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Abstract
Context: Most newly diagnosed prostate cancer is clinically localized, and major treatment
options include surgery, radiation, or conservative management. Although conservative
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management can be a reasonable choice, there is little contemporary PSA era data on outcomes
with this approach.

Objective: To evaluate the outcomes of clinically localized prostate cancer managed without
initial attempted curative therapy in the PSA era.

Design: A population-based cohort study with a median follow-up 8.3 years (through December
31, 2007). Competing risk analyses were performed to assess outcomes.

Setting: Areas covered by the Surveillance, Epidemiology and End Results (SEER) program.

Participants: Men diagnosed with stage T1/T2 prostate cancer after age 65 between 1992 and
2002 managed without surgery or radiation within 6 months of cancer diagnosis.

Main Outcome Measure: 10-year overall survival, cancer-specific survival, and major cancer
related interventions.

Results: With a median age of 78 years at cancer diagnosis, ten-year prostate cancer-specific
mortality was 8.3% (95% CI 4.2% – 12.8%), 9.1% (95% CI 8.3% - 10.1%), and 25.6% (95% CI
23.7% - 28.3%) for men with well-, moderately-, and poorly-differentiated tumors, respectively.
The corresponding 10-year risks of dying of competing causes were 59.8% (95% CI 53.2% -
67.8%), 57.2% (95% CI 52.6% - 63.9%) and 56.5% (95% CI 53.6% - 58.8%), respectively. Ten-
year disease specific mortality for men aged 66-74 years diagnosed with moderately-differentiated
disease was 60% - 74% lower than earlier studies: 6% (95% confidence interval [CI] 4% - 8%) in
the contemporary PSA era (1992-2002) compared to results of previous studies (15% - 23%) in
earlier eras (1949-1992). Improved survival was also observed in poorly-differentiated disease.
The use of chemotherapy (1.6%), or major interventions for spinal cord compression (0.9%), was
uncommon.

Conclusion: Results following conservative management of clinically localized prostate cancer
diagnosed in 1992 – 2002 are better than outcomes among patients diagnosed in the 1970s and
1980s. This may be due, in part, to additional lead time, overdiagnosis related to PSA testing,
grade migration, or advances in medical care.
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Introduction
Among men, prostate cancer is the most common non-skin cancer and the second most
common cause of cancer death in the United States.1 When diagnosed, prostate cancer is
contained within the prostate in approximately 85% of cases,2 and standard treatment
options usually include surgery, radiation, or conservative management (active surveillance
or deferral of treatment until necessitated by disease signs or symptoms).

For men <65 years of age with clinically localized prostate cancer, results of a large,
randomized clinical trial have demonstrated that surgery improves survival compared with
conservative management.3 The majority of men diagnosed with localized prostate cancer,
however, are over age 65 years.4 Although not specifically designed to address age effects,
this same clinical trial3 was unable to demonstrate a survival benefit for surgery among
older men.3, 5 Coupled with data showing that the lifetime risk of being diagnosed with
prostate cancer is ~17%, while the corresponding risk of dying of this disease is only ~3%,6
the evidence suggests that conservative management may be an important treatment
consideration for the sizable majority of men diagnosed with localized prostate cancer.
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Despite its potential as a reasonable treatment choice, however, conservative management
has been utilized in only ~10% of patients,7 perhaps because of a limited understanding of,
and contemporary data on, the anticipated course and outcomes of this approach. For
example, most long-term data on conservative management have been acquired either in
earlier eras when PSA testing was not performed, or from areas where PSA testing was
uncommon,8-11 and cancers diagnosed in the contemporary PSA era have been shown to be
significantly different from those found in earlier eras.2

This lack of reliable contemporary information makes it difficult for patients and their
physicians to anticipate outcomes, make informed treatment decisions, and interpret the
results of maturing clinical trials (often started in earlier eras) that compare outcomes to
conservative management. We assembled a large population-based cohort of 14,516 men
with localized T1/T2 prostate cancer in order to provide data on the results of conservatively
managed localized prostate cancer diagnosed in the contemporary PSA era.

Methods
Data sources

Data were obtained from Medicare insurance program files linked to the population-based
Surveillance, Epidemiology and End Results (SEER) cancer registries, which are 98%
complete for case ascertainment.12 The SEER regions encompassed approximately 14% of
the US population before 2000 and 25% thereafter.12 The Medicare database covers
approximately 97% of US persons aged ≥65 years. Linkage to the SEER database is
complete for approximately 93% of the patients.12 This study was approved by the
University of Medicine and Dentistry of New Jersey institutional review board (IRB), as
well as the SEER program, and the Center for Medicare & Medicaid Services. Informed
consent was waived by the IRB because the data did not contain personal identifiers.

