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A B S T R A C T

Purpose
Health care access and advanced cancer stage are associated with oncologic outcomes for
numerous common cancers. However, the impact of patient travel distance to health care on
stage at diagnosis has not been well characterized.

Methods
This study used a historical cohort of patients with colon cancer in the National Cancer Data Base
from 2003 through 2010. The primary outcome, stage at diagnosis, was evaluated using
hierarchical regression modeling. A secondary outcome was time to receipt of initial therapy that
was evaluated using Cox shared frailty modeling.

Results
Among 296,474 patients with colon cancer (mean age, 68 � 13.6 years; 47.6% male; 78.5%
white), 3.9% traveled � 50 miles to the diagnosing facility. Fewer black patients, patients with
higher income, and patients with lower education traveled longer distances (trend test P � .001
for all). Patients traveling � 50 miles were more likely to present with metastatic disease
compared with those traveling less than 12.5 miles (odds ratio [OR], 1.18; 95% CI, 1.12 to 1.24)
or 12.5 to 49.9 miles (OR, 1.18; 95% CI, 1.12 to 1.24). In sensitivity analyses, the association was
robust to alternate methods of modeling travel distance (quintile stratification or continuous).
Travel distance � 50 miles was also associated with a higher likelihood of earlier initiation of
therapy compared with travel distance of less than 12.5 miles (hazard ratio [HR], 1.10; 95% CI,
1.08 to 1.13) or 12.5 to 49.9 miles (HR, 1.11; 95% CI, 1.08 to 1.13).

Conclusion
Advanced colon cancer stage at diagnosis is associated with patient travel distance to health care,
which may be a barrier to early cancer screening. Health care reform efforts designed to address
only insurance coverage may not mitigate disparities based on difficulties accessing cancer care.

J Clin Oncol 32:942-948. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Disparities in cancer treatment and outcomes are
well-documented for various cancer sites.1-3 Nu-
merous studies describe patient and provider factors
associated with a patient’s decision or ability to pres-
ent for recommended cancer screening or therapy
and the likelihood that screening or treatment are
recommended by providers.1,4,5 However, the rea-
sons and underlying mechanism for disparities in
cancer care remain unclear.

Travel burden affects patient access to and use
of health care.6,7 Numerous studies document that
travel burden (variably measured as travel distance
or travel time) can result in delays in diagnosis and
can have an impact on the care that patients with a
variety of common cancers ultimately receive.8-14

However, most of this work has used a variety of

definitions for short and/or long travel distance,
without clear consensus, and state-level data or
smaller geographic units were used to define study
cohorts. In the context of highly variable national
geography (ie, travel distance in large states such
as Texas or California may not be readily compa-
rable to travel distance in New England), the gen-
eralizability of these findings may be limited.
Alternatively, linked Surveillance, Epidemiology,
and End Results-Medicare data could be used to
evaluate travel burden among a national cohort.
But studying only elderly patients who might al-
ready face difficulties with travel and/or transpor-
tation at baseline could potentially accentuate the
effect of travel burden. To date, the association
between travel distance and cancer stage at pre-
sentation has not been adequately evaluated in a
national cohort.
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The impact of travel distance on cancer stage is pertinent for two
reasons. First, patients presenting with late-stage cancer have worse
cancer-related outcomes, often with fewer therapeutic options after diag-
nosis and, as a result, might require additional systemic therapies com-
pared with patients diagnosed and treated at an earlier stage.15 Second,
given the variable regional geography of the United States, it important to
understand whether any association between travel distance and ad-
vanced cancer stage at presentation is a national phenomenon or is re-
strictedtomoreremoteregionsofthecountry.Wethereforeevaluatedthe
impact of patient travel distance on cancer stage at presentation among a
national cohort of patients with colon cancer in the United States. Our
hypothesis was that increased travel distance is associated with more ad-
vanced cancer stage at presentation. As a secondary evaluation, we ex-
plored the relationship between travel distance and time to receipt of
initial standard medical and/or surgical therapeutic interventions.

