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Abstract

Despite availability of guidelines for lung cancer care, variations in lung cancer care among the elderly exist
across the nation and are a cause for concern in rural and medically underserved areas. Therefore, the purpose of
this study was to evaluate the patterns of lung cancer care and associated health outcomes among elderly
residing in a rural and medically underserved area. The authors identified 1924 elderly lung cancer patients
from the West Virginia Cancer Registry-Medicare linked database (2002–2007) and categorized them by
receipt of guideline-concordant (appropriate and timely) care using guidelines from the American College of
Chest Physicians, British Thoracic Society, and the RAND Corporation. Hierarchical generalized logistic
models were constructed to identify variables associated with receipt of guideline-concordant care. Kaplan–
Meier analysis and log-rank test were used to compare 3-year survival outcomes. Multivariate Cox proportional
hazards models were constructed to estimate lung cancer mortality risk associated with nonreceipt of guideline-
concordant care. Although guideline-concordant appropriate care was received by fewer than half of all patients
(46.5%), of those receiving care, 78.7% received it in a timely manner. Delays in diagnosis and treatment varied
significantly. Survival outcomes significantly improved with appropriate care (799 vs. 366 days; P £ 0.05), but
did not improve with timely care. This study highlights the critical need to address disparities in receipt of
guideline-concordant lung cancer care among the elderly residing in rural and medically underserved areas.
Although lung cancer diagnostic and management services are covered under the Medicare program, under-
utilization of these services is a concern. (Population Health Management 2016;19:109–119)

Introduction

Lung cancer is the leading cause of cancer deaths
among elderly in the United States.1 Although it is as-

sociated with poor prognosis in the elderly, several treatment
strategies can cure, or at least prolong survival. Therefore,
significant reduction in lung cancer mortality can be achieved
if the elderly receive quality cancer care that is both medi-
cally effective and timely. To that end, specific strategies for
the management and treatment of lung cancer have been re-
commended in guidelines by the American College of Chest
Physicians (ACCP), American Society for Clinical Oncol-
ogy, National Cancer Institute (NCI), and others.2–7 These
guidelines ensure uniformity of care, and are thought to be
capable of improving quality and appropriateness of care.
Standards for timely lung cancer care also have been re-
commended through clinical opinion-based guidelines by the

British Thoracic Society (BTS), the RAND Corporation, and
by the ACCP.4,8,9 However, despite availability of these
guidelines, studies of clinical practice patterns in the United
States have documented variations in the management of
lung cancer by age, race, education, comorbidity, insurance,
and hospital type.10–18 Therefore, lack of high-quality cancer
care is a continuing concern and is attributable to variations in
the use of appropriate standards of care.19

Although variations in lung cancer management and
outcomes exist across the nation, it is a cause for major
concern in rural areas. Many rural areas of the United States
are economically underdeveloped and medically under-
served.20 The elderly in these regions carry a higher burden
of lung cancer compared to their urban counterparts.21 One
such area is the Appalachian region, a population re-
presenting 8.1% of the total US population.22 West Virginia
is the only state situated entirely within the Appalachian

1Virginia Commonwealth University, School of Pharmacy, Department of Pharmacotherapy & Outcomes Science, Richmond, Virginia.
2West Virginia University, School of Pharmacy, Department of Pharmaceutical Systems & Policy, Morgantown, West Virginia.

POPULATION HEALTH MANAGEMENT
Volume 19, Number 2, 2016
ª Mary Ann Liebert, Inc.
DOI: 10.1089/pop.2015.0027

109



region and is the third most rural state in the nation.22 Fifty
of the 55 counties in the state are designated as medically
underserved areas, and all or part of 40 counties in the state
are classified as health professional shortage areas.23

The age-adjusted lung cancer incidence and mortality rate
among the elderly are higher in the state as compared to
the United States.24,25 The observed lung cancer disparities
in the rural population can be attributed to limited access to
quality medical care facilities; less access to or utilization of
early cancer detection programs; and increased prevalence
of behavioral risk factors, such as tobacco use and sedentary
life style, and socioeconomic factors, such as low income
and education.26–28 In addition to being medically under-
served, the rural population also may experience variations
in the quality, availability, and accessibility of services
when compared to their urban counterparts.29

Although numerous studies have examined lung cancer
treatment variations in the United States, variations in
guideline-concordant lung cancer care and their impact on
health outcomes in the rural and medically underserved el-
derly population, such as West Virginia, remain unknown.
Therefore, the objectives of this study were to: (1) identify
lung cancer treatment patterns among medically under-
served elderly patients, (2) determine delays in lung cancer
diagnosis and treatment among medically underserved
elderly patients, (3) identify the proportion of medically
underserved elderly lung cancer patients receiving guide-
line-concordant care, (4) identify factors associated with the
receipt of guideline-concordant care, (5) determine survival
benefits associated with the receipt of guideline-concordant
care, and (6) determine lung cancer mortality risk associated
with the receipt of guideline-discordant care.

