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bstract

Objectives: The incidence of metastatic renal cell cancer (mRCC) is rising. To date, interleukin-2 (IL-2) is the only treatment offering a
omplete response rate for mRCC. We wish to test the hypothesis that the combination of restricted availability and expense associated with IL-2
dministration results in differential access to the medication based on race and sex, despite similar clinical indications for its use.

Methods: We used data from the Surveillance, Epidemiology, and End Results program and the Centers for Medicare Services (CMS)
o clinically characterize subjects with mRCC diagnosed from 1992 through 2002. We linked these subjects to claims identified in the CMS
atabases. We then assigned subjects to cohorts receiving radical nephrectomy, IL-2, both, or neither. A logistic model was created to
dentify factors that had significant independent effects on the receipt of IL-2.

Results: Three thousand seven hundred thirty individuals were identified with mRCC. After controlling for other variables, female
ubjects were less likely to receive IL-2 (O.R. 0.80). African American subjects were also less likely to receive IL-2 (O.R 0.55). Married
ndividuals were much more likely to receive IL-2 (O.R 1.9).

Conclusions: African Americans and women were much less likely to be treated with IL-2 after controlling for relevant clinical
ariables. These data document that the only therapy offering a complete response to patients with mRCC is less frequently given to those
ho are African American or female. It is possible that the racial and gender-based disparities in treatment with IL-2 will be replicated with
ewer, expensive treatment options for mRCC. Further prospective investigation into mitigating barriers to receipt of effective care for
RCC is urgently needed. © 2009 Elsevier Inc. All rights reserved.
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. Introduction

The burden of renal cell carcinoma is rising nationally.
he increase in any-stage incidence is steeper for African

� This research was funded by the National Institute of Diabetes and
igestive and Kidney Diseases through the Urologic Diseases in America
roject.

This study used the linked SEER-Medicare database. The interpretation
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mericans than Caucasians [1]. Although increased use of
bdominal imaging may partially explain the rise in detec-
ion of localized tumors [2–4], the incidence of metastatic
enal cell cancer is also rising, as is mortality from the
isease (again, especially among African Americans) [1].
ncouragingly, treatment options to address the growing
urden of metastatic disease are proliferating. However,
ost of these new treatments offer a reduction or halt in the

ate of disease progression, as opposed to a complete tumor
esponse. While much attention has focused on novel oral
gents (such as sunitinib, a tyrosine kinase inhibitor), the
nly Food and Drug Administration (FDA)-approved
reatment with a measurable complete response rate in
atients with metastatic renal cell cancer is high dose

nterleukin-2 (IL-2). The objective response rate to IL-2
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n one large retrospective series was 20% [5]. Adminis-
ration of IL-2, approved by the FDA in 1992, can be
ssociated with significant toxicity. Because of its toxic-
ty profile, its use is limited to selected centers nation-
ide with experience in administering IL-2 (61 centers

re listed on the manufacturer’s website). Many of these
enters are affiliated with academic medical centers in
rban settings.

Physicians employ several clinical factors when de-
iding whether to administer IL-2 to patients with meta-
tatic renal cell carcinoma. Among these are the patient’s
erformance status, renal function, histologic type of
ancer, the presence of brain metastases, and patient
references for side effects. However, the combination of
estricted availability and substantial expense associated
ith IL-2 administration raises the possibility that receipt
f IL-2 is related to nonclinical factors. Lower socioeco-
omic status or an inability to obtain transportation to an
cademic medical center are examples of possible non-
linical factors that would restrict availability to IL-2. In
ight of the potential structural barriers to IL-2 therapy,
e hypothesized that individuals of lower socioeconomic

tatus, those who are African American, and those living
n rural settings are less likely to receive IL-2 compared
ith those who are wealthier, Caucasian, or live in urban

reas. To test our hypotheses, we examined clinical
nd administrative data available through the SEER-
edicare linked database.

