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Physician financial incentives stemming from a fee-for-service 
payment system may induce overtreatment. Such overtreatment 
negatively affects health-care quality and may be an important 
factor in the rising costs of health care (1–3). In 1963, Arrow (4) 
first detailed the conflict of interest and effect on health-care uti-
lization that could arise when the physician acts as both the agent 
(patient adviser) and seller of health care.

Large variations in care utilization exist, but demarcating over-
treatment or undertreatment is difficult because in many disease 
models the appropriate level of treatment is unclear or too 
complex to be presented in a simple model (5). However, in exam-
ples in which evidence-based guidelines exist for a therapy with 
high reimbursement, one may explore the hypothesis that financial 
incentives affect treatment utilization. In particular, overtreatment 
may occur when financial incentives induce physicians to expand 

the use of a therapy beyond the group in which it has proven ben-
efit. In an effort to explore this hypothesis, we examined whether 
utilization rates of androgen suppression therapy (AST) for pros-
tate cancer in both indicated and non-indicated cases changed 
coincident with a large rapid reduction in the reimbursement for 
this treatment.

AST, delivered as a depot injection of luteinizing hormone–
releasing hormone, is indicated for management of prostate cancer 
in two clinical situations, as palliative therapy in metastatic pros-
tate cancer (6) or in combination with external beam radiotherapy 
in the treatment of locally advanced prostate cancer (7), for which 
it has been shown to improve survival. Seventy percent of men 
with metastatic prostate cancer in the United States receive AST 
within 4 months of diagnosis (8). AST use is associated with mul-
tiple adverse effects (9–13), is costly, and has not been shown to 
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 Background  Use  of  androgen  suppression  therapy  (AST)  in  prostate  cancer  increased  more  than  threefold  from  1991  to 
1999. The 2003 Medicare Modernization Act reduced reimbursements for AST by 64% between 2004 and 2005, 
but the effect of this large reduction on use of AST is unknown.

  Methods  A  cohort  of  72 818  men  diagnosed  with  prostate  cancer  in  1992–2005  was  identified  from  the  Surveillance, 
Epidemiology, and End Results database. From Medicare claims data, indicated AST was defined as 3 months 
or more of AST in the first year in men with metastatic disease (n = 8030). Non-indicated AST was defined as 
AST given without other therapies such as radical prostatectomy or radiation in men with low-risk disease (n = 
64 788). The unadjusted annual proportion of men receiving AST was plotted against the median Medicare AST 
reimbursement.  A  multivariable  model  was  used  to  estimate  the  odds  of  AST  use  in  men  with  low-risk  and 
metastatic disease, with the predictor of interest being the calendar year of the payment change. Covariates in 
the model included age in 5-year categories, clinical tumor stage (T1–T4), World Health Organization grade (1–3, 
unknown), Charlson comorbidity (0, 1, 2, ≥3), race, education, income, and tumor registry site, all as categorical 
variables. The models included variations in the definition of AST use (≥1, ≥3, and ≥6 months of AST). All sta-
tistical tests were two-sided.

  Results  AST use in the  low-risk group peaked at 10.2% in 2003, then declined to 7.1% in 2004 and 6.1% in 2005. After 
adjusting  for  tumor and demographic covariates,  the odds of  receiving non-indicated primary AST decreased 
statistically significantly in 2004 (odds ratio [OR] = 0.70, 95% confidence interval  = 0.61 to 0.80) and 2005 (OR = 
0.61, 95% confidence interval = 0.53 to 0.71) compared with 2003. AST use in the metastatic disease group was 
stable  at  60%  during  the  payment  change,  and  the  adjusted  odds  ratio  of  receiving  AST  in  this  group  was 
unchanged in 2004–2005.

 Conclusions  In  this example of hormone  therapy  for prostate  cancer, decreased physician  reimbursement was associated 
with a reduction in overtreatment without a reduction in needed services.

     J Natl Cancer Inst 2010;102:1826–1834
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improve survival or other patient-centered outcomes in men with 
low-risk cancer; thus, current guidelines recommend watchful 
waiting or local therapy such as radiotherapy or radical prostatec-
tomy and not AST use in men with low-risk prostate cancer 
(14,15). AST given as the sole treatment in low-risk prostate can-
cer (commonly known as “primary AST”) is the most extreme ex-
ample of non-indicated use.

AST use increased more than threefold between 1991 and 1999 
across patient age, disease stage, and grade, irrespective of whether 
the treatment was considered clinically indicated or not (16). By 
2001, Medicare expenditures for AST had increased to more than 
one billion dollars. Faced with rising costs of AST, the federal 
government reduced AST reimbursement by 64% between 2004 
and 2005 as part of the 2003 Medicare Modernization Act (17). 
Rates of AST use dropped by 14% in 2005 (18). Because both 
indicated and non-indicated AST use had been high and reim-
bursement was reduced dramatically, this policy change served as 
an ideal natural experiment to test the effect of financial incentives 
on the provision of indicated vs non-indicated care. Because pay-
ment for other chemotherapeutic agents was also reduced under 
the Medicare Modernization Act, this investigation is highly rele-
vant to the current health-care reform debate as it pertains to 
cancer care.