Methods

Data source

This study used West Virginia Cancer Registry (WVCR)-
Medicare (WVCR-Linked) linked data files from years 2002–
2007. The WVCR-Linked data files are similar in structure to
the NCI’s Surveillance, Epidemiology, and End Results
(SEER)-Medicare linked data files, and represent data from
the WVCR. Established by the West Virginia Department of
Health and Human Resources in 1991, the WVCR is an all-
site cancer registry collecting information on all cancers di-
agnosed and/or treated in the state of West Virginia. Details
on the creation of WVCR-Linked data files can be found
elsewhere.30 Cancer registry data files provided clinical, de-
mographic, cause of death, and initial treatment information
for elderly individuals with lung cancer in the state. The
Medicare administrative data files provide the health service
claims (utilization and reimbursement) information for care
provided by physicians, inpatient hospital stays, hospital
outpatient clinics, home health care agencies, skilled nursing
facilities, and hospice programs.

Study cohorts

The researchers identified Medicare beneficiaries aged ‡66
years with incident lung cancer diagnosis (International
Classification of Diseases for Oncology [ICD-O] codes:
C34.0, C34.1, C34.2, C34.3, C34.8, C34.9, and C33.9;
American Joint Committee on Cancer Staging [AJCC] Tu-

mor Node Metastasis [TNM] stages: I–IV), between July 1,
2003, and December 31, 2006, (Cohort A), and between years
2003 through 2006 (Cohort B), in the WVCR-Linked data
files. Cohort A was used to study appropriateness of cancer
care, while Cohort B was used to study timeliness of cancer
care. Creation of 2 separate cohorts for analysis was neces-
sary as the guidelines used to study appropriateness and
timeliness of cancer care were published by different orga-
nizations in 2003 and 1998, respectively. Specifically, the
ACCP evidence-based guidelines for diagnosis and man-
agement of lung cancer were published in January 2003, and
therefore patients were included in Cohort A starting July 1,
2003. Similarly, the clinical opinion-based guidelines for
timeliness of lung cancer care were published by the BTS and
the RAND Corporation in 1998 and 2000, respectively.
Therefore patients were included in Cohort B starting January
1, 2003 (ie, the earliest date of data availability). Beneficiaries
were excluded from either cohort if they were diagnosed only
at death, had a prior malignancy, were enrolled in a managed
care plan, or lacked Part A or B of Medicare.

Given the limited years of follow-up data, for study ob-
jectives 5 and 6, Cohort A was limited to patients with cancer
diagnosis between July 1, 2003, and December 31, 2004, and
Cohort B was limited to patients with cancer diagnosis during
the years 2003 and 2004. These cohorts were followed for 3
years following cancer diagnosis to determine lung cancer
specific mortality.

Assessing receipt of guideline-concordant
appropriate care

The ACCP evidence-based guidelines for diagnosis and
management of lung cancer were incorporated in an algo-
rithm and used to determine receipt of guideline-concordant
appropriate care (Fig. 1).4 Specifically, patients with Stage I–
III disease were followed for 1 year following their cancer
diagnosis to determine receipt of appropriate care. Patients
with Stage IV disease were excluded in this analysis, as the
data source lacked complete treatment information for these
patients. Lung cancer treatments and procedures were iden-
tified from Medicare claims data using appropriate Interna-
tional Classification of Diseases, Ninth Revision (ICD-9)
diagnosis and procedure codes, Healthcare Common Proce-
dure Coding System (HCPCS) codes, Current Procedural
Terminology (CPT) codes, and revenue center codes (see
online Appendix 1, available at www.liebertpub.com/pop).

Assessing delays in diagnosis and treatment

Figure 2 is a pictorial depiction of the approach to as-
sessing delays in diagnosis and treatment. Specifically, de-
lays in diagnosis were determined by following the patients
during the year prior to the incident lung cancer diagnosis
and were categorized as Symptom to Chest X-Ray (CXR)
delay, CXR to Specialist Visit delay, Specialist delay, and
Referral delay.