. Methods

.1. Data source

We used linked data from the National Cancer Institute’s
urveillance, Epidemiology, and End Results (SEER) pro-
ram and the Centers for Medicare and Medicaid Services
CMS) to identify and characterize a population-based co-
ort of patients with incident metastatic kidney cancer di-
gnosed from 1992 through 2002. SEER is a population-
ased cancer registry that collects data regarding incidence,
reatment, and mortality. The demographic composition,
ancer incidence, and mortality trends in the SEER regis-
ries are representative of the entire United States popula-
ion.

From 1992 through 1999, 11 SEER-affiliated registries
San Francisco, San Jose, Los Angeles, Connecticut, De-
roit, Hawaii, Iowa, New Mexico, Seattle, Utah, and At-
anta) provided incident cases for linkage with health care
laims covered by the CMS. In 2000, the SEER-Medicare
ataset expanded to include cases from the Greater Califor-
ia, Louisiana, New Jersey, and Kentucky tumor registries.
he Medicare program provides primary health insurance

or 97% of the United States population 65 years and older

6]. Successful linkage with CMS claims is achieved for o
ore than 90% of Medicare patients whose cancer-specific
ata are tracked by SEER [6].

.2. Cohort identification

We identified a cohort of Medicare beneficiaries diag-
osed between 1992 and 2002 with metastatic kidney can-
er. For each case in the cohort, we then searched both
npatient (Medicare Provider Analysis and Review [MED-
AR] file, based on International Classification of Diseases,
th revision, Clinical Modification (ICD-9) codes) and phy-
ician claims (Carrier Claims file, based on American Med-
cal Association Current Procedural Terminology (CPT)
nd ICD-9 codes) for kidney cancer–specific diagnosis and
rocedure codes.

.3. Assignment of treatment

Next, we defined and applied an administrative code-
ased algorithm to determine the type of therapy received
y each patient in the analytic cohort. CPT and ICD-9 codes
or radical nephrectomy and delivery of immunotherapy
ere identified in Medicare claims linked to each new
iagnosis of metastatic kidney cancer from the SEER data
le.

.4. Patient-level covariates

We used SEER variables to ascertain demographic and
ancer-specific information (i.e., age at diagnosis, gender,
ace/ethnicity, marital status, SEER registry, tumor grade)
or each case in the analytic cohort. We assigned median
ensus-tract income and Census-tract percentage of non-
igh school graduates as patient-level measures of income
nd education, respectively [7].

We measured preexisting comorbidity using a modifica-
ion of the Charlson Index [8] by identifying comorbid
onditions (which include diabetes, renal insufficiency, and
ardiovascular disease) from inpatient and physician claims
ubmitted during the 12-month period before the index
iagnosis [8].

.5. Statistical analysis

Prior to fitting multilevel models, we performed several
nivariate analyses. We used �2 tests to evaluate the level of
ssociation between receipt of IL-2 and various patient-
evel covariates. Kaplan-Meier estimates were also used to
valuate univariate effects of IL-2 treatment on overall
urvival.

For our multilevel analyses, we defined the following
rimary outcomes: (1) receipt of IL-2 and (2) overall sur-
ival. A logistic model was created to determine factors that
ad significant independent effects on the receipt of IL-2.
e also assessed relationships between key factors and
verall survival using a Cox regression model. All statistical
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esting was two-sided, completed using computerized soft-
are (SAS ver. 9.1; SAS Institute, Cary, NC), and carried
ut at the 5% significance level. We obtained approval for
his study from the Institutional Review Board at the Uni-
ersity of California, Los Angeles.