We investigated the effect of a large reduction in Medicare 
physician reimbursement in 2004–2005 on indicated vs non-
indicated AST use as a model of the effects of financial incentives 
on overtreatment. We hypothesized that the payment change 
would not affect indicated AST use in metastatic disease, whereas 
non-indicated use (primary AST in low-risk disease) would decline 
following the reduction in physician reimbursement. To evaluate 
this hypothesis, we measured rates of AST utilization in men  
diagnosed with prostate cancer between 1992 and 2005, stratified 
by treatment indication.

Methods
Data Sources
Data from the Surveillance, Epidemiology, and End Results 
(SEER) cancer registry were linked to Medicare enrollment 
records and utilization data (SEER-Medicare). SEER contains 
patient and tumor characteristics as well as treatment information 
through 6 months after cancer diagnosis. The 11 geographic 
regions making up the SEER registry in 1992–1999 accounted for 
about 14% of the United States population and the 14 regions in 
2000–2005 accounted for 25% of the population. An elderly subset 
(≥65 years of age) of the SEER population may be followed 
long-term by linking SEER information to Medicare claims data.

Cohort Identification
From the SEER database, we identified 397 794 men diagnosed 
with adenocarcinoma of the prostate in 1992–2005 and excluded 
891 who were diagnosed on death certificate, at autopsy, or in a 
nursing home, and 109 161 diagnosed at ages younger than 
66 years (Figure 1). We also excluded 1906 with an unknown month 
of diagnosis and 11 286 who were diagnosed in rural Georgia 
(sparse population and rare cases) or Louisiana (missing 2005 data 
due to Hurricane Katrina). Men with nonmetastatic intermediate 

or high-risk prostate cancer were excluded (n = 160 455), leaving a 
sample (n = 114 095) of men with either metastatic disease (AST 
indicated cohort) or low-risk localized disease (AST non-indicated 
cohort) at diagnosis. Men who died within 12 months of cancer 
diagnosis (n = 7060) were excluded because they would have died 
before the endpoint could be measured. Also excluded were those 
men unlikely to have complete claims data (ie, not enrolled in fee-
for-service Medicare throughout the study period, n = 30 198), 
those for whom we were not able to count the AST doses (n = 
3735), and those who started AST before diagnosis of prostate 
cancer (n = 284). This process yielded a final cohort of 72 818 
patients, 8030 men in the AST indicated cohort and 64 788 in the 
AST non-indicated cohort. Three registries were added to SEER 
in 2000 (Greater California, Kentucky, and New Jersey). Unless 
otherwise specified, all analyses included these added registries.

Characterization of Low-Risk and Metastatic Cohorts
SEER classifies men as having metastatic disease if metastases are 
found within 6 months of diagnosis. All men with metastases 
were considered to have an indication for AST, regardless of 
disease grade or stage and regardless of other therapies given. 
Characterization of the low-risk cohort required consideration of 
some changes in the way SEER has reported prostate cancer infor-
mation over time. Prostate-specific antigen (PSA) value was not 
reported by SEER until 2004–2005, and so it was not used as a risk 
stratification criterion. Tumor size was limited to unilateral T2 
tumors (T2a or T2a/b depending on the year of diagnosis, because 

CONTEXTS AND CAVEATS

Prior knowledge
The  federal  government  reduced  reimbursements  for  androgen 
suppression therapy (AST) by 64% between 2004 and 2005 as part 
of  the 2003 Medicare Modernization Act, but whether  this  reduc-
tion  resulted  in  decreased  use  of  AST  for  prostate  cancer  is 
unknown.

Study design
Data on 72 818 patients with prostate cancer were collected  from 
the Surveillance, Epidemiology, and End Results (SEER) database 
and compared with Medicare claims records.

Contribution
Use of AST for 64 788 men with low-risk disease declined in 2004–
2005, but remained stable for 8030 men with metastatic disease.

Implications
Decreases in physician reimbursement for AST did not affect indi-
cated  treatment  for  high-risk  patients.  Reduced  reimbursement 
rates may reduce overtreatment in men with low-risk disease.

Limitations
Only records for Medicare patients were used, so the results may 
not be valid for younger men. Changes in the way SEER classified 
tumor  grade  in  2003  may  have  resulted  in  misclassification  of 
disease  categories.  Prostate-specific  antigen  values  were  not  in-
cluded  in  the analysis because SEER did not  report  these values 
until 2004.

From the Editors
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the staging definition changed over time). World Health 
Organization (WHO) grade 1–2 corresponded to Gleason score 
2–7 in 1992–2002 but to Gleason score 2–6 in 2003–2005. Starting 
in 2004, SEER began reporting actual Gleason score in addition to 
WHO grade; thus, we could reclassify Gleason 7 tumors with 
Gleason 2–6 tumors for 2004–2005 but not for 2003. However, 
this reclassification would create instability in the cohort 
classification between 2003 and 2004, which was our time of in-
terest (the first payment reduction was in January 2004). Therefore, 
in our primary analysis, the low-risk group was defined as having 
tumors of stage T2a/b or smaller (unilateral tumor) and WHO 
grade 1–2 (Gleason score 2–7 for 1992–2002 and 2–6 for 2003–
2005), but we looked for a change in our univariate outcome with 
the alternate definition (Gleason score 2–7 for 1992–2002, 2–6 for 
2003, and 2–7 for 2004–2005).