METHODS

Data

The National Cancer Data Base (NCDB) was used to conduct a historical
cohort study of patients with colon cancer diagnosed from 2003 through 2010.
A joint project of the American College of Surgeons Commission on Cancer
(ACS CoC) and the American Cancer Society, the NCDB is a prospectively
collected, hospital-based registry representing roughly 70% of all cancers di-
agnosed in the United States and has accumulated data on approximately 25
million cancer cases. This study was considered exempt by The University of
Texas MD Anderson Cancer Center institutional review board, and the man-
uscript was approved by the ACS CoC.

Study Patients

The flow diagram in Figure 1 shows study exclusion criteria used to
define the cohort. The NCDB provides patient travel distance to the reporting
facility. Therefore, patients diagnosed at institutions other than the reporting
facility were excluded. Patients without a reported travel distance were also
excluded. In addition, patients whose travel distance exceeded 250 miles were
excluded to minimize bias from those who may have electively sought care a
long distance from their primary residence.16

Variables

Demographic and clinical data included age, sex, race/ethnicity (white,
black, Hispanic, Asian, or other), indicators of income and education based on
area of residence derived from Census 2000 data (used as proxies for patient
socioeconomic status), insurance status (categorized as private, Medicare,
Medicaid, other, or uninsured), rurality of residence, Charlson-Deyo comor-
bidity index17 (categorized 0, 1, and � 2), and tumor characteristics (Ameri-
can Joint Committee on Cancer TNM classification). Hospital-level variables
included type of facility (academic/research, comprehensive community can-
cer center, community cancer center, or other) and nine predefined geo-
graphic regions. Precalculated patient travel distance to the reporting facility is
provided in the NCDB and represents an estimate of the “great circle” distance
(in miles) between a patient’s residential ZIP Code centroid and the reporting
hospital’s ZIP Code centroid (as calculated by using the Haversine formula).
Three patient groups were created on the basis of travel distance: short (� 12.5
miles); intermediate (12.5 to 49.9 miles); long (� 50 miles). We selected 50
miles as our long-distance benchmark on the basis of work by Onega et al.9

Analysis

Categorical and continuous variable distributions were assessed by using
standard descriptive statistics. A Cochran-Armitage test of trend was used to
evaluate changes across travel distance categories. Cancer stage at presentation
(distant metastatic v locoregional) was the primary outcome. Multivariable,
two-level (patient and geographic region) hierarchical regression modeling
was used to evaluate the association between travel distance and cancer stage at
presentation. We chose multilevel modeling because we considered the data

correlated—patients from the same geographic region are likely surrounded
by a similar density of health care providers and facilities and thus may face
similar travel difficulties when trying to access medical care.

In a secondary and exploratory analysis, we evaluated the association
between travel distance and time to receipt of initial therapy after diagnosis in
a subgroup who received therapy within 90 days of diagnosis and who were
diagnosed and treated at the same facility (n � 254,797). Patients treated at a
different facility were excluded for two reasons. First, those treated at a differ-
ent hospital from the diagnosing facility have longer times to initiation of
therapy after diagnosis.18 Second, NCDB data provides only travel distance to
the reporting facility. To evaluate for potentially important differences among
patients who were diagnosed and treated at the same versus different institu-
tions, available demographic and clinical variables were compared. The two
groups were generally similar with minimal differences in the distributions of
categorical covariates. Multivariable Cox shared-frailty modeling (assuming a
log-normal distribution) was chosen for the same reason that hierarchical
modeling was selected in the primary analysis.19,20

Models were constructed using a nonparsimonious approach with age
(categorized into � 60 years, 60 to 69, 70 to 79, � 80 years), sex, race,
insurance, income, education, rurality, and patient comorbidity selected as
covariates. Missing data were uncommon, with less than 3% of patients miss-
ing any covariate data used in the regression analyses. Possible interactions
between travel distance and insurance status and also between race and rurality
were examined, but neither interaction term contributed to model perfor-
mance. Sensitivity analyses were also conducted to ensure that study findings
were not dependent on the defined categories for travel distance. In separate
multivariable models, travel distance was categorized on the basis of quintiles
and also as a continuous variable. When modeling distance continuously, two
separate models were created, one with and another without a quadratic term
(distance2), to account for a potential nonlinear relationship between travel
distance and the outcome. All analyses were performed by using SAS 9.3 (SAS

N = 841,963

n = 832,881

n = 636,076

n = 481,861

n = 465,396

n = 361,021

n = 313,221

n = 299,029

n = 296,474

Not adenocarcinoma
(n = 16,465)

