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Is distance to chemotherapy an obstacle to adjuvant care among
the N.C. Medicaid—enrolled colon cancer patients?
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Background: Adjuvant chemotherapy for colon cancer has been linked to patient and provider
characteristics but little is known about whether distance to chemotherapy providers constitutes an obstacle
to chemotherapy.

Methods: A total of 1,184 Medicaid patients diagnosed with colon cancer in North Carolina in 1999-2002
comprised the sample. Data from the N.C. Central Cancer Registry, N.C. Medicaid Claims, American
Hospital Directory and US Census were merged. Logistic regression models were used to estimate the
association between chemotherapy receipt and the distance to nearest chemotherapy provider.

Results: Compared to the referent group of SEER-staged II (local) cancer patients living less than 2 miles
from the nearest chemotherapy provider, the odds of receiving chemotherapy fell as the distance to the nearest
provider increased. The odds ratio (OR) for those living >5 to <15 miles away was 0.13 [95% confidence
intervals (CI), 0.04-0.39], and OR for those living >15 miles away was 0.06 (95% CI, 0.01-0.52). Patients
diagnosed with regional, SEER-staged III (regional) cancer were less likely to receive chemotherapy if they
lived in rural areas more than 20 miles away from the nearest provider (OR =0.08; 95% CI, 0.01-0.72).
However, we found no evidence of association between chemotherapy receipt and distance to the nearest
provider for regional cancer patients living in urban areas and those living in rural areas within 20 miles from
the nearest chemotherapy provider.

Conclusions: Distance to provider may be an obstacle to chemotherapy for some groups of low-income
colon cancer patients. Relieving travel burdens of rural patients living far from providers may help Medicaid

increase guideline-consistent adjuvant care for regional cancer patients.
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Introduction

Colorectal cancer is the third most common cancer in
the United States and the third leading cause for cancer
mortality for both men and women (1). Its early detection
and treatment, including adjuvant chemotherapy, may
improve survival (2,3). However, patients with low
socioeconomic status (SES) and those enrolled in Medicaid
have worse access to colon cancer screening, worse access to
treatment and lower survival rates than higher SES groups
(4-7). While adjuvant chemotherapy is recommended for
treatment of all stage III (regional) colon cancer patients
and high-risk cases of SEER stage II (local) colon cancer,
many Medicaid-enrolled patients do not receive the
recommended chemotherapy treatment (5,8). In Etzioni
et al. 2008’s systematic literature review, studies found
chemotherapy receipt for stage III colon cancer patients to
be linked to age, gender, race, SES, insurance status, rural
vs. urban community, and the academic center status and
size of the medical care facility (9). Two of the included
studies addressed geographic variation, but none examined
the distance to provider as a potential obstacle to receiving
chemotherapy (9-11). In our study we address whether
the distance from a patient’s residence to the nearest
chemotherapy provider is associated with the likelihood of
chemotherapy receipt for low-income, Medicaid-enrolled
patients diagnosed with stage III and stage II cancer.

The distance to provider is a proxy for costs associated
with traveling for chemotherapy treatments. Patients who live
further away from the provider spend more time travelling,
may incur higher travel expenses, and face more inconveniences
that lower their likelihood of receiving chemotherapy. Several
studies addressed the relationship between travel burden
and colon cancer care, as well as utilization of medical care
for other types of cancer and medical conditions. Aas found
that colorectal cancer screening participation in Norway
decreased when travel expenses were high (12). Winget ez
al. observed a geographic variation in colon cancer patients’
consultations with oncologists in Canada but could not explain
it by variation in the distance to the nearest cancer facility (13).
Onega et al. found that rural dwellers and those residing in
the Southern region of the US travelled longer distances to
colon cancer care providers but stated that the relationship
between travel burden, care and outcomes for colon cancer
patients is not clearly understood (14). In a UK based study
by Jones ez al. rectal and lung cancer patients were less likely
to receive chemotherapy if the lived in the longest hospital
travel time quartile, but the result for colon cancer was just
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short of being statistically significant (15). Longer distance
to providers was associated with a later diagnosis stage for
breast cancer and lower likelihood of breast cancer screening
and breast-conserving therapy in the US and UK (15-19). US
patients with myocardial infarction who lived within a shorter
distance to the nearest specialized hospital relative to any
nearest hospital were more likely to receive the appropriate
catheterization and revascularization treatment (20-21).

