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Abstract
Objective—Previous studies addressing racial disparities in treatment for early-stage prostate
cancer have focused on the etiology of undertreatment of black men. Our objective was to
determine whether racial disparities are attributable to undertreatment, overtreatment, or both.

Methods—Using the SEER-Medicare dataset, we identified men 67–84 years-old diagnosed with
localized prostate cancer from 1998 to 2007. We stratified men into clinical benefit groups using
tumor aggressiveness and life expectancy. Low-benefit was defined as low-risk tumors and life
expectancy <10 years; high-benefit as moderate-risk tumors and life expectancy ≥10 years; all
others were intermediate-benefit. Logistic regression modeled the association between race and
treatment (radical prostatectomy or radiotherapy) across benefit groups.

Results—Of 68,817 men (9.8% black and 90.2% white), 56.2% of black and 66.3% of white
men received treatment (adjusted odds ratio (OR)=0.65; 95% CI, 0.62–0.69). The percent of low-,
intermediate-, and high-benefit men who received treatment was 56.7%, 68.4%, and 79.6%,
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respectively (P=<0.001). In the low-benefit group, 51.9% of black vs. 57.2% of white patients
received treatment (OR=0.74; 95% CI, 0.67–0.81) compared to 57.2% vs. 69.6% in the
intermediate-benefit group (OR=0.64; 95% CI, 0.59–0.70). Racial disparity was largest in the
high-benefit group (64.2% of black vs. 81.4% of white patients received treatment; OR=0.57; 95%
CI, 0.48–0.68). The interaction between race and clinical benefit was significant (P<0.001).

Conclusion—Racial disparities were largest among men most likely to benefit from treatment.
However, a substantial proportion of both black and white men with a low clinical benefit
received treatment, indicating a high level of overtreatment.

Keywords
Prostatic neoplasms; Healthcare disparities; Minority health; Standard-of-care; Population;
Geriatrics

1. Introduction
In the United States, racial and ethnic disparities in cancer treatment and overall cancer
survival are well-documented.1–3 Black patients continue to have the highest mortality and
shortest survival for all major cancer sites, and disparities persist despite an improved
understanding of early detection, genetics, and socioeconomic risk factors.1,3–7 Prostate
cancer imposes a disproportionate burden on black men as they have a higher incidence,
more unfavorable tumor characteristics, and greater mortality than white men.8–12 Several
studies have called for increasing treatment of black men as the key approach to resolving
cancer disparities.11–14 It is unclear whether overtreatment of white men is an exacerbating
factor to these observed racial disparities. This is important to determine, as disparities
related to overtreatment of white men would require a markedly different solution than those
directed at addressing undertreatment of black men.

Prior analyses of prostate cancer disparities have not incorporated the marked clinical
heterogeneity in prognosis. Many men diagnosed with early-stage disease will die from
other causes, and treatment may cause significant adverse side-effects.15,16 Both tumor and
patient characteristics strongly influence how a prostate cancer diagnosis will affect health
outcomes and the benefits of treatment. Older patients with shorter life expectancies and less
aggressive tumors are less likely to benefit from surgical treatment, and expectant
management may be more appropriate.17–19 Prior studies have not shown a significant
mortality benefit with radical prostatectomy compared to expectant management in men >65
years of age with low-risk disease.17,20 And to our knowledge, there are no randomized-
control trials comparing different radiation modalities vs. expectant management among
older men. In order to understand the contribution of undertreatment and overtreatment to
racial disparities in prostate cancer treatment, amore clinically relevant framework is
needed: both life expectancy and tumor aggressiveness are accepted as determinants of
treatment benefit at the bedside and are included in recommendations by the National
Comprehensive Cancer Network (NCCN).9 Treatment within a low-benefit group may be
considered overuse, while no treatment in a high-benefit group may be considered
underuse.21 The potential remedies to decreasing overuse of treatment drastically differ from
approaches to improving underuse of treatment. Only by viewing racial disparities through a
lens of clinical appropriateness can clinicians and policy-makers rectify disparities. We
therefore created a framework of clinically appropriate care based on clinical evidence and
national guidelines, and then applied this framework to empirically assess racial disparities
in prostate cancer treatment.9,17
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To understand appropriate care in terms of overtreatment and undertreatment in localized
prostate cancer, we stratified men into clinical benefit groups based on life expectancy and
tumor characteristics based on NCCN guidelines. We analyzed the patterns of treatment in
each benefit group and the degree to which specific treatment modalities contributed to
disparities. We hypothesized that racial disparities in prostate cancer treatment would vary
across clinical benefit groups.