Not diagnosed at the reporting facility
(n = 104,375)

Unknown stage and Stage 0
(n = 47,800)

Missing travel distance
(n = 14,192)

Travel distance exceeded 250 miles
(n = 2,555)

National Cancer Data Base patients with a
colorectal cancer diagnosis (2003-2010)

Neither histologic nor cytologic confirmation
(n = 9,082)

Prior cancer diagnosis other than colorectal
(n = 196,804)

Patients with cancer of the appendix/rectum
(n = 154,215)

Fig 1. Flow chart of cohort inclusion/exclusion criteria. Values on the left side of
the diagram indicate No. of patients excluded. Values on right side indicate No.
of patients included.
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Institute, Cary, NC). Statistical comparisons were two-sided and were consid-
ered significant at the P � .05 level.

RESULTS

The cohort comprised 296,474 patients with colon cancer. Mean age
was 68 � 13.6 years, 47.6% were male, and 78.5% were white. Many
had some burden of comorbid illness (30% had a Charlson score � 1).
The majority (53.9%) were diagnosed at a comprehensive community
cancer center, and more than 50% of the patients sought care in the
Southeast, Great Lakes, and Atlantic region. Nearly all patients re-
ceived treatment at the hospital where they were diagnosed (97.7%).

Table 1 summarizes patient demographic and clinical character-
istics as well as diagnosing facility characteristics stratified by patient
travel distance to the diagnosing facility. The proportion of black
patients (trend test P � .001) and patients with higher income (trend
test P � .001) and lower education (trend test P � .001) significantly
decreased with increasing travel distance. Patients traveling longer
distances were significantly more likely to be diagnosed at an
academic/research facility (trend test P � .001), although the op-
posite was true of patients diagnosed at community cancer centers
(trend test P � .001).

Multilevel model results are summarized in Figure 2. Patients
traveling a long distance were more likely than those traveling a short
distance (odds ratio [OR], 1.18; 95% CI, 1.12 to 1.24) to be diagnosed
with metastatic colon cancer at presentation. Patients who traveled a
long distance compared with an intermediate distance were also more
likely (OR, 1.18; 95% CI, 1.12 to 1.24) to present with metastatic
disease. There was no difference between those who traveled short and
intermediate distances. Compared with patients age younger than 60
years, increasing age was associated with decreasing odds of metastatic
disease at diagnosis (60 to 69 years: OR, 0.85; 95% CI, 0.83 to 0.88; 70
to 79 years: OR, 0.72; 95% CI, 0.70 to 0.74; � 80 years: OR, 0.63; 95%
CI, 0.61 to 0.66). Compared with white patients, black patients were
more likely to have metastatic disease at diagnosis (OR, 1.29; 95% CI,
1.26 to 1.33). Compared with patients with private insurance, those
who were uninsured (OR, 1.56; 95% CI, 1.49 to 1.64) and those with
Medicaid (OR, 1.70; 95% CI, 1.63 to 1.77) were also at higher odds of
presenting with metastatic disease.

In an unadjusted time-to-event analysis, there appeared to be an
association between increasing travel distance and receipt of therapy
(Fig 3A-B). After adjustment for relevant covariates, long travel dis-
tance was associated with time to receipt of initial therapy. For patients
with cancer at any stage and among the stage IV subgroup, those who
traveled a long distance were 10% and 9%, respectively, more likely to
initiate therapy earlier compared with patients traveling shorter dis-
tances (all stages: hazard ratio [HR], 1.10; 95% CI, 1.08 to 1.13; stage
IV subgroup: HR, 1.09; 95% CI, 1.03 to 1.15); the effect was similar
with short or intermediate (HR, 1.11; 95% CI, 1.08 to 1.13) distance
used as the reference category. There was no difference in time to
receipt of initial therapy among patients traveling an intermediate
compared with a short distance.

Several sensitivity analyses were performed. Travel distance was
modeled using both quintiles and as a continuous variable. The associa-
tion between longer travel distance and metastatic disease at presentation
was robust in all cases. The analyses were also repeated, stratified by
race/ethnicity (white, black, Hispanic, and Asian). Although point

estimates were generally similar across racial groups compared
with the overall cohort, only the findings among white patients
(approximately 80% of our cohort) were statistically significant.