Our topic is especially relevant for Medicaid patients.
While Medicaid covers direct medical costs, patients’ travel
burden may be significant due to low income and limited
means of transportation. According to Freeman er 4l., 31%
of children enrolled in Medicaid Managed Care living in
rural areas and 21% of those living in urban areas had an
unmet medical care need because the care was too far away
or they had no transportation (22). Scoggins ez a/. found that
time-to-treatment of Medicaid colorectal cancer patients in
Washington State was associated with travel burden (16).
Bradley er al. found that low-income Medicaid patients
were less likely to initiate and complete chemotherapy than
Medicare patients and posit that the lack of transportation
support services to help them get to physician offices is one
of the plausible reasons why (5).

Our study contributes to the literature on access to care
for low income colon cancer patients by addressing an under-
explored potential determinant of adjuvant chemotherapy
treatment, the distance to the nearest chemotherapy provider.
Using merged multiple data sources we were able to obtain
both patient and provider residental addresses and create a
unique distance-to-nearest-provider value for each patient.
Such an approach is not common in the existing literature
where the norm is to use the geographic center of a zip code
as the identical address for all patients residing in the zip
code. Further, this study was conducted using a relatively
homogenous sample with respect to income and insurance
status. In order to qualify for the means-tested Medicaid all
patients must have been low income individuals, and because
they all resided in North Carolina, their Medicaid care
was subject to the same legislative policies and rules. Such
sample homogeneity allowed us to more precisely evaluate
whether the distance to provider is a determinant of access to
chemotherapy.

Methods
Conceptual framework

Chemotherapy is expected to improve survival, but it also
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imposes costs on the patient, which has a negative effect
on one’s wellbeing. The distance to provider is a proxy
for non-medical and time costs of transportation. Patients
who live further away from the provider spend more time
travelling, may incur higher travel expenses, and face
more inconveniences. We hypothesize that the larger the
distance to the nearest chemotherapy provider, the larger
the travel and time costs of chemotherapy and the lower the
likelihood of receiving chemotherapy.

Study design and data sources

The dataset was created from four data sources: the
North Carolina Central Cancer Registry, North Carolina
Medicaid/Medicare Claims, American Hospital Directory
and Census 2000. All NC residents diagnosed with cancer
are registered in the NC Central Cancer Registry by law,
and their demographic characteristics and first courses of
treatment are recorded in this file. The registry file was
merged with the NC Medicaid eligibility file by patient’s
social security number, which was de-identified prior to
our analysis. The Medicare and Medicaid claims files were
cross-linked, such that individuals ages 65 and older dually-
enrolled in Medicaid and Medicare have complete claims
data. The NC Medicaid file was merged with the American
Hospital Directory file by the facility identification number.
We used the ESRI ArcGIS software to geocode patient
addresses in the cancer registry and merged it with Census
2000 summary file 3 to obtain the urban/rural status and
community poverty rank. The research was approved by
the Wake Forest University Health Sciences and Davidson
College Institutional Review Boards, the NC Division of
Medicare and Medicaid, and the North Carolina Central
Cancer Registry.

The final sample consists of 1,184 individuals, both
men and women. Following Foley ez 4/., the individuals
were diagnosed with first primary, SEER-staged (C180,
C181, C182, C183, C184, C185, C186, C187, C188,
C189, C199) local or regional colon cancer in the years
1999-2002 and resided in North Carolina (8). They were
Medicaid recipients for the whole duration of the study
and filed a Medicaid claim within 180 days following their
cancer diagnosis. All patients over the age of 65 also have
Medicare claims that crossed-over to the Medicaid claims
files (supplementary materials).

The outcome variable is the receipt of chemotherapy
within 365 days of diagnosis. A patient received
chemotherapy if at least one of the following Healthcare
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Common Procedure Coding Systems procedure codes or
ICD-9 codes appeared in a claim: Jxxx, 964xx, or 965xx
series; G0345 to G0363; Q0083 to Q0085; RC331 to
RC335; S9329; and W8222, and ICD-9 codes 99.25,
V58.1x, V66.2, and V67.2. The NCCN-v1.2011 Treatment
Guidelines recommend adjuvant chemotherapy for patients
with SEER-staged regional cancer and consideration
of chemotherapy for selected high risk patients with
SEER-staged local cancer. For example, a local cancer
chemotherapy referral may be justified by family history
or participation in a clinical trial. Because of different
guidelines, we analyzed regional and local cancer patients
also as two separate samples.

