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Abstract
Studies suggest that patients who live in rural areas may have worse clinical outcomes compared
with patients living in urban areas. We studied whether place of residence (rural vs. urban) is
associated with clinical outcomes of patients with leukemia or myelodysplastic syndrome who
received an unrelated donor hematopoietic-cell transplantation (HCT). Patients’ residential ZIP code
at the time of transplant was used to determine rural or urban designation based on the Rural Urban
Commuting Codes. The study included 6140 patients reported to the Center for International Blood
and Marrow Transplant Research from 121 US HCT centers: 1179 (19%) came from rural areas
while 4961 (81%) came from urban areas. Rural and urban patients were similar in patient-, disease-
and transplant-related characteristics aside from household income and distance travelled to HCT
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center. After adjusting for income and other significant patient, disease and transplant-related
variables, the risk of overall mortality between patients residing in rural and urban areas were not
statistically significant (relative risk 1.01, 95% confidence intervals 0.93–1.10, p=0.74). Similar
outcomes were noted for transplant-related mortality, disease-free survival and relapse. Patient’s
income, derived from US Census and based on their residential ZIP code, was independently
associated with outcomes. In summary, our study showed no differences in the clinical outcomes of
patients from rural or urban areas after unrelated donor HCT.
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INTRODUCTION
Hematopoietic-cell transplantation (HCT) is a complex treatment procedure for various
malignant and non-malignant hematological disorders.1–5 Patients who undergo allogeneic
HCT often experience post-transplant complications which may lead to prolonged
hospitalizations, readmissions or even death. Because of the high-risk nature and intensive
resource dependence of allogeneic HCT, not all facilities are able to offer this treatment
modality. Patients who may benefit from allogeneic HCT are often referred to larger treatment
centers. In the United States, transplant centers are usually located in metropolitan or urban
areas and attract a wide range of patients, including many who come from small towns and
rural areas. Transplanted patients often stay in the hospital or close to the transplant center for
an extended time during the peri-transplant period. Patients from rural areas or small towns
usually return to their communities and referring healthcare providers for follow-up, usually
after a period of observation and medical management when appropriate. These healthcare
providers may or may not be oncologists and may not have the expertise in detecting
complications that usually occur post-HCT.

Studies have shown that rural residents must travel from 2 to 10 times the distance of their
urban counterparts to access advanced care, including HCT.6–8 Physician shortages also force
many of these patients to travel great distances for specific care related to their post-transplant
follow-up.9,10 Additionally, rural patients often have lower income than their urban
counterparts, all of which may contribute to poor follow-up care. Rao et al. noted that patients
from rural areas who received autologous HCT from a single Midwest center had a higher risk
of death than urban patients who underwent the same procedure. They noted a 5% lower
survival rate at 1 and 5 years post-HCT among patients from rural areas compared to patients
from urban areas.8 However, they failed to detect a significant difference in the risk of death
according to primary area of residence in the HLA-identical sibling HCT cohort, although this
may have been due to lack of statistical power. It is not known if the characteristics and clinical
outcomes of patients with acute or chronic leukemia who underwent unrelated HCT differ
according to place of residence. We hypothesized that patients who live in rural areas may not
be able to receive optimal post-transplant care when needed which may predispose them to
have inferior clinical outcomes.

METHODS
Data source

The CIBMTR is a research affiliation of the International Bone Marrow Transplant Registry
(IBMTR), Autologous Blood and Marrow Transplant Registry (ABMTR) and the National
Marrow Donor Program (NMDP) that comprises a voluntary working group of more than 450
transplant centers worldwide that contribute detailed data on consecutive allogeneic and
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autologous HCT to a Statistical Center at the Medical College of Wisconsin in Milwaukee and
the NMDP Coordinating Center in Minneapolis. Participating centers are required to report all
transplants consecutively; compliance is monitored by on-site audits. Patients are followed
longitudinally, with yearly follow-up. Computerized checks for errors, physicians’ review of
submitted data and on-site audits of participating centers ensure data quality. Observational
studies conducted by the CIBMTR are done so with a waiver of informed consent and in
compliance with HIPAA regulations as determined by the Institutional Review Board and the
Privacy Officer of the Medical College of Wisconsin.