Characterization of Demographic Variables and 
Covariates
Comorbidity was classified using a modification of the Charlson 
comorbidity index for use with Medicare data (19,20). Specifically, 
International Classification of Diseases, Ninth Revision codes consistent 

with comorbidities of interest were examined for 1 year before 
cancer diagnosis. Race was determined from SEER files. Education 
and income levels were assigned by zip code using US Census in-
formation from 2000. Differences in demographic and clinical 
variables between the low-risk and metastatic groups of patients 
were evaluated with the  x2 test. Time trends in demographic and 
clinical characteristics among the low-risk patients were compared 
with the x2 test for heterogeneity, excluding the registries added in 
2000.

Characterization of AST Therapy
AST therapy was identified from Medicare claims data as previ-
ously described by Shahinian et al. (16). Briefly, Medicare physi-
cian inpatient and outpatient claims were searched to identify use 
of AST (Healthcare Common Procedure Coding System codes 
J9202, J9217, J9219, and J3315). Receipt of a 1-month depot 
resulted in a patient being classified as having received AST for 
that month. Longer length depots (3, 4, 6, and 12 months) were 
operationalized as 3, 4, 6, and 12 1-month depot injections as 
appropriate.

Indicated AST was defined as receiving at least 3 months of 
AST within 1 year of diagnosis in men with metastatic disease. 
Primary AST was defined as receiving at least 3 months of AST 
without any local therapy directed at the prostate (radical prosta-
tectomy, external beam radiotherapy, intensity-modulated radio-
therapy, brachytherapy, high-dose rate brachytherapy, 
cryoablation, or thermotherapy) within 1 year of diagnosis in men 
with low-risk disease. Focusing on primary AST avoided uncer-
tainty in our outcome assessment, which would have been caused 
by changes in the evidence supporting the use of AST with radical 
prostatectomy or radiotherapy during our study period; through-
out the study period, primary AST in low-risk disease was not 
supported by evidence or guidelines (14). Utilization of surgical 
castration within the first year after diagnosis was identified 
through Medicare claims for simple orchiectomy (Current 
Procedural Terminology code, CPT 54520). Throughout this 
article, AST refers only to chemical castration.

Unadjusted Prevalence of AST Use
The crude percent of patients in the metastatic and low-risk 
cohorts who received at least 3 months of AST in the year of can-
cer diagnosis were tabulated for the years 1992–2005. For each 
year, the mean Medicare reimbursement per monthly dose of AST 
was calculated from the claims identified in our cohort. To better 
understand nonclinical contributors to the patterns of AST use, 
data were additionally examined through stratification by race, 
income, and education. We also examined the outcome when 
varying the definition of low-risk disease (as described above). We 
limited this unadjusted analysis to those registries continuously 
reporting data to SEER from 1992 to 2005 but investigated the 
outcome if we included those registries added in 2000. Any change 
in the rate of primary AST may reflect a change in the preference 
for primary local therapies (eg, radical prostatectomy). To investi-
gate for such an effect, we also calculated the rate of primary AST 
in the cohort of patients not undergoing any local therapy. Because 
we did not see variation in use by low-risk definition, by the 
number of registries included, or by including vs excluding those 

114 095 with low risk or 
metastatic prostate cancer 

891 diagnosed in nursing 
home, autopsy, death 

certificate 109 161 < 66 years old
at diagnosis 

1906 with unknown  
month of diagnosis 11 286 diagnosed in 

 Louisiana or rural Georgia 

160 455 with  
intermediate or high risk
cancer without metastases 

7060 died within 12 months of 
diagnosis

284 with AST initiated before 
prostate cancer diagnosis 

30 198 not enrolled in 
Medicare Parts A and B 

throughout study period or 
enrolled in Medicare HMO
at any time in study period 

3735 unable to accurately 
count AST doses 

397 794 men with  
adenocarcinoma of the 

prostate diagnosed 1992- 2005 

72 818 with low risk or 
metastatic prostate cancer and 
complete follow-up claims data 

64 788 in low-risk 
(AST non-indicated) 

 cohort 

8030 in metastatic 
(AST indicated) cohort 

Figure 1. Flowchart describing initial dataset and exclusions leading to 
final cohort.
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patients treated with local therapy, the multivariable models were 
based on the a priori preferred definition of low-risk disease (stage 
T2a/b or smaller and WHO grade 1–2, which represented 
Gleason score 2–7 for 1992–2002 and 2–6 for 2003–2005) and 
included all registries and the cohort of all low-risk patients, re-
gardless of local therapy.

Multivariable Logistic Regression Analysis
Separate logistic regression models were constructed for meta-
static and low-risk cohorts. In both cohorts, the outcome of in-
terest was receipt of at least 3 months of AST within 12 months of 
diagnosis. The primary predictor of interest was calendar year with 
the odds of AST in each calendar year referenced against 2003 (the 
year preceding the payment change). Covariates in the model in-
cluded age in 5-year categories, clinical T stage (1–4), WHO grade 
(1–3, unknown), Charlson comorbidity (0, 1, 2, ≥3), race, educa-
tion, income, and tumor registry site, all as categorical variables. 
The models used variations in the definition of AST use (≥1, ≥3, 
and ≥6 months of AST).