The main explanatory variable of interest is the distance
from the patient’s residential address to the nearest
chemotherapy provider, measured in brackets of (I) 0 to <2 miles
(reference group); (II) 22 to <5 miles; (III) =5 to <15 miles;
and (IV) 215 miles. In an alternative specification, two more
brackets were added: =15 to <20 miles, and >20 miles. We
took the following steps to create the distance variable.
We obtained patient residential addresses from the NC
Cancer Registry file. We identified providers with Medicaid
chemotherapy claims in the Medicaid/Medicare Claims
detail set and obtained their addresses from the Medicaid
provider file. All addresses were geocoded using ArcGIS 9.3
Desktop ArcMap, and distances were computed using SAS
9.1.3 as the straight line distance between the longitude
and latitude coordinates of the patients’ and providers’
addresses. We then assigned the nearest chemotherapy
provider to each patient. To account for opening and
closing of chemotherapy facilities, each patient was
assigned the nearest distance chemotherapy provider out
of a pool of facilities that filed at least one chemotherapy
claim for Medicaid patients during the year of the patient’s
diagnosis or the following year. For example, out of 538
chemotherapy facilities in NC with claims made during
1999-2003, 223 facilities submitted a claim in 1999-2000.
Thus patients diagnosed in 1999 were assigned the nearest
provider out of this pool of 223 facilities. In 20002001, 272
chemotherapy facilities submitted a claim; in 2001-2002,
297; and in 2002-2003, 288.

A total of 140 addresses could not be geocoded in the
NC Cancer Registry file (e.g., P.O. Box addresses) and
thus 140 individuals in the sample have missing values
for the distance to provider. These observations could be
excluded from the analysis only if geocoded addresses were
missing randomly; otherwise their exclusion would result
in biased estimates. We performed the statistical analysis
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Table 1 Characteristics of colon cancer patients enrolled in
Medicaid and diagnosed with local or regional colorectal cancer
[1999-2002]

Characteristics (n=1,184) N %
Patients who received chemotherapy 351 30
Patients with local cancer diagnosis 492 42
Patients with regional cancer diagnosis 692 58
Male 403 34
White 659 56
Age 65 or less 340 29
Age 65 to 75 305 26
Age 75 plus 539 46
Charlson comorbidity Index 1+ 695 59
Living in a rural area 581 49
Referring hospital is an academic center 216 18

With missing distance to nearest chemo

140 12
provider value

Living <2 miles from nearest chemo provider 306 26

Living =2 and <5 miles from nearest chemo

) 247 21
provider
Living =5 and <15 miles from nearest chemo

) 385 33
provider
Living =15 miles from nearest chemo provider 106 9

using a sample that included the observations with missing
values, in which we replaced the missing distance variable
values with a 0 and created a missing variable dichotomous

indicator set to a 1 for observations with the missing values.

Control variables

Control variables including patient, provider and community
characteristics. The NC Cancer Registry was the source for
patient’s age at diagnosis (<65 years, 65-75 years and >75),
gender (male, female) and race (white, other race). The
Medicaid/Medicare Claims detail file was the source for the
non-cancer Charlson Comorbidity Index Score (dichotomous
variable representing score =0 and score =1+) constructed
from patients’ pre-cancer comorbid conditions using ICD-9
codes 1 year prior to the diagnosis (23). It serves as a proxy
for pre-existing health conditions that constitute a higher
mortality risk unrelated to cancer.

Provider characteristics include the reporting hospital’s total
surgery volume and its membership in the University Health
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Consortium, recorded in the American Hospital Directory.
These characteristics are proxies for chemotherapy referral
patterns of physicians who initially diagnosed and/or
surgically treated colon cancer patients in this sample. Most
colon cancer patients get the stage diagnosis and undergo
cancer surgery at a hospital that reports their diagnosis to
the North Carolina Central Cancer registry. Then they
are often referred by their reporting hospital physicians for
medical oncology consultation and adjuvant chemotherapy
that takes place elsewhere at a specialized chemotherapy
facility. The general assumption is that physicians in high
surgery volume hospitals and university-affiliated hospitals
might be more exposed to guidance-consistent care and
referrals.

