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BACKGROUND: Population-based studies have demonstrated survival disparities related to socioeconomic factors for patients with 
acute myeloid leukemia (AML). The objective of the current study was to determine whether the local health care infrastructure, rep-

resented by Area Health Education Centers (AHEC) region, or treating center experience, represented by National Cancer Institute 
Comprehensive Cancer Center (NCICCC) designation, were associated with outcomes among patients with AML in North Carolina. 
METHODS: Patients who were diagnosed with AML from 2003 to 2009 were identified using the University of North Carolina Line-

berger Integrated Cancer Information and Surveillance System, a database linking insurance claims to the North Carolina Cancer 
Registry. A Cox proportional-hazards model was used to explore survival based on AHEC region. A subset of patients who received 
inpatient chemotherapy was examined to evaluate the impact of treatment at an NCICCC. RESULTS: Nine hundred patients were 
identified in the study period, 553 of whom received inpatient chemotherapy therapy within 30 days of diagnosis. Almost one-half of 
these patients (n 5 294) received chemotherapy at a non-NCICCC. Among the patients who received intensive inpatient therapy, resi-

dence in 3 of 9 AHEC regions was associated with a higher risk of mortality (hazard ratio: range, 1.97-4.03; P <.01) at 1 year in multi-

variate analysis. Treatment at a non-NCICCC was not associated with an increased risk of mortality at 1 year (hazard ratio, 1.25; 95%

confidence interval, 0.95-1.65). CONCLUSIONS: Survival among patients with AML in North Carolina varies according to geographic 
region. Further examination of local practice and referral patterns may inform strategies to improve AML outcomes across the state. 
Cancer 2016;122:3041-50. 
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INTRODUCTION

Background

Acute myeloid leukemia (AML) is the most common leukemia in adults, with approximately 20,830 new cases in the
United States1 and 671 new cases projected in North Carolina in 2015.2 Overall survival for patients with AML has
increased because of hematopoietic stem cell transplantation, improved supportive care, and intensified chemotherapy
regimens.3 Unfortunately, this increased survival is not distributed evenly across patients. Recent population-based studies
have reported decreased overall survival associated with African American race,4-7 Hispanic ethnicity,8 and enrollment in
Medicaid.5,8 Furthermore, the differences in survival between African Americans and whites have increased over the last
20 years.3

The underlying reasons for the poorer outcomes among certain populations are not well understood. It has been
reported that AML tumor biology does not contribute to racial disparities. In fact, studies have demonstrated that African
Americans experience worse outcomes despite presenting at a younger age and with a more favorable cytogenetic pro-
file.4,5,9,10 Recently published findings suggest that racial survival disparities may be caused in part by differences in treat-
ment or access to care. Patel et al reported that, when controlling for other factors, such as age, cytogenetics, and patient
comorbidities, African Americans were less likely to receive chemotherapy for any type of AML. Controlling for the inten-
sity of chemotherapy attenuated this racial disparity in survival.11 Furthermore, even greater differences in survival
between African Americans and whites have been observed among those with acute promyelocytic leukemia—an AML
subtype that is usually associated with favorable outcomes.10 These findings raise the concern that African Americans may
not be receiving timely administration of appropriate, targeted therapy. The degree to which individual demographic
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factors affect survival varies from 1 study to another, and
some smaller, single-institution studies have not reported
an association between race or income and worse out-
comes.9,12 This suggests that demographic features like
race actually may be surrogate markers for other factors
affecting outcome, such as decreased access to quality
care.

