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ABSTRACT

Background. Because poverty is difficult to measure, its
association with outcomes for serious illnesses such as
hematologic cancers remains largely uncharacterized.
Using Medicaid enrollment as a proxy for poverty, we
aimed to assess potential disparities in survival after a
diagnosis of acute myeloid leukemia (AML) or Hodg-
kin’s lymphoma (HL) in a nonelderly population.

Methods. We used records from the New York (NY)
and California (CA) state cancer registries linked to
Medicaid enrollment records for these states to identify
Medicaid enrolled and nonenrolled patients aged 21–64
years with incident diagnoses of AML or HL in 2002–
2006. We compared overall survival for the two groups
using Kaplan–Meier curves and Cox proportional haz-
ards analyses adjusted for sociodemographic and clini-
cal factors.

Results. For HL, the adjusted risk for death for Med-
icaid enrolled compared with nonenrolled patients was
1.98 (95% confidence interval [CI], 1.47–2.68) in NY
and 1.89 (95% CI, 1.43–2.49) in CA. In contrast, for
AML, Medicaid enrollment had no effect on survival
(adjusted hazard ratio, 1.00; 95% CI, 0.84–1.19 in NY
and hazard ratio, 1.02; 95% CI, 0.89–1.16 in CA). These
results persisted despite adjusting for race/ethnicity and
other factors.

Conclusions. Poverty does not affect survival for
AML patients but does appear to be associated with sur-
vival for HL patients, who, in contrast to AML patients,
require complex outpatient treatment. Challenges for
the poor in adhering to treatment regimens for HL
could explain this disparity and merit further study. The
Oncologist 2011;16:1082–1091
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INTRODUCTION

It is well established that cancer outcomes are influenced by
socioeconomic factors and that poverty puts patients at risk
for inferior health outcomes [1– 4]. However, socioeco-
nomic status (SES) is not routinely measured at the individ-
ual level and is not available from medical records or from
large population-based data sources. Typically, SES is es-
timated using ecological surrogates, which provide a com-
posite educational and/or income level based on an average
for the area in which a person lives. This methodology is
easy to apply to large population-based databases; how-
ever, it is likely to underestimate the effect of individual-
level SES on medical outcomes [5]. Moreover, potentially
better measures of individual SES, such as household in-
come or education level, are most often available in studies
that are small and thus lack the power to truly detect SES-
associated disparities.

In contrast, ascertainment of Medicaid enrollment sta-
tus provides an alternative strategy for measuring SES and
represents a reasonable proxy for poverty at the individual
level [6]. State Medicaid programs provide health coverage
for persons who meet region-specific income criteria based
on family structure and disability status. The majority of
Medicaid recipients have income that is near the federal
poverty level, and thus can reasonably be assumed to be
poor based on individual income level. Moreover, compar-
ison of health outcomes for patients insured by state Med-
icaid programs with outcomes for otherwise similar state
residents insured by other health care payers permits bench-
marking of health care delivery for the poor.

Much of the literature relating to socioeconomic in-
equalities in cancer outcomes has centered on the finding
that patients with a lower SES have a more advanced cancer
stage at diagnosis [6–9]. Other possible pathways that may
contribute to unequal outcomes for the poor have been less
thoroughly investigated. These include difficulty accessing
appropriate cancer care providers and quality cancer care, a
higher burden of comorbid conditions, and impediments to
following through with treatment recommendations (e.g.,
competing employment or caregiving responsibilities).

Using Medicaid enrollment as a proxy for poverty, we
sought to evaluate how poverty influences outcomes for
acute myeloid leukemia (AML) and Hodgkin’s lymphoma
(HL) patients. We chose these hematological cancers be-
cause no routine screening exists for either, and thus the ob-
served disparities cannot be attributed to lower rates of
prevention or early detection among Medicaid enrollees.
We also sought to avoid cancers with risk factors that are
highly correlated with a lower SES, such as tobacco use, al-
cohol use, and human papillomavirus infection [9–12].

AML and HL differ in terms of prognosis and where

treatment is delivered. AML is treated almost exclusively in
the inpatient setting and has relative 5-year survival rates
�40% [13]. In contrast, HL is highly curable provided pa-
tients can adhere to complex chemotherapy regimens that
require multiple outpatient visits. By comparing survival
for patients with these two malignancies who were insured
by Medicaid at the time of diagnosis with survival for pa-
tients of a similar age who were not insured by Medicaid at
the time of diagnosis, our aim was to measure the magni-
tude of a potential disparity in survival that may be attrib-
uted to poverty. Secondarily, our goal was to evaluate any
observed disparities in the context of variation in patient,
clinical, and health system factors in order to gain better in-
sight into the pathways that cause disparities in cancer out-
comes for the poor.