Given the retrospective nature of the data sources, the re-
search team estimated the occurrence of earliest lung cancer
symptoms by identifying the earliest Medicare claim (date)
that had an ICD-9 code associated with either: (1) symptoms
of primary tumor, (2) symptoms of intrathoracic spread, (3)
symptoms of extrathoracic metastases, or (4) paraneoplastic
syndromes (see online Appendix 1 for complete list of
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symptoms). The Symptom to CXR delay was then defined as
the time from the earliest Medicare claim date with lung
cancer symptom until the date of first Medicare claim for a
CXR. The CXR to Specialist Visit delay was defined as the
time from the first Medicare claim for a CXR until the date of
first Medicare claim on which the service provider was a
specialist, such as a respiratory/chest physician, pulmonolo-
gist, oncologist, cardiologist, or thoracic/cardiac/regular
surgeon. The Specialist delay was defined as the time from
the Medicare claim for the first specialist appointment until
the date of cancer diagnosis. Among beneficiaries who were
referred to a specialist, Referral delay was defined as the time
from the last Medicare claim associated with services pro-
vided by the referring physician until the date of first Medi-
care claim on which the service provider was the referred
specialist. The overall delay in diagnosis, Symptom to Di-
agnosis delay, was defined as the time from the earliest
Medicare claim date with a lung cancer symptom until the
date of cancer diagnosis. Specific delays in diagnosis were
identified only among those patients who had Medicare
claims associated with events of interest.

Delay in treatment was determined by following the pa-
tients for 1 year following incident lung cancer diagnosis.

Specifically, Diagnosis to Treatment delay was defined as
the time from cancer diagnosis until the date of first
Medicare claim for surgery, radiation, or chemotherapy.
Lung cancer–specific treatments and procedures were
identified from the Medicare claim data files using appro-
priate ICD-9, HCPCS, CPT, and revenue center codes (see
online Appendix 1).

Assessing receipt of guideline-concordant timely care

Guideline-concordant timely lung cancer care was de-
fined using clinical opinion-based guidelines published by
the BTS and the RAND Corporation.8,9 The BTS recom-
mends that the duration between cancer diagnosis and initial
treatment to be no more than 8 weeks for surgery, 7 weeks
for radiotherapy, and 4 weeks for chemotherapy.8 On the
other hand, the RAND Corporation recommends any plan-
ned treatment to be offered within 6 weeks of the diagnosis
date.9 To incorporate recommendations from both guide-
lines, this study defined timely care by selecting the maxi-
mum duration allowed under either guideline for a given
type of treatment. Therefore, initial treatment was consid-
ered timely if the duration between diagnosis date and

FIG. 1. Algorithm adapted from American College of Chest Physicians (ACCP) evidence-based guidelines for diagnosis
and management of lung cancer published in January 2003, and used to determine receipt of guideline-concordant
appropriate lung cancer care.
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treatment date was no more than 8 weeks for surgery, 7
weeks for radiotherapy, and 6 weeks for chemotherapy.
Patients receiving no treatment in the year following their
cancer diagnosis were excluded from this analysis.

Dependent variables

Treatment patterns were categorized as surgery only, ra-
diation only, chemotherapy only, combination treatment, or
no treatment. Primary outcomes of interest, receipt of guide-
line-concordant appropriate cancer care, was categorized as
Yes or No, while receipt of guideline-concordant timely
cancer care was categorized as Timely Care or Delayed Care.
Survival time in days was calculated from the date of cancer
diagnosis to the date of death or the 3-year follow-up cutoff
date, whichever came first. Date of death was identified
from Medicare enrollment records. To estimate lung cancer–
specific survival, patients not found to be deceased by the
cutoff date, or who died from causes other than lung cancer
were censored at that time and considered to be alive.

Covariates

Based on prognostic significance, covariates included
lung cancer type and stage, age at diagnosis, sex, race,

urban–rural residence, comorbidity, and measures of so-
cioeconomic status. Lung cancer type was categorized
based on cell histology. Patients with ICD-O histology
codes 8000–8040 or 8046–9989 were categorized as
having non-small cell lung cancer (NSCLC) disease, and
those with codes 8041–8045 were categorized as having
small cell lung cancer (SCLC) disease. Lung cancer stage
was categorized based on the AJCC TNM staging system.
Age at diagnosis was categorized as 66–69 years, 70–74
years, 75–79 years, and 80 years and older. Given that the
population in West Virginia is predominantly white, race
was categorized as white or nonwhite. Urban–rural resi-
dence was categorized as metro, urban, or rural, using the
Rural–Urban Continuum codes. Comorbidity was esti-
mated using a modified Charlson comorbidity score, based
on inpatient claims from the year preceding the cancer
diagnosis.31–33 This method of creating a weighted co-
morbidity score has been reported previously and used for
both outcomes and patterns of care analysis.31–33 Given
the lack of individual socioeconomic measures in the
study data source, median household income and the
percentage of individuals with some college education
in the census tract of residence were used as markers of
socioeconomic status.