DISCUSSION

In this national cohort study of patients in the United States who had
colon cancer, we identified an association between patient travel distance
and stage of disease at presentation. Patients traveling � 50 miles to the
diagnosingfacilityweremorelikelytopresentwithmetastaticdiseasethan
patients traveling shorter distances. Cancer stage at presentation signifi-
cantly influences treatment planning as well as short- and long-term
prognoses.Diagnosisatanearlierstagemayallowfornotonlylessinvasive
treatments but also for less treatment all together and therefore lower
incurredhealthcarecosts.21,22Inthecontextofongoingeffortstoimprove
care and identify cost-saving strategies within the US health care system,
and given the high and increasing costs associated with cancer care in the
initial phase of treatment after diagnosis,23,24 finding ways to increase the
proportion of patients with common diseases, such as colon cancer, who
are initially diagnosed at an earlier stage could simultaneously markedly
reduce costs and improve patient outcomes.

A variety of colon cancer screening methods represent cost-
effective strategies for early cancer detection.25,26 For example, Gross
et al27 recently demonstrated parallel increases in the use of colonos-
copy and the detection of early-stage disease. Other recent work has
demonstrated that colonoscopy is associated with a 70% to 80%
decrease in the likelihood of patients presenting with advanced colon
cancer.28,29 Yet national survey data suggest that rates of colon cancer
screening in the United States are only 45% to 58%.30,31 Challenges
obtaining transportation among certain subgroups of the general
population may contribute to these low rates. Over the last decade,
nonmedical financial obstacles (eg, transportation or lack of child
care) and high travel burdens have been acknowledged by the Presi-
dential Cancer Panel as key barriers to health care access.32,33 Issues
with transportation are particularly problematic for underserved pop-
ulations and are likely accentuated by increasing distance to medical
care.34 Therefore, travel distance to medical care may act as a barrier
for patients trying to access health care and could play a role in the low
national rate of colon cancer screening.

We further explored this hypothesis by evaluating the association
between travel distance and the time to receipt of initial therapy after
diagnosis. Surprisingly, we found greater travel distance was positively
associated with receipt of therapy. One possible explanation for this
seeming paradox is that travel distance may cause patients to delay
recommended colon cancer screening (possibly because of the incon-
venience of traveling to a provider or center offering colonoscopy),
but patients will promptly seek medical care, regardless of the distance
they need to travel, once diagnosed. Alternatively, because patients
traveling longer distances were more likely to present with advanced
disease, they may have been either more aggressive about pursuing
therapy because they had metastatic disease or they were symptomatic
and therefore more proactive in pursuing therapy. To this point,
Bilimoria et al18 have shown that earlier-stage disease for several can-
cers, including colon cancer, is associated with increased time from
diagnosis to initiation of treatment.
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Table 1. Patient Demographic, Clinical, and Diagnosing Facility Characteristics Stratified by Travel Distance

Characteristic

Travel Distance

Short (� 12.5 miles)
Intermediate

(12.5-49.9 miles) Long (� 50 miles)

No. % No. % No. %

No. of patients 215,561 69,296 11,617
Demographic characteristics

Age, years
Median 69 67 67
� SD 13.7 13.4 13.2
� 40 2.2 2.7 2.7
40-49 7.0 8.4 7.4
50-59 16.8 19.2 18.0
60-69 21.7 25.4 26.2
70-79 26.4 25.3 26.2
� 80 25.9 19.0 19.6

Male sex 46.7 50.0 50.7
Race/ethnicity

White 76.1 85.0 84.7
Black 14.5 8.9 7.5
Hispanic 5.2 3.2 4.2
Other 3.0 1.7 2.1
Missing 1.2 1.2 1.5

Insurance status
Private 33.1 36.2 30.6
Medicare 56.9 53.6 56.9
Medicaid 4.4 3.7 4.3
Other 0.5 0.8 1.1
Uninsured 3.4 3.8 4.4
Missing 1.7 1.9 2.8

Income, $�

� 46,000 41.6 31.4 9.1
Missing 1.1 1.3 1.7

Education�

� 29% without HS education 38.2 23.8 14.0
Missing 1.1 1.3 1.7

Rurality
Metropolitan 91.8 65.7 25.5
Suburban 6.2 28.3 57.3
Rural 0.1 4.6 15.9
Missing 1.9 1.3 1.3