One such potential variable that is not well under-
stood is the impact of receiving treatment at a National
Cancer Institute Comprehensive Cancer Center
(NCICCC) as opposed to other health care facilities. The
NCICCC designation has been proposed as an indicator
of quality of care. Population-based studies have demon-
strated improved outcomes for patients with a variety
of solid tumors who are treated at NCICCCs13-15 and
indicated that certain minorities are less likely to receive
treatment at an NCICCC.16 However, the impact of
treatment at an NCICCC for patients with hematologic
malignancies is less clear. By using the California cancer
registry, Wolfson and colleagues demonstrated that
receiving treatment at an NCICCC improved survival
outcomes among patients who were treated for various
solid tumors13 and among adolescents and young adults
with any type of hematologic malignancy. It is notewor-
thy that those studies also demonstrated that African
American race, Hispanic ethnicity, and increased distance
to an NCICCC decreased the odds of receiving care at an
NCICCC.17 The state of North Carolina offers a unique
opportunity to examine the impact of regional variation
and treatment center expertise on survival from AML,
because it contains 3 NCICCCs and a robust Area Health
Education Centers (AHEC) program. The mission of the
AHEC program in each state is to improve access to qual-
ity health care by increasing the distribution of health care
professionals through community/academic educational
partnerships.18 North Carolina is divided into 9 AHEC
regions in which the resources of academic centers are
directed to underserved areas. All parts of the state are
included within a designated AHEC region. In the field of
oncology, this takes the form of education for community
providers, including nurses, nurse practitioners, and
primary care physicians. Survival disparities by AHEC
region have not been described for any malignancy.

Objectives

The primary objective of this study was to examine the
impact of AHEC region on survival among adults with
AML in North Carolina, a state with a large rural popula-
tion. We hypothesized that variation in regional health
care delivery would contribute to survival differences

using AHEC region as the geographic unit of analysis.
The secondary objective of this study was to examine the
impact of treating facility expertise, as represented by
NCICCC designation, on overall survival for patients
with AML in North Carolina. We hypothesized that treat-
ment at an NCICCC would be associated with superior
overall survival.

MATERIALS AND METHODS

Study Population

A retrospective cohort of adult patients with AML was
identified using the University of North Carolina Inte-
grated Cancer Information and Surveillance System
(ICISS). The ICISS data comprise a nationally unique,
state-based data set representing linkage of the North Car-
olina Central Cancer Registry (NC CCR) (>400,000
patients) to over 6 million unique beneficiaries in Medi-
care, Medicaid, and private insurance plans across the
state.

We included all patients aged >18 years in the NC
CCR who had a diagnosis of AML between 2003 and
2009 (N 5 2508). Patients were excluded if they were ini-
tially diagnosed on death certificate or at autopsy
(N 5 83) or if they had nonspecified/ineligible Interna-
tional Classification of Diseases for Oncology, 3rd edition
histology codes: leukemia, not otherwise specified (NOS);
myeloid leukemia, NOS; acute leukemia, NOS; and acute
promyelocytic leukemia (N 5 278). Patients who had
multiple primary AML diagnoses were excluded (N 5 2).
Patients who died within 1 week of diagnosis date also
were excluded to retain those who were clearly eligible to
initiate intensive therapy (N 5 158). To ensure that we
could observe complete health care use, patients were
required to have continuous insurance enrollment from 1
month before their AML diagnosis to 3 months postdiag-
nosis or until death (N 5 1198). We also excluded
patients who appeared simultaneously under multiple
payers within the study period (N 5 17). We excluded
patients who were missing a claim for bone marrow
biopsy within 30 days before and 14 days after diagnosis
(N 5 201). Finally, we excluded patients who did not
have complete geolocation information (census tract or
complete address/zip code), which was required for the
categorization of sociodemographic variables described
below. There were 900 individuals who met all study
inclusion criteria.

Exposure and Outcome Measurement

Patients were assigned to AHEC regions based on cancer
registry geocoding of the patient’s address at diagnosis.



Straight-line (Euclidean) distance to the nearest possible
NCICCC was calculated for all patients using the geo-
coded addresses of the 3 NCICCCs and the patient’s
address at diagnosis. Patients who received inpatient
chemotherapy were divided into those who received ther-
apy at an NCICCC versus a non-NCICCC. All institu-
tions within North Carolina were included.