Cancer stage and grade for each case were abstracted from SEER data files. Gleason 2-4,
5-7, and 8-10 cancers were characterized as well-, moderately-, and poorly-differentiated
cancers, respectively. Information regarding treatment was obtained from both SEER and
Medicare files. A Charlson co-morbidity score was derived from Medicare claims during the
year prior to prostate cancer diagnosis using a validated algorithm.13 Race was self-
determined by the patients. Outcomes in the pre-PSA era (Table 3) were obtained from
published literature except for the study by Albertsen et al.,10 where age-specific data was
obtained directly from the authors. In this study, the pre-PSA era refers to the period before
1988. The contemporary PSA era refers to outcomes among patients diagnosed in 1992 or
thereafter.

Study participants
The study cohort consisted of men aged >65 years who were SEER residents and diagnosed
with stage T1-T2 cancer between 1992 and 2002 (N = 89,877). This ensured that every
patient had at least 12-months of Medicare claims data to assess their comorbidity status
prior to cancer diagnosis (1991 was the first year Medicare claims data were available for all
cancer cases). Men who died within 180 days of diagnosis (N=1,761), or who received
attempted curative therapy such as prostatectomy or radiation within 180 days of diagnosis
were excluded (N =31,485). Patients who had other cancers diagnosed either before or after
prostate cancer were excluded (N=3,965) to ensure that all cancer therapies were for prostate
cancer. Men who did not have both Medicare Part A and Part B as their primary health
insurance coverage during the study period were excluded (N= 34,777) because their cancer
treatment history might be incomplete. Men with missing data (N=2,995), an unknown
cancer grade (N=255), or who received androgen deprivation therapy (ADT) prior to
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diagnosis (N=123) were also excluded. In this study, we classified T1c cancer as PSA
screen-detected cancer and the rest as non-screen detected cancer. Results (both mortality
and secondary cancer therapies) remained similar when patients receiving attempted
curative therapy more than 180 days after diagnosis were excluded.

Outcomes assessment
Overall and prostate cancer-specific survival was available through December 31, 2007 and
December 31, 2005, respectively. Underlying causes of death were obtained from the SEER
database. Previous studies have shown high agreement (87-92%) between cause of death in
the SEER database and that determined through medical record review.14, 15 Follow-up
cancer therapies were identified from SEER and Medicare claims data through the end of
2005.

External beam radiation that consisted of <20 visits within a 6 week period was considered
palliative, whereas brachytherapy or external beam radiation delivered over 20 visits within
6 weeks was considered attempted curative therapy. Chemotherapy use was identified
through previously published algorithms (kappa ≥0.73 compared to medical record review).
16 A validated algorithm was used to identify androgen deprivation therapy.17, 18 We
developed and validated a new algorithm to identify palliative surgery or radiation for spinal
cord compression, impending cord compression, or painful metastasis based on chart
review.

Statistical analyses
The primary study endpoints were time to death from prostate cancer and time to death from
other causes, stratified by patient age, cancer grade, and stage at diagnosis. Our study had
>95% power to detect a change of ten percentage points in the prostate-cancer death rate
estimates compared to previously reported rates. For the analysis of competing risks, we
tabulated the numbers of men with each of the three outcomes of interest (alive, dead from
prostate cancer, and dead from other causes) for each of the age-grade-stage combinations
(Table 2). Results for men with T1 and T2 well-differentiated cancers were combined
because of limited sample sizes.

For Table 3, confidence intervals (CIs) for the current study were based on 95% percentiles
of 1,000 bootstrap replications of the competing risks model for death from either prostate
cancer or other causes.{Efron, 1994 #1029} Confidence intervals for Albertsen et al. were
estimated using a Weibull survival model that matched the 5- and 10-year prostate cancer
death rates reported in that paper. The rest of the 95% CIs were extracted from published
literature. Our study, with much larger sample sizes than the Albertsen et al. study,10 had
more than 95% power to detect a change of ten percentage points in the prostate-cancer
death rate estimates over Albertsen's reported rates for moderately differentiated disease,
and more than 80% power for poorly differentiated disease, based on simulations with 1,000
replications. For Table 4, 95% CIs were based on percentiles of 1,000 bootstrap replications
of the competing risks model for the three outcomes.