METHODS

Data Sources
Data for this project were obtained from linkages created
between two state Medicaid plans and their respective state-
wide tumor registries. In collaboration with leadership of
the health departments of New York (NY) and California
(CA), we merged individual patient records for patients di-
agnosed with incident cancer in 2002–2006 with Medicaid
enrollment files for 2001–2008 in NY and 2000–2007 in
CA. The first reason to merge these data sources was to fa-
cilitate measurement of SES using Medicaid enrollment at
or before diagnosis as a proxy for poverty. An additional
reason for linking these data sources was to supplement the
detailed information about cancer that the registries provide
with the longitudinal information about health care use that
Medicaid claims and encounter data provide for its program
enrollees. Whereas tumor registries characterize cancer
stage, initial treatment, and vital status, Medicaid adminis-
trative records permit ascertainment of hospitalizations,
outpatient visits, and health care use that extends beyond
the scope of information collected by the registries [14].

Tumor Registries
We used information from NY and CA tumor registries.
Analyses for the two states were carried out in parallel. The
California Cancer Registry (CCR) participates in the Na-
tional Cancer Institute’s Surveillance, Epidemiology, and
End Results (SEER) program and meets all their standards
for data quality [15]. Although not part of the SEER pro-
gram, the NY state cancer registry (NYSCR) is one of the
largest programs in the country and has consistently
achieved the highest level of certification from the North
American Association of Central Cancer Registries with re-
spect to accuracy, timeliness, and completeness [16].
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Medicaid Data
Both the NY state Medicaid program and CA Medicaid
(Medi-Cal) track monthly enrollment. We focused this
analysis on those diagnosed with HL or AML in the age
range of 21–64 years in each state. We chose to exclude pa-
tients diagnosed with these malignancies after age 65 both
because the prognosis is very different for older persons and
because the �65 year-old population is also covered by
Medicare. In NY, 19% of the adult population (ages 19–64)
lives in poverty (below 100% of the federal poverty level
[FPL]) and Medicaid provides insurance for 16% of the
state’s adult population. In comparison, 20% of the adult
population in CA lives in poverty and Medicaid provides
insurance for 11% of the state’s adult population [17].

Linkage

NY
A detailed description of the NY linkage was reported pre-
viously [7]. Briefly, the NY statewide linkage was estab-
lished for patients with incident cancer diagnoses in 2002–
2006 who were linked to Medicaid enrollment, eligibility,
encounter, and claims files for 2001–2008 by a probabilis-
tic matching algorithm using social security numbers; first,
middle, and last names; date of birth; and gender. The
NYSCR–Medicaid linkage was further linked to Medicare
files as well as to statewide hospital discharge records
(Statewide Planning and Research Cooperative System).
Data were merged by the tumor registry and then deidenti-
fied and encrypted for use by researchers at the Dana Farber
Cancer Institute (DFCI). Linkage and research were ap-
proved by institutional review boards (IRBs) at both the
DFCI and the NY State Department of Health.

CA
Linkage of the CCR (cancer diagnoses in 2002–2006) and
Medicaid enrollment files (2001–2007) was constructed by
merging the unique identifiers on tumor registry records
with the unique identifiers on the Medicaid files maintained
by Centers for Medicare & Medicaid Services (CMS). The
CCR submitted a finder file to the CMS that provided a
merged record that indicated those patients diagnosed with
an incident cancer who were also enrolled in Medicaid for
�1 month in 2000–2007. The CMS created this file and re-
turned it to the CCR. At the CCR, records were encrypted
and released to the research team at the DFCI for analysis.
The CCR required administrative review but not state IRB
approval to use encrypted data files. IRBs at DFCI provided
approval for analyses of both NY and CA data.

Cohort
Incident diagnoses of AML and HL in patients aged 21–64
reported to the NY and CA registries in 2002–2006 were
identified. We excluded patients with a prior diagnosis of
cancer except nonmelanoma skin cancers.

Outcome
Overall survival was the main outcome. Vital statistics
were obtained from the tumor registries, which rely on state
records that link to the National Death Index. Patients were
followed from diagnosis until death or the censoring date of
December 31, 2007.