Subjects
Patients who received an unrelated donor allogeneic HCT with a myeloablative preparative
regimen using either a bone marrow or peripheral blood stem cell source for acute myelogenous
leukemia (AML), acute lymphoblastic leukemia (ALL), chronic myeloid leukemia (CML) or
myelodysplastic syndrome (MDS) between 1995 and 2004 were included in the study. The
study was further limited to transplant centers located within the continental USA and to
patients with available residential postal ZIP codes; 67 patients with missing ZIP codes were
excluded.

All surviving recipients included in this analysis were retrospectively contacted and provided
informed consent for participation in the NMDP research program. Informed consent was
waived by the NMDP Institutional Review Board for all deceased recipients. Approximately
10% of surviving patients would not provide consent for use of research data. To adjust for the
potential bias introduced by exclusion of non-consenting surviving patients, a corrective action
plan modeling process randomly excluded appropriately the same percentage of deceased
patients (n=534) using a biased coin randomization with exclusion probabilities based on
characteristics associated with not providing consent for use of the data in survivors.11 The
final study cohort consisted of 6140 patients representing 121 US transplant centers (Table 1).

Study Variables
Place of residence was defined according to the Rural Urban Commuting Area (RUCA) code
assigned to the ZIP code of the patient’s primary residence at the time of transplant.12 The
RUCA classification was dichotomized into urban or rural designations. The RUCA defines
patients’ location as either urban (≥ 50,000 residents), large rural (10,000 to 49,000 residents),
small rural (2,500 to 9,999 residents), or isolated (< 2,499 residents) based on the Census
Bureau’s definitions of Urbanized Areas and Urban Clusters, which in turn, rely on complex
criteria including population density and population work commuting patterns. The RUCA
classification system is based on the size of cities and towns and their functional relationships
as measured by work commuting. For this study, rural areas included those from large rural,
small rural and isolated. Information about patient race was center-reported and categorized
according to the US Office of Management and Budget classification as White, African-
American, Hispanic or Asian/Pacific-Islander. Patient income was estimated by the mean
household income at the ZIP code level based on the 2004 US Census. The distance between
the patient’s residence and the transplanting center were approximated using the Haversine
approximation on the latitude and longitude of the ZIP Code.13 The package “ZIP Code
deluxe”14 was used to obtain income and location data from the ZIP Code.

Disease status at transplant was classified as early, intermediate or advanced. Early disease
included AML and ALL in first complete remission, CML in first chronic phase, and MDS
with refractory anemia or refractory anemia with ringed sideroblasts. AML and ALL in second
or greater remission or CML in accelerated phase or second or greater chronic phase was
categorized as intermediate disease. Patients with advanced disease had AML and ALL in
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relapse or primary induction failure, CML in blast phase, or MDS with refractory anemia with
excess blasts or excess blasts in transformation.

The NMDP classification of HLA matching status based on best available resolution of typing
was used to categorize HLA matching status as well-matched, partially-matched or
mismatched.15 Briefly, well-matched patients had no identified mismatches at HLA-A, -B, -
C and -DRB1 with low/intermediate or high resolution data available at HLA-A, -B and high
resolution -DRB1. Partially-matched patients had a single locus mismatch at any of the 4 loci
and/or missing HLA-C data. Mismatched patients had 2 or more allele or antigen mismatches.

Outcomes and study definitions
The primary outcome of interest in this study is overall survival, (OS) defined as death from
any cause. Additional outcomes evaluated included disease-free survival (DFS), relapse and
treatment-related mortality (TRM). DFS was defined as survival in complete remission after
HCT. Relapse was defined as disease recurrence at any site, with TRM as a competing risk.
TRM was defined as death in complete remission with relapse as a competing risk.

