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Abstract
OBJECTIVE— To investigate the effect of efforts in the early detection of prostate cancer using
prostate-specific antigen (PSA) testing in the USA, by estimating the regional prevalence of androgen
deprivation therapy (ADT) among older men in 1993–2000, and correlating the prevalence with early
detection and aggressive treatment rates in 1987–91, as some authors predicted that ADT, a treatment
traditionally reserved for advanced prostate cancer, would become less common over time as a result
of such efforts.

PATIENTS AND METHODS— A sample of 5% of men who were Medicare beneficiaries was
used in this prospective population-based cohort study. The main outcome measures were the overall
prevalence of ADT (medical and surgical) in the cohort from 1993 to 2000, and correlations between
rates of prostate procedures in the 306 USA hospital referral regions in 1987–91 and prevalence of
ADT in those regions from 1993 to 2000.

RESULTS— The prevalence of ADT among these men in the USA increased steadily from 1.8%
in 1993 to 2.9% in 2000 (P < 0.001). Regions with higher rates of prostate biopsy in 1987–91 had a
higher prevalence of ADT in 1993, 1995 and 1997 (P < 0.05). Regions with higher rates of
transurethral prostatectomy in 1987–91 had a higher prevalence of ADT in 1993–2000 (P < 0.01).
Regions with higher rates of radical prostatectomy in 1987–91 had higher rates of ADT in 1993–99
(P < 0.05).

CONCLUSIONS— Widespread early detection and aggressive treatment for prostate cancer in the
USA has been associated with more, not less, ADT among older men over time.
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INTRODUCTION
Soon after the PSA test was introduced into the USA in 1987 for the follow-up of men with
known prostate cancer, physicians began to use the test for early detection of the disease. By
1992 the incidence of prostate cancer in the USA had approximately doubled, largely as a result
of an enormous reservoir of undiagnosed prostate cancer and widespread PSA screening [1].
This dramatic rise in incidence was accompanied by a substantial ‘stage shift’ toward more
localized and fewer metastatic cases, along with an absolute decrease in the population-based
rates of first presentations of men with metastases, as documented among prostate cancer cases
reported to the National Cancer Institute’s Surveillance, Epidemiology, and End Results
(SEER) programme [1,2]. Whether the overall incidence of metastatic prostate cancer has
decreased is less certain, as patients initially reported as having localized cancer are not re-
reported to the SEER programme if they later develop metastases.

Androgen deprivation therapy (ADT) is the traditional first-line treatment for metastatic
prostate cancer, achieved either surgically through an orchidectomy or medically, principally
through periodic injections of GnRH agonists [3]. Although ADT is an effective treatment for
painful bony metastases [4], it also results in many unpleasant side-effects, and a substantial
deterioration in overall health status [5–7]. Medical ADT, which is more widely used than
surgery, is also extremely expensive, with drug costs of USA $5000–7000 annually [8].

Early in the ‘PSA era’ in the USA the observed stage shift to fewer first presentations with
metastatic disease led some experts to hypothesise that one benefit of screening would be less
need for ADT in the future as a treatment for advanced prostate cancer [9,10]. Indeed, in our
group’s cost-effectiveness analysis of PSA screening for the USA Medicare programme, our
‘base case’ assumptions included savings attributable to early detection reducing the need for
eventual treatment of advanced disease with ADT [11].

To determine whether widespread early-detection efforts in the USA have actually decreased
rates of ADT among older men, we studied the epidemiology of early-detection efforts and
aggressive treatment of prostate cancer among a random sample of men who were Medicare
‘fee-for-service’ beneficiaries in all USA hospital referral regions in the ‘early’ PSA era (1987–
91) leading up to the peak incidence in 1992, and the epidemiology of ADT among men in the
same regions in the ‘late’ PSA era (1993–2000) after the peak incidence. The USA Medicare
programme provides health insurance to almost all Americans aged ≥ 65 years, largely through
fee-for-service payments to hospitals, physicians and other providers, but in some case through
pre-payments to health maintenance organizations (HMOs). We also used claims data to
estimate the proportion of men who began ADT in 1998 and 1999 for different indications.