Results
Patient Characteristics
By definition, the metastatic and low-risk groups differed by grade 
and stage of disease (P < .001, Table 1). Due to the large study 
population, all other demographic variables were also statistically 
significantly different between the groups (P < .001 for all), but 
some of these differences were clinically small. Men with meta-
static disease were much older and slightly less likely to be of non-
Hispanic white ethnicity. Men with metastatic disease had less 
formal education and had lower median income. The comorbidity 
index was only slightly different between low-risk and metastatic 
cohorts. We examined time trends in patient characteristics in the 
low-risk group by diagnosis year. Across the 14 years of study, 
there was a consistent trend toward younger age, lower stage of 
disease, and higher grade of disease with time (P < .001; Table 2).

Unadjusted Prevalence of AST Use
Use of AST in the metastatic group peaked at 64.0% in 2003 and 
decreased to 58.5% in 2005 (Figure 2) (64.0% in 2003 and 63.1% 
in 2005 when including registries added in 2000). Use of primary 
AST in the low-risk group was fairly stable between 1999 and 
2003, peaking at 10.2% in 2003. Primary AST then declined to 
7.1% in 2004 and 6.1% in 2005. These trends were consistent 
when the registries added in 2000 were included (2003: 10.6%, 
2004: 7.5%, 2005: 6.8%). These trends were consistent when 
varying the definition of low-risk disease and when including the 
registries added in 2000. The frequency of primary AST among 
the cohort of low-risk patients limited to those not undergoing any 
local therapy peaked at 26.0% in 2003 and declined to 16.2% in 
2005. The trends in primary AST generally parallel those in mean 
Medicare reimbursement for AST, which stabilized at $446 from 
1999 to 2003 and declined by 57% to $190 per 1-month dose in 
2005. Whereas stratified analyses showed some variation in per-
cent utilization by demographic and socioeconomic factors, no 
change in the variation was seen specific to the years 2004–2005 
(results not shown). Orchiectomy was rare in low-risk disease and 

Table 1. Patient characteristics stratified by low-risk vs metastatic 
prostate cancer*

Characteristic

Low-risk prostate 
cancer (N = 64 788),  

No. (%)

Metastatic prostate 
cancer (N = 8030), 

No. (%)

Age, y  
 66–69 17 622 (27.2) 1812 (22.6)
 70–74 22 224 (34.3) 2248 (28.0
 75–79 15 634 (24.1) 1861 (23.2)
 80–84 6764 (10.4) 1297 (16.2)
 ≥85 2544 (3.9) 812 (10.1)
Clinical tumor stage†  
 1 46 333 (71.5) 479 (6.0)
 2 18 455 (28.5) 1295 (16.1)
 3 0 530 (6.6)
 4 0 5377 (67.0)
 Unknown 0 349 (4.3)
WHO grade‡  
 1 8564 (13.2) 161 (2.0)
 2 56 224 (86.8) 2590 (32.3)
 3 0 4298 (53.5)
 Undifferentiated 0 106 (1.3)
 Unknown 0 875 (10.9)
Charlson comorbidity 
index

 

 0 49 566 (76.5) 6360 (79.2)
 1 10 391 (16.0) 1079 (13.4)
 2 3060 (4.7) 378 (4.7)
 ≥3 1771 (2.7) 213 (2.7)
Race  
 Non-Hispanic white 51 578 (79.6) 5932 (73.9)
 Non-Hispanic black 5253 (8.1) 959 (11.9)
 Hispanic 5008 (7.7) 608 (7.6)
 Asian 2719 (4.2) 495 (6.2)
 Other/unknown 230 (0.4) 36 (0.4)
Median income§  
 0–$35 654 15 033 (23.2) 2290 (28.5)
 $35 655–46 118 15 499 (23.9) 2005 (25.0)
 $46 119–60 409 15 630 (24.1) 1866 (23.2)
 ≥$60 410 16 003 (24.7) 1499 (18.7)
 Unknown 2623 (4.0) 370 (4.6)
Percent of adults with  
    less than high  
    school education§

 

 0–18.5 15 755 (24.3) 1712 (21.3)
 18.6–25.2 15 579 (24.0) 1938 (24.1)
 25.3–32.5 15 420 (23.8) 2013 (25.1)
 32.5–100 15 411 (23.8) 1997 (24.9)
 Unknown 2623 (4.0) 370 (4.6)
Rural status  
 Nonrural 59 603 (92.0) 7275 (90.6)
 Rural 5183 (8.0) 755 (9.4)

* Includes patients reported by all SEER registries, including those added 
in 2000. As expected, there were statistically significant differences 
between the low-risk and metastatic groups in all clinical and demo-
graphic variables (ie, P < .001 for all comparisons, using two-sided x2 
test), so P values are not included in the table. SEER = Surveillance, 
Epidemiology, and End Results database; WHO = World Health 
Organization.