For the inpatient chemotherapy cohort, data on the
distance to both NCICCCs and non-NCICCCs were
required. Unfortunately, complete addresses and geocod-
ing for certain non-NCICCCs were not available. There-
fore, these analyses used the distance from the patient’s
home to the zip code centroid of the treating facility.
Others have demonstrated that differences in distance
measurements are very small between a patient’s home
and the treating facility when using either physical
addresses or zip code centroids.19

Inpatient chemotherapy within 30 days of diagnosis
was identified through insurance claims for chemotherapy
during the first or second hospitalization and/or a specific
regimen and administration date captured by the registry.
The time to death was measured from the date of diagno-
sis until date of death reported in the cancer registry.
Patients were censored if they were missing a death date
(ie, still alive) or if they died>12 months after diagnosis.

Covariates

Information from the cancer registry was used to identify
patient’s age, sex, race, year of diagnosis, and sequence of
cancer occurrence. The registry also provided information
on the specific tumor sequence and histology. Insurance
enrollment data were used to categorize patients according
to the type of insurance coverage. Claims were then used
to calculate the Charlson comorbidity index (CCI) and to
identify receipt of allogeneic hematopoietic stem cell
transplantation.

Sociodemographic covariates, which were defined
using census tract information from the American Com-
munity Survey (2005-2009), included quartile of median
income, percentage of population unemployed, percent-
age of population living in poverty, and percentage of
population with less than a high school diploma. Rural
versus urban residence also was included (defined from
Rural-Urban Commuting Area codes [RUCA])20 using
the zip code approximation RUCA. The zip code RUCA
was selected to provide a second level of geographic detail.
The Rural Health Research Center indicates that the
agreement between zip code and census tract RUCA is
99%.21

Statistical Analysis

We used generalized estimating equations to control the
regional clustering effect, to estimate the odds of receiving
inpatient chemotherapy in the entire cohort (N 5 900),
and to estimate the odds of receiving therapy at an
NCICCC for the inpatient chemotherapy cohort
(N 5 553) while adjusting for other measured covariates.
The covariates included age, sex, race, insurance type,
CCI, distance to hospital, resident AHEC region, and the
sociodemographic variables discussed above.

For both the full cohort and the cohort that received
inpatient chemotherapy within 30 days (N 5 553), we
applied Cox proportional-hazards modeling to estimate
predictors associated with survival. Model assumptions
regarding proportional hazards were met. Covariates for
all models included age, sex, race, insurance type, CCI,
rural versus urban zip code, AHEC region, and the socio-
demographic variables discussed above. For the inpatient
chemotherapy cohort, treatment at an NCICCC versus
a non-NCICCC was also included. Multicollinearity
between the main exposure variables was tested by
examining a variance inflation factor (<10). In addition,
a generalized estimating equation was used to identify
the factors associated with an increased odds of receiving
therapy at an NCICCC. Sensitivity analyses were per-
formed to check the regression estimates with or without
the exclusion of patients who died within 1 week after
diagnosis. All analyses were conducted using the SAS
statistical software package (version 9.4; SAS Institute,
Inc, Cary, NC).

RESULTS

Cohort Demographics

Nine hundred patients with newly diagnosed AML were
included in our cohort. The majority of patients were
aged >60 years (74%; age range, 19-97 years; mean age,
65.3 years) and were non-Hispanic whites (85%). The
cohort had a slightly higher proportion of males (54%).
Consistent with the age distribution of the study sample,
most were enrolled in Medicare only (57%), 24% had
some form of private insurance, and 19% had Medicaid
coverage. Patients were evenly distributed among the
4 median household income quartiles. One-third of
patients had a primary residence in a rural area, and
two-thirds had a primary residence located >40 miles
from the nearest NCICCC.