Statistical analysis
Patient-, disease- and HCT- related characteristics were compared according to rural or urban
distinction using the Chi-square statistic for categorical variables or Kruskal-Wallis test for
continuous variables. Probabilities of OS and DFS were calculated using the Kaplan-Meier
method. Probabilities of TRM and relapse were calculated using the cumulative-incidence
function method. OS, DFS, TRM and relapse were estimated from the time of transplant.

Cox proportional hazards regression analyses were used to examine the association between
place of residence and study outcomes. The following models were built to examine the
association between place of residence and outcomes: 1) unadjusted model with place of
residence or income alone as covariate; 2) place of residence with other statistically significant
patient-, disease-, and transplant-related factors; and 3) model number 2 with income included.
All variables were first examined to assure that they complied with the proportional hazards
assumption. The final multivariate models were built using a forward stepwise model selection
approach. Factors significant at an alpha of 5% were kept in the final model; all p-values are
two-sided. The multivariate models for DFS and TRM were stratified on Karnofsky Score.
Separate models limited to centers that had at least 5 rural and 5 urban patients were also
performed to investigate whether volume effects could account for the findings. These models
produced similar results and are not presented here. In addition, the effect of transplant center
was tested in each model; the results were again similar to the analysis presented here and are
therefore not included. Analyses were performed using SAS software, version 9.1 (SAS
Institute, Cary, NC).

RESULTS
Patient Characteristics

Table 1 shows the comparison of patient-, disease- and transplant-related characteristics
according to patients’ primary area of residence. Of the 6140 patients included in the study,
1179 (19%) came from rural areas while 4961 (81%) came from urban areas. Of the 121 centers
included in this study, 97 (80%) performed HCT on patients who came from rural areas. The
median proportion of patients coming from rural areas was 20% per center (range 1% – 74%).
Patients from rural areas were more likely than patients from urban areas to be white (94% vs.
82%), have lower median income ($34,000 vs. $48,000), and travel longer distances to the
transplant center (124 miles vs. 43 miles). Rural patients were also more likely to be
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transplanted in the areas commonly referred to as the US Midwest region (East North and South
Central, West North Central areas).

Outcome Analysis
Table 2A shows the analysis evaluating the association between place of residence and risk of
death post-transplant. In the unadjusted model, rural patients were 9% more likely to die than
urban patients [Relative Risk (RR) 1.09, 95% confidence interval (CI) 1.01–1.18, p = 0.02].
This association remained statistically significant after adjusting for important patient, disease
and transplant-related variables (RR 1.08, 95% CI 1.00–1.17, p=0.05). However, when the
models were adjusted for income in addition to other prognostic variables, the association
between place of residence and risk of death was no longer significant (RR 1.01, 95% CI 0.93
– 1.10, p = 0.75). Tables 2B, 3A and 3B show no statistically significant association between
place of residence and risk of TRM, treatment-failure and relapse in both unadjusted and
adjusted models. Figure 1 shows the Kaplan Meier plot of the probability of survival and Figure
2 shows the cumulative incidence of TRM according to place of residence.

Causes of Death
Table 4 shows the primary causes of death reported by HCT centers according to area of
residence. The most common cause of death regardless of area of residence was disease
recurrence (25%), followed by infection (20%) and multi-organ failure (18%). There is a
slightly higher proportion of patients from rural areas who died from infection (all etiologies),
22% vs 19%, p = 0.05. Other causes of death appear to be similar in rates between patients
from rural and urban areas.