PATIENTS AND METHODS
We obtained the Medicare Part B (Carrier) standard analytical files (national 5% sample),
MedPAR (Part A) and denominator files for the years 1987 through 2000 from the USA Center
for Medicare and Medicaid Services, except for the 1992 Part B file, which was not available.
The MedPAR files included hospital claims. The Part B files included physician and other
supplier claims for services paid by the Part B programme in office, inpatient, outpatient, home
and nursing-home settings. Each claim included a unique patient identifier, date of service, a
Current Procedural Terminology (CPT) procedure code, and up to four International Center
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for Disease-9 (ICD-9) diagnosis codes. MedPAR files contained hospital discharge abstracts
summarising acute-care stays for fee-for-service Medicare beneficiaries. MedPAR records for
each discharge contained hospital use data including up to 10 ICD-9 diagnosis codes and six
CPT procedure codes. The denominator file consisted of a unique record for each Medicare
beneficiary entitled in that year and contained demographic, programme eligibility and
enrolment information, including HMO status.

HMO enrolees do not generate MedPAR or Part B claims and thus we were unable to determine
if these patients had a procedure or treatment during their HMO enrolment. Therefore, HMO
enrolees were excluded from all analyses beginning with the month of first HMO enrolment.
Additionally, we excluded invalid or duplicate claims, and limited analyses to claims for male
beneficiaries entitled because they were aged ≥ 65 years, and those living in the USA.

One of the aims was to correlate measures of the early detection of prostate cancer and treatment
intensity in the early PSA era with use of ADT in the late PSA era. We used rates of prostate
biopsy and TURP as the measures of early detection intensity, and rates of radical
prostatectomy (RP) as a measure of treatment intensity. Unlike PSA tests, which were not paid
for by the Medicare programme in the early PSA era, biopsies are routinely recorded in
Medicare claims data, and biopsy rates reflect the screening intensity with both PSA tests and
DREs. Although men may be screened with PSA tests and DREs, a diagnosis of cancer cannot
be made without proceeding to biopsy. TURPs are usually performed for BPH, but as 5–15%
of these procedures result in the diagnosis of prostate cancer [12,13] they are also effectively
prostate cancer screening tests, with a higher cancer detection rate than either PSA tests or a
DRE [14].

For the period 1987–91 we used Part B claims to identify the following prostate diagnostic and
therapeutic procedures on men: biopsy (CPT codes 55700, 55705), RP (CPT codes 55810,
55812, 55815, 55840, 55842, 55845), TURP (CPT codes 52601, 52612, 52614), and
orchidectomy (CPT codes 54520, 56318, 54690). For the period 1993–2000 we used Part B
claims to identify ADT: 3.6 mg monthly goserelin (CPT code J9202), 7.5 mg monthly
leuprolide (CPT code J9217), and orchidectomy (CPT codes 54520, 56318, 54690). A
diagnosis code specifying prostate cancer (ICD-9 codes 185, V1046, 2365) was required for
ADT claims. Not all codes are valid in all years. MedPAR files were used to identify
beneficiaries who received bilateral orchidectomy (ICD-9 codes 62.4 and 62.41) but did not
have a Part B claim. Beneficiary residence postal zip codes were mapped to hospital referral
regions (HRRs) following the methods of Wennberg and Cooper [15].

For the outcome cohort 1993–2000: Beneficiaries entered the analysis starting with the first
month of fee-for-service Medicare enrolment and remained in the analysis until they joined an
HMO, had ≤ 10 months of enrolment in a given year, or died. Numerator events and
denominators were restricted to periods of uninterrupted fee-for-service enrolment.
Beneficiaries who were discarded from the denominator for a given year for any reason were
excluded from all subsequent years.

Biopsy events (1987–91) were restricted to one per beneficiary per day, but a beneficiary could
have additional biopsies on different dates. RP, TURP and orchidectomy were restricted to one
per beneficiary. If multiple claims were found, the earliest claim date was selected. For medical
ADT (1993–2000), a beneficiary was defined as receiving ADT if he had claims for at least
three doses of either leuprolide or goserelin, in any sequence, at least 25 days apart, or three
or four doses billed on the same day, as that was the mechanism for reimbursement for longer-
acting preparations of these agents as they became available during this period.

To calculate incidence rates in 1987–91, the number of biopsies, RPs and TURPs were each
summed for the period 1987–91. Denominators in person-years differed for each procedure
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because, except for biopsy, once a beneficiary had a procedure, they were at no risk of having
the same one again, and so the beneficiary was excluded from the denominator in future years.
Rates were calculated within HRRs, and indirect standardization was used for age and race
using population average rates from 1987–91. Age was divided into five categories of 65–69,
70–74, 75–79, 80–84, ≥ 85 years; race was categorized as black or not black. Indirect
standardization was used because >20% of the age by race subclasses within HRRs had no
numerator events and >7% had no denominator.

Prevalence was computed within HRRs and year. If the criteria for medical ADT were met,
the beneficiary was considered androgen deprived for the year. Indirect standardization for age
and race was done using population rates from 1993 to 2000.