Medicaid Enrollment
We categorized any cancer patient enrolled in Medicaid
prior to a cancer diagnosis or up to 6 months subsequent to
a diagnosis as having Medicaid, irrespective of Medicare
enrollment. Patients who first enrolled in Medicaid �6
months after their cancer diagnosis were excluded from the
analysis. Those who were never on Medicaid were catego-
rized as not having Medicaid. With Medicaid enrollment
records spanning the interval 2001–2008 in NY and 2000–
2007 in CA and incident cancer diagnoses for 2002–2006,
we had a minimum of 1 year of Medicaid enrollment re-
cords prior to diagnosis and 1 year subsequent to diagnosis.
The majority of cancer patients aged 21–64 years not in-
sured by Medicaid are insured by commercial plans. How-
ever, because state tumor registries do not report insurance
type, we could not ascertain the specific health plan nor
could we identify the subset of patients who lacked any in-
surance. Estimates are that 20% of the NY and 26% of the
adult CA population lack health insurance and that 63% and
61%, respectively, have private medical insurance [17].

Covariates
For all patients, we included information on age at diagno-
sis (21–29, 30–39, 40–49, 50–59, or 60–64 years), sex
(male, female), race/ethnicity (white non-Hispanic, His-
panic, black, Asian/Pacific Islander), marital status at can-
cer diagnosis (married, not married), and the year of cancer
diagnosis. We also report the basis of Medicaid eligibility
(cash assistance or not, disability or not). We evaluated
clinical information collected by the tumor registries. For
HL, we considered stage at diagnosis (I/II, early; III/IV, ad-
vanced; or unknown), “B” symptoms (yes, no, or un-
known), and whether the tumor was reported to the registry
as HIV related (yes, no/unknown). The latter two variables
were available only from the cancer registries for 2004–
2006. In order to estimate comorbidity in both the Medicaid
insured and non-Medicaid enrolled populations, we relied
on counts of the number of hospitalizations during a 12-
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month period prior to the month that the cancer diagnosis
was reported to the tumor registry (hereafter, referred to as
the year prior to diagnosis). A high number of hospital ad-
missions is associated with poorer survival and is a crude
metric for the burden of comorbid disease [18, 19]. For NY,
this estimation was possible because of the linkage to the
statewide hospital discharge system that permitted reliable
counts of the number of hospital admissions. Comparable
data for CA were not available for analysis.

Analysis
We ran parallel analyses for the databases of state cancer
registries linked to State Medicaid files for NY and CA. For
both AML and HL patients, we created Kaplan–Meier
curves of survival for 48 months stratified by Medicaid en-
rollment status. We calculated Cox proportional hazards ra-
tios (HRs) for the Medicaid and non-Medicaid cohorts
considering all the covariates shown in Table 1 (except the
basis of Medicaid eligibility, which is not applicable to
those not on Medicaid, and the treatment variables, which
was done as a sensitivity analysis). Variables were included
in the initial multivariate model based on either their a priori
clinical relevance or a p-value � .1. We also performed sur-
vival analyses for AML patients, stratifying by age (�50
years, �50 years), and for HL patients, stratifying by stage
(I/II versus III/IV), to assess whether there were any differ-
ences between the Medicaid and non-Medicaid groups in
the good versus poor prognosis patient subgroups. In a
series of sensitivity analyses, we included treatment infor-
mation recorded by the registries (no/unknown, chemother-
apy, radiation, or combination chemotherapy plus radiation
for HL and no/unknown or chemotherapy for AML). A
p-value � .05 was used to determine significance. All anal-
yses were performed using SAS, version 9.2 (SAS Institute,
Cary, NC).

RESULTS

Characteristics of the Cohort
We identified 2,073 and 2,679 patients diagnosed with HL
at age 21–64 years in 2002–2006 in NY and CA, respec-
tively. There were 1,372 and 2,134 patients diagnosed with
AML at age 21–64 years in NY and CA, respectively. In
NY, compared with CA, a higher percentage of the state-
wide population with these diagnoses was enrolled in Med-
icaid (33% in NY versus 20% in CA for HL and 34% in NY
versus 27% in CA for AML). Table 1 shows the character-
istics of patients with HL or AML by state and Medicaid
status. Notable differences between the Medicaid enrolled
and nonenrolled patients included the presence of greater
racial and ethnic diversity and fewer married individuals

among Medicaid enrollees. For HL, Medicaid enrollees had
more advanced stage and a greater proportion of associated
HIV diagnoses, and in NY, Medicaid enrollees had more
hospitalizations in the year prior to diagnosis than those pa-
tients not enrolled in Medicaid.