FIG. 2. Delays in diagnosis and treatment among continuously enrolled Medicare Fee-for-service beneficiaries with
incident lung cancer diagnosis in West Virginia, 2003 through 2006.
CXR, chest X-ray; ICD-9, International Classification of Diseases, Ninth Revision; IQR, interquartile range.
The number of beneficiaries included in the calculation of median delay varied by type of delay, as not all beneficiaries
experienced the event of interest necessary to calculate the delay.
Source: West Virginia Cancer Registry–Medicare linked data files, 2002–2007.
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Data analysis

Pearson chi-square tests were used to determine unad-
justed associations between categorical variables of interest.
Median delays (with 25% and 75% interquartiles) in diag-
nosis and treatment were calculated and compared using
nonparametric tests. Specifically, the Mann-Whitney test
was used for pairwise comparison of delays and the
Kruskal-Wallis test was used for analyses involving multi-
ple groups. Two hierarchical generalized logistic models
were constructed with PROC GLIMMIX procedure in SAS
9.2 (SAS Institute Inc., Cary, North Carolina) to identify
factors associated with receipt of appropriate care and timely
care, respectively, among elderly patients. In the models,
the estimated probability of a patient receiving guideline-
concordant care conditioned on a set of predictor variables
was modeled. The models treated census tract as a random
effect to account for potential correlation among patients
within the same county. Nonparametric estimates of the
survivor function by receipt of appropriate care and timely
care were calculated using the Kaplan-Meier method. Sur-
vival differences were assessed using the log-rank test.
Multivariate Cox proportional hazards models were con-
structed to estimate lung cancer mortality risk associated
with receipt of guideline-discordant care among elderly. To

evaluate the proportional hazards assumption, smoothed
Schoenfeld residuals were plotted against time and no evi-
dence was found of a systematic deviation from proportional
hazards in any model. Variances in models were adjusted to
account for patient clustering at the census tract level by the
use of the robust inference of Lin and Wei.34 All analyses
were performed with SAS 9.2. The study was approved by
the West Virginia University Institutional Review Board.

Results

Patient characteristics

Based on the inclusion and exclusion criteria, 1689 (Co-
hort A) and 1924 (Cohort B) patients were identified from
the WVCR-Linked database. Table 1 shows the distribution
of clinical and sociodemographic characteristics of these
patients by type of lung cancer. The majority of the patients
had NSCLC diagnosis and late-stage disease. A majority of
the SCLC patients were diagnosed at late stages, as com-
pared to NSCLC patients (P £ 0.05).

Treatment patterns

More than a quarter of all patients received no treatment
for lung cancer (Table 2). Among those patients receiving

Table 1. Characteristics of Continuously Enrolled Medicare Fee-for-Service Beneficiaries

with Incident Lung Cancer Diagnosis in West Virginia, July 2003
through December 2006 (Cohort A), and 2003–2006 (Cohort B)

Proportion (%)

Non-Small Cell Lung Cancer Small Cell Lung Cancer

Characteristics Cohort A Cohort B Cohort A Cohort B

Overall, n (%) 1,444 (85.5) 1,641 (85.3) 245 (14.5) 283 (14.7)
AJCC-TNM Stage^

I 26.9 27.1 6.9 7.1
II 9.8 9.4 - 4.6
III 23.3 23.6 25.3 25.8
IV 40 39.9 63.3 62.5

Age (years)
66–69 23 22.6 24.9 25.8
70–74 29.4 29.9 30.6 30
75–79 26 26.3 23.7 23.7
‡ 80 21.5 21.2 20.8 20.5

Sex
Male 58.2 58 51.8 53
Female 41.8 42 48.2 47

Race
Nonwhite 2.2 2.1 - -
White 97.8 97.9 99.2 99.3

Urban–rural residence
Metro 54.8 54.2 60 60.4
Urban 39.5 40.1 32.2 32.5
Rural 5.6 5.7 7.8 7.1

Comorbidity, Charlson score
0 26.5 26.9 30.2 30
1 29.9 30 29.4 30
‡ 2 43.6 43.1 40.4 39.9

AJCC, American Joint Committee on Cancer; TNM, Tumor Node Metastasis.
^Association between characteristic and cancer type among beneficiaries; chi-square tests (P £ 0.05).
-Cell size suppressed to meet privacy guidelines.
Source: West Virginia Cancer Registry-Medicare linked data files, 2002–2007.
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any treatment, the most common regimens included com-
bination therapy (30.3%) followed by radiotherapy. Sig-
nificant variations in treatment patterns were observed by
lung cancer type, stage, age, sex, urban–rural residence, and
comorbidity score. Specifically, the proportion of patients
receiving surgery or radiation was higher among NSCLC
patients as compared to SCLC patients (P £ 0.05). Similarly,
the proportion of patients receiving surgery also was higher
among those with early-stage disease, as compared to those
with late-stage disease (P £ 0.05).