. Results

Three thousand seven hundred thirty individuals were
dentified with metastatic renal cell carcinoma between
992 and 2002. Demographic characteristics of this sample
re displayed in Table 1. Fifty-eight percent of the sample
ere male, 81% were between the ages of 65 and 85 years,

nd 54% were married; 82% of the sample were Caucasian,
% were African American, and 4% were Hispanic. Ap-

able 1
emographics

%

ex
Male 58
Female 42

ge
Under 65 9
65–75 45
75–85 36
Over 85 10

ace
White 82
Black 9
Hispanic 5
Other 4
arital status
Single 8
Married 54
Divorced/widowed 35
Unknown 3

ID grade
Grade 1 2
Grade 2 7
Grade 3 14
Grade 4 5
Grade unknown 72

ID year of diagnosis
1992–1998 50
1999–2002 50

harlson
0 81
1–2 15
3 plus 4

ip code median income
�$35,000 26
$35,000–$45,000 27
$45,000–$60,000 26
�$60,000 21
Non-high school graduates by Zip code
�10% only high school education 24
10%–20% only high school education 42
20%–35% only high school education 25
c
�35% only high school education 10
roximately 50% of the sample was diagnosed in 1999 or
ater. Approximately 26% of subjects lived in a zip code
ith a median income of less than $35,000; 10% of subjects

ived in a zip code where over 35% of residents had only a
igh school education.

In univariate analysis, we examined factors associated
ith the receipt of radical nephrectomy only, receipt of IL-2
nly, receipt of both, or receipt of no active treatment for
etastatic renal cell carcinoma. These data are presented in
able 2. Overall, 15% of subjects received IL-2 mono-

herapy and an additional 11% received IL-2 therapy sub-
equent to debulking nephrectomy; 74% of female subjects
eceived no active treatment, compared with 68% of men
P � 0.0002). Subjects over 85 years old were unlikely to
et any form of active treatment (94%) compared with
ubjects 65 to 75 years old (61%, P � 0.001). African
merican subjects were more likely to receive no treatment

ompared with Caucasians (81% vs. 70%, P � 0.003).
ingle subjects were more likely to receive no active treat-
ent compared with married subjects (75% vs, 63%, P �

.001). Subject median zip code income was not associated
ith treatment. There were regional variations in receipt of

ctive treatment.
We fit a logistic regression model to predict receipt of

L-2, incorporating the significant factors identified on uni-
ariate analysis (Table 3). After controlling for other vari-
bles, female subjects had 20% lower odds of receiving IL-2
O.R. 0.80) compared with males. African American sub-
ects had 45% lower odds of receiving IL-2 (O.R 0.55),
ompared with Caucasians. Married individuals were much
ore likely than single individuals to receive IL-2 (O.R.

.9). Increased comorbidity as measured by Charlson score
nd increased histologic grade were associated with de-
reased odds of receiving Il-2. Residents of the Detroit and
eattle SEER registry areas were more likely to receive IL-2
O.R. 2.0 and 2.2). We also examined survival in this
onrandomized dataset. We created a Cox proportional haz-
rds model to evaluate relative risks for overall mortality in
ur cohort by treatment type. However, assumptions of the
odel were violated when we evaluated the Schoenfeld

esiduals. Thus, we tested various data distributions to better
t our data. We created a model using a log-logistic distri-
ution. In this model, receipt of surgery, IL-2, or both were
ll associated with decreased risk of mortality compared
ith no treatment (Fig. 1). Median survival for those who
nderwent both nephrectomy and immunotherapy (517
ays, 95% CI 588–765 days was significantly higher than
he median survival for those who underwent surgery or
mmunotherapy alone, although those groups’ mean sur-
ival did not differ significantly from each other (249 days,
5% CI 413–517 days and 283 days, 95% CI 346–436
ays, respectively). Subjects who received no therapy had
he lowest median survival (97 days, 95% CI 185–207
ays). Increased comorbidity and cancer grade were asso-

iated with increased mortality (data not shown).
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. Conclusions