Association of Medicaid Enrollment
with Survival
For HL patients, survival outcomes were inferior for Med-
icaid enrollees. In contrast, for AML patients, survival out-
comes appear to be similar for Medicaid enrolled and
nonenrolled patients. Survival outcomes for patients diag-
nosed in NY and CA were largely consistent. Kaplan–
Meier survival curves for both HL and AML patients in NY
and CA, stratified by Medicaid enrollment, are depicted in
Figure 1.

In the adjusted multivariate analysis for HL (Table 2),
the adjusted Cox proportional HR for those on Medicaid
compared with those not on Medicaid was 1.98 (95% con-
fidence interval [CI], 1.47–2.68; p � .0001) in NY and 1.89
(95% CI, 1.43–2.49; p � .0001) in CA. This effect persisted
despite correcting for the higher stage at diagnosis seen in
the Medicaid group. Older age, male sex (in CA), not being
married, advanced or unknown stage, B symptoms (in CA),
HIV, and comorbidity (in NY) remained significant inde-
pendent predictors of death. Older age, male sex, advanced
stage, and B symptoms are all included in risk scores used
clinically to predict worse outcome [20]. Although race/
ethnicity was significant on univariate analysis, in the ad-
justed model it was no longer predictive of death; however,
there was a trend toward worse survival for blacks in NY
(HR, 1.36; 95% CI, 0.98–1.89; p � .06), and although not
significant, CA had a similar effect measure (HR, 1.40;
95% CI, 0.92–2.11). Stratified analysis for early versus ad-
vanced stage (I/II versus III/IV) disease did not show a dif-
ferential effect on survival by prognostic group (data not
shown).

For AML, the unadjusted and adjusted (Table 2) models
showing Cox proportional HRs were very similar. In the fi-
nal adjusted model for AML, Medicaid enrollment had no
effect on survival (HR, 1.00; p � .99 in NY and HR, 1.02;
p � .82 in CA). Among all patients in the cohort, we found
that older age and higher comorbidity, the two most impor-
tant and well-established clinical risk factors for worse sur-
vival [21], were also significant in our study population.
Stratified analysis on lower risk patients versus higher risk
patients (age, �50 years compared with �50 years) did not
demonstrate that Medicaid status was a predictor of sur-
vival in either strata (data not shown).

Although Medicaid enrollment was not associated with
survival for AML patients, other sociodemographic factors,
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Table 1. Characteristics of cohorts by Medicaid status
Hodgkin’s lymphoma Acute myeloid leukemia

NYSCR CCR NYSCR CCR

Medicaid
n (%)

No Medicaid
n (%)

Medicaid
n (%)

No Medicaid
n (%)

Medicaid
n (%)

No Medicaid
n (%)

Medicaid
n (%)

No Medicaid
n (%)

Total 676 (33) 1,397 (67) 531 (20) 2148 (80) 468 (34) 904 (66) 572 (27) 1,562 (73)

Age, yrs

21–29 225 (33) 347 (25)a 169 (32) 617 (29) 70 (15) 60 (7)a 85 (15) 121 (8)a

30–39 189 (28) 383 (27) 136 (26) 603 (28) 84 (18) 101 (11) 107 (19) 220 (14)

40–49 148 (22) 324 (23) 117 (22) 492 (23) 118 (25) 201 (22) 142 (25) 372 (24)

50–59 77 (11) 258 (18) 65 (12) 310 (14) 131 (28) 331 (37) 159 (28) 546 (35)

60–64 37 (5) 85 (6) 44 (8) 126 (6) 65 (14) 211 (23) 79 (14) 303 (19)

Sex

Male 387 (57) 762 (55) 258 (49) 1230 (57)a 249 (53) 511 (57) 319 (56) 854 (55)

Female 289 (43) 635 (45) 273 (51) 918 (43) 219 (47) 393 (43) 253 (44) 708 (45)

Race/ethnicityb

White non-Hispanic 309 (46) 1,135 (81)a 232 (44) 1,444 (67)a 204 (44) 724 (80)a 222 (39) 953 (61)a

Hispanic 141 (21) 85 (6) 182 (34) 412 (19) 117 (25) 47 (5) 218 (38) 314 (20)