Clinical characteristics
Comorbidity index

0 69.7 70.7 70.0
1 22.1 21.4 21.5
� 2 8.2 7.9 8.5

AJCC stage
I 23.2 23.5 21.5
II 28.4 27.7 27.6
III 27.6 27.8 27.2
IV 20.9 21.1 23.7

Facility characteristics
Hospital type
Academic/research 22.8 21.2 33.1
Comprehensive community cancer center 53.4 55.4 53.2
Community cancer center 22.1 22.0 12.9
Other 1.7 1.4 0.8

(continued on following page)
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Several studies have described the influence of race as well as
place of residence across the spectrum of cancer care.2,35-38 The Af-
fordable Care Act (ACA) has been proposed as an important step in
addressing national inequities in health care. Key features of the ACA

are designed to improve health care coverage, in particular among
those with low income, underserved minorities, and the uninsured.39

However, in the context of our findings, it is unclear whether this
approach will entirely address the problem at hand. If travel distance is

Table 1. Patient Demographic, Clinical, and Diagnosing Facility Characteristics Stratified by Travel Distance (continued)

Characteristic

Travel Distance

Short (� 12.5 miles)
Intermediate

(12.5-49.9 miles) Long (�50 miles)

No. % No. % No. %

Region
Northeast 7.7 4.7 2.1
Atlantic 17.2 9.5 4.5
Southeast 20.2 23.8 14.9
Great Lakes 21.0 18.4 10.5
South 5.4 11.4 12.9
Midwest 6.5 9.0 21.6
West 6.8 11.0 17.4
Mountain 3.4 3.4 8.2
Pacific 11.7 8.8 8.1

Treating/reporting status† 97.7 97.6 97.2

NOTE. Column percentages may not add up to 100% due to rounding.
Abbreviations: AJCC, American Joint Committee on Cancer; HS, high school; SD, standard deviation.
�Based on Census 2000 data. For income, data represent the percentage of participants whose area of residence had a median household income � $46,000. For

education, data represent the percentage of participants whose area of residence had � 29% adults who did not attain a high school education.
†Hospital where the patient was diagnosed (ie, reporting facility) is the same as the treating hospital.

0.5 1 1.5 2 2.5 3

M− M+

Travel distance
  Intermediate v short
  Long v short
  Long v intermediate
 

Sex, male v female
 

Age, years
  60-69 v < 60
  70-79 v < 60
  > 80 v < 60
 

Race
  Black v white
  Hispanic v white
  Others v white
 

Insurance
  Uninsured v private
  Medicaid v private
  Medicare v private
  Other v private
 

Income ($), ≥ 46,000 v < 46,000
 

Education, ≥ 29% v < 29%
 

County
  Urban v metro
  Rural v metro
 

Comorbidity
  1 v 0
  2 v 0

OR LCL UCL
  

1.00 0.98 1.02
1.18 1.12 1.24
1.18 1.12 1.24
 

1.06 1.04 1.07
 

0.85 0.83 0.88
0.72 0.70 0.74
0.63 0.61 0.66
 

1.29 1.26 1.33
0.99 0.94 1.03
1.01 0.96 1.07
 

1.56 1.49 1.64
1.70 1.63 1.77
1.04 1.02 1.07
1.18 1.05 1.32
 

0.97 0.95 1.00
 

0.97 0.95 1.00
 

0.96 0.93 0.99
0.92 0.86 0.99
 

0.93 0.91 0.95
0.89 0.86 0.93

Fig 2. Forest plot of factors associated with stage IV disease at presentation. Income represents that a patient’s area of residence (on basis of Census 2000 data)
had a median household income � $46,000 or � $46,000. Education represents that a patient’s area of residence (on basis of Census 2000 data) had � 29% or
� 29% of adults who did not attain a high school education. M� represents a lower likelihood of metastatic disease. M� represents a greater likelihood of metastatic
disease. LCL, lower confidence limit; OR, odds ratio; UCL, upper confidence limit.
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a barrier to recommended cancer screening services, simply increasing
health care coverage may not necessarily translate into the desired
outcome—increased access to health care. This raises the question of
how to increase patient access to and use of effective cancer screening
modalities. Increasing the number of and access to primary care pro-
viders (PCPs) has also been proposed as a central aspect of ongoing
plans for health care reform, largely because of the value placed on
PCPs as portals to requisite preventative and screening services.40,41

However, that alone would not address potential travel difficulties that
patients, particularly underserved patients, encounter when trying to
access health care, especially if travel distance to specialists who per-
form endoscopic procedures is unchanged.