Delays in diagnosis and treatment

Earliest lung cancer symptoms commonly reported
among patients included chest pain (21.9%), cough (15.4%),
weakness (14.9), and dyspnea (14.8%). Although median
Symptom to Diagnosis delay was approximately 6 months,
the median Diagnosis to Treatment delay was less than a
month on average (Figure 2). Median Symptom to CXR,
CXR to Specialist Visit, and Specialist delays were less than
2 weeks. Diagnosis to Treatment delays were shortest in

patients receiving radiation and were longest in patients
receiving surgery. Symptom to Diagnosis delay was longer
among patients with early-stage disease, old age, female
sex, and high comorbidity score (P £ 0.05). However, Di-
agnosis to Treatment delay was only longer among patients
with NSCLC, and early-stage disease (P £ 0.05; data not
shown).

Receipt of guideline-concordant lung cancer care

Table 3 shows the descriptive characteristics of pa-
tients by receipt of guideline-concordant (appropriate and
timely) lung cancer care. Fewer than half of all patients
(46.5%) received appropriate care in the study popula-
tion. However, of those patients receiving any cancer
care, 78.7% received it in a timely manner. Overall,
patients receiving appropriate care were mostly younger
and of female sex (P £ 0.05). On the other hand, the
proportions of patients receiving timely care were higher
among those with SCLC diagnosis and late-stage disease
(P £ 0.05).

Table 2. Descriptive Characteristics by Type of Treatment among Continuously Enrolled Medicare

Fee-for-Service Beneficiaries with Incident Lung Cancer Diagnosis in West Virginia,

July 2003 through December 2006

Proportion (%)#

Characteristics No Treatment Surgery Only Radiation Only Chemotherapy Only Combination Treatment

Overall, n (%) 453 (26.8) 228 (13.5) 321 (19.0) 176 (10.4) 511 (30.3)

Cancer type^

NSCLC 26.7 15.7 20.6 8.4 28.6
SCLC 27.8 - 9.4 22.5 40

AJCC TNM stage^

I 17.5 43.2 11.4 - 24.9
II 19.6 22.2 12.4 - 43.1
III 25.9 - 18.3 11.8 40.5
IV 34 - 25 15.4 25

Age (years)^

66–69 20.6 14 13 10.4 42
70–74 21.8 14.6 18.4 11 34.2
75–79 27.9 14.1 21.2 10.4 26.5
80 or more 39.2 10.8 23.8 9.7 16.6

Sex^

Male 29.6 12.4 18.3 9.8 29.9
Female 23.1 15 19.9 11.2 30.7

Race
Nonwhite 44.1 11.8 11.8 14.7 17.7
White 26.5 13.5 19.2 10.3 30.5

Urban–rural residence^

Metro 27.6 13.4 20.7 8.4 29.9
Urban 26.8 14.2 17.1 12.2 29.8
Rural 20 10 16 18 36

Comorbidity, Charlson score^

0 31.3 10.3 17.9 10.9 29.5
1 21.6 15.7 18.8 10.1 33.7
‡ 2 27.6 14 19.8 10.3 28.3

NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; AJCC, American Joint Committee on Cancer; TNM, Tumor Node
Metastasis.

#Proportions reported are row percentages of beneficiaries receiving particular treatment.
^Association between characteristic and type of treatment among beneficiaries; chi-square tests (P £ 0.05).
-Cell size suppressed to meet privacy guidelines.
Source: West Virginia Cancer Registry-Medicare linked data files, 2002–2007.
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Factors associated with receipt
of guideline-concordant care

Controlling for sociodemographic characteristics, age
remained a strong predictor of receipt of appropriate care
(Table 4). Compared to patients aged ‡80 years, those aged
66–69 years were more than twice as likely to receive ap-
propriate care, and the odds gradually decreased with in-
crease in age. However, age was not a significant predictor
of timely care. Sex was the only other significant predictor
of receipt of appropriate care, while lung cancer type and
stage were the only other significant predictors of timely
care. Specifically, male patients were 27% (P < 0.05) less
likely to receive appropriate care compared to females. Si-
milarly, NSCLC patients were 60% (P < 0.001) less likely to
receive timely care compared to SCLC patients.

Survival outcomes by receipt of guideline-
concordant care

Three-year median survival time significantly exceeded by
433 days among patients receiving appropriate care (799 vs.
366 days; P £ 0.05). However, contrary to expectation, sur-
vival outcomes were statistically no different among patients
receiving timely care compared to those receiving delayed care
(299 vs. 467 days). Stratified analysis by lung cancer type and
stage showed similar results (data not shown).