Black 186 (28) 117 (8) 90 (17) 100 (5) 99 (21) 86 (10) 51 (9) 84 (5)

Asian 26 (4) 30 (2) 22 (4) 157 (7) 44 (9) 39 (4) 77 (13) 201 (13)

Marital status

Yes 150 (22) 777 (56)a 173 (33) 1116 (52)a 159 (34) 601 (66)a 256 (45) 1052 (67)a

No 526 (78) 620 (44) 358 (67) 1032 (48) 309 (66) 303 (34) 316 (55) 510 (33)

Basis of eligibility

Low-income, cash, disabled 116 (17) – 119 (22) – 107 (23) – 107 (19) –

Low-income, cash, nondisabled 94 (14) – 174 (33) – 36 (8) – 135 (24) –

Low-income, no cash, disabled 111 (16) – 112 (21) – 130 (28) – 245 (43) –

Low-income, no cash, nondisabled 355 (53) – 126 (24) – 195 (42) – 85 (15) –

Year of diagnosis

2002 98 (14) 321 (23)a 93 (18) 435 (20)a 83 (18) 185 (20) 107 (19) 338 (22)

2003 135 (20) 244 (17) 89 (17) 435 (20) 90 (19) 185 (20) 116 (20) 329 (21)

2004 155 (23) 263 (19) 124 (23) 415 (19) 92 (20) 207 (23) 113 (20) 283 (18)

2005 143 (21) 298 (21) 125 (24) 417 (19) 95 (20) 170 (19) 101 (18) 294 (19)

2006 145 (21) 271 (19) 100 (19) 446 (21) 108 (23) 157 (17) 135 (24) 318 (20)

Clinical characteristics
Hospitalizations

0 584 (86) 1,300 (93)a – – 386 (82) 773 (86) – –

1 52 (8) 69 (5) – – 44 (9) 76 (8) – –

2� 40 (6) 28 (2) – – 38 (8) 55 (6) – –

Hodgkin’s lymphoma treatment

Chemotherapy 277 (41) 420 (30)a 127 (24) 795 (37)a – – – –

Combination 69 (10) 204 (15) 290 (55) 978 (46) – – – –

Radiation 18 (3) 60 (4) 10 (2) 87 (4) – – – –

None/unknown 312 (46) 713 (51) 104 (20) 288 (13) – – – –

Acute myeloid leukemia treatment

Chemotherapy – – – – 271 (58) 474 (52)a 498 (87) 1333 (85)

None/unknown – – – – 197 (42) 430 (48) 74 (13) 229 (15)

Stagec

I/II 213 (32) 499 (36)a 191 (36) 942 (44)a

III/IV 213 (32) 313 (22) 192 (36) 522 (24)

Unknown 250 (37) 585 (42) 148 (28) 684 (32)

Presence of B symptomsc

Yes 201 (30) 232 (17)a 174 (33) 526 (24)a

No 176 (26) 412 (29) 127 (24) 595 (28)

Unknown 299 (44) 753 (54) 230 (43) 1027 (48)

HIV-relatedc

Yes 88 (13) 38 (3)a 42 (8) 53 (2)a

No/unknown 588 (87) 1359 (97) 489 (92) 2095 (98)

a�2 test for category between those with and without Medicaid is p � .05.
bColumn does not add to 100% because of missing data.
cStage, presence of B symptoms, and HIV-related are not applicable to acute myeloid leukemia patients.
Abbreviations: CCR, California Cancer Registry; NYSCR, New York State Cancer Registry.
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including marital status, race, and sex, were associated with
survival. Not being married was associated with worse sur-
vival in both NY and CA. In NY, blacks had worse survival
(HR, 1.37; 95% CI, 1.12–1.68; p � .01) whereas Asians had
better survival (HR, 0.59; 95% CI, 0.41–0.85; p � .01) than
white non-Hispanics. Female sex was associated with bet-
ter survival in CA (HR, 0.87; 95% CI, 0.78–0.98; p � .02),
with a similar effect measure in NY, although not signifi-
cant (HR, 0.89; 95% CI, 0.77–1.03).

