one of the southern-
most states of the Mountain region,
exhibits unique ethnic and geographic
characteristics compared to other areas
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...we hypothesized thar NM
patients with early stage NSCLC
would have increased mortality
related to these ethnic and
residential disparities compared to
other areas of the United States.

of the country. Hispanics comprise
>40% of the state population and
a similar proportion of the population
is rural. As recent reports correlate these
ethnic and residential disparities to
increased NSCLC mortality, we hy-
pothesized that NM patients with early
stage NSCLC would have increased
mortality related to these ethnic and
residential disparities compared to other
areas of the United States. We used the
Surveillance, Epidemiology, and End
Results (SEER) Program registry to
compare NM to the other SEER
registries in the program between the
years 1988-1997 with regard to the risk
of NSCLC mortality. We determined
whether any variations were related to
differences in stage at diagnosis, age at
diagnosis, sex, place or residence at time
of diagnosis (rural vs urban), ethnicity,
or receipt of cancer-directed surgery.

MATERIALS AND METHODS

Study Populations and
Data Sources

The NCl-sponsored SEER program
is a comprehensive source of popula-



tion-based information about cancer in
the United States. We drew data for this
study from the nine SEER population-
based cancer registries that collected
cancer information from their program
area during the entire targeted time
period of 1988-1997. A comparison to
1990 US census figures indicates that
these combined program areas covered
approximately 9.3% of the US popula-
tion.

We obtained our data from the
SEER public use data file for 1973—
2000. These included patient birth date,
age at diagnosis, sex, race, state and
county of residence at time of diagnosis,
date of cancer diagnosis, cancer site,
histological type, extent of disease
(EOD: tumor size, extension, lymph
node involvement), first course of
treatment provided within four months
of diagnosis, vital status, date of death
when applicable, and active followup
time. Cancer site was coded according
to International Classification of Dis-
eases for Oncology 2nd edition (ICD-
0O-2), and included lung and bronchus
cancer. In most instances, exact dates
were available for birth, diagnosis, and
death. When limited to month and
year, we assumed the first day of the
month. Hispanic ethnicity was included
in NM registry files for the entire time
period, but was missing from other
registries for several years. We based
rural/urban designation on patient’s
county of residence at time of diagnosis,
applying 1993 USDA Rural-Urban
Continuum codes.!” Counties with
codes 0-3 were designated as urban,
4-9 as Rural.®

Cancer Stage and
Surgical Treatment

Since we focused on clinical di-
agnosis and treatment, we assigned
American Joint Cancer Committee
(AJCC) 5th edition®’ cancer stage to
cases. SEER EOD was mapped into
AJCC 5 stages using a computerized
algorithm that combined TNM defini-
tions,”! SEER EOD coding instruc-
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tions,”> and the SEER Comparative
Staging Guide for Cancer.”> The algo-
rithm yielded 74.1% AJCC V staged
cases, comparable to the yield of AJCC
III cases by a SEER-developed algo-
rithm. Some cases could not be staged
due to unknown tumor size, unknown
extent, and/or unknown nodal involve-
ment (41.3%, 12.7%, and 34.8% of
unstaged cases, respectively). The per-
centage of unstaged cases in NM was
comparable to the 23.5% unstaged in
the other SEER registries. Uniform
application of the algorithm assured
consistent clinical diagnostic criteria
for all 10 years and nine geographic
regions of NSCLC cases studied. Sur-
gery treatment was defined according to
SEER protocol for first course of
treatment, occurring within four
months of diagnosis. Patients were
classified as having cancer-directed sur-
gery treatment, if the surgery was
curative in intent, including local re-
section, partial resection, segmentect-
omy, lobectomy, sleeve resection, partial
pneumonectomy, and radical pneumo-

nectomy (SEER codes 10-70).

Case Selection

We initially selected all 109,138
patients with microscopically confirmed
primary cancer that was anatomically
situated in lung or bronchus, was
actively followed up, and had invasive
NSCLC histology. We applied lung and
bronchus cancer histology classifications
described by Travis et al,** excluding
cases that had mixed histologies and
included small cell as part of the
histology, or that were diagnosed with
in situ or occult carcinoma. Since during
the targeted time period, standards of
practice considered only patients with
Stages 1A-2B as potential candidates
for curative surgical resection, we re-
stricted selection to cases diagnosed with
these stages (n=21,144 ).