The community characteristics include the poverty level
of the patient’s Census block group from the US Census file,
assigned to the patient’s geocoded address using geographic
identifiers. If a block level match was not made, 5-digit and
3-digit zip code level poverty data was used (12% match).
The urban vs. rural dichotomous variable was created by
mapping the geocoded patient’s addresses with the USA
Urban Areas layer available in ArcGIS that presents the
Census 2000 Urbanized Area and Urban Clusters.

Statistical analysis

Statistical analysis includes descriptive statistics of patient,
provider and community characteristics and logistic
regression models estimating the receipt of chemotherapy
on the distance to nearest provider variables and control
variables. Statistical significance was indicated by a two-
sided alpha level of 0.05. All data was analyzed using Stata
11. Odds ratios (ORs) and 95% confidence intervals (CI)
are reported.

Results
Descriptive characteristics

The sample consisted of 1,184 individuals, out of which
30% received chemotherapy (7able 1). About 34% were
male, 56% were white, and 59% lived in a rural area. About
42% of patients were diagnosed with the local stage and
58% with the regional stage of colon cancer. The 12% of
local cancer patients and 43% of regional cancer patients
received chemotherapy (Tzble 2). Among local cancer
patients who received chemotherapy, 48% lived within
2 miles from the nearest provider while only 2% lived

jgo.amegroups.com 7 Gastrointest Oncol 2016;7(3):336-344



340 Sparling et al. Distance to provider and chemotherapy

Table 2 Distance to provider and chemotherapy receipt by cancer stage diagnosis [1999-2002]

Local cancer Regional cancer

Did not receive
chemo [n=350

Did not receive )
Received chemo
chemo [n=382

[n=262 (43%)]

All colon cancer

Distance to chemotherapy provider .
patients (n=1,044%)

Received chemo
[n=50 (12%)]

(88%)] (57%)]
Actual distance travelled (miles) 14.85 (n=312) 12.16 (n=50) - 15.36 (n=262) -
Standard deviation 17.81 15.80 - 18.16 -
Range 0.34-144.25 1.03-90.88 - 0.34-144.25 -
Distance to nearest provider (miles) 6.39 3.57 6.58 6.34 6.63
Standard deviation 5.78 3.75 6.10 5.45 5.81
Range 0.03-32.62 0.15-16.90 0.03-31.25 0.18-32.62 0.038-25.24
Living <2 miles from nearest
) 306 (29%) 24 (48%) 119 (31%) 71 (27%) 92 (26%)
chemotherapy provider
Living =2 and <5 miles from nearest
) 247 (24%) 16 (32%) 79 (21%) 67 (26%) 85 (24%)
chemotherapy provider
Living =5 and <15 miles from nearest
) 385 (37%) 9 (18%) 141 (37%) 99 (38%) 136 (39%)
chemotherapy provider
Living =15 miles from nearest
103 (10%) 1(2%) 43 (11%) 25 (10%) 37 (11%)

chemotherapy provider

*, The sample size drops from 1,184 to 1,044 because 140 patients (12% of the sample) do not have geocoded addresses.

at least 15 miles away. In contrast, among local cancer
patients who did not receive chemotherapy, only 35%
lived within 2 miles from the nearest provider and 11%
lived 215 miles away. Among regional cancer patients,
the proportion of patients who lived close vs. far from
chemotherapy providers is similar for the groups who did
and did not receive chemotherapy. Interestingly, while the
average distance from the patient’s residence to the nearest
chemotherapy provider accepting Medicaid patients was
only 6.4 miles, patients who actually received chemotherapy
traveled on average almost 15 miles to their provider.

Logistic regression: distance to the nearest provider and
receipt of chemotherapy

Compared to the referent group of patients living within
2 miles from the nearest chemotherapy, the odds of
receiving chemotherapy fell as the distance to the nearest
chemotherapy provider increased (7able 3). The OR of
receiving chemotherapy for those living 25 to <15 away
was 0.50 (95% CI, 0.31-0.82), and the OR for those living
215 miles away was 0.38 (95% CI, 0.20-0.74). Missing
geocoded address was associated with lower odds of
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chemotherapy receipt (OR =0.53, 95% CI, 0.28-0.98).