To calculate the prevalence of ADT by orchidectomy in 1993–2000, carrier and MedPAR files
were used to identify orchidectomies performed in 1987–2000. Any beneficiary receiving an
orchidectomy was then considered androgen deprived until death or censoring, i.e. assuming
the criteria for the denominator were met, a beneficiary who received an orchidectomy in 1995
would be in the numerator as androgen deprived from 1995 to 2000. Beneficiaries meeting the
criteria for both medical and surgical ADT in a given year were considered surgically androgen
deprived. Indirect standardization for age and race was done using population rates from 1993
to 2000.

To estimate the proportions of men initiating ADT for different indications in 1998–99, for
men newly receiving ADT in 1998–99, the timing of orchidectomy or the first dose of
leuprolide or goserelin in relation to the dates of RP (for codes, see above), the initiation of
external beam radiotherapy (CPT codes 77400–77416, 77420, 77425, 77430), or
brachytherapy (CPT codes 77776–77778) was used to estimate the proportion of men receiving
ADT for different indications. The same diagnosis codes were required for radiation therapy
as for RP (see above). These men were categorized as receiving ADT for recurrence if there
was a claim for one of the three attempted curative treatments >6 months previously, for
adjuvant therapy if there was a claim ≤ 6 months previously, and for neoadjuvant therapy if
there was a claim following the initiation of ADT. Men with no claims for any of the three
treatments before or after the initiation of ADT were considered to have received ADT as
primary therapy. Men initiating ADT in 1998–99 were selected to allow the longest possible
retrospective time for evidence of previous attempted curative treatment, while still providing
a minimum follow-up of 1 year until the end of 2000, to identify men initiating neoadjuvant
therapy. Before 1991, diagnostic codes were not available in Medicare claims for radiotherapy,
and as radiation could have been given for other indications, only radiotherapy administered
specifically for prostate cancer in 1991 or later was included in this analysis. For the
retrospective analysis of previous attempted curative treatments, life-table methods were used
with the interval in person-months censored before the first month of fee-for-service Medicare
eligibility (usually at the 65th birthday), the month of a claim for an attempted curative
treatment, or January 1991, whichever was later.

With HRR as the experimental unit, rank correlations were computed between the 1987–91
procedure rates and ADT prevalence for each year from 1993 to 2000. Tests for trends across
the years 1993–2000 for ADT by orchidectomy, medicine, and orchidectomy and medicine
combined were done by regression analysis (linear) and the Cochran-Armitage test for trend
in binomial proportions. All tests indicated the rejection of the null hypothesis of no trend with
P < 0.01.
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RESULTS
During the late PSA era (1993–2000) the age- and race-adjusted cross-sectional prevalence of
ADT according to our definition increased steadily in the cohort from ≈ 1.8% to 2.9% of USA
men who were Medicare beneficiaries (P < 0.001; Fig. 1). In 1993, ≈ 53% of men who were
androgen deprived had undergone an orchidectomy, while in 2000 the percentage of ADT by
orchidectomy decreased to 21%. Table 1 provides the numbers of men undergoing surgical
and medical ADT in this 5% sample of USA men over this interval.

Figure 2 shows the variation in age- and race-adjusted rates of prostate biopsy, TURP and RP
among the 306 HRRs in the USA over the early PSA era (1987–91). Figure 3 shows the
variation in the proportion of men who were androgen deprived in these same 306 regions in
1993 and 2000; the degree of variation in the intervening years is similar. In these distribution
plots, each point represents a region, and the overall pattern gives a sense of the degree of
regional variability in the procedure or treatment (note the changes in rates or percentages on
the y-axis among the plots).

Table 1 also shows the correlations among the 306 HRR rank ordered according to their rates
of prostate biopsy, TURP and RP in 1987–90, and their ranks ordered according to the
proportion of men who were androgen deprived in each year from 1993 to 2000. Areas with
higher rates of prostate biopsy in the early PSA era had significantly higher percentages of men
on ADT in 1993, 1995 and 1997, with similar but marginally insignificant correlations in 1994
and 1996. Areas with higher rates of TURP in the early PSA era had significantly higher
percentages of men on ADT from 1993 to 2000, and areas with higher RP rates in the early
PSA era had higher percentages of men on ADT from 1993 to 1999. Higher rates of these three
procedures in the early PSA era were not significantly associated with lower risks of ADT in
any follow-up year in the late PSA era.

According to the classification algorithm, of 8282 men in the study population initiating ADT
in 1998–99, 29.9% initiated it as neoadjuvant therapy and from the retrospective life-table
analysis, 3.1% initiated it as adjuvant therapy and 14.4% for recurrence. The remaining 52.6%
were classified as receiving ADT as primary therapy.