Our study results could be interpreted to suggest that detection of
cancer prompts patients to initiate cancer care. If, however, access to
specialists who provide screening colonoscopy is limited by travel
distance, a relatively simple solution could be increasing the use of
noninvasive screening tests that can be ordered and/or performed by
PCPs (ie, fecal occult blood testing). Current examples of this approach
are the Veterans Affairs Health System (the largest integrated health care
system in the United States), in which fecal occult blood testing is the
dominant colorectal screening modality, and Kaiser Permanente, a large
integrated health care system in which fecal-based screening is the recom-
mended system-wide approach and has resulted in screening rates far
exceeding nationally reported rates.42,43 Although noninvasive screening
modalities cannot provide a definitive diagnosis of colon cancer, abnor-
mal findings might prompt patients to act earlier and actively seek care
from providers or centers offering more definitive diagnostic methods. If
the underlying issue is that patients with abnormal screening tests have
limited access to providers who offer colonoscopy for diagnostic pur-
poses, simply increasing use of noninvasive screening modalities would
notadequatelyaddress theoverall problem. For these patients, focusing
additional diagnostic resources in more remote communities would
be more likely to achieve the desired effect. As Accountable Care
Organizations develop, expand, and become a more integral part of
the US health care system, development of satellite clinics closer to
patients who have longer travel distances or bringing mobile cancer
screening personnel and resources to patients in remote communities
could make cancer screening more accessible.

Our study has several notable limitations. Only patients with
colon cancer were considered; therefore, generalizability of our find-

ings to other disease sites for which effective screening modalities exist
remains unclear. NCDB does not include data regarding patients’
ability to travel and patients’ resources. It also lacks provider informa-
tion, such as availability and location of physicians offering colonos-
copy. Travel distance was estimated by using ZIP Code centroids for
both patients and diagnosing facilities, which raises possible misclas-
sification bias. An inherent assumption in our analysis was that pa-
tients traveled by using personal modes of transportation rather than
public transit. For patients who use public transit, travel distance may
actually have been longer than reported. In addition, because ZIP Code
regions can range in size from a city block to many square miles, these
estimatesmayunder-orover-representthetruedistancetraveledforcare.

Ideally, patient and hospital ZIP Code data would have been
provided rather than calculated travel distance. Calculation of patient
travel distance to all the surrounding hospitals and/or providers would
have allowed ascertainment of whether patients traveled to the closest
facility or voluntarily bypassed closer hospitals en route to the diag-
nosing facility. To at least partially address this issue, patients who
traveled more than 250 miles were excluded to mitigate bias intro-
duced by patients electively traveling a greater distance (eg, tertiary
referral center). In our time-to-event analysis, we could not entirely
account for intentional nonreceipt of therapy (ie, patients consciously
electing not to pursue care after diagnosis). Although such patients likely
constitute a small proportion of patients in the general community, we
attempted to account for this possibility by limiting this analysis to pa-
tients who actually initiated therapy within 90 days of diagnosis. Finally,
we recognize that travel distance may be only a proxy and likely does
not entirely reflect all the factors contributing to a patient’s access to
health care providers, institutions, and medical resources.

In 1999, the Institute of Medicine released its report Ensuring
Quality Cancer Care. Among its recommendations for improving
cancer care in the United States was a call to “…ensure entry to, and
equitable treatment within, the cancer care system.”44 Our work sug-
gests that perhaps this chasm has not yet been crossed. With growing
attention to the quality of medical and cancer care and ongoing
changes to the US health care system, finding effective ways to mitigate
disparities in cancer care by understanding relevant modifiable and
nonmodifiable patient factors affecting an individual’s ability to access
health care services may aid in the development of more effective
cancer screening programs.
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Fig 3. Unadjusted time to receipt of initial therapy among patients with (A) any stage disease and (B) stage IV disease.
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