Patients were also less likely to receive chemotherapy if
they were diagnosed with the local stage of colon cancer
(OR =0.13, 95% CI, 0.09-0.19), if they were older
(OR =0.39, 95% CI, 0.27-0.57 for those 65 to <75 years
old, and OR =0.09, 95% CI, 0.06-0.14 for those 75 years
and older) and if they lived in a community ranked in
the mid poverty tertile (OR =0.56, 95% CI, 0.38-0.83).
Those living in rural communities were more likely to
receive chemotherapy (OR =1.84, 95%CI, 1.23-2.73) than
patients in urban areas. We found no statistically significant
association between chemotherapy receipt and the reporting
hospital’s attributes, patient’s gender, race and Charlson
comorbidity index.

Distance to provider and diagnosis stage

The NCCN-v1.2011 and v2.2014 Treatment Guidelines
recommend adjuvant chemotherapy treatment for patients
with SEER-staged III regional cancer and consideration of
chemotherapy for patients with high-risk features of SEER-
staged II local cancer. While chemotherapy is recommended
for all patients diagnosed at regional cancer stage, it is not
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Table 3 Factors associated with receipt of chemotherapy (logit)
Factors All Patients (n=1,184) Local cancer diagnosis (n=492) Regional cancer (n=692)
OR 95% ClI P>|z| OR 95% CI P>|z| OR 95% Cl P>|z|

Distance to nearest chemotherapy provider
Probability of chemo if <2 miles: <2 miles (referent group)
>2 to <5 miles 0.80 0.51-1.25 0.33 0.82 0.36-1.89 0.65 0.83 0.49-1.42 0.51
>5 to <15 miles 0.50 0.31-0.82 0.01 0.13 0.04-0.39 0 0.72 0.40-1.27 0.25
>15 miles 0.38 0.2-0.74 0.00 0.06 0.01-0.52 0.01 0.57 0.27-1.21 0.15
Missing
distance 0.53 0.28-0.98 0.04 0.36 0.11-1.19 0.10 0.60 0.29-1.26 0.18
dummy

Control variables
Rural area 1.84 1.23-2.73 0.00 3.33 1.39-7.97 0.01 1.58 1.00-2.50 0.05
Local cancer
diagnosis 0.13 0.09-0.19 0.00 - - - - - -
Poverty mid
tertile 0.56 0.38-0.83 0.00 0.58 0.25-1.34 0.20 0.49 0.31-0.78 0.00
Poverty lowest
tertile 0.75 0.50-1.11 0.15 1.87 0.86-4.05 0.11 0.53 0.33-0.85 0.01
Male 0.79 0.57-1.08 0.14 0.50 0.25-1.00 0.05 0.91 0.63-1.34 0.65
White 0.95 0.68-1.31 0.74 0.57 0.29-1.11 0.10 1.1 0.76-1.64 0.58
Age 65 to <75 0.39 0.27-0.57 0.00 0.36 0.17-0.77 0.01 0.44 0.28-0.69 0
Age 75 or more 0.09 0.06-0.14 0.00 0.15 0.07-0.33 0 0.09 0.06-0.14 0

The 95% CI corresponds to OR; other variables included as controls but found statistically insignificant in all models were hospital
surgery volume, hospital academic center designation, Charlson comorbidity index and diagnosis year (2000, 2001, 2002). Cl,

confidence interval.

uniformly recommended for patients diagnosed at local
stage. Consequently, physician referral patterns and patient
incentives to pursue chemotherapy treatments may differ
across these two groups. We thus stratified the sample into
the local cancer and regional cancer groups and evaluated
the distance-chemotherapy association separately.

We found that distance to the nearest chemotherapy
provider was not associated with lower chemotherapy
receipt for regional cancer patients (7zble 3). On the
other hand, it was a statistically significant determinant of
chemotherapy, with a large magnitude, for patients with
local cancer diagnosis (Table 3). The odds of receiving
chemotherapy fell with distance for patients with local
cancer: OR for those living =5 to <15 miles away was 0.13
(95% CI, 0.04-0.39), and OR for those living >15 miles
away was 0.06 (95% CI, 0.01-0.52). For both the local
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cancer and regional cancer groups, old age continued
to be a statistically significant determinant of lower
likelihood of chemotherapy receipt, while living in a rural
area was associated with a higher likelihood of receiving
chemotherapy.