† Clinical tumor stage from Clinical Extension variable in SEER.

‡ WHO grade from SEER. WHO grade 1–2 correlates with Gleason 
score 2–7 tumors in 1992–2002 and Gleason score 2–6 tumors in 
2003–2005.

§ Determined by average zip code level information according to 2000 United 
States census data.
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was stable between 2000 and 2005 at 9%–10% in men with 
metastases.

Multivariable Logistic Regression Analysis
Year of diagnosis was not a statistically significant predictor of 
AST use in cases of metastatic disease (2005 vs 2003: odds ratio 
[OR] = 0.90, 95% confidence interval [CI] = 0.68 to 1.18; Table 3). 
After adjusting for tumor and demographic covariates, the odds of 

receiving non-indicated primary AST decreased statistically signif-
icantly in 2004 (OR = 0.70, 95% CI = 0.61 to 0.80) and 2005 (OR = 
0.61, 95% CI = 0.53 to 0.71) compared with 2003. The odds 
of receiving primary AST was slightly higher in 2003 than in 2001 
or 2002, likely representing the effect of the change in the SEER 
grading of prostate cancer in 2003. Whereas other covariates were 
also statistically significant in the model, these indicated a global 
change in the odds of receiving AST, not specific to the time of the 

Table 2. Patient characteristics by year for low-risk group*

Characteristic
1992–1995 (N = 13 172),  

No. (%)
1996–1999 (N = 14 541),  

No. (%)
2000–2002 (N = 10 513),  

No. (%)
2003–2005 (N = 8502),  

No. (%)

Age, y    
 66–69 3183 (24.2) 3998 (27.5) 2743 (26.1) 2491 (29.3)
 70–74 4782 (36.3) 5040 (34.7) 3499 (33.3) 2727 (32.1)
 75–79 3158 (24.0) 3450 (23.7) 2717 (25.8) 2023 (23.8)
 80–84 1464 (11.1) 1469 (10.1) 1137 (10.8) 930 (10.9)
 ≥85 585 (4.4) 584 (4.0) 417 (4.0) 331 (3.9)
Clinical tumor stage†    
 1 7728 (58.7) 10 120 (69.6) 7619 (72.5) 6736 (79.2)
 2 5444 (41.3) 4421 (30.4) 2894 (27.5) 1766 (20.8)
 3 0 0 0 0
 4 0 0 0 0
 Unknown 0 0 0 0
WHO grade‡    
 1 4401 (33.4) 2261 (15.5) 619 (5.9) 251 (3.0)
 2 8771 (66.6) 12 280 (84.5) 9894 (94.1) 8251 (97.0)
 3 0 0 0 0
 Undifferentiated 0 0 0 0
 Unknown 0 0 0 0
Charlson comorbidity index    
 0 10 249 (77.8) 11 287 (77.6) 8000 (76.1) 6466 (76.1)
 1 2055 (15.6) 2254 (15.5) 1738 (16.5) 1353 (15.9)
 2 539 (4.1) 624 (4.3) 513 (4.9) 438 (5.2)
 ≥3 329 (2.5 376 (2.6 262 (2.5) 245 (2.9)
Race    
 Non-Hispanic white 10 806 (82.0) 11 661 (80.2) 8133 (77.4) 6395 (75.2)
 Non-Hispanic black 1106 (8.4) 1321 (9.1) 941 (9.0) 710 (8.4)
 Hispanic 686 (5.2) 909 (6.3) 808 (7.7) 838 (9.9)
 Asian 531 (4.0) 614 (4.2) 591 (5.6) 527 (6.2)
 Other/unknown 43 (0.3) 36 (0.2) 40 (0.4) 32 (0.4)
Median income§    
 0–$35 654 3059 (23.2) 3173 (21.8) 2157 (20.5) 1667 (19.6)
 $35 655–46 118 3587 (27.2) 3714 (25.5) 2641 (25.1) 1992 (23.4)
 $46 119–60 409 3152 (23.9) 3530 (24.3) 2533 (24.1) 2156 (25.4)
 ≥$60 410 2849 (21.6) 3566 (24.5) 2782 (26.5) 2300 (27.1)
 Unknown 525 (4.0) 558 (3.8) 400 (3.8) 387 (4.6)
Percent of adults with less than  
    high school education§

   

 0–18.5 3458 (26.3) 3945 (27.1) 2943 (28.0) 2433 (28.6)
 18.6–25.2 3008 (22.8) 3356 (23.1) 2566 (24.4) 2132 (25.1)
 25.3–32.5 3106 (23.6) 3364 (23.1) 2450 (23.3) 1979 (23.3)
 32.5–100 3075 (23.3) 3318 (22.8) 2154 (20.5) 1571 (18.5)
 Unknown 525 (4.0) 558 (3.8) 400 (3.8) 387 (4.6)
Rural status    
 Nonrural 4401 (33.4) 2261 (15.5) 619 (5.9) 251 (3.0)
 Rural 8771 (66.6) 12 280 (84.5) 9894 (94.1) 8251 (97.0)

* Excluding registries added in 2000. There were statistically significant differences in all clinical and demographic variables across years (ie, P < .001 for all com-
parisons by x2 test for heterogeneity), so P values are not shown in table. SEER = Surveillance, Epidemiology, and End Results database; WHO = World Health 
Organization.