2. Methods
2.1. Data Source and Study Sample

We used the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked
database.22 This database includes demographics and tumor characteristics for 20 different
registries across the United States and covered 26% of the U.S. population during 2000–
2007.22 Compared to the general population ≥65 years of age, SEER is comparable in terms
of age and sex distribution; however, SEER has a higher proportion of non-white persons
and urban-dwellers and a lower proportion of persons living below poverty level.23 The
linked database also includes Medicare claims for all beneficiaries in the SEER registries
and a 5% random sample of Medicare beneficiaries with and without cancer in the SEER
regions. We included the 13 SEER registries available before the 2000 SEER expansion.24

The Yale Human Investigation Committee does not classify this study as human subject
research.

We selected all black and white men aged 67–84 years of age diagnosed with stages T1–T2
prostate cancer from 1998 to 2007. We excluded patients whose reporting source of cancer
was a death certificate or autopsy, those with missing grade or stage, those with prior
malignancy or a second primary tumor diagnosed within a year of their prostate cancer
diagnosis, and those who did not have fee-for-service Medicare Parts A and B coverage
during the study period. Patients must have had at least one Medicare claim billed during the
study period (Fig. 1).

2.2. Construction of Variables
Comorbid conditions were assessed by Medicare claims in the 24 through 3 months prior to
diagnosis. We searched International Classification of Diseases, 9th revision (ICD-9)
diagnosis codes for the conditions recommended by Elixhauser et al. that were significantly
associated with survival in a sample of non-cancer patients.25 We selected ICD-9 codes that
appeared on an inpatient claim or at least two outpatient claims billed ≥30 days apart.
Median household income at the zip code level reported by the 2000 Census was used as a
proxy for socioeconomic status.

2.3. Clinical Benefit Groups
The sample was stratified into low- and moderate-risk tumor categories. Low-risk disease
included SEER histologic grade 1 or 2 and clinical stage T1 or T2a, while moderate-risk
disease included SEER grade 3 or 4 or T2b–T2c disease.9,22 Though T1a is potentially
curable by transurethral resection of the prostate (TURP), we included T1a patients in low-
risk disease to include those classified as T1 without further detail. The SEER Program
Coding and Staging Manual (Appendix C) indicates that SEER grade 1 = Gleason scores 2–
4, grade 2 = scores 5–6, and grades 3–4 = scores 7–10. These are consistent with the NCCN
and American Urological Association guidelines. Since not all men in the SEER database
had Gleason scores and the scoring system changed in the 1990s, we felt that SEER grading
was a more consistent tool to use in our analysis.26
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To estimate life expectancy, we used a sample of non-cancer patients from the Medicare
5%randomsample. We constructed age- and comorbidity-specific life tables using the annual
mortality rates. To validate our life expectancy method, we applied age- and comorbidity-
specific life expectancy estimates to men diagnosed in 1998–99 (for whom 10-year follow
up data was available). Ten-year survival among men with a life expectancy ≥10 years was
76.1%, compared to 48.0% among men with a life expectancy of <10 years.

NCCN guidelines recommend that patients with moderate-risk disease and life expectancy
≥10 years receive treatment. Conversely, for patients with low-risk tumors and life
expectancy <10 years, treatment risks may outweigh the benefits with little mortality
benefit; therefore, expectant management is an acceptable treatment option.9 Based on
NCCN guidelines, low-benefit patients were defined as having a low-risk tumor and life
expectancy <10 years, intermediate-benefit as having a low-risk tumor and life expectancy
≥10 years or a moderate-risk tumor and life expectancy <10 years, and high-benefit as
having a moderate-risk tumor and life expectancy ≥10 years.