DISCUSSION
By contrast with some early expectations that widespread early detection and aggressive
treatment of prostate cancer would reduce the future need for ADT in the USA, we found
steadily increasing rates of ADT among men in the Medicare population in the late PSA era
(1993–2000). Remarkably, ≈ 3% of men in the USA Medicare fee-for-service programme were
androgen deprived by 2000. That percentage matches the 3% of men of this age who are
eventually expected to die from prostate cancer, according to National Cancer Institute
projections [16].

Moreover, regions with higher rates of early detection and aggressive treatment efforts in the
early PSA era (1987–91) tended to have a higher, not lower, prevalence of ADT during the
late PSA era. These data suggest that the assumptions in our 1997 cost-effectiveness analysis
were erroneous [11], and that screening and aggressive treatment increase, rather than decrease,
the future risk of ADT.

What explains the rising prevalence of ADT and its association with higher early detection and
aggressive treatment efforts early in the PSA era? Our estimates suggest that neoadjuvant
therapy, treatment for recurrences, and primary therapy are all common indications for ADT
now, late in the PSA era. These observations probably reflect a relaxation in the indications
for ADT over time. While ADT was commonly reserved for men with documented metastatic
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prostate cancer before the PSA era, men are now being treated with ADT for earlier stage
disease [17,18]. For example, men who have prostate cancer discovered through screening
usually have their PSA levels monitored serially after attempted curative radiotherapy or RP.
If the PSA level begins to increase, even minimally, they are increasingly likely to be treated
with ADT [19,20], even though the median interval between a rising PSA and documented
metastases, at least after surgery, appears to be ≈ 8 years in the absence of such therapy [21].
In addition, men with clinically localized cancer but with clinical characteristics suggesting a
higher risk for extracapsular disease are more often being treated with primary ADT [22].
While there is evidence from controlled trials supporting early or neoadjuvant ADT with
radiation for clinically advanced prostate cancers in some circumstances [23–26], there is no
similar evidence that such therapy for PSA-only recurrences after attempted curative therapy,
or as primary therapy for clinically localized tumours, does more good than harm [27].

The relatively high prevalence of ADT among men in the USA Medicare population, at ≈ 3%,
might be related to time trends in prostate cancer mortality observed in the USA. Some have
opined that the trend toward lower prostate cancer mortality might be related to more intensive
screening and aggressive treatment for early-stage disease [28]. However, similar trends are
apparent in the UK in the absence of much screening [29]. Furthermore, our group reported
that more aggressive screening and treatment in the Seattle-Puget Sound SEER area compared
to the Connecticut SEER area during the early PSA era was not associated with lower prostate
cancer-specific mortality over 11 years of follow-up [30]. Other experts suggested that more
effective treatment for advanced disease, including ADT, might be primarily responsible for
these trends [31]. Our data documenting the relatively high prevalence of ADT among older
men are consistent with the latter hypothesis.

A limitation of the present analysis of the indications for men starting ADT in 1998–99 is the
unavailability of claims for attempted curative treatments before the age of 65 years for any
man and before 1991 for all men. These proportions certainly underestimate the true proportion
of men treated with ADT for recurrence, and overestimate the true proportion of men treated
as primary therapy. As our maximum retrospective interval was only 8 years (1999 to 1991)
and the hazard rates for previous attempted curative treatment from the life-table analysis did
not appear to decline earlier in the retrospective interval, this underestimate of treatment for
recurrence and overestimate of primary treatment might have been substantial.

The widespread use of PSA testing has increased the probability from ≈ 10% to ≈ 18% that
men in the USA will eventually have to cope with a prostate cancer diagnosis [16,32], even
with incomplete penetration of screening [33,34]. As men weigh the pros and cons of PSA
testing, perhaps they should also consider that such testing might increase their risk of
eventually requiring ADT with its attendant morbidity and costs, but also with potential,
although largely unconfirmed, benefits.
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FIG. 1.
Cross-sectional prevalence of surgical and medical ADT in men in the USA Medicare
population, 1993–2000.
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FIG. 2.
Variation among the rates of age- and race-adjusted rates of prostate biopsy, TURP and RP in
the early PSA era (1987–91) among men who were Medicare beneficiaries in 306 USA HRRs.
*Scale for Radical Prostatectomy y axis differs to accommodate rate range.
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FIG. 3.
Variation among the prevalence of ADT in 1993 and 2000 among men who were Medicare
beneficiaries in 306 USA HRRs.
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