† Clinical tumor stage from Clinical Extension variable in SEER.

‡ WHO grade from SEER. WHO grade 1–2 correlates with Gleason score 2–7 tumors in 1992–2002 and Gleason score 2–6 tumors in 2003–2005.

§ Determined by average zip code level information according to 2000 United States census data.
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payment change. No formal test for interaction was done because 
our stratified univariate analyses had indicated no effect modifica-
tion with any of the covariates. Model results were consistent when 
the definition of AST use was lowered to 1 month or more of 
AST and increased to 6 months or more in the first year after 
diagnosis.

Discussion
In a cohort of men newly diagnosed with low risk prostate cancer 
between 1992–2005, a 64% reduction in reimbursement for AST 
was associated with a 40% relative reduction in the prevalence of 
non-indicated AST (10.2% vs. 6.1%) and a 39% reduction in the 
adjusted odds of receiving non-indicated AST. There was no sta-
tistically significant change for indicated AST in the same time 
period among men with metastatic disease. The effect for non-
indicated AST was stable over alternative definitions of low-risk 
localized disease and variations in the number of SEER registries 
included in the analysis. The decline in primary AST could not be 
attributed to a growth in the preference for competing treatment 
choices such as radical prostatectomy or radiotherapy because the 
effect was still seen when eliminating such patients from the low-
risk cohort, which is relevant because minimally invasive radical 
prostatectomy (21) and intensity modulated radiotherapy increased 
in popularity during the same period.

Weight et al. (18) measured the total number of annual 
Medicare prescriptions for AST from 2001 to 2005 and found a 
14% decline in 2005. Their study suggested several alternative 
explanations beyond financial incentives for an observed decline in 
Medicare prescriptions for AST. First, there may have been a shift 
in the presentation of prostate cancer toward lower risk disease. 
We controlled for such a shift through stratification by tumor 
characteristics and indications for AST use. Second, there may 
have been a trend toward using longer acting agents, leading to a 
reduction in the number of prescriptions per year. We controlled 
for the possibility of such a trend by operationalizing longer acting 
agents as several doses of a 1-month agent. Third, there may have 
been a shift toward intermittent AST, which is a strategy of 

delivering AST for a limited period, beginning only when the PSA 
starts to rise and typically ending several months later, after PSA 
levels fall (22). By limiting our investigation to the receipt of at 
least 3 months of AST in the first year, we minimized the possi-
bility of this confounding. Specifically, among non-indicated AST 
prescriptions, receipt of 1–2 months of AST without receiving a 
third month was rare (<5% in 2000 and 2005). Last, Weight et al. 
(18) hypothesized that the decline in prescription rates might rep-
resent a decrease in the use of neoadjuvant AST. We controlled for 
such a decrease by limiting our non-indicated cases to primary 
AST monotherapy.

The growing body of evidence of harms attributable to AST 
may be argued to have resulted in the observed decline in AST use. 
However, post hoc analyses and administrative database studies 
documenting high-risk complications of AST such as osteoporotic 
fractures, metabolic syndrome, and cardiovascular morbidity were 
mostly published after 2005 (9,10,12). If physicians were increas-
ingly aware of the unintended consequences of AST before the 
publication of these results, this could have accounted for the 
decline in AST utilization in 2004–2005. Similar analyses of trends 
in communities less prone to financial incentives such as the US 
Veterans Affairs or Canadian health system may shed light on this 
matter. However, trends in other disease models (ie, perioperative 
beta blockers) demonstrate that even evidence from randomized 
trials is slow to affect clinical practice (23). Thus, the observed 
pattern of declining AST use in 2004–2005 likely represents a real 
effect of reimbursement change and not physician awareness of 
clinical evidence.

We chose to explore AST utilization trends in the extremes of 
indication—definitely indicated and non-indicated—so as to more 
clearly explore the effect of payment change on these two groups. 
Thus, we did not investigate AST utilization trends in interme-
diate groups such as locally advanced prostate cancer, for which 
indications for AST utilization in combination with radiotherapy 
or surgery have changed over our period of investigation (24–27). 
Furthermore, we emphasize that this investigation does not sug-
gest that financial incentives led to the increase in AST seen in the 
1990s. Our analysis only allows us to conclude that the reduction 

Figure 2. Proportion of all metastatic (indicated) 
and  low-risk  (non-indicated)  prostate  cancer 
patients  receiving  androgen  suppression 
therapy  (AST).  The  proportion  receiving  non-
indicated  AST  is  presented  in  two  ways:  with 
the cohort being all low-risk patients and, alter-
natively,  only  those  low-risk  patients  who 
received no local therapy (ie, radical prostatec-
tomy or radiotherapy). Plotted against the right 
hand  y-axis  is  the  average  Medicare  payment 
for each 1 month of AST. Data are shown over 
the years 1992–2005 and is limited to those reg-
istries  continuously  reporting  data  to  SEER 
throughout the study period (ie, excludes those 
added in 2000).
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Table 3. Multivariable logistic regression models predicting the odds of receiving androgen suppression therapy (AST) in non-indicated and indicated 
settings