Analysis

For all analyses, early stage NSCLC
cases were divided into three clinically
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relevant stage groups: 1A, 1B, and 2AB.
Stages 2A and 2B were combined due to
the small number of cases diagnosed
with these stages. Cases were also
grouped into three age categories: less
than 65 years old (<65), 65-74, and
75 years or older (=75). For NM only,
ethnicity was assigned by combining
race and ethnicity, with resulting cate-
gories of Hispanic and non-Hispanic
White (NHW) covering 98.1% of cases.
We used SAS version 8 for data analysis.

Associations among patient demo-
graphic characteristics were assessed
with cross-tabulations and Pearson chi
square analyses. For survival analyses,
survival was calculated in months from
time of diagnosis to death or last date of
followup. Cases not known to be dead
were censored at last date of followup.
Cases were followed through December
31, 2000, so that all patients were
actively followed for three years or more
and 68.9% were followed five years or
more. Unadjusted survival curves were
constructed with the Kaplan-Meier
method and compared using Log-Rank
tests. Cox regression was used as
a modeling procedure to assess simulta-
neous effects of registry, age at di-
agnosis, stage at diagnosis, sex, and
rural residence on survival. For some
analyses, receipt of cancer-directed sur-
gery was added as a predictor of
survival. Multivariate logistic regression
was used as a modeling procedure to
assess simultaneous effects of the same
variables on receipt of cancer-directed
surgery for treatment. For analyses
restricted to NM patients, race/ethnicity
was included as a predictor variable. P
values for all tests were 2-sided.

RESULTS

Cases of early stage NSCLC in NM
had a significantly greater mortality
hazard than cases within the other eight
SEER registries (unadjusted HR=1.3,
CI 1.2-1.4), P<.0001). Figure 1 shows
a Kaplan-Meyer survival curve illustra-
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Fig 1. K-M survival by stage, NSCLC, 1988-1997. New Mexico vs other registries

ting differences between NM and the
other SEER registries by stage, with
NM exhibiting lower survival for each
stage. Part of these differences may be
explained by population characteristics
of NSCLC patients within the registries
(Table 1). Distribution of cases within
each stage was different in NM com-
pared to the other SEER registries with
a lower proportion of cases diagnosed at
Stage 1A in NM compared to the other
registries (28.9% vs 40.3%) and a shift
of cases into Stage 1B (58.1% vs
44.8%). In addition, the NM registry
contained fewer patients <65 years old
than noted in the other registries
(31.4% vs 35.4%, respectively). The
proportion of male and female cases was
similar in NM and the other SEER
registries.

When reanalyzed using a proportion-
al hazards model with covariates in-
cluding stage, age, sex, and place of
residence at time of diagnosis, the
hazard ratio for NM remained signifi-
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cantly higher compared to the other
SEER registries (Table 2). When strat-
ified by stage, the hazard ratio in NM
was similar to the other SEER registries
for Stage 1A but differed significantly
across registries for both Stages 1B and
2AB. When stratified by age, the risk of
mortality for cases <65 years old was
similar for NM and the other SEER
registries, but was higher in NM than
the other registries for patients
=65 years old. Women in NM, as well
as the other SEER registries, exhibited
a lower hazard ratio compared to men
(data not shown). However, women in
NM exhibited a higher mortality risk
than women in the other registries. A
similar difference was noted across
registries for men.

There was a large disparity between
the proportion of rural cases in NM
(41.1%) compared to the other SEER
registries (12.1%; Table 1). Both rural
and urban patients in NM had a higher
mortality risk compared to rural and
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urban cases in the other SEER registries
(Table 2). There was no difference in
overall mortality hazard in rural com-
pared to urban residences in NM
(HR=1.12, 95% CI 0.95-1.31), or
when stratified by age or sex. However,
rural cases of Stage 1B NSCLC in NM
exhibited an increased mortality hazard
compared to urban patients of similar
stage (HR=1.27; 95% CI 1.03-1.51),
a difference not seen for Stages 1A or
2AB. This difference was maintained
even when receipt of cancer-directed
surgery was added to the model as
another covariate (HR= 1.26, 95% CI
1.01-1.56), indicating the disparity was
not related to surgery.