Most patients had de novo AML (78%) and limited
comorbidities, with a Charlson score of 0 (83%). Inpa-
tient chemotherapy was received by 61% of patients in
the cohort within 30 days of diagnosis. Only 5% of



TABLE 1. Cohort Summary

No. of Patients (%)

All Patients
Outpatient or

No Chemotherapy
Inpatient Chemotherapy

at an NCICCC
Inpatient Chemotherapy

at a non-NCICCC

Variable 900 (100) 347 (39) 294 (33) 259 (29)

Age group, y

19-40 87 (10) —a 44 (15) 33 (12)

40-59 147 (16) 24 (7) 65 (22) 58 (22)

60-69 220 (24) 63 (18) 87 (30) 70 (27)

70-79 275 (31) 127 (37) 76 (26) 72 (28)

�80 171 (19) 122 (35) 22 (7) 27 (10)

Sex

Female 410 (46) 159 (46) 138 (47) 113 (44)

Male 490 (54) 188 (54) 156 (53) 146 (56)

Race

Non-Hispanic white 764 (85) 309 (89) 246 (84) 209 (81)

Other 136 (15) 38 (11) 48 (16) 50 (19)

Household income quartile

First 226 (25) 91 (26) 75 (26) 60 (23)

Second 225 (25) 94 (27) 69 (23) 62 (24)

Third 224 (25) 76 (22) 81 (28) 67 (26)

Fourth 225 (25) 86 (25) 69 (23) 70 (27)

% Population with less than a high school diploma

Mean 6 SD 16.9 6 9.3 16.4 6 9.1 18.1 6 9.2 16 6 9.4

Range 0-50 0-41 1-47 0-50

% Unemployment

Mean 6 SD 7.7 6 4.1 7.7 6 4.1 7.9 6 3.8 7.3 6 4.4

Range 0-34 0-32 0-24 0- 34

% Population living in poverty

Mean 6 SD 13.4 6 8.4 13.4 6 8.1 14 6 8.7 12.8 6 8.5

Range 0-63 1-63 2-55 0-59

Health care plan

Medicare only 510 (57) 244 (70) 128 (44) 138 (53)

Private or private 1 Medicare 218 (24) 56 (16) 98 (33) 64 (25)

Any Medicaid 172 (19) 47 (14) 68 (23) 57 (22)

NC AHEC region

Greensboro 99 (11) 37 (11) 45 (15) 17 (7)

Southern Regional 64 (7) 19 (5) 37 (13) —a

Mountain 89 (10) 42 (12) —a 39 (15)

Northwest 175 (19) 61 (18) 41 (16) 41 (16)

Charlotte 160 (18) 72 (21) 22 (7) 66 (25)

Wake 115 (13) 41 (12) 45 (15) 29 (11)

Area L 39 (4) 16 (5) —a 13 (5)

Eastern 109 (12) 41 (12) 26 (9) 42 (16)

South East 50 (6) 18 (5) 28 (10) —a

First or only cancer

Yes 701 (78) 258 (74) 232 (79) 211 (81)

No 199 (22) 89 (26) 62 (21) 48 (19)

Charlson scoreb

0 745 (83) 274 (79) 246 (84) 225 (87)

�1 155 (17) 73 (21) 48 (16) 34 (13)

HSCT by 1 y

No 852 (95) 342 (99) 262 (89) 248 (96)

Yes 48 (5) —a 32 (11) —a

Distance to NCICCC, miles

<40 287 (32) 106 (31) 116 (39) 65 (25)

40-70 252 (28) 98 (28) 79 (27) 75 (29)

>70 361 (40) 143 (41) 99 (34) 119 (46)

Abbreviations: HSCT, hematopoietic stem cell transplantation; NC AHEC, North Carolina Area Health Education Center; NCICCC, National Cancer Institute

Comprehensive Cancer Center; SD, standard deviation.
a Values for cell sizes <11 were suppressed to protect patient confidentiality. Patients with missing data were not included.
b These scores include patients who could not to be assessed.