Sensitivity Analysis of Treatment Effect
In adjusted models for both HL and AML, patients catego-
rized as having no/unknown treatment had significantly
worse survival than those treated with chemotherapy. Ad-
ditionally, HL patients treated with radiation and chemo-
therapy had better survival than those treated with
chemotherapy alone. The measures of treatment available,
however, did not explain all the survival disparity for HL

patients on Medicaid compared with those not on Medicaid,
which was evident in both NY (HR, 1.97; 95% CI, 1.45–
2.66; p � .0001) and CA (HR, 1.77; 95% CI, 1.34–2.33;
p � .0001).

DISCUSSION

Using data constructed from linkage of Medicaid and can-
cer registry data from the health departments of two states
with large and diverse populations, we compared survival
following a diagnosis of HL and AML for adults aged �65
years enrolled and not enrolled in Medicaid. For HL pa-
tients, a significant gap in survival outcomes based on Med-
icaid enrollment was observed, with a nearly twofold
higher risk for death for Medicaid enrolled patients than for
nonenrolled patients. In contrast, for AML patients, there
was no significant disparity in survival based on Medicaid
enrollment.

This study seeks to provide further insight into the
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Figure 1. Kaplan–Meier curves by state (NY and CA) stratified for enrollment in Medicaid. (A, B): HL patients. (C, D): AML
patients. For HL patients, survival is inferior for those with Medicaid insurance. This is in contrast to AML patients, for whom the
survival lines overlap for those with Medicaid and those without Medicaid.

Abbreviations: AML, acute myeloid leukemia; CA, California; HL, Hodgkin’s lymphoma; NY, New York.
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Table 2. Multivariate adjusted Cox proportional HRs
Hodgkin’s lymphoma Acute myeloid leukemia

NYSCR CCR NYSCR CCR

Medicaid enrollment
status

Medicaid enrollment
status

Medicaid enrollment
status

Medicaid enrollment
status

HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value

Medicaid status

Non-Medicaid 1 1 1 1

Medicaid 1.98 1.47–2.68 �.0001 1.89 1.43–2.49 �.0001 1.00 0.84–1.19 .99 1.02 0.89–1.16 .82

Age, yrs

21–29 1 1 0.30 0.22–0.42 �.0001 0.37 0.29–0.47 �.0001

30–39 2.21 1.37–3.55 �.01 1.26 0.80–1.97 .32 0.36 0.27–0.47 �.0001 0.37 0.30–0.46 �.0001

40–49 3.69 2.33–5.85 �.0001 2.35 1.55–3.57 �.0001 0.49 0.39–0.60 �.0001 0.57 0.48–0.67 �.0001

50–59 5.18 3.22–8.36 �.0001 3.97 2.61–6.05 �.0001 0.71 0.59–0.85 �.001 0.78 0.67–0.90 �.001

60–64 7.91 4.70–13.34 �.0001 8.25 5.30–12.85 �.0001 1 1

Sex

Male 1 1 1 1

Female 0.78 0.60–1.02 .07 0.77 0.59–1.00 .05 0.89 0.77–1.03 .11 0.87 0.78–0.98 .02

Race/ethnicity

White non-Hispanic 1 1 1 1

Hispanic 0.98 0.66–1.46 .92 1.21 0.90–1.63 .20 1.08 0.85–1.36 .55 1.13 0.98–1.31 .09

Black 1.36 0.98–1.89 .06 1.40 0.92–2.11 .11 1.37 1.12–1.68 �.01 1.18 0.95–1.47 .14

Asian 0.80 0.35–1.83 .59 1.05 0.60–1.83 .87 0.59 0.41–0.85 �.01 1.01 0.85–1.20 .94

Marital status

Yes 1 1 1 1

No 1.49 1.11–1.99 �.01 1.26 0.97–1.64 .08 1.25 1.07–1.45 �.01 1.31 1.17–1.48 �.0001

Year of diagnosis

2002 0.81 0.34–1.95 .64 1.24 0.63–2.43 .53 1.22 0.96–1.55 .10 1.30 1.08–1.55 �.01