Estimates of competing risks and P values were computed using cumulative incidence
functions (Figure, Table 4).19 For the analysis of competing risks for secondary cancer
therapy listed in Table 4, we computed the competing risks of each outcome independently,
with death treated as a competing risk, since one individual could have had more than one
secondary treatment. To provide more stable estimates of the survival curves, we used a
nearest neighbor hazard smoother with an Epanechnikov kernel20 as implemented in the R
statistical system (R Foundation for Statistical Computing, Vienna, Austria). All P-values
were two-sided. P-values <0.05 were considered statistically significant.

Lu-Yao et al. Page 4

JAMA. Author manuscript; available in PMC 2010 September 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results
Baseline characteristics of the study population are summarized in Table 1. Most tumors had
Gleason scores of 5-7 (76%) and 4,493 (31%) men had screen detected cancer (T1c).
Palpable disease (T2) at diagnosis was present in 42% of the cases, and most men (~70%)
did not have significant comorbid conditions. The median age at diagnosis was 78 years and
median follow-up was 8.3 years.

At the end of the study period, most men were either alive or had died of other causes (Table
2). Among the 222 patients diagnosed with well-differentiated prostate cancer, 15 died of
prostate cancer and 133 died of other causes during the first 10 years. Among the 10,988
patients diagnosed with moderately differentiated prostate cancer, 642 died of prostate
cancer and 5,005 died of other causes during the first 10 years. Among the 3,306 patients
diagnosed with poorly differentiated prostate cancer, 684 died of prostate cancer and 1,652
died of other causes during the first 10 years. With a median age of 78 years at cancer
diagnosis, ten-year prostate cancer-specific mortality was 8.3% (95% confidence interval
[CI] 4.2% – 12.8%), 9.1% (95% CI 8.3% - 10.1%), and 25.6% (95% CI 23.7% - 28.3%) for
men with well-, moderately-, and poorly-differentiated tumors, respectively. The
corresponding 10-year risks of dying of causes other than prostate cancer were 59.8% (95%
CI 53.2% - 67.8%), 57.2% (95% CI 52.6% - 63.9%) and 56.5% (95% CI 53.6% - 58.8%),
respectively. The Figure illustrates the competing risk of death according to age at diagnosis,
cancer stage and grade. Results for well-differentiated tumors were not shown because
sample sizes were too small for reliable estimates. When the analyses were restricted to men
without androgen deprivation therapy within 6 months of cancer diagnosis, the results were
comparable or even more favorable than those shown in the Figure.

Survival results in our contemporary PSA era study cohort were more favorable than results
previously reported. For example, in the current study, 10-year prostate cancer-specific
mortality was 6% (95% confidence interval [CI] 4% - 8%) in the contemporary PSA era
(1992-2002) compared to results of previous studies (15% - 23%) in earlier eras
(1949-1992) for men aged 65 - 74 years diagnosed with moderately-differentiated disease
(Table 3) Improvement in survival among men with older age or poorly-differentiated
disease was also observed.

Table 4 summarizes 10-year cumulative risks of various secondary cancer therapies based
on the analyses of competing risks. Overall, androgen deprivation therapy (ADT) use was
high: about 60 - 83% within 10 years. Forty-one percent of our cohort received androgen
deprivation therapy within 6 months of cancer diagnosis; among the remaining cohort
members, 28.4% and 45.4% received androgen deprivation therapy for moderately- and
poorly differentiated cancer within 10 years. Relatively few patients received chemotherapy
(N= 237, 1.6%), or underwent spinal surgery or radiation for metastatic disease (N=134,
0.9%). Ten-year cumulative risks of palliative therapy (palliative radiation, chemotherapy,
or spinal surgery or radiation) were 4.1% and 6.9% among older patients (≥75 years) with
non-screen detected moderately- and poorly-differentiated cancer, respectively. Younger age
was associated with higher use of palliative therapy (P<0.001). Outcomes were similar when
analyses were restricted to relatively healthy men (comorbidity score zero).