TABLE 2. Survival Models: Risk of Mortality at 1 Year Postdiagnosis for the Full Cohort and the Inpatient
Chemotherapy Cohort

HR (95%CI)

Variable Full Cohort
Inpatient Chemotherapy

Cohort

Age group, y

19-40 Referent Referent

40-59 1.52 (0.96-2.41) 1.4 (0.84-2.34)

60-69 2.96 (1.89-4.64)a 2.98 (1.77-5.03)a

70-79 3.69 (2.34-5.84)a 3.68 (2.13-6.39)a

�80 7.59 (4.71-12.22)a 8.34 (4.53-15.32)a

Sex

Male Referent Referent

Female 0.89 (0.75-1.05) 0.88 (0.69-1.12)

Race

Non-Hispanic white Referent Referent

Other 1.06 (0.81-1.37) 1.1 (0.8-1.53)

Household income quartileb

First 1.22 (0.81-1.86) 1.26 (0.7-2.26)

Second 1.18 (0.86-1.62) 1.25 (0.81-1.93)

Third 1.02 (0.77-1.33) 1.01 (0.69-1.46)

Fourth Referent Referent

Rural zip code

No Referent Referent

Yes 0.99 (0.81-1.22) 1.04 (0.77-1.40)

% Population with less than high school diplomac 1.00 (0.99-1.02) 1.00 (0.98-1.03)

% Unemploymentc 0.99 (0.97-1.02) 0.99 (0.96-1.03

% Population living in povertyc 0.99 (0.98-1.01) 0.99 (0.97-1.01)

Health care plan

Medicare only 0.91 (0.71-1.17) 0.87 (0.63-1.21)

Private or private 1 Medicare Referent Referent

Any Medicaid 1.36 (1.00-1.85)a 1.24 (0.83-1.85)

NC AHEC region

Greensboro Referent Referent

Southern Regional 1.57 (0.93-2.63) 1.65 (0.95-2.86)

Mountain 1.62 (0.94-2.81) 1.03 (0.56-1.88)

Northwest 1.22 (0.85-1.76) 1.12 (0.68-1.84)

Charlotte 2.00 (1.25-3.19)a 1.54 (0.94-2.54)

Wake 1.47 (1.02-2.10)a 1.97 (1.19-3.25)a

Area L 2.76 (1.59-4.80)a 4.03 (2.15-7.53)a

Eastern 2.63 (1.56-4.45)a 2.21 (1.3-3.74)a

South East 1.53 (0.82-2.88) 1.07 (0.53-2.14)

First or only cancer

Yes Referent Referent

No 1.12 (0.92-1.36) 1.37 (1.03-1.83)a

Charlson score

0d Referent Referent

�1 1.68 (1.36-2.07)a 1.34 (0.98-1.83)

Inpatient chemotherapy

Yes Referent —

No 1.28 (1.07-1.54)a —

HSC by 1 y

Yes Referent Referent

No 2.09 (1.15-3.83)a 2.86 (1.41-5.81)a

Distance to NCICCC, miles

<40 Referent —

40-70 0.87 (0.62-1.22) —

>70 0.66 (0.44-1.00)a —

Distance to treating facility, miles

<20 — Referent

�20 — 1.14 (0.85-1.52)

Treatment at NCICCC

Yes — Referent

No — 1.25 (0.95-1.65)

Abbreviations: CI, confidence interval; HR, hazard ratio; HSCT, hematopoietic stem cell transplantation; NC AHEC, North Carolina Area Health Education Cen-

ter; NCICCC, National Cancer Institute Comprehensive Cancer Center.
a P<.05.
b Missing data were not included.
c This was considered as a continuous variable.
d These scores include patients who could not be assessed.



patients proceeded to undergo allogeneic stem cell trans-
plantation within 1 year of diagnosis. However, when
analyzed by age, we observed that 16% of patients aged< 60
years underwent stem cell transplantation (Table 1).