Distance to provider in rural and urban areas

We next distinguished between the distance-chemotherapy
associations in rural vs. urban areas to acknowledge
potentially different transportation challenges facing
patients. Chemotherapy receipt of urban dwellers with
regional cancer was not associated with distance to the
nearest provider (7zble 4). For regional cancer patients
in rural areas, a statistically significant negative distance-
chemotherapy relationship emerged only for patients living
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Table 4 Factors associated with receipt of chemotherapy for regional cancer patients in urban and rural areas (logit)

Urban area (n=336)

Rural area (n=356)

Factors
OR 95% Cl P>|z| OR 95% Cl P>|z| OR 95% Cl P>|z|
Distance to nearest chemotherapy provider
Probability of chemo if <2 miles: <2 miles (referent group)
>2 to <5 miles 1.04 0.56-1.95 0.90 0.23 0.05-1.19 0.08 0.24 0.05-1.21 0.08
>5 to <15 miles 0.88 0.40-1.94 0.74 0.26 0.06-1.20 0.08 0.26 0.06-1.20 0.08
=15 miles 0.96 0.26-3.63 0.96 0.21 0.04-1.05 0.06 - - -
>15 to <20 miles - - - - - - 0.27 0.05-1.43 0.12
>20 miles - - - - - - 0.08 0.01-0.72 0.02
Missing distance 0.25 0.02-3.20 0.29 0.24 0.05-1.17 0.08 0.24 0.05-1.19 0.08

dummy

The 95% CI corresponds to OR; other variables included as controls but found statistically insignificant in all models were hospital
surgery volume, hospital academic center designation, Charlson comorbidity index and diagnosis year (2000, 2001, 2002). OR,

odds ratio; Cl, confidence interval.

Table 5 Factors associated with receipt of chemotherapy for local cancer patients in urban and rural areas (logit)

Urban area (n=208)

Rural area (n=225)

Factors
OR 95% ClI P>|z| OR 95% CI P>|z|
Probability of chemo if <2 miles
<2 miles (referent group)
>2 to <5 miles 1.00 0.40-2.53 0.99 0.15 0.02-1.37 0.09
>5 to <15 miles (omitted —perfectly predict failure) 0.05 0.01-0.35 0.00
>15 miles (omitted —perfectly predict failure) 0.03 0.00-0.49 0.01

The 95% CI corresponds to OR; other variables included as controls but found statistically insignificant in all models were hospital
surgery volume, hospital academic center designation, Charlson comorbidity index and diagnosis year (2000, 2001, 2002). OR,

odds ratio; Cl, confidence interval.

furthest away. The OR for those living 220 miles from
the nearest chemotherapy provider was 0.08 (95% CI,
0.01-0.72). The missing distance indicator was statistically
significant for the sample of patients living in rural areas,
implying that rural residents with missing geocoded
(residential) addresses, who most likely had PO boxes, were
less likely to receive chemotherapy. This result confirms
that geocoded addresses were not missing randomly in
the sample, and that the inclusion of the missing distance
indicator in the model was justified.

For local cancer patients, we continued to find a strong
negative association between the distance to the nearest
provider and chemotherapy receipt both in rural and urban
areas (Tuble 5). In urban areas, none of the local cancer
patients living more than 5 miles away from the nearest
provider received chemotherapy. In rural areas, the OR of
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receiving chemotherapy for those living >5 to <15 miles
away was 0.05 (95% CI, 0.01-0.35), and the OR was 0.03
for those living 215 miles from the nearest provider (95%
CI, 0.00-0.49).

Discussion

We found that the distance to the nearest provider helps
explain differences in access to chemotherapy for some
groups of Medicaid-enrolled colon cancer patients. First,
local cancer patients in rural areas were less likely to receive
chemotherapy as distance to the nearest chemotherapy
provider increased. Second, none of local cancer patients
living in urban areas more than 5 miles from the nearest
chemotherapy provider received chemotherapy. Third,
regional cancer patients living in rural areas were less
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likely to receive chemotherapy only if they lived more than
20 miles away from the nearest chemotherapy provider.
Last but not least, we found no evidence of association
between distance to the nearest provider and chemotherapy
receipt for regional cancer patients in urban areas and
those living in rural areas within 20 miles from the nearest
chemotherapy provider.