Lung cancer mortality risk associated with receipt
of guideline-discordant lung cancer care

In the Cox proportional hazards model assessing appro-
priateness of care, the adjusted lung cancer mortality risk
was significantly higher among patients receiving guideline-

Table 3. Descriptive Characteristics by Receipt of Guideline-Concordant Care among Continuously

Enrolled Medicare Fee-for-Service Beneficiaries with Incident Lung Cancer Diagnosis

in West Virginia, 2003 through 2006

Proportion (%)#

Appropriateness of Care@ Timeliness of Care*

Characteristics Guideline-Concordant Guideline-Discordant Timely Care Delayed Care

Overall, n (%) 444 (46.5%) 511 (53.5%) 1,118 (78.7%) 302 (21.3%)

Lung cancer type^

NSCLC 47.2 52.8 76.8 23.2
SCLC 40 60 90.2 9.9

AJCC TNM stage^

I 89.2 10.8 74 26
II 65.4 34.6 74.4 25.6
III 84.8 15.2 79.2 20.8
IV n/a n/a 82.8 17.2

Age (years)+

66–69 51.8 48.2 78.6 21.4
70–74 53.9 46.1 80.4 19.6
75–79 45 55 77.8 22.2
‡ 80 30.4 69.6 77.2 22.8

Sex+

Male 42.9 57.1 79.9 20.1
Female 51.2 48.8 77.2 22.8

Race
Nonwhite 38.9 61.1 66.7 33.3
White 46.7 53.3 78.9 21.1

Urban–rural residence
Metro 46.8 53.2 76.6 23.4
Urban 47.2 52.8 80.9 19.1
Rural 39.6 60.4 83.5 16.5

Comorbidity, Charlson score
0 45 55 77.2 22.8
1 49.3 50.7 80.2 19.8
‡ 2 45.6 54.4 78.6 21.4

NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; AJCC, American Joint Committee on Cancer; TNM,Tumor Node
Metastasis.

@Guideline-concordant appropriate care determined using American College of Chest Physicians evidence-based guidelines for
diagnosis and management of lung cancer, January 2003.

*Guideline-concordant timely lung cancer care determined using British Thoracic Society and RAND Corporation clinical opinion-
based guidelines for management of lung cancer.

#Row percentages.
+Association between beneficiary characteristics and receipt of guideline-concordant appropriate care; chi-square test (P £ 0.05).
^Association between beneficiary characteristics and receipt of guideline-concordant timely care; chi-square test (P £ 0.05).
Source: West Virginia Cancer Registry-Medicare linked data files, 2002–2007.
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discordant care, relative to those receiving guideline-con-
cordant care (Hazard ratio (HR) = 1.60, 95% Confidence
interval (CI) = (1.23–2.10); P < 0.001). Specifically, lung
cancer mortality risk among patients receiving guideline-
discordant care increased by 60%. However, paradoxical
results were observed in the Cox proportional hazards model
assessing timeliness of care. Specifically, the adjusted lung
cancer mortality risk was found to be significantly lower

among patients receiving delayed care relative to those re-
ceiving timely care (HR (95% CI) = 0.75 (0.60–0.95);
P < 0.05) (data not shown).

Discussion

In 1990, the seminal report Ensuring Quality Cancer
Care by the Institute of Medicine recommended the need for

Table 4. Factors Associated with Receipt of Guideline-Concordant Care among Continuously

Enrolled Medicare Fee-for-Service Beneficiaries with Incident Diagnosis of Lung Cancer

in West Virginia, 2003 through 2006

Receipt of Guideline-concordant care;
Odds Ratio (95% Confidence Interval)

Characteristics Appropriate Care# Timely Care*

Lung cancer type
NSCLC 1.26 (0.97 to 1.59) 0.40*** (0.24 to 0.66)
SCLC 1 (Ref) 1 (Ref)

AJCC TNM stage
I 1.29 (0.98 to 1.55) 0.67* (0.48 to 0.93)
II 1.08 (0.73 to 1.37) 0.69 (0.43 to 1.09)
III 1 (Ref) 0.83 (0.58 to 1.19)
IV n/a 1 (Ref)

Age (years)
66–69 2.50*** (1.65 to 3.79) 1.06 (0.70 to 1.59)
70–74 2.68*** (1.81 to 3.98) 1.24 (0.84 to 1.85)
75–79 1.84** (1.22 to 2.77) 1.06 (0.71 to 1.58)
‡ 80 1 (Ref) 1 (Ref)

Sex
Male 0.73* (0.56 to 0.95) 1.16 (0.89 to 1.52)
Female 1 (Ref) 1 (Ref)

Race
Nonwhite 0.77 (0.25 to 2.34) 0.60 (0.21 to 1.69)
White 1 (Ref) 1 (Ref)

Urban–rural residence
Metro 1.50 (0.82 to 2.77) 0.63 (0.33 to 1.19)
Urban 1.44 (0.78 to 2.66) 0.91 (0.48 to 1.73)
Rural 1 (Ref) 1 (Ref)

Comorbidity, Charlson score
0 0.95 (0.68 to 1.32) 0.85 (0.61 to 1.17)
1 1.14 (0.83 to 1.55) 1.07 (0.78 to 1.47)
‡ 2 1 (Ref) 1 (Ref)