Disparities in NSCLC  treatment
and survival between Hispanics and
other ethnic groups have been pre-
viously described.®"" Because of the
lack of identifying data for Hispanics in
the national SEER program in the
earlier years of the period evaluated in
this study, we were unable to make this
comparison for the other SEER regis-
tries. However, this information has
been collected by the NM SEER since
its inception in 1973. We found no
differences in survival between Hispan-
ics and NHW within the NM SEER
(HR= 1.1, 95% CI 0.89-1.36), al-
though rural Hispanics had a higher
mortality hazard than urban Hispanics
(HR = 151, 95% CI 1.00-2.28),
a difference not seen in NHW
(HR=1.06, CI 0.87-1.26). There was
no difference between rural and urban
Hispanics related to age, stage at di-
agnosis, or sex.

Surgical resection was the method
for curative treatment of early stage
NSCLC during the years covered in this
study. As shown in Table 1, the pro-
portion of cases who received cancer-
directed surgery was significantly less in
NM for all early stage NSCLC. The
multivariate odds of receiving cancer-
directed surgery for early stage NSCLC
in NM was about half of the other
SEER registries (Table 3). This differ-

ence was consistent when stratified by
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Table 1. Population characteristics of early stage NSCLC (1988-1997)

New Mexico Other SEER Registries*

(N = 872) (N= 20,278)
Characteristic N (%) N (%) P value
Stage (AJCC 5)
1A 252 (28.9) 8,577 (40.3)
1B 507 (58.1) 9,074 (44.8) < 0.0007**
2AB 113 (13.0) 2,627 (13.0)
Sex
Male 478 (54.8) 11,577 (57.1) 0.1840°
Female 394 (45.2) 8,701 (42.9)
Age (years)
< 65 274 (31.4) 7,172 35.4
65-74 377 (43.2) 8,456 (41.7) 0.0432**
=75 221 (25.3) 4,650
Place of residencet
Rural 358 (41.1) 2,460 (12.1) < 0.0001t
Urban 514 (58.9) 17,818 (87.9)
Ethnicity
Hispanic 152 (17.4) Not available —
Non-Hispanic White 720 (82.6) Not available —
Cancer-directed surgery
Yes 617 (70.8) 17,095 (84.8) < 0.0001t
No 255 (29.2) 3,183 (15.7)

* Other registries include the San Francisco/Oakland Metropolitan Statistical Area (MSA), Connecticut, Detroit
MSA, Hawaii, lowa, Seattle/Puget Sound, Utah, and Atlanta MSA.

** From Pearson chi square analysis, df = 2.

t From Pearson chi square analysis, df = 1.

t Definition of rural vs urban nature of the county of residence at time of diagnosis as designated by 1993 USDA
Rural-Urban Continuum codes, with codes 0-3 as Urban and 4-9 as Rural.

Table 2. Mortality hazard ratio' for early stage NSCLC in New Mexico vs other
SEER registries?

HR* (95% CI) P value

Overall NM vs other 1.22 (1.12-1.32) < .0001
Stratified by stage (AJCC 5)

1A 1.10 (0.93-1.29) 2442

1B 1.21 (1.09-1.35) .0004

2AB 1.45 (1.19-1.77) .0003
Stratified by age (years)