Discussion
The appropriate treatment of men with clinically localized prostate cancer diagnosed in the
PSA era has been a subject of great controversy. For the majority of older men (aged ≥65
years) who are diagnosed with localized disease, randomized clinical trial data have not
been able to demonstrate a survival benefit for surgery,3 or any other approach compared to
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conservative management.21 Despite these data raising the possibility that conservative
management may be a reasonable treatment choice, little data exist that describe outcomes
following conservative management in the contemporary PSA era.22-25

To address this lack of data, we examined 14,516 men with localized T1/T2 prostate cancer
without initial attempted curative therapy and found that ten-year prostate cancer specific
mortality declined by more than 60% compared to previous studies (Table 3). We also found
that for the majority of men managed without initial attempted curative therapy (ie., those
>65 years old with moderately-differentiated cancer), only a limited proportion (4-11%)
used palliative radiation therapy, chemotherapy, or treatments for spinal cord compression
over the ensuing 10 years following diagnosis. In contrast, use of androgen deprivation
therapy was quite common.

The substantial improvement in survival we observed in our study compared with previous
reports10, 11, 26 might be explained, in part, by additional lead time, overdiagnosis related to
PSA testing, or grade migration, among other factors.27 PSA testing identifies disease 6-13
years before it presents clinically.28 Contemporary patients identified through such testing
would be expected to live at least 6-13 years longer because of this lead time.28 In addition,
previously documented systematic upgrading of modern tumors compared to earlier eras29

makes more recently graded tumors appear to have a more benign course, resulting in longer
survivals.27 Finally, it is also possible that advancements in medical care might have led to
improved outcomes. The net overall effect is that outcomes following conservative
management are now significantly better than those reported in previous eras; therefore,
physicians and their patients may need to reconsider this management option, particularly in
light of randomized trial data from the pre-PSA era suggesting little if any benefit to more
aggressive intervention.

Our documentation of a major improvement in conservative management outcomes is
important, not only because it provides updated information for physicians and patients, but
also because the results may color the interpretation of maturing randomized clinical trials.
For example, in the widely cited Scandinavian randomized study of prostatectomy vs.
conservative management, disease-specific survival in the conservative management arm
(~85% at 10-years)3 was found to be very similar to that documented in several
observational cohort studies of conservative management from the same pre- or early PSA
era (~87%,26 ~86%,30 and ~83%31). The use of radical prostatectomy resulted in a ~5.3%
absolute percentage point increase (to ~90%) in cancer-specific survival in this study.

The results of our study, however, demonstrated that 10-year cancer-specific survival with
conservative management has now increased from ~83-87% in the pre- or early PSA era to
~94% in the PSA era, which is now beyond the ~90% 10-year cancer-specific survival rate
for a similar population of men treated with prostatectomy in the pre- or early PSA era
Scandinavian trial (ie., those aged 66-74 years with moderately-differentiated cancer) (Table
3). The room available for additional improvement when 10-year cancer-specific survival is
already ~94% with conservative management may be limited, and the absolute benefit of
surgery in the Scandinavian trial may be difficult to reproduce in similar studies like the
U.S. Prostate Cancer Intervention Versus Observation Trial (PIVOT), where most men were
diagnosed through PSA screening.32 Nonetheless, the only true way to determine if this will
be the case is to await the results of contemporary randomized studies like PIVOT, and it is
not our intent to suggest that benefit for the majority of men with localized prostate cancer
(ie., those ≥65 years old) can be excluded based on our results and those of the Scandinavian
study.3 On the other hand, for men with poorly-differentiated disease managed
conservatively, the 10-year cancer-specific survival was substantially lower (~58-74%) than
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reported in the Scandinavian trial and, therefore, the potential for benefit with attempted
curative therapy may be greater in these men.

Our study had some limitations. The men in our study, like the majority of prostate cancer
patients, were ≥65 years of age and our results might not apply to younger patients. In
addition, we were limited to data available in the SEER registries. For example, PSA values
at diagnosis were not collected during the study period and Gleason 5, 6, and 7 tumors were
grouped together as moderately-differentiated disease. Consequently, the results for
moderately-differentiated disease as a whole may overestimate survival for Gleason 7
tumors and underestimate survival for Gleason 5 tumors. In addition, there may be
unmeasured patient or disease characteristics beyond age, tumor stage and tumor grade,
unique to patients selecting conservative management that impact results so that they may
not apply to patients with more aggressive disease characteristics not captured in the
database. Another limitation is the length of follow-up. Because of the protracted nature of
the disease, longer follow-up data are needed for men with a life expectancy greater than 10
years.