2003 0.76 0.32–1.82 .54 1.24 0.63–2.42 .54 1.13 0.89–1.45 .31 1.23 1.03–1.47 .02

2004 0.93 0.61–1.42 .74 1.38 0.88–2.17 .16 1.08 0.85–1.38 .51 1.10 0.92–1.33 .30

2005 0.64 0.40–1.01 .06 1.14 0.72–1.83 .57 1.23 0.96–1.57 .10 1.19 0.99–1.43 .07

2006 1 1 1 1

Clinical characteristics
Hospitalizations

0 1 – – – 1 – – –

1 0.91 0.53–1.57 .73 – – – 1.17 0.92–1.49 .20 – – –

2� 1.78 1.10–2.86 .02 – – – 1.34 1.04–1.74 .02 – – –

Stagea

I/II 1 1

III/IV 2.58 1.70–3.92 �.0001 1.73 1.24–2.41 �.01

Unknown 3.32 1.51–7.30 �.01 1.56 1.06–2.31 .02

Presence of B
symptomsa

No 1 1

Yes 1.25 0.84–1.88 .28 1.92 1.29–2.85 �.01

Unknown 0.84 0.50–1.42 .51 1.35 0.73–2.48 .33

HIV-relateda

Yes 2.68 1.80–3.98 �.0001 2.40 1.53–3.78 �.001

No/unknown 1 1
aStage, presence of B symptoms, and HIV-related are not applicable to acute myeloid leukemia patients.
Abbreviations: CCR, California Cancer Registry; CI, confidence interval; HR, hazard ratio; NYSCR, New York State
Cancer Registry.
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causes of disparities in cancer outcomes for persons with a
low SES. Whereas most of the disparities literature focuses
on race because it is most easily measured, we used Med-
icaid data as a proxy for low SES. In addition, we focused
on disparities in survival outcomes subsequent to diagnosis
for two malignancies for which there is no screening or
early detection. A plausible explanation for a gap in sur-
vival between Medicaid HL patients and their non-Medic-
aid counterparts but no such gap for AML relates to the
predominant site of disease treatment. In the younger age
groups we studied, AML is consistently treated in an inpa-
tient hospital setting. In contrast, HL is treated with combi-
nation chemotherapy and/or radiation, typically in the
outpatient setting.

We speculate that the need to access outpatient treat-
ment centers is more challenging for Medicaid insured pa-
tients, perhaps contributing to the gap in survival. The
complexity of HL outpatient treatment might pose barriers
to those with limited resources or psychosocial support or
other issues accessing the health care system—factors that
might be more intensely experienced by the poor. In addi-
tion, although we did not find that the measures of initial
treatment available from the cancer registries explained the
differences in HL patient survival, it remains possible that
important details of initial treatment or treatment for re-
lapsed disease—such as receiving each cycle of chemother-
apy in a timely manner—are the source of the survival
disparities we observed. HIV infection can be associated
with worse survival in HL patients, and the CCR and
NYSCR did not have complete capture of HIV status during
the years of our study. With contemporary antiretroviral
treatment, HL outcomes for patients with HIV infection
have improved significantly [22]. However, if a greater pro-
portion of Medicaid enrollees than nonenrollees had HIV-
related HL, this factor might contribute to our findings.
Given the striking disparity in HL outcomes that we iden-
tified, the underlying reasons deserve further investigation,
which will require detailed review of medical records.

The effects of poverty and race/ethnicity are highly cor-
related and difficult to tease apart, especially when poverty
is measured by the ecological methods often used in popu-
lation-based research. In contrast, using an individual-level
measure of poverty (Medicaid enrollment), we found that
poverty was not associated with survival for AML patients,
but that race/ethnicity was still an independent predictor of
survival. Although not significant, there were also race/
ethnicity differences in survival for HL patients after ad-
justing for the effects of Medicaid status. Including
measures of both poverty and race facilitates better specifi-
cation of individuals at greatest risk for poor outcomes and

identifies groups that should be prioritized for careful scru-
tiny and intervention studies.

Our finding of a twofold greater risk for death among
those on Medicaid than among non-Medicaid enrollees
with HL is mostly consistent with previous studies showing
that lower income level detrimentally affects outcomes in
HL [23, 24]. Additionally, previous work has suggested
that patients of nonwhite [25] and black [26] races have
shorter survival, but these studies have not controlled for
SES. A CCR study evaluating both race and estimated in-
come (by census block divided into quintiles) found that
black and Hispanic race/ethnicity and lower average neigh-
borhood income were independent predictors of both over-
all and HL-specific survival [24]. Those authors found a
moderately higher risk for death for black patients (HR,
1.05–1.63 based on age) and for Hispanic patients (HR,
1.11–1.30 based on age) than for non-Hispanic whites. In
the same adjusted models, they found a similar magnitude
of risk for death for the lowest SES quintile compared with
the highest SES quintile (HR, 1.44–1.81 based on age).