Because PSA and Gleason scores were only available in SEER starting in 2004, we
performed a sensitivity analysis including only men diagnosed between 2004 and 2007.
Low-risk was defined as stages T1–T2a, Gleason scores 2–6, and PSA<10, and with SEER
staging indicators verifying no lymph node involvement or metastases. Moderate-risk was
defined as stages T2b–T2c, Gleason score 7, and PSA 10–20.Men with high-risk tumors
were excluded from the study sample (consistent with our main analysis).

2.4. Treatment
We searched Medicare claims for Healthcare Common Procedure Coding System and ICD-9
procedure codes for radiotherapy and radical prostatectomy (Table 1). We defined treatment
as receipt of radiotherapy or prostatectomy within 9 months of diagnosis. Patients were
considered to be under expectant management if there were no claims billed with the listed
codes or if they received primary androgen deprivation therapy. Radiotherapy included
external beam radiotherapy (including standard external beam, intensity modulated
radiotherapy, stereotactic radiosurgery, and proton beam) and brachytherapy. Men who
received external beam or intensity modulated radiotherapy had to receive at least four
treatments to be categorized as treated.

2.5. Statistical Analysis
Chi-squared tests were used to test the bivariate associations between receipt of curative
therapy and each covariate and to determine whether the receipt of curative therapy differed
between black and white patients within all strata of the covariates. Logistic regression
modeled the association between race and receipt of treatment. The multivariable model
included covariates independently associated with receipt of treatment, and we tested the
interaction between race and clinical benefit category. The predicted probability of receiving
treatment was calculated for each individual patient based on his actual values for each
covariate except for race. Using the parameter estimates output from the logistic regression,
two predicted probabilities were calculated for each patient—one in which we set the
patient's race to white and the other to black, regardless of the patient's actual race. The
mean of these probabilities was taken within each clinical benefit group to compare the
average predicted probability of treatment for black and white patients. A 95% confidence
interval for each average predicted probability was derived using a bootstrapping technique.
All analyses were performed using SAS version 9.2 (SAS Institute Inc., Cary, NC).
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3. Results
Among 68,817 eligible men, 6723 (9.8%) were black and 62,094 (90.2%) were white (Table
2). Approximately 13.9% of black men were in the high-benefit group vs. 12.6% of white
men (P=0.002). Overall, 56.7%of low-benefit men received treatment compared to 68.4% of
intermediate-benefit men and 79.6% of high-benefit men (P=<0.001).

Similar to prior studies, decreasing age, fewer comorbidities, and being married were
positively associated with receipt of treatment regardless of race.27,28 Only a slightly higher
percentage of men with moderate-risk disease were treated (69.6%) compared to those with
low-risk disease (62.0%). Men in the highest income quartile were significantly more likely
to receive treatment (70.7% vs. 57.7% of patients in the lowest income quartile (P<0.001)).

Approximately 56.2% of black men versus 66.3% of white men received treatment. Black
men were less likely to receive treatment regardless of their age, marital status, tumor risk,
or comorbidity status (P<0.001). Among men with low-risk tumors, 54.7% of black men vs.
62.7% of white men received treatment (P<0.001). Similarly, 57.9% of black vs. 71.0% of
white men with moderate-risk tumors received treatment (P<0.001).

As the potential for clinical benefit increased, the likelihood of receiving treatment also
increased. In the full sample, 56.7% of low-benefit men received treatment compared to
68.4% of intermediate- and 79.6% of high-benefit men (P<0.001). Within the low-benefit
group, 51.9% of black vs. 57.2% of white men received treatment compared to 57.2% vs.
69.6% in the intermediate-benefit group, and 64.2% vs. 81.4% in the high-benefit group,
respectively (P<0.001 for each black-white comparison).