Survival Analysis for Full Cohort

Home residence in 4 of 9 NC AHEC regions was associ-
ated with an increased risk of mortality (hazard ratio
[HR], 1.47-2.63; P< .05) at 1 year in multivariate analy-
sis. As expected, a higher burden of comorbid illness
(CCI,� 1; HR, 1.68; 95% confidence interval [CI],
1.36-2.07; P< .001) and receipt of only outpatient or no
chemotherapy (HR, 1.28; 95% CI, 1.07-1.54; P< .01)
were associated with an increased risk of mortality.
Similarly, the patients who did not undergo allogeneic
hematopoietic stem cell transplantation within 1 year of
diagnosis had an increased risk of mortality (HR, 2.09;
95% CI, 1.15-3.83; P< .05). Enrollment in Medicaid
was also associated with increased mortality compared
with individuals who were enrolled in private insurance
(HR, 1.36; 95% CI, 1.00-1.85; P< .05). Race, rural resi-
dence, and the income, education, and poverty level of the
patient’s zip code were not associated with increased mor-
tality at 1 year in multivariate analysis (Table 2).

Survival Analysis for the Inpatient
Chemotherapy Cohort

Patients aged> 60 years were less likely to receive inpa-
tient chemotherapy (ages 18-40 years vs 60-69 years: odds
ratio [OR], 0.38; 95% CI, 0.18-0.79; P< .01; ages 70-79
years: OR, 0.17; 95% CI, 0.08-0.37; P< .001; aged� 80
years: OR, 0.06; 95% CI, 0.03-0.12; P< .001). The
remaining covariates were not associated with the receipt
of inpatient chemotherapy, including distance to the near-
est NCICCC.

Among the patients who received inpatient chemo-
therapy, nearly one-half were treated at a non-NCICCC
(N 5 294). Factors that were associated with a decreased
likelihood of receiving treatment at an NCICCC included
residence in 5 of 9 AHEC regions (OR, 0.06-0.42;
P< .05). Increased distance from home to the treating fa-
cility was associated with an increased likelihood of treat-
ment at an NCICCC (>20 vs< 20 miles: OR, 5.28; 95%
CI, 3.13-8.93; P< .001) and a higher comorbidity index
score (OR, 2.14; 95% CI, 1.09-4.22; P< .05) (Table 3).
However, distance from home to the nearest NCICCC
was not associated with treatment at an NCICCC.

Multivariate analysis did not demonstrate a higher
risk of mortality at 1 year associated with treatment at a
non-NCICCC compared with an NCICCC (HR, 1.25;
95% CI, 0.95-1.65) when controlling for AHEC region.
For the inpatient chemotherapy cohort, residence in 3 of
9 AHEC regions was associated with increased mortality
while controlling for all other covariates (HR range, 1.97-
4.03, P< .01 for each) (Fig. 1). The distance from the

TABLE 3. Factors Associated With Treatment at a
National Cancer Institute Comprehensive Cancer
Center

Variable OR (95% CI)

Age group, y

19-40 Referent

40-59 0.68 (0.33-1.41)

60-69 1.27 (0.57-2.85)

70-79 1.34 (0.54-3.35)

�80 0.99 (0.36-2.70)

Sex

Male Referent

Female 1.05 (0.68-1.63)

Race

Non-Hispanic white Referent

Other 0.85 (0.44-1.66)

Household income quartile

First 0.26 (0.08-0.82)a

Second 0.48 (0.19-1.22)

Third 0.75 (0.38-1.48)

Fourth Referent

% Population with less than high school diplomab 1.03 (0.99-1.07)

% Unemploymentb 1.03 (0.96-1.11)

% Population living in povertyb 1.01 (0.98-1.05)

Rural zip code

No Referent

Yes 1.14 (0.64-2.01)

Health care plan

Medicare only 0.54 (0.29-0.99)a

Private or private 1 Medicare Referent

Any Medicaid 1.04 (0.51-2.09)

NC AHEC region

Greensboro Referent

Southern Regional 1.74 (0.45-6.69)

Mountain 0.06 (0.01-0.25)a

Northwest 0.46 (0.19-1.10)

