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BACKGROUND: Prior to introduction of the prostate-
specific antigen (PSA) test, the Seattle–Puget Sound and
Connecticut Surveillance, Epidemiology and End
Results (SEER) areas had similar prostate cancer
mortality rates. Early in the PSA era (1987–1990), men
in the Seattle area were screened and treated more
intensively for prostate cancer than men in Connecti-
cut.

OBJECTIVE: We previously reported more intensive
screening and treatment early in the PSA era did not
lower prostate cancer mortality through 11 years and
now extend follow-up to 15 years.

DESIGN: Natural experiment comparing two fixed
population-based cohorts.

SUBJECTS: Male Medicare beneficiaries ages 65–79
from the Seattle (N=94,900) and Connecticut (N=
120,621) SEER areas, followed from 1987–2001.

MEASUREMENTS: Rates of prostate cancer screening;
treatment with radical prostatectomy, external beam
radiotherapy, and androgen deprivation therapy; and
prostate cancer-specific mortality.

MAIN RESULTS: The 15-year cumulative incidences
of radical prostatectomy and radiotherapy through
2001 were 2.84% and 6.02%, respectively, for Seattle
cohort members, compared to 0.56% and 5.07% for
Connecticut cohort members (odds ratio 5.20, 95%
confidence interval 3.22 to 8.42 for surgery and odds
ratio 1.24, 95% confidence interval 0.98 to 1.58 for
radiation). The cumulative incidence of androgen
deprivation therapy from 1991–2001 was 4.78% for
Seattle compared to 6.13% for Connecticut (odds
ratio 0.77, 95% confidence interval 0.67 to 0.87).
The adjusted rate ratio of prostate cancer mortality
through 2001 was 1.02 (95% C.I. 0.96 to 1.09) in
Seattle versus Connecticut.

CONCLUSION: Among men aged 65 or older, more
intensive prostate cancer screening early in the PSA
era and more intensive treatment particularly with

radical prostatectomy over 15 years of follow-up were
not associated with lower prostate cancer-specific mor-
tality.
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INTRODUCTION

Following the introduction of the prostate-specific antigen
(PSA) test in the United States in 1986 and its widespread
use for screening, both prostate cancer incidence and
mortality rose to peaks between 1991 and 1992. Through
2002, U.S. prostate cancer incidence has fallen but
remains higher than before 1986, and mortality has
dropped by about 25%.1 Whether early detection and
subsequent attempted curative treatment of early-stage,
screen-detected cancers with surgery or radiotherapy are
primarily responsible for the fall in mortality has been
uncertain.2–6 Alternative explanations, such as treatment
improvements, including more widespread use of androgen
deprivation therapy, have been advanced.7,8

To address this question, we have previously reported the
results from two large prospective cohorts in the U.S., where
men age 65 and older in the Seattle–Puget Sound area were
exposed to substantially higher levels of PSA testing, prostate
biopsy, radical prostatectomy, and radiotherapy in the early
PSA era from 1987–1990 than men in Connecticut. Nonethe-
less, over 11 years of follow-up, through 1997, prostate cancer
mortality rates among cohort members in the two areas were
not significantly different, with a rate ratio of 1.03 (95%
confidence interval 0.95 to 1.11).9

One possible limitation of the earlier report was insufficient
follow-up, particularly for younger men with a life expectancy
of at least ten years, usually considered optimal candidates for
screening and attempted curative treatment.10 Another limi-
tation was lack of information on androgen deprivation
therapy. This report presents 15-year follow-up on the cumu-
lative incidences of prostate cancer screening and treatment,
including androgen deprivation, as well as rates of prostate
cancer mortality.
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METHODS

Human Subjects

The study was approved by the Institutional Review Boards of
Partners Healthcare System and the participating institutions.

Eligibility Criteria

Men were eligible if they were Medicare beneficiaries age 65–79
without prostate cancer as of January 1, 1987, and resident
within either SEER region from January 1, 1987 through
December 31, 1990.

Measurement of Screening and Treatment
Intensity

Claims for both PSA tests and prostate biopsies among men
with both Part A and Part B Medicare coverage were used as
measures of screening intensity. Current Procedural Terminol-
ogy (CPT) codes used for identifying PSA tests and biopsies
were provided previously.9 PSA tests and biopsies were exclud-
ed once an individual was diagnosed with prostate cancer (at
least two prostate cancer diagnoses on different Medicare
claims or evidence of radical prostatectomy or external beam
radiotherapy for prostate cancer).

In the PSA era, screening increases prostate cancer inci-
dence1; therefore, incidence was used as a secondary measure
of screening intensity.

In our previous report, SEER data alone were used to
document external beam radiotherapy within four months of
diagnosis. In this update, both SEER data and Medicare
claims were used to identify radical prostatectomy and radio-
therapy through 2001 for men with prostate cancer. For the
same time period, we used Medicare claims to identify
orchiectomy (CPT codes 54520, 56318, or 54690 in outpatient
claims or ICD-9 codes 62.4 or 62.41 in inpatient claims) and
GnRH agonist therapy: 3.6 mg monthly goserelin (CPT code
J9202) and 7.5 mg monthly leuprolide (CPT code J9217). A
cohort member was defined as receiving androgen deprivation
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 in the U.S. for longer-acting (3- and 4-
month) preparations of these agents as they became available.
Compared with medical records, this claims-based algorithm
has 88.5% sensitivity and 91.1% specificity.11

Prostate Cancer Mortality

The primary end-point for this study was prostate cancer
mortality for the two cohorts from 1987–2001, based on data
from the SEER-Medicare file and the two registries.