< 65 1.12 (0.96-1.32) 1349

65-74 1.23 (1.09-1.39) .0008

=75 1.28 (1.10-1.49) .0009
Stratified by sex

Male 1.24 (1.12-1.38) < .0001

Female 1.18 (1.04-1.34) .0105
Stratified by place of residence

Rural 1.27 (1.12-1.45) .0003

Urban 1.18 (1.07-1.32) .0012

* From a multivariate Cox proportional hazards model that included all non-stratified predictor variables: SEER
registry, AJCC 5 stage at diagnosis, age at diagnosis, sex, and place of residence at diagnosis.
** Cases from SEERY registries, 1988-1997.
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stage, age, sex, or rural residence. A
separate hazard analysis showed that
when patients received cancer-directed
surgery, there was no difference in
multivariate hazard between NM and
the other registries (HR= 1.0; 95% CI
0.9-1.1). However, patients who did
not receive cancer-directed surgery in
NM had a higher hazard than patients
in the other registries (HR= 1.4; 95%
CI 1.2-1.5). The inverse relationship
between age and odds of having cancer-
directed surgery was similar in NM to
the other SEER registries (increasing
odds of getting surgery for younger age
at diagnosis), and there were no differ-
ences in regard to place of residence. In
a separate multivariate analysis, we
added ethnicity to the predictors of
surgery for NM cases and found that the
odds of Hispanics receiving surgery was
similar to NHW (HR = 0.84, 95% CI
0.56-1.27).

DISCUSSION

Disparities in lung cancer outcomes
have been associated with lower rates of

7,8,10

initial cancer treatment certain

ethnic backgrounds,”*™'% age,'"'* and
rural place of residence.’*™'® Lower
rates of cancer-directed surgery for
early-stage NSCLC has been identified
as an important cause of poorer lung
cancer outcomes in African Americans
and Hispanics.”® A previous study in
NM suggested that Hispanic ancestry
was associated with lower rates of
potentially curative surgery.”> Although
we found that patients in NM had
lower rates of cancer-directed surgery
compared to patients in other SEER
registries, this disparity was not associ-
ated with Hispanic background. In fact,
this treatment disparity appeared to
affect all early stage NSCLC cases in
the NM SEER regardless of stage, age
group, sex, place of residence, or
ethnicity. The estimated per capita
number of thoracic and general sur-
geons in the state in the year 2001 was
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Table 3. Odds” of receiving cancer-directed surgery for early-stage NSCLC in New

Mexico vs other SEER registries "

OR* (95% CI) P value

Overall NM vs other 0.46 (0.39-0.54) < .0001
Stratified by stage (AJCC 5)

1A 0.37 (0.26-0.51) < .0001

1B 0.48 (0.39-0.59) < .0001

2AB 0.51 (0.34-0.77) .0012
Stratified by age (years)

< 65 0.60 (0.42-0.87) .0064

65-74 0.46 (0.36-0.59) < .0001

=75 0.37 (0.28-0.50) < .0001
Stratified by sex

Male 0.45 (0.37-0.56) < .0001

Female 0.46 (0.36-0.60) < .0001
Stratified by place of residence

Rural 0.40 (0.31-0.53) < .0001

Urban 0.50 (0.40-0.61) < .0001

* From a multivariate logistic regression model including all non-stratified predictor variables: SEER registry, stage
at diagnosis, age at diagnosis (years), sex, and place of residence at diagnosis.

** Cases from SEERY registries, 1988-1997.

about half the national average (.87 vs
1.79/100,00026), suggesting that differ-
ences in access to appropriate surgeons
and centers to provide these surgeries
may be a factor for less cancer-directed
surgery for NM NSCLC patients.
Other factors also contribute to
increased early stage NSCLC mortality
risk noted in our study. Lower rates of
cancer-directed surgery have been well-
documented in elderly patients com-
pared to younger NSCLC patients.'>*
However, patients >65 years of age had
a higher mortality risk in NM compared
to the other SEER registries, even when
controlled for stage, place of residence,

Although we found that
patients in NM had lower
rates of cancer-directed surgery
compared patients in other
SEER registries, this disparity
was not associated with

Hispanic background.
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and rates of cancer-directed surgery. We
also identified a higher proportion of
Stage 1B cases of NSCLC in NM than
were noted in the other SEER registries.
This within-stage shift has important
prognostic implications, as Stage 1B
NSCLC has a significantly lower 5-year
survival compared to Stage 1A can-
cers.”” Explanations for this shift are
uncertain, but could be related to
factors such as delayed access to medical
care or presenting to a provider only
when symptoms occur.'*'*** More
study is needed to evaluate possible
reasons for the differences in the ratio of
Stage 1A:1B tumors between NM and
the other SEER registries.