DISCUSSION
The possibility of healthcare disparities according to place of residence raises concerns about
equitable access. In general, health care access has two fundamental elements: 1) ability of
individuals to get care when needed in a reasonable time frame and 2) once under care, the
ability of the systems to move patients across providers and through the stages of care
(coordination of care) to assure good outcomes. 16,17 Although these concepts are familiar,
there are very few data regarding disparities in access to care in the setting of HCT. Our study
was able to examine some aspects of the second element of access: do the characteristics and
clinical outcomes of patients who were able to receive unrelated HCT differ according to place
of residence? Our study is the largest evaluation of whether rural or urban residence is
associated with outcomes of unrelated donor HCT. We found that except for household income
and distance travelled to transplant centers, rural patients who undergo unrelated HCT are
generally comparable to their urban counterparts in terms of clinical outcomes. Rural patients
are also similar to urban patients with respect to donor search times (preliminary to formal
search), time from diagnosis to transplant, and all parameters related to the actual transplant
(graft type, cell dose, level of HLA matching, etc.); all of which may have some prognostic
significance. Given these overwhelming similarities, it is reassuring that there were no
differences in overall survival and TRM between rural and urban patients when adjustments
are made for income, disease and transplant factors.

A previous single center study8 also noted similarities in the clinical characteristics of patients
who undergo HCT according to place of residence. This study also documented survival
differences between rural and urban autologous patients but not recipients of HLA-identical
sibling HCT. One reason why outcomes may differ in autologous transplantation but not
allogeneic transplantation according to place of residence is that most patients who receive
unrelated HCT and HLA-identical sibling HCT remain under the care of the transplanting
physician for an extended period of time. This is not the case with autologous HCT recipients
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who return more quickly to their referring physicians. It is also possible that rural patients who
are able to access unrelated donor HCT have resources similar to those of urban patients but
are different than rural patients who were not able to access HCT

While rural/urban designation was not associated with outcome, income was associated with
survival and transplant-related mortality. Other studies in different cancer populations have
implicated the prognostic role of income rather consistently.18–21 Our study is not able to
explore further the interaction between the two factors as both rural-urban distinction and
estimated income were derived from the same ZIP code. Ideally, actual income and rural/urban
designation should be collected directly from patients rather than relying on ZIP code to better
explore these factors. Given the impact of income in all of the clinical outcomes studied, future
studies may have to consider this socio-economic factor. Other factors linked with supportive
care, including availability of caregivers, may have some mediating impact on clinical
outcomes. Our study was also not able to separate patients whose HCT were paid for by
Medicaid as this information is not available.

While our study represents the largest cohort to evaluate rural-urban disparity in the setting of
unrelated HCT, it is limited by the retrospective observational study design. Our study was not
able to address the question of whether rural patients who are likely to benefit from HCT are
able to receive this treatment modality similarly to patients who reside in urban areas. This is
probably the most important question regarding access that current available data is not able
to answer. Our study is also not able to explore possible reasons why ZIP code-derived income
was associated with outcome. However it is important to note that income may be used as a
means to identify vulnerable populations who may be at risk for developing inferior outcomes.
Additional studies are needed to look more closely at the process of delivery of care, including
follow-up care, according to income levels and area of residence to begin to understand
potential causes for inferior outcomes.
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Figure 1.
Probability of overall survival according to place of residence

Loberiza et al. Page 9

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Probability of treatment-related mortality according to place of residence
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Table 4

Causes of death according to place of residence

Cause of death Rural Urban p-value

Graft rejection or failure 16 (2) 67 (2) 0.88

Infection 183 (22) 636 (19) 0.05

Interstitial pneumonia 108 (13) 402 (12) 0.45

Acute GVHD 65 (8) 323 (10) 0.10

Chronic GVHD 45 (5) 176 (5) 0.86

Recurrence or persistence of primary disease 210 (25) 824 (25) 0.72

Organ failure 137 (17) 598 (18) 0.34

Secondary malignancy 8 (1) 32 (1) 0.99

Hemorrhage 31 (4) 163 (5) 0.16

Other 21 (3) 91 (3) 0.75
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