Charlotte 0.12 (0.04-0.36)a

Wake 0.42 (0.19-0.90)a

Area L 0.12 (0.03-0.49)a

Eastern 0.14 (0.04-0.51)a

South East 1.62 (0.34-7.67)

Charlson score

0 Referent

�1 2.14(1.09-4.22)a

HSCT by 1 y

Yes Referent

No 0.34 (0.14-0.83)a

Distance to NCICCC, miles

<40 Referent

40-70 0.74 (0.31-1.76)

>70 0.69 (0.25-1.92)

Distance to treating facility, miles

<20 Referent

�20 5.28 (3.13-8.93)a

Abbreviations: CI, confidence interval; HSCT, hematopoietic stem cell trans-

plantation; NC AHEC, North Carolina Area Health Education Center;

NCICCC, National Cancer Institute Comprehensive Cancer Center; OR,

odds ratio.
a P<.05.
b This was considered as a continuous variable.



patient’s residence to the treating facility or nearest
NCICCC was not associated with mortality. Similar to
the model including the full study cohort, increasing age
(eg, ages 60-69 years: HR, 2.98; 95% CI, 1.77-5.03;
P< .001). However, CCI� 1 was not significantly associ-
ated with mortality (HR, 1.34; 95% CI, 0.98-1.83).
Again, sociodemographic variables based on census level
data (income, unemployment, poverty level, education)
were not associated with survival in multivariate analysis
(Table 2).

DISCUSSION
By using the North Carolina ICISS, a statewide tumor
registry linked to a multipayer insurance claims database,
we observed that survival among patients with AML in
North Carolina varied according to geographic region.
These regional survival disparities persisted despite con-
trolling for regional demographic variables (education,
poverty level, unemployment rate, income) and patient
variables (sex, race, health care plan, distance to treating
facility, comorbidities). In analyses of the full patient
cohort, worse outcomes were associated with residence in
4 of 9 AHEC regions. Three of those regions retained a
significant association with worse outcomes in an analysis
of the subset of patients who received intensive inpatient
therapy. Observing survival differences according to
region of residence in both the full and subgroup cohorts
suggests that the intensity of therapy alone is insufficient
to account for these regional disparities.

The causative factors for these geographic survival
disparities are not clear from our data and will require

further investigation. Through discussion with the AHEC
program office, we have learned that there are statistically
significant differences in health care resources among
AHEC regions, with Area L reporting some of the lowest
resources and highest burden of disease (Table 4). For
example, compared with the referent AHEC region, Area
L has fewer general practitioners and radiation oncologists
per 100,000 population (19.1 vs 30.5 and 0.6 vs 1.9,
respectively). Information regarding specific financial
resources or the availability of other subspecialty providers
was not available. The higher proportion of radiation
oncologists in the referent region may suggest greater
availability of all subspecialists involved in the care of
patients with cancer, and this may contribute to improved
outcomes. Data from the American Community Survey
also highlight important sociodemographic differences
among the AHEC regions (Table 4), although these dif-
ferences do explain the survival differences observed in
our study. For example, compared with the referent
AHEC region, Area L is characterized by a lower percent-
age of non-Hispanic whites (45.5% vs 69%), a lower per-
capita income ($19,000 vs $ 23,000), a higher percentage
of residents without a high school education (16.8% vs
13.9%), and a higher percentage of the population living
in poverty (21% vs 16.3%). However, another AHEC
region associated with increased mortality (Wake) has a
more favorable sociodemographic profile. Compared
with the referent region, Wake has a similar percentage of
non-Hispanic whites (61.3% vs 66.6%), a higher per cap-
ita income ($28,326 vs $25,010), and a lower percentage
of the population living in poverty (11.8% vs 15.3%).

Figure 1. Hazard ratios (HRs) with 95% confidence intervals are illustrated from a survival analyses according to Area Health Edu-
cation Centers region for adults with acute myeloid leukemia in North Carolina who received inpatient chemotherapy from 2003
to 2009 (n 5 553). Cities with populations> 100,000 are noted.