Variable

Non-indicated cohort Indicated cohort

OR (95% CI)* P OR (95% CI)* P

Year of diagnosis    
 1992 0.23 (0.18 to 0.30) <.001 0.11 (0.08 to 0.14) <.001
 1993 0.26 (0.21 to 0.34) <.001 0.17 (0.13 to 0.22) <.001
 1994 0.55 (0.45 to 0.66) <.001 0.23 (0.18 to 0.30) <.001
 1995 0.62 (0.52 to 0.74) <.001 0.33 (0.25 to 0.43) <.001
 1996 0.86 (0.73 to 1.01) .064 0.32 (0.24 to 0.43) <.001
 1997 0.95 (0.81 to 1.11) .521 0.43 (0.32 to 0.57) <.001
 1998 0.91 (0.78 to 1.07) .248 0.62 (0.46 to 0.83) .002
 1999 0.99 (0.85 to 1.16) .939 0.77 (0.57 to 1.04) .085
 2000 0.92 (0.82 to 1.05) .211 0.94 (0.73 to 1.22) .662
 2001 0.84 (0.74 to 0.95) .006 0.88 (0.68 to 1.14) .331
 2002 0.85 (0.75 to 0.96) .011 0.97 (0.75 to 1.26) .829
 2003 1.00 (referent)  1.00 (referent)
 2004 0.697 (0.61 to 0.80) <.001 0.90 (0.68 to 1.18) .449
 2005 0.613 (0.53 to 0.71) <.001 0.85 (0.64 to 1.12) .256
Age, y    
 66–69 1.00 (referent)  1.00 (referent)
 70–74 1.78 (1.60 to 1.99) <.001 1.16 (1.01 to 1.34) .036
 75–79 3.98 (3.57 to 4.42) <.001 1.40 (1.21 to 1.62) <.001
 80–84 9.41 (8.42 to 10.52) <.001 1.29 (1.09 to 1.52) .003
 >85 12.28 (10.76 to 14.01) <.001 1.29 (1.06 to 1.56) .010
Clinical tumor stage†    
 1 1.00 (referent)  1.00 (referent)
 2 1.09 (1.02 to 1.17) .016 1.44 (1.15 to 1.81) .002
 3 n/a  1.24 (0.94 to 1.66) .134
 4 n/a  1.20 (0.96 to 1.49) .105
 Unknown n/a  1.56 (1.14 to 2.12) .005
WHO grade‡    
 1 1.00 (referent)  1.00 (referent)
 2 1.47 (1.32 to 1.63) <.001 1.13 (0.75 to 1.68) .563
 3 n/a  1.43 (0.96 to 2.12) .081
 Undifferentiated n/a  1.64 (0.92 to 2.91) .093
 Unknown n/a  1.47 (0.96 to 2.24) .074
Charlson comorbidity index    
 0 1.00 (referent)  1.00 (referent)
 1 1.30 (1.21 to 1.41) <.001 1.50 (1.30 to 1.74) <.001
 2 1.40 (1.24 to 1.58) <.001 1.28 (1.01 to 1.61) .039
 ≥3 1.72 (1.49 to 1.99) <.001 1.20 (0.89 to 1.63) .230
Race    
 Non-Hispanic white 1.00 (referent)  1.00 (referent)
 Non-Hispanic black 1.02 (0.90 to 1.16) .720 0.48 (0.40 to 0.58) <.001
 Hispanic 1.63 (1.47 to 1.81) <.001 0.86 (0.71 to 1.05) .129
 Asian 1.38 (1.18 to 1.61) <.001 0.94 (0.73 to 1.21) .623
 Unknown 1.24 (0.77 to 2.02) .380 0.89 (0.43 to 1.87) .765
Median income§    
 0–$36 697 1.00 (referent)  1.00 (referent)
 $36 698–47 468 1.00 (0.92 to 1.10) .932 1.08 (0.94 to 1.25) .287
 $47 469–61 190 0.86 (0.78 to 0.95) .003 1.20 (1.03 to 1.41) .023
 ≥$61 191 0.83 (0.74 to 0.93) .002 1.21 (1.00 to 1.47) .049
 Unknown 1.02 (0.84 to 1.23) .874 0.83 (0.63 to 1.11) .213
Percent of adults with less than high school education§    
 0–18.5 1.00 (referent)  1.00 (referent)
 18.6–25.2 1.08 (0.98 to 1.19) .102 1.07 (0.92 to 1.25) .376
 25.2–32.5 1.19 (1.07 to 1.33) .002 0.95 (0.79 to 1.14) .587
 32.5–100 1.23 (1.08 to 1.40) .002 0.88 (0.71 to 1.08) .224
Rural status    
 Nonrural 1.00 (referent)  1.00 (referent)
 Rural 1.31 (1.15 to 1.49) <.001 0.83 (0.68 to 1.03) .091

* The outcome is the odds of receiving 3 months of primary AST in low-risk disease or 3 months of AST in metastatic disease, respectively. The a priori predictor of 
interest is the year of diagnosis, particularly 2004 and 2005 (after the payment change, marked in bold) relative to 2003 (before the payment change). Other variables also 
affect the odds of receiving AST; however, year of cancer diagnosis remains a statistically significant predictor after controlling for these other factors. Models are based 
on data from all SEER registries, including those added in 2000. SEER registry was also included as a covariate in the model but results are not presented because of the 
large number of registries. CI = confidence interval; n/a = not applicable; OR = odds ratio; SEER = Surveillance, Epidemiology, and End Results database; WHO = World 
Health Organization.