The stronger negative distance-chemotherapy association
found for local cancer patients than regional cancer
patients may reflect that, consistent with recommended
treatment guidelines, chemotherapy is perceived by
physicians and patients to have large benefit for regional
cancer, while chemotherapy is an optional treatment with
a lower potential benefit relative to transportation costs for
treating local cancer. Higher likelihood of chemotherapy
utilization by local cancer patients living close to providers
may reflect unobserved health and participation in clinical
trials, participants of which are likely to live within an
easy reach of treatment facilities, but it may also be a sign
of overuse. More research is needed to better understand
reasons for referring local cancer patients for chemotherapy,
addressing variation in physician practicing styles and
chemotherapy provider concentration, as well as the effect
of chemotherapy on local cancer patients’ survival.

Surprisingly, we found that both regional and local
cancer patients were more likely to receive chemotherapy
in rural areas of NC than in urban areas, which may be a
reflection of solid infrastructure of rural Medicaid services
or outreach programs targeting rural rather than urban
areas. However, at the same time, chemotherapy likelihood
fell in rural areas as distance to the nearest provider
increased. Thus, there is a potential for the NC Medicaid
to improve guideline-consistent care for SEER-staged I1I,
regional cancer patients in rural areas by removing distance-
related obstacles and ensuring viable transportation options
exist for patients living more than 20 miles away from the
nearest chemotherapy provider.

The descriptive statistics raised an additional interesting
point. Both local and regional cancer patients’ actual
distances travelled to the chosen chemotherapy facility were
longer than the distances to the nearest providers actively
serving Medicaid patients. Future research is needed to
understand who bypasses the nearest facility and how such
a choice is related to the reporting hospital characteristics,
willingness of physicians to see Medicaid patients and
survival.

While the use of a relatively homogenous sample of
Medicaid patients in NC had its advantages for studying
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the distance-chemotherapy association, its disadvantage
is limited generalization of the results across state lines
and socio-economic groups of patients. Not being able to
geocode addresses and compute the distance to provider
for 12% of the sample was also a limitation. We addressed
the issue by keeping these observations in the study and
accounting for them through a missing value identifier and
found a negative association between a missing residential
address and the likelihood of receiving chemotherapy
in rural areas. We hypothesize that people with missing
geocoded addresses quite likely had PO box addresses,
which cannot be geocoded. PO boxes are common in
less densely populated areas, and thus a missing address
may be a proxy for living far from providers. Finally, this
study was unable to distinguish between the physician
and patient decisions to pursue chemotherapy treatment
because we do not know whether the physician made a
chemotherapy referral unless the patient actually received
the chemotherapy.

Overall, our study has shown that distance to provider can
be an obstacle to access to colon cancer care for low income
regional cancer patients living in rural areas more than 20 miles
from the nearest provider as well as for patients diagnosed with
local cancer. Medicaid could increase its guidance-consistent
care by relieving travel burdens of regional cancer patients in
rural areas. Future research should address why the association
between distance and chemotherapy is stronger for local
cancer than regional cancer patients and why patients bypass
the nearest facilities for adjuvant care.
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Supplementary

Sample: colon cancer patients who were diagnosed between 1999-2002 (n=1,184)

Colon and rectal, N=4,271

\ 4

Drop no valid SSN (n=1), N=4,270

\
Drop diagnosis year=1998 (n=632), N=3,638

\ 4
Drop non-NC resident (n=4), N=3,634

\ 4

Drop unstaged or missing SEER staging (n=314), N=3,320

A4

Drop class of case is not 1 or 2 (n=145), N=3,175

\ 4

Drop another cancer registry (VA, SC, FL) and unknown reporting facility (n=54), N=3,121

\ 4

Drop no Medicaid claims and registry match (n=514), N=2,607

Y

Drop rectal cancer (C209-212, C218) (n=522), N=2,085

\

Drop distance SEER staging (n=378), N=1,707

\

Drop no Medicaid claims within 180 days after the cancer diagnosis (n=499), N=1,208

\4

Drop 3 months gap in the 1 year prior to diagnosis date (n=24), N=1,184