Percentage with some college education (%)^

0.0–0.10 0.34 (0.09 to 1.31) 0.70 (0.24 to 2.08)
0.11–0.20 1.20 (0.90 to 1.59) 1.01 (0.74 to 1.37)
‡ 0.21 1 (Ref) 1 (Ref)

Median household income ($)^

0–25,000 1.53 (0.64 to 3.66) 0.74 (0.33 to 1.63)
25,001–50,000 1.58 (0.70 to 3.59) 1.03 (0.49 to 2.17)
‡ 50,001 1 (Ref) 1 (Ref)

NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; AJCC, American Joint Committee on Cancer; TNM,Tumor Node
Metastasis.

Statistical significance: *P £ 0.05; **P £ 0.01; ***P £ 0.001.
^Census tract level measure.
#Guideline-concordant appropriate care determined using American College of Chest Physicians evidence-based guidelines for diagnosis

and management of lung cancer, January, 2003.
*Guideline-concordant timely lung cancer care determined using British Thoracic Society and RAND Corporation clinical opinion-

based guidelines for management of lung cancer.
Model 1: N = 956, Fit Statistics: -2 restricted log pseudo-likelihood = 4110.26, Covariance parameter estimates: Intercept = county,

estimate = 0.33, standard error = 0.001.
Model 2: N = 1420, Fit Statistics: -2 restricted log pseudo-likelihood = 6639.58, Covariance parameter estimates: Intercept = county,

estimate = 0.14, standard error = 0.10.
Source: West Virginia Cancer Registry-Medicare linked data files, 2002–2007.
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cancer disparities research so as to optimize the delivery of
cancer care for all Americans.19 Despite the fervor gener-
ated by this report, lung cancer disparities still exist in the
rural and medically underserved elderly population, and can
be attributed to variations in lung cancer care. To that end,
this population-based analysis studied the patterns of
guideline-concordant lung cancer care and associated health
outcomes among elderly patients residing in a rural and
medically underserved state.

Lung cancer treatment patterns varied significantly
among elderly patients in the state. Despite the availability
of different treatment options, many patients did not receive
any treatment. The majority of these patients had late-stage
disease and/or were of older age. Therefore, disease severity
may partly explain the lack of treatment among these elderly
patients. Among patients receiving care, delays in lung
cancer diagnosis and treatment also ranged widely in the
state. The median Symptom to Diagnosis delay of >6
months was longer than expected and could be minimized if
all diagnostic investigations are planned during the initial
visit to a physician. On the other hand, the median Diagnosis
to Treatment delays were more or less similar to that re-
ported in prior studies (range: 12.5–52 days).17 Surgically
treated patients had longer delays than those treated non-
surgically, a difference that likely reflects the extra time
needed to refer patents to a thoracic surgeon for additional
treatment consideration. A multidisciplinary team approach
involving both surgeons and oncologists in the care process
may help to minimize such delay.2

Overall, guideline-concordant appropriate care was only
received by fewer than half of all patients. This proportion
was higher than observed in one study (44.7%),18 but lower
than that reported in other previous studies (range: 52%–
76%).10,13–16 The comprehensive nature of this study, cap-
turing the appropriateness of lung cancer staging prior to the
receipt of treatment, may partly explain the differences in
findings. The proportion of patients receiving appropriate
care significantly decreased with an increase in age at di-
agnosis. This finding is similar to that reported in prior
studies, and may be attributed to comorbidity burden in
patients, physician treatment choice, and/or individual
treatment preferences.10–12 Surprisingly, the majority of
patients receiving care received it in a timely fashion. Pa-
tients with NSCLC or early-stage disease were less likely to
receive timely care compared to those with SCLC or late-
stage disease. This finding is likely as patients with limited
disease may have to wait significantly longer for treatment
than those with advanced disease.2 This finding also indi-
cates that severity of disease at presentation may influence
the speed of the medical decision-making process. Contrary
to expectation, urban–rural disparities in receipt of appro-
priate care and timely care were not observed in this study.
This result may be explained by the fact that the majority of
the counties in West Virginia are medically underserved and
are classified as health professional shortage areas.23 Simi-
larly, census-tract level measures of patients socioeconomic
status also failed to explain the observed disparities in re-
ceipt of appropriate care and timely care in this population.
This finding was expected as the state population is gener-
ally characterized as being poor and undereducated.23

As expected, receipt of guideline-concordant appropriate
care significantly improved survival outcomes in patients.