In the multivariable model, age, marital status, and income were significantly associated
with receipt of treatment (Table 3). The largest magnitude of racial disparity was in the
high-benefit group (adjusted odds ratio (OR) for treatment for black vs. white men 0.57;
95%CI, 0.48–0.68). This disparity was smaller among the intermediate- and low-benefit
groups (OR=0.64; 95% CI, 0.59–0.70 and OR=0.74; 95%CI, 0.67–0.81, respectively). In the
full model, the interaction between race and clinical benefit group was significant (P<0.001),
indicating that the association between race and receipt of treatment varied across benefit
groups. The average predicted probability of receiving treatment increased from low- to
high-benefit groups, as did the absolute magnitude of racial disparity (Fig. 2).

In the sensitivity analysis, 34,607 black or white men were diagnosed from 2004 to 2007, of
whom 9644 (27.9%) were low- and 18,645 (53.9%) were moderate-risk. We then
incorporated the new risk categories into the clinical benefit categories. Using the new
subgroup categories and rerunning our multivariable model, the adjusted odds ratio for
receipt of treatment for blacks versus whites did not change significantly.

In the full study sample, radiotherapy was more common than surgical treatment, although
prostatectomy tended to be relatively more common among high-benefit men (Table 4).
Radical prostatectomy was the major contributor to observed racial differences. For
instance, black men in the high-benefit group were less likely to receive radical
prostatectomy than white men (22.4% vs. 38.5%, P<0.001), which was not due to
underlying factors such as age or comorbidity. Among low-benefit men, the difference in
prostatectomy rate was smaller (7.0% vs. 8.8%; P=0.002). Unlike with prostatectomy, the
magnitude of the racial disparity in brachytherapy use varied little across clinical benefit
groups, holding steady at an absolute difference of approximately 4%–6%. There was no
significant racial disparity between black and white men receiving external beam
radiotherapy in any of the clinical benefit groups.
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4. Discussion
We found that the presence and magnitude of cancer treatment disparities varied according
to a patient's likelihood for clinical benefit. By incorporating the NCCN framework into our
analysis, we view this as a novel approach to furthering our understanding of how to address
racial disparities in the treatment of prostate cancer. Racial disparities were the largest
among prostate cancer patients with the highest likelihood of clinical benefit (moderate-risk
tumors and a life expectancy ≥10 years). However, the highest absolute numbers of men
receiving treatment were in the low- and intermediate-benefit groups. These results suggest
that efforts to improve both quality and equity of prostate cancer care in older men should
address two domains: improving equitable access to treatment for high-benefit patients, but
more importantly, decreasing overtreatment of all men with a low potential for clinical
benefit.

The undertreatment of black men in the high-benefit group is of particular concern, as black
men have a higher incidence of prostate cancer and present with aggressive tumors.3,5,22

Recent studies suggest that underuse of treatment is a growing concern for high-risk disease
and our study confirms that this is particularly true among black men.29 In our sample, black
men were more likely to have moderate-risk tumors and a high-benefit as compared to white
men. This results in a two-fold hazard for black men: they are more likely to develop tumors
with poor prognostic characteristics, and when they are diagnosed with such tumors, the
racial disparities in receipt of treatment are substantial.

Treatment of over ten-thousand low-benefit black and white men reflects overuse of
treatment among all men regardless of race. Older men with low-risk disease and shorter life
expectancies are unlikely to die from their prostate cancer; therefore, the treatment of early-
stage disease may not outweigh the adverse side-effects of treatment.10,16,18 Reduction of
overtreatment among both white and black men with low-benefit would diminish racial
disparities while decreasing the adverse side-effects of aggressive treatment for all men.9,21

Surgery is a potential contributor to observed disparities in high-benefit patients. Increasing
access and availability of radical prostatectomy to high-benefit black patients may
ameliorate current racial disparities in treatment practices. However, some older men with
low-risk prostate cancer do not experience a mortality benefit from radical
prostatectomy.17,30 Interestingly, there was little difference in receipt of radiation treatment
between black and white men. Perhaps this suggests that providers are improving
communication and decreasing mistrust surrounding the use of radiation therapy.31