While not the major reason for
differences in early stage NSCLC sur-
vival between NM and the other SEER
registries, rural residence did appear to
affect outcomes of particular sub-
groups. Rural Hispanics exhibited
poorer survival than urban Hispanics,
a disparity not seen in NHW and was
not due to differences in cancer-directed
surgery. Moreover, it did not affect the
overall similarity in survival between
Hispanics and NHW when all NM
cases were considered. Also, rural pa-
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tients with Stage 1B tumors had poorer
survival compared to their urban coun-
terparts. The reason for this disparity is
not clear, since the odds of surgery were
similar for rural vs urban Stage 1B
tumors and the proportion of rural vs
urban cases within each stage was
similar.

Explanations for lower cancer sur-
vival in rural areas often focus on
difficulties accessing appropriate health
care providers and facilities.">"'® New
Mexico is a large, predominantly rural
state, ranking 45th in population den-
sity in the US?" with more than 95% of
the counties in the state designated as
medically underserved or areas with
shortages of healthcare professionals™**
Distance and travel time are likely
barriers to appropriate health care and
may be a significant consideration for
many patients with lung cancer.™'® In
NM, rural providers believe that their
patients have less access to healthcare
facilities than non-rural providers.’!

Although recent studies suggest
Hispanics with all stages of lung
cancer "' as well as Stage 1 NSCLC®
exhibit poorer survival compared to
NHW, we did not find any difference
in survival from early stage NSCLC
between Hispanics and NHW in NM.
Differences between these studies and
our results may in part be explained by
the fact that we did not observe a de-
creased rate of cancer-directed surgery
in Hispanics compared to NHW in
NM, as has been noted in prior studies
of Hispanic populations.&10 However,
any such disparities in NM may be
overshadowed by the low rate of cancer-
directed surgery for all early-stage
NSCLC in the state, which is similar
to the rate noted for Hispanics in other
studies.'®

Several potential limitations of our
study should be noted. The SEER
program may underestimate overall
prevalence and mortality for tobacco-
related cancers due to the over-repre-
sentation of areas with traditionally
lower smoking prevalence.3 2 However,



accuracy of diagnosis and mortality data
in SEER has been confirmed®® and
SEER data concerning cancer-related

33 and

surgery is similar to Medicare
the National Cancer Data Base program
of the American College of Surgeons
and American Cancer Society.** Addi-
tionally, eliminating cases with un-
known AJCC 5 stage from our analyses
may have introduced bias if the distri-
bution of unstaged cases drew more
from some early stages than others.
However, in our sample, the distribu-
tion of unknown cases was similar
across registries (NM 26.6%, other
SEER registries 25.0%), sex (female
24.6%, male 25.2%), rural residence
(rural 25.9%, urban 24.8%), ethnicity
(Hispanic 26.0%, NHW 25.3%), and
receipt of surgery (surgery 25.6%, no
surgery 23.3%).

As the nationwide SEER registry
does not include comorbidity or socio-
economic measurements, we could not
directly evaluate the effects of these
potential variables. Comorbidities have
a significant negative influence on lung
cancer outcomes.”” The fact that NM
cases not receiving cancer-directed sur-
gery had a lower survival rate compared
to similarly untreated patients in the
other registries may suggest a higher rate
of comordid conditions for cases in
NM. However, comorbidities did not
appear to influence decreased rates of
cancer-directed surgery in African
Americans’ and Hispanics8 in other
recent studies. Lower socioeconomic
status has been linked to outcomes in

lung cancer’"%"11:35:36

and there is a gen-
erally high rate of poverty throughout
NM.?” Further study is needed to
determine the relationships between
the higher mortality risk in the state
and socioeconomic parameters within
the state and between New Mexico and
the other SEER registries.

In summary, Stage 1A-2B NSCLC
cases enrolled in the NM SEER Registry
between 1988 and 1997 had a higher
mortality risk compared to cases in the
other SEER registries active during that
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period. This increased risk was related to
less cancer-directed surgery in NM SEER
patients, a shift toward greater propor-
tions of Stage 1B patients, patients older
than 65 years of age, and rural place of
residence for Hispanics and Stage 1B
patients. Ethnicity or sex differences did
not appear to contribute to the greater
risk observed in NM cases. These
findings suggest a regional disparity in
early stage NSCLC outcomes in NM
compared to the rest of the country.
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