Furthermore, the adjusted lung cancer mortality risk was
found to be significantly higher among patients not receiving
appropriate care. These findings justify the need for unifor-
mity in cancer care through universal adoption of evidence-
based guidelines for lung cancer management and treatment.
However, contrary to expectation, timely care was not asso-
ciated with better prognosis in these patients. Although this
result corroborates findings from previous studies,35–37 it
contradicts findings from 2 US studies.38,39 The observed
paradoxical results may be explained by selection bias, as
symptomatic patients with advanced stage disease are more
likely to receive prompt (timely) care, despite their poor
prognosis to begin with. Although further research is needed
to explore the association between timely care and survival in
these patients, data from this study highlight the opportunities
for improvement in cancer care in this population.

Several limitations of this study should be noted. Although
cancer registry linked claims data were used, an inherent
limitation of using such data is the possibility of misclassi-
fication as a result of coding errors.40 However, claims data
have been evaluated for their utility as a source of epidemi-
ologic or health services information in cancer patients.40 The
results of this study are generalizable to the West Virginia
Medicare fee-for-service population aged 66 years and older,
as data for Medicare beneficiaries enrolled in the managed
care plan were not available for this study. Continuous en-
rollment in Medicare Part A and B was necessary for this
study; therefore, beneficiaries with noncontinuous/intermit-
tent enrollment were excluded. Information on care received
by beneficiaries outside of the Medicare system, or through
non-Medicare providers, was not available for this study.

The research team acknowledges that various clinical
guidelines have been published for lung cancer diagnosis
and management, each with recommendations that are more
or less the same.3–7 For the purpose of this study, appro-
priate care was defined using the ACCP guideline for lung
cancer management and treatment, as it is the most com-
prehensive of all available guidelines.4 The algorithm
adapted from the guideline takes into account the limitations
of the data source. Specifically, information on various lung
function test results and lung performance scores were not
available in the data source, and were not considered in this
analysis. Furthermore, the present study estimates of the
proportion of patients receiving appropriate care may be
biased slightly upward because it included patients who
received appropriate care and additional unproven therapies.

Given the limitations of the data source, delays in diag-
nosis and treatment were defined using Medicare claim date
and may not be exact. The estimates of Symptom to Diag-
nosis delay may be biased as patients for whom the earliest
symptom date could not be identified were excluded when
calculating the delay. It is less likely that any reported lung
cancer symptom was missed because the research team
searched for a comprehensive list of symptoms derived from
the ACCP guidelines for management and treatment of lung
cancer (see online Appendix 1).41 Overall, date of earliest
lung cancer symptom was identified in 90% of the patients
in this study. The research team recognizes that the earliest
symptom identified in this study may have been unrelated to
lung cancer. It is for these reasons Symptom to Diagnosis
delay was excluded in the analysis of guideline-concordant
timely lung cancer care and prognosis. Overall, the team
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acknowledges that the definition of appropriate care and
timely care may be too narrow, and that given the hetero-
geneity of patients seen by physicians, no treatment or de-
layed care may still be considered appropriate. Nonetheless,
this study’s definition of appropriate care and timely care
provides a conceptual framework to assess and compare
patterns of care that were prevalent during the years 2002–
2007. The research team acknowledges the age of data
(2002–2007) used in this study. This resulted from limited
data availability from data sources at the time of building
the WVCR-Linked data set and the procedural delays in
creating the data set for this study. Nonetheless, the team
has reason to believe that the results observed in this study
using 2002–2007 data would have been unchanged if more
recent data had been used. This is because during the past
decade, lung cancer incidence and morality rates have re-
mained higher in West Virginia compared to the United
States. Specifically, during 2002–2007, age-adjusted lung
cancer incidence and morality rates (476.5 and 375.9 per
100,000) among the elderly were higher in West Virginia
than in the United States (383.0 and 308.0 per 100,000). 24,25

And based on the most recent data available from the
Centers for Disease Control and Prevention, in 2008–2011
the age-adjusted lung cancer incidence and morality rates
(442.4 and 361.0 per 100,000) were still higher among
elderly in West Virginia than in the United States (365.5 and
286.1 per 100,000). 24,25 Therefore, the results of this study
still may be considered relevant for the state population.
Future studies can overcome the barriers seen in this study
by collecting data on physician treatment choice, patient
treatment preferences, clinical test information, and individual-
level measures of socioeconomic status.

Conclusions

In summary, variations in lung cancer care exist among
the elderly in the rural and medically underserved state
population. Although guidelines for management and
treatment of lung cancer have been published by various
organizations, their adoption in clinical practice is found to
be limited. The resulting disparities in receipt of guideline-
concordant lung cancer care partly explain the dispro-
portionate burden of lung cancer in this population.
Underutilization of lung cancer diagnostic and management
services among Medicare beneficiaries also is a cause for
concern, as these services are covered under the Medicare
program. Interventions aimed at reducing the observed
disparities in lung cancer care can help to improve health
outcomes in the rural and medically underserved elderly
population.
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