We hypothesized that treatment at an NCICCC
would be associated with better outcomes for patients
with AML in North Carolina. Among those who received
intensive inpatient therapy, we did not observe a signifi-
cant association between treatment at an NCICCC and
mortality at 1 year when controlling for AHEC region
(HR, 1.25; 95% CI, 0.95-1.65). Treatment at an
NCICCC, as discussed above, has been associated with
superior outcomes for patients with solid tumors13-15 but
attenuates the survival disparities among adolescents and
young adult patients who have hematologic malignan-
cies.17 The finding that treatment at an NCICCC was not
significant in our study may suggest that NCICCC desig-
nation is not an appropriate indicator for quality care in
this patient population. We do not have validated quality
measures for the care of patients with hematologic malig-
nancies that can be abstracted from population-level data,
as is the case for solid tumors, for which surgical manage-
ment often provides this opportunity. It is unclear
whether the superior outcomes among patients with he-
matologic malignancies noted by Wolfson et al at
NCICCCs reflect inherent quality and resource availabil-
ity (blood banks, clinical pathology, interventional radiol-
ogy, etc) or simply greater experience because of increased
patient volumes. High-volume facilities have been associ-
ated with improved outcomes for patients with solid
tumors, particularly when surgery features prominently in
the management of those tumors.22 However, the impact
of treatment center volume on outcomes for hematologic
malignancies is largely unreported.

Alternatively, our data may reflect that finding that
sicker patients are treated at NCICCCs. We did observe
that patients with higher Charlson morbidity scores were
more likely to be treated at an NCICCC. By using claims
data, we were limited in fully exploring patient-level
disease and morbidity information, so we may not have
been able to fully account for variations in medical
comorbidity.

In contrast to several previous studies, we did not
observe an effect of patient demographic variables on sur-
vival. Both in the full cohort and in the intensive inpatient
therapy subgroup analyses, neither race, sex, income, nor
rural primary residence was associated with changes in
survival. We may not have observed racial disparities,
because our study cohort included a smaller proportion of
nonwhite patients compared with prior population-based
studies. Within the full cohort, patients who were enrolled
in Medicaid had poorer outcomes; however, this differ-
ence did not persist among the subgroup that ho received
intensive inpatient therapy. This suggests that theT
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disparity is associated in some way with publicly insured
individuals gaining access to intensive therapy, because
the survival difference is no longer evident once intensive
therapy is obtained. In their examination of the relation
between treatment at an NCICCC and cancer outcomes,
Wolfson and colleagues also reported a decreased odds of
receiving treatment at an NCICCC with a lack of private
insurance. Insurance coverage affects care in multiple
ways, beginning with initial access to the health care sys-
tem and continuing with the way in which provider refer-
rals are made. In our study, we did observe that patients in
the lowest income quartile were less likely to be treated at
an NCICCC (OR, 0.26; 95% CI, 0.08-0.82; P< .05).
Additional studies are needed to better understand the
correlation between insurance type and treatment at, or
referral to, an NCICCC in North Carolina. Conceivably,
certain combinations of payer type and region of primary
residence (AHEC region) could be associated with lower
rates of referral to NCICCCs and, ultimately, poorer sur-
vival outcomes.

Identifying differences in survival among various ge-
ographic regions in North Carolina could lead to
improvements in the delivery of care for patients with
AML. Like in any claims-based analysis, we had limited
patient-level clinical information. However, we believe
our data demonstrating regional survival disparities that
cannot be explained by variation in individual sociodemo-
graphic variables suggest that other features of the local
health care infrastructure are affecting outcomes for
patients with AML. Complex local factors, possibly
related to subspecialty provider density, diagnosis, and
referral and treatment patterns, may be influencing sur-
vival. The finding that treatment at an NCICCC varies
significantly by AHEC region points to differences in geo-
graphic referral patterns and care delivery as a major focus
for future investigation. Our hope is that further examina-
tion of local practice and referral patterns will inform
strategies to improve AML outcomes across North
Carolina.
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