Although prostate cancer treatment recommendations are controversial among older men,
the NCCN guidelines and recent randomized control trials state that men with higher risk
tumors and life expectancy >10 years are more likely to benefit from aggressive
management. This does not imply that the solution to observed racial disparities includes
surgical treatment of all high-benefit men. The most recent surgical trial was not able to
determine a significant difference in mortality between radical prostatectomy and expectant
management for men >65 years-old, although it is unclear whether that study was
adequately powered to detect important differences in prostate cancer-specific outcomes in
this age group.17 Future studies are needed to determine which factors are associated with
receipt of surgical treatment for moderate and high-risk prostate cancer and whether there is
a mortality benefit from surgical intervention in the treatment of higher risk tumors in men
>65 years-old.

Our findings build upon prior work regarding racial disparities in the treatment of non-
cancerous diseases. In cardiovascular care, white patients are more likely to undergo
percutaneous transluminal coronary angiography for an inappropriate indication than similar
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black patients.32,33 However, overuse did not account for the entirety of treatment disparity,
suggesting that underuse may have played a role. Similarly, studies of renal transplantation
demonstrate that black patients with end-stage renal disease were less likely to be referred,
have a completed work-up, and undergo transplantation than white patients, regardless of
the clinical indication.34 This racial disparity was also attributed to both underuse among
black patients who were appropriate transplant candidates and overuse among white patients
who were inappropriate transplant candidates.34 More research is needed to optimize patient
care and outcomes for minority populations.35

There are several limitations to our study. Medicare claims are for administrative purposes
and may not include all treatment and comorbidity data. While age and comorbidity are
frequently used to gage life expectancy at the bedside, some patients may live longer or
shorter than their life expectancy might suggest. Patients with T1a and T1b diseases, curable
by TURP, were included, though they did not strictly meet the definition of “low-risk” by
NCCN criteria. Tumor grading and staging were also subject to error of interpretation and
are different if a patient has surgery versus a biopsy. We used SEER grade to be consistent
throughout our analysis because PSA values were not available prior to 2004, and the
Gleason scoring system changed during our study period.9,22,26 Other important factors such
as geriatric assessment and frailty scoring were not included in this study as it was limited to
Medicare data.36 Despite these limitations, our study included a large, diverse sample of
men with Medicare.

In conclusion, the greatest racial disparity present in the receipt of treatment among black
and white prostate cancer patients was among those most likely to benefit from treatment.
Because it is uncertain whether patients with a lower clinical benefit will derive any
mortality benefit, addressing racial disparities should also focus on developing evidence to
determine whether treatment is more likely to provide benefit than harm, and ensuring
informed consent regarding the uncertain benefits of treatment. Sweeping approaches to
increase the use of treatment for all patients, regardless of the likelihood of clinical benefit,
have the potential to do more harm than good.
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Fig. 1.
Sample selection.
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Fig. 2.
Average predicted probability of receipt of treatment. The P-value for the race × benefit
group interaction was significant (P<0.001) and the average predicted probability was
adjusted for marital status, age, comorbidity, median household income, year of diagnosis,
and SEER registry. †Low-benefit: low-risk tumors and life expectancy <10 years.
‡Intermediate-benefit: low-risk tumors and life expectancy ≥10 years or moderate-risk
tumors and life expectancy <10 years. §High-benefit: moderate-risk tumors and life
expectancy ≥10 years.
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Table 1

Procedure codes used to identify treatment.

Treatment Codes

External beam radiation HCPCS 77402, 77403, 77404, 77406, 77407, 77408, 77409, 77411, 77412, 77413, 77414, 77416, 77301, 77418,
77371–77373, 77520, 77522, 77523, 77525, 0082T, 0073T, G0174, G0173, G0243, G0251, G0339,
G0340

Brachytherapy HCPCS 77776, 77777, 77778, 77781, 77782, 77783, 77784, 77799, G0256, G0261

Prostate surgery HCPCS 55810, 55812, 55815, 55840, 55842, 55845, 55866, 55801, 55821, 55831

ICD-9 60.3, 60.4, 60.5, 60.6, 60.62, 60.69
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