Our study has several important findings. First, African
mericans were much less likely to be treated with IL-2,
hether as monotherapy or part of combined treatment,

fter controlling for age, tumor grade, comorbidity, and
ther relevant clinical variables. While our study does not
ffer direct insight into the reason for this disparity, several
ossible explanations may underlie this finding. IL-2 is
ypically delivered at academically-affiliated medical
enters; African Americans might have reduced access to

able 2
actors associated with treatment choice

Treatment

Radical nephrectomy %

ex
Male 17
Female 15

ge
Under 65 18
65–75 21
75–85 13
Over 85 5

ace
White 16
Black 10
Hispanic 25
Other 17
arital status
Single 16
Married 19
Divorced/widowed 13
Unknown 11

ip code median income
�$35,000 16
$35,000–$45,000 16
$45,000–$60,000 16
�$60,000 17
Unknown 13
Non-high school graduates by Zip
�10% only high school education 17
10%–20% only high school education 15
20%–35% only high school education 16
�35% only high school education 22
Unknown 13

harlson
0 17
1–2 16
3 plus 9

ID grade
Grade 1 26
Grade 2 40
Grade 3 37
Grade 4 42
Grade unknown 8

egion
Midwest 14
Northeast 14
South 16
West 19
hese centers if they are not located near their communi- i
ies. Although we attempted to control for economic
tatus, our metric, median income in the patient’s zip
ode, may be insufficiently specific to identify patients
ith limited financial resources. Thus, if African Amer-

cans in our study had fewer financial resources than
ther groups, this disparity may explain reduced access to
n expensive therapy. Those patients might have diffi-
ulty affording Medicare copayments for inpatient hos-
italizations during which IL-2 is administered. Alterna-
ively, cultural or personal preferences of African
mericans may reduce their desire to receive IL-2 due to

P value

IL-2 % Both % None %

P � 0.0002
9 6 68
6 5 74

P � 0.0001
11 10 61
11 8 61
6 3 78
1 0 94

P � 0.0003
8 7 70
6 4 81
6 4 64
9 6 68

P � 0.0001
6 74

10 7 63
5 3 79
9 2 78

P � 0.3373
7 4 73
7 6 70
9 5 70
9 5 69
8 9 71

P � 0.0394
8 6 69
9 6 71
7 5 72
6 4 69
8 9 71

P � 0.0003
9 6 69
5 4 75
4 3 84

P � 0.0001
15 12 47
6 16 38
7 12 44
6 13 39
8 3 81

P � 0.0036
9 5 72
7 5 74
9 5 70
7 6 68
ts perceived risk/benefit ratio.
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Second, women were less likely to receive IL-2 therapy
han men. Again, the reasons for this discrepancy are un-
lear. If women have less social support than men in this
opulation, they may be more hesitant to undergo an ag-
ressive and potentially debilitating therapy. Sex-specific
references for aggressive care may underlie this finding.
ittle is known about gender-specific preferences or differ-
nces in treatment choice in urologic cancers. Clearly, fur-
her prospective work in this area is indicated to illuminate
his finding.

Third, married individuals were more likely to receive
L-2 compared with single individuals. This finding may be
xplained by potential increased emotional and social sup-
ort enjoyed by married individuals, which may make them
ore likely to undergo a treatment with significant potential

ealth impact. Others have found that marital status can
mpact cancer treatment choice. Married status was posi-
ively associated with choice of potentially curative treat-
ent in men with prostate cancer vs. observation only [8].
imilarly, one population-based study reported that married

ndividuals were 66% more likely to choose aggressive
herapy (i.e., surgery) for lung cancer [9]. Another large

able 3
ultivariate model results: Predictors of receipt of IL-2

ffect Referent P

eceipt of nephrectomy No nephrectomy 2
emale Male 0
ge 65 (continuous) 0
harlson 1/2 Charlson 0 0
harlson � 3 Charlson 0 0
frican American Caucasian 0
rade 2 Grade 1 0
rade 3 Grade 1 0
rade 4 Grade 1 0
rade unknown Grade 1 0
etroit Utah 1
eattle Utah 2
arried Single 1
ear 1990 (continuous) 1

0

.5

1

Survival

0 50 100 150months

Surgery only Immunotherapy only
Immunotx + Surgery No  treatment

ig. 1. Survival associated with different therapies for metastatic kidney

kancer. (Color version of figure is available online.)
opulation-based study found that unmarried women with
tage I or II breast cancer were less likely to receive defin-
tive treatment [10].