† Clinical tumor stage from Clinical Extension variable in SEER.

‡ WHO grade from SEER. WHO grade 1–2 correlates with Gleason score 2–7 tumors in 1992–2002 and Gleason score 2–6 tumors in 2003–2005.

§ Determined by average zip code level information according to 2000 United States census data.
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in reimbursement is associated with a decline in use in 
2004–2005.

The national SEER registry with Medicare follow-up repre-
sents a relevant and robust method for examining trends in cancer 
care. Claims-based research has been shown to reliably collect 
treatment information when the claim is associated with a physi-
cian payment, especially high-reimbursing procedures such as 
surgery or chemotherapy (28–30). However, this study has several 
limitations. We followed a cohort of Medicare patients; thus, find-
ings may not be valid in younger men. The change in the way 
SEER classified Gleason scores into WHO grade categories intro-
duced some uncertainty into our trend analysis. Using our primary 
definition of low-risk disease, men in 2003–2005 had lower grade 
disease than men before 2003. This shift in the tumor grade of our 
low-risk cohort led to a false peak in the proportion and the odds 
of receiving primary AST in 2003. However, there was no change 
in the definition after 2003; thus, it did not affect measurement of 
our primary outcome (2004–2005 vs 2003). In addition, whereas 
methods were designed to minimize bias, residual confounding 
may exist. Until 2004, SEER did not report the PSA value, only 
whether it was elevated or not. Thus, our risk stratification did not 
include an important variable. Moreover, because our analysis 
covered a long period there is a risk that grade migration may have 
had an impact on prescription rates. The trend has been to classify 
the same tumor as higher grade in recent years (31), which could 
lead to less AST used in low-grade tumors; however, such migra-
tion would be expected to have a gradual impact on AST utiliza-
tion rates, not the sudden impact that we observed.

Medicare changed the profitability of AST delivery in several 
ways in 2004–2005. Reimbursement for the drug itself was 
changed from paying 95% of the average wholesale price through 
2003 to 80%–85% of the average wholesale price in 2004 to 106% 
of the average sales price in 2005 ($190 per 1-month depot in 
2005) (32). These changes in pricing accounted for the decreased 
reimbursement we explored in this study. In 2004, Medicare also 
stopped paying for the nursing visit (CPT code 99211) associated 
with chemotherapy administration and in 2005 lowered the reim-
bursement for intramuscular or subcutaneous drug injection (CPT 
code 96400) by about $30. Because these latter reductions were 
relatively minor and would have introduced additional variability 
into our model, we did not include them in our analysis. However, 
future analyses may inquire about how the structure and timing of 
office visits for drug delivery changed as a result of these other 
payment changes.

Although the decline in non-indicated AST prescriptions was 
associated with a coincident decrease in AST payment, the payment 
change did not affect indicated therapy. Whereas only about 60% 
of men with metastatic disease receive indicated AST, this frequency 
did not suffer when reimbursement declined. The lack of a negative 
impact on indicated therapy may reflect the possibility that 
Medicare has identified a reimbursement level that is not far below 
the provider’s true cost of administration or it may represent an 
ethical constraint on withholding unprofitable beneficial therapy.

AST is one of the many classes of drugs covered under 
Medicare Part B, including other chemotherapeutics and asthma 
inhalers that were affected by recent payment changes; thus, our 
work has broad implications. Indeed, similar to our findings, 

Jacobson et al. showed that regional variations in payment for 
other chemotherapeutics in the 1990s did not affect the overall 
utilization rate of chemotherapy for metastatic breast, lung, or 
gastrointestinal tumors but did affect the selection of chemothera-
peutic agents (33). Specifically, highly reimbursed physicians were 
more likely to prescribe more expensive agents. The interesting 
parallel to our study is that rates of indicated treatment (chemo-
therapy given or not) were not affected by reimbursement, but 
where discretion was allowed (ie, choice of which drug to use), 
reimbursement did affect practice. Future analyses should investi-
gate the AST data with attention to whether the change in pre-
scribing patterns in 2004–2005 was associated with particular 
physician characteristics. Such analyses could also exploit regional 
variations in physician reimbursement for AST that occurred 
because of variations in procedures used by National Drug Code 
carriers in setting the average wholesale price for AST within each 
code of the Healthcare Common Procedure Coding System before 
October 2002 (33). Similarly, one could examine how AST utiliza-
tion is affected by regional variation in the adoption of the least 
costly alternative option for setting reimbursement, a policy that 
ended on April 19, 2010 (34).

Conclusions
A major reduction in physician reimbursement for AST was asso-
ciated with a 39% decrease in the odds of receiving non-indicated 
AST but not indicated AST. These findings may help inform how 
payment changes will affect health-care utilization in other disease 
models.
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