These results are generally consistent with our findings;
however, using Medicaid enrollment instead of area-level
measures, we found poverty to be an even stronger predic-
tor of survival than race. Discrepancies in the magnitude of
the effects of poverty and race possibly reflect Medicaid en-
rollment status as a more precise surrogate of income level.
Another possible explanation for the disagreement between
our study and the previous one is a residual confounding ef-
fect of race on income level when using ecological vari-
ables for income. Lastly, although our study uniquely
includes HIV-related diagnoses to attempt to correct for
confounding from comorbid illnesses, and specifically
HIV, it is possible that there is residual confounding, spe-
cifically from incomplete recording of HIV-related tumors.

Although we did not find that Medicaid enrollment pre-
dicted worse survival for those with AML, we did find that
a lack of social support (not being married) and black and
Hispanic race/ethnicity were significant sociodemographic
factors predicting worse survival. Prior studies of dispari-
ties in outcomes for AML patients have evaluated race;
three found that being black predicted worse survival [27–
30]. Interestingly, in one study, poorer survival was still ev-
ident after correcting for cytogenetics [30]. Three studies
looked at ecological surrogates for income, and one of those
also included insurance status [28]. The effect of income
was consistently small (HR, 1.15–1.21) [27, 28] or nonsig-
nificant [29]; however, in the largest study, Medicaid insur-
ance was a significant and meaningful (HR, 1.23; p � .01)
predictor of worse survival in a Florida population [28].
Discrepancies between these prior findings and our own
could be a result of the variability and generosity of Med-
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icaid programs in different states. For example, in Florida,
low income parents must be below 59% of the FPL to be
eligible for Medicaid, compared with 106% of the FPL in
CA and 150% of the FPL in NY [17]. This suggests that
Medicaid enrollees in Florida are relatively more impover-
ished than those in NY and CA.

The consistency of results for NY and CA suggests that
our findings are generalizable. Our study covers approxi-
mately 15% of the U.S. population. Additionally NY and
CA have significant racial and ethnic diversity, which al-
lowed us to evaluate the role of race and poverty simulta-
neously. Finally, adjusted models found known clinical risk
factors to be significant, lending further credibility to the
study’s findings.

Our study has limitations. First, we did not have infor-
mation on insurance status for cancer patients not enrolled
in Medicaid. Whereas most adults aged �65 years not en-
rolled in Medicaid are enrolled in commercial plans, a small
percentage are uninsured. Inclusion of the uninsured would
bias our study to finding no significant difference between
the Medicaid and non-Medicaid groups. Had we been able
to eliminate the uninsured from the non-Medicaid compar-
ator group, the magnitude of the disparities we report might
be greater. Second, we used overall survival rather than
cancer-specific survival as our primary outcome, and there-
fore it is plausible that the disparities we observed are at-
tributable to factors other than malignancy or its treatment.
We chose overall survival as our primary outcome because
cause-specific death coding on death certificates can be in-
accurate. However, when we repeated our analyses using
cause-specific mortality for CA, our results were un-
changed. Third, several important prognostic clinical char-
acteristics are not collected by state cancer registries or are
incomplete (e.g., cytogenetics for AML, HIV status), lim-
iting our ability to fully adjust for these factors. Similarly,
because of the lack of detailed claims data for the non-
Medicaid population, we were not able to further investi-
gate many potentially interesting pathways that might lead
to our findings. This included details of treatment, such as
exact type and timing, or a more complete analysis of co-
morbidity, for example, examining the effect of mental ill-

ness. Lastly, all administrative data are subject to potential
misclassification.

CONCLUSIONS/SUMMARY

Medicaid enrolled patients with HL diagnosed at age 21–64
years have a nearly twofold greater risk for death than sim-
ilarly aged patients not enrolled in Medicaid. This excess
risk for death was manifest in two large states and across
racial groups, and persisted after adjusting for other clinical
and demographic variables. In contrast, there was no such
variation in survival outcomes by insurance status for pa-
tients with AML. Whereas HL treatment requires adher-
ence to a complex outpatient regimen, AML treatment
requires intensive inpatient care—perhaps a clue to the dif-
ference. Given that HL is a curable cancer, the mechanisms
that contribute to this difference warrant further investiga-
tion. More generally, because of the importance of state
Medicaid programs as the primary source of insurance for
the nation’s indigent, consistent scrutiny of how outcomes
for enrollees compare with those of patients with commer-
cial insurance plans should be regularly evaluated to prior-
itize areas for intervention.
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