Some of our findings were expected. Patients with in-
reased comorbidity were less likely to receive IL-2. Pa-
ients with an increased number of comorbid conditions
ay have worsened performance status; IL-2 is typically

dministered only to patients with good performance status.
e observed regional variation in use of IL-2. This may

eflect differential judgments by physicians and/or patients
ith regard to the relative risks and benefits of IL-2 therapy.
ur survival model serves as a validity check for our treat-
ent assignment algorithm; as expected, those who re-

eived IL-2, nephrectomy, or both had superior survival
ompared with those subjects who did not receive such
reatment. These nonrandomized data cannot be interpreted
o support a survival benefit in favor of treatment. However,
hey do correspond to randomized clinical data that demon-
trated such a benefit [11,12]. As such, the data support the
reatment assignment algorithm we created.

Our study has limitations. Although we attempted to
ontrol for relevant clinical variables that influence treat-
ent with IL-2, unmeasured covariates may have influ-

nced our results. We attempted to control for variables we
ould measure in our multivariable model, but some of our
ariables may have been insufficiently sensitive or specific
e.g., using median values for census tract to impute socio-
conomic status). We could not measure patient preferences
or IL-2 therapy. Our data demonstrating survival of various
reatment cohorts is biased by the nonrandom administra-
ion of treatments to subjects with varying prognoses. Fi-
ally, our findings in the Medicare population may not
epresent the experience of younger individuals with private
nsurance or no insurance.

Others have found evidence of racial disparity in patients
ith advanced renal cell cancers. Vaishampayan et al. ex-

mined survival rates for African Americans with advanced

imate 95% Wald confidence limits P value

1.580 2.561 �0.0001
0.644 0.982 0.0334
0.937 0.961 �0.0001
0.403 0.797 0.0011
0.229 0.930 0.0305
0.343 0.867 0.0103
0.257 0.974 0.0416
0.244 0.866 0.0161
0.197 0.828 0.0133
0.188 0.635 0.0006
1.001 3.945 0.0495
1.114 4.475 0.0236
1.179 2.946 0.0077
1.008 1.084 0.0177
oint est

.011

.795

.949

.567

.461

.545

.500

.460

.404

.346

.988

.232

.863
idney cancer in the SEER database. They reported that the
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edian survival for African Americans vs. Caucasians over
0 years old was 6 vs. 11 months (P � 0.001) [13]. They
uggest that the differences in survival may have a biologic
asis because the rates of complete response to IL-2 therapy
re low. They further examined this issue in a retrospective
eview of patients with metastatic disease involved in clin-
cal trials at their institution and found that the disparity in
urvival seen in SEER was duplicated in the clinical trial
etting [14]. The removal of the “access to care” effect on
urvival may strengthen the argument for a biological basis
or this difference, even though this study was small, retro-
pective, and had unbalanced risk factors between groups.

Regardless of whether the observed reduced survival in
lderly African Americans with advanced kidney cancer is
iologically driven, our study highlights the fact that the
nly therapy that has offered a complete response to patients
ith the disease is less frequently given to those who are
frican American. The arrival of new oral therapies for
etastatic kidney cancer, such as sorafenib and sunitinib,

as offered new hope to patients faced with this dire diag-
osis. These medications may be more acceptable to pa-
ients who do not want to incur the risks of therapy with
igh dose IL-2 [15]. They may also allow assessment of
umor response in poor-risk patients prior to subjecting
hem to consolidative nephrectomy, potentially sparing
hese individuals needless surgery [16]. Availability
f these medications may potentially ease access to effec-
ive treatment for individuals with metastatic kidney cancer,
s they do not need to be administered at specialized facil-
ties. However, monthly costs of these drugs are in the range
f $6,000 [17], making the economic barriers to access for
he uninsured and underinsured formidable. It is possible
hat the racial and sex-based disparities in treatment seen
ith IL-2 will be replicated with these new treatment op-

ions. Further prospective investigation into mitigating bar-
iers to receipt of effective cancer care in this setting is
rgently needed.
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