Finally, as in other observational and randomized trials and studies, the secondary endpoints
were supportive, exploratory, and less robust than the primary endpoints. For example,
although the Medicare database is generally able to capture the initiation of secondary
therapy accurately (surgery, radiation, ADT, and chemotherapy, etc.), the actual accuracy
may vary somewhat from procedure to procedure and, therefore, comparisons between rates
of secondary therapies may be less exact.12, 16, 33 In addition, the Medicare database does
not consistently capture the use of oral agents, such as the antiandrogens, that may be used
for ADT. In the case of antiandrogens, however, data from the CaPSURE database34 have
shown that the use of antiandrogens as sole treatment for localized prostate cancer is
uncommon (~2%) and, therefore, it is unlikely that the use of hormonal therapy would be
significantly underestimated. Irrespective of the strengths and limitations of each secondary
endpoint, however, it is important to recognize that the purpose of these additional analyses
was to provide additional insight and context for the interpretation of the primary endpoints
of cancer-specific and overall survival, and not necessarily for these endpoints to stand alone
as definitive conclusions.

In addition to the study’s limitations, there were also some important strengths. The study
was population-based, and all-inclusive in the regions studied, rather than limited to specific
institutions or networks. Consequently, the results are more likely to apply more broadly. In
addition, the study was much larger than previous studies and, therefore, provided more
stable estimates on which to base future clinical decisions. In particular, conservative
management is often an especially relevant treatment choice for men aged ≥75 years.
However, data on this older population are rare and this group is often excluded or
underrepresented in randomized trials. Our study, with more than 10,000 men aged ≥75
years, provided crucial information to fill this important knowledge gap.

In summary, our findings suggest that outcomes following conservative management of
contemporary PSA era patients with localized prostate cancer are substantially more
favorable than in studies from earlier eras, and patients with well- or moderately-
differentiated disease managed conservatively are generally even more likely to die of
causes other than prostate cancer.9, 10, 26, 30 Considering favorable 10-year outcomes
following conservative management, men with a life expectancy less than 10-years may
wish to consider an active surveillance/watchful waiting protocol as an alternative to
immediate attempted curative therapy.10, 25, 26, 30, 35
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Figure.
Competing Risk of Death by Age at Diagnosis, Cancer Stage, and Grade†

Panel A: Moderately-Differentiated (Gleason 5-7) Cancer
Panel B: Poorly-Differentiated (Gleason 8-10) Cancer
† Darkly shaded areas represent prostate cancer-specific mortality; lightly shaded areas
represent mortality due to competing causes; non-shaded areas represent the probability of
being alive. Results for well-differentiated disease are not shown because estimates were
unstable due to limited sample sizes.
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Table 1

Characteristics of 14,516 Men without Initial Attempted Curative Therapy for Clinically Localized (T1/T2)
Prostate Cancera

Characteristics Result N(%)

Age at diagnosis, median (IQR), y 78 (73 - 82)

Follow-up, median (IQR), months 100 (77 - 137)

Black race 1,577 (10.9)

Married at diagnosis 9,070 (62.5)

Urban residence 12,553 (86.5)

Zip code-level income, median (IQR), US $ 42,924 (33,677–57,315)

SEER regions

 Northeast 1,302 (9.0)

 North-central 3,930 (27.1)

 West 8,807 (60.7)

 South 477 (3.3)

Cancer grade

 Well-differentiated (Gleason 2-4) 222 (1.5)

 Moderately-differentiated (Gleason 5-7) 10,988 (75.7)

 Poorly-differentiated (Gleason 8-10) 3,306 (22.8)

Clinical stage

 T1a, T1b 3,972 (27.4)

 T1c 4,493 (31.0)

 T2 6,051 (41.7)

Comorbidity

 Charlson comorbidity score 0 10,127 (69.8)

 Charlson comorbidity score 1 2,807 (19.3)

 Charlson comorbidity score ≥2 1,582 (10.9)

Year of diagnosis

 1992 – 1996 4,623 (31.9)

 1997 - 2002 9,893 (68.2)

Use of primary androgen deprivation therapy 6,041 (41.6)

Vital status at last follow-up

 Alive as of Dec 31, 2007 5,814 (40.1)

Abbreviations: IQR, interquartile range; SEER, Surveillance, Epidemiology, and End Results.

a
Data are presented as No. (%) unless otherwise specified. Race was self-determined by the patients. SEER clinical extension information was

used to determine cancer stage (T1a, T1b, T1c, T2). Charlson comorbidity score was derived from Medicare claims during the year before prostate

cancer diagnosis by using a validated algorithm.13
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