Data Sources

The methods for this study have been published previously.9

Briefly, five data sources were used: Medicare denominator
and vital status files, a SEER-Medicare Linked Database, local
SEER Registry data, and the National Death Index (NDI).
Medicare provides health insurance in the U.S. for people age
65 and older. The U.S. National Cancer Institute’s Surveil-

lance, Epidemiology, and End Results (SEER) Program collects
cancer incidence and survival data from numerous cancer
registries, including the Seattle–Puget Sound area and Con-
necticut.

Denominator and vital status files were used to identify
history of residence and date of death. The SEER-Medicare
linked database provided screening and treatment information
for cancers diagnosed in 1991–1999, with a 93% matching
rate.12 Incidence and mortality data for 2000–2001 were
obtained directly from the local registries. The SEER-Medicare
linked files included data on PSA (1988–2001), prostate biopsy
(1987–2001), radical prostatectomy (1987–2001), radiation
(1987–2001), orchiectomy (1987–2001), and injections of
gonadotropin-releasing hormone (GnRH) agonists (1991–
2001) for men who had fee-for-service (FFS) Medicare coverage
and were diagnosed with prostate cancer in 1987 through
2001. For men without prostate cancer, we had data on PSA
and biopsy on a 5% sample of men from 1987–1990 and all
men with FFS Medicare in 1991–2001. Because 100% Medi-
care claims for FFS beneficiaries were available from 1991, and
12 months of claims history was necessary to exclude pre-
existing prostate cancer, in this report, to address whether
differences in PSA and biopsy rates between the two regions
attenuated over time, screening rates are reported for 1992–
2001. Our original report provided PSA and biopsy rates from
1987–1990, our exposure period as defined a priori.9 For men
who moved out of the study regions and subsequently died, a
National Death Index search was conducted to identify cause
of death.

Statistical Methods

Estimated rates of screening, treatment, and mortality were
expressed as events per 100,000 person-years (PYRS). The
number of men alive through the end of the year and half of the
men who died or were lost to follow-up during the year were
summed to compute the PYRS in each cohort annually.
Poisson regression models were used to compute adjusted
relative rates of screening, treatment and mortality.13 This
method produces similar relative rate estimates to Cox regres-
sion,14 since the grouped one-year time intervals are short.15

SEER-Medicare linked data were obtained on all outcomes
grouped by age (65–69, 70–74, 75–79 years), calendar year and
registry area, so that all analyses used the age group-year-area
stratum as the unit of analysis, weighted by the number in the
stratum. All models controlled for age group, race, area, and
calendar year. Follow-up was censored at year of death or
2001.

Subjects in the same age-group-year-SEER region stratum
likely have similar screening exposures and treatments, so
that mortality among these subjects might not be independent,
leading to over-narrow confidence intervals around point
estimates. To correct for these potential correlations, we
clustered individuals within strata to incorporate variance
overdispersion when necessary. There was evidence of cluster-
ing for PSA and biopsy rates, so these analyses incorporated
the variance adjustment. For mortality rates, there was no
evidence of clustering so we did not adjust the variance.13

Cumulative incidences of prostate cancer, radical prosta-
tectomy, external beam radiotherapy and either surgical or
medical androgen deprivation in the two regions were deter-
mined using life table methods.14 To show population-based
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prostate cancer mortality trends over time in the two regions,
cross-sectional mortality rates are also presented, adjusted to
the age of the study population in 1992. All statistical tests
were performed at the 5% level and were two-sided.

RESULTS

Table 1 provides the age distributions for the 215,521 eligible
men initially included in both cohorts, and the proportion of
men still alive after 15 years, through 2001. About two thirds
of the men in the study cohorts had died by this time. As
evidence of the relatively long life expectancy of the men 65–69
at baseline in our cohort, about half were still alive after
15 years of follow-up, compared to about 30% of men age 70–
74, and only about 15% of men age 75–79.

We present the rates and rate ratios for PSA testing (Table 2)
and prostate biopsy (Table 3) over the follow-up interval from
1992–2001, and the cumulative incidence of prostate cancer
over the follow-up interval from 1987–2001, by region (Fig. 1).
Although the Seattle–Puget Sound area continued to have a
higher level of PSA testing after the “exposure window” of
1987–1990, we had defined a priori, the difference in biopsy
rates during 1992–2001 was not statistically significant and as
a result, the absolute difference in prostate cancer incidence
changed only modestly after the initial exposure period. Over
15 years of follow-up, the cumulative risks of a prostate cancer
diagnosis among men in the Seattle area cohort were 14.1%,
15.5%, and 15.8% for men age 65–69, 70–74, and 75–79 at
baseline, respectively; in the Connecticut cohort the
corresponding risks were 11.0%, 12.0%, and 12.1%. In our
original paper, we reported the rate ratios in the Seattle area
compared to Connecticut for PSA testing (5.39, 95% confi-
dence interval 4.76 to 6.11), and prostate biopsy (2.20, 95%
confidence interval 1.81 to 2.68), our primary measures of
“screening intensity”, in 1987–1990.9

We also present the rates and rate ratios for radical
prostatectomy and external beam radiotherapy over the entire
study period from 1987–2001 (Table 4). Men in the Seattle–
Puget Sound region continued to be more likely to have radical
prostatectomy or external beam radiotherapy than their
counterparts in Connecticut, especially among older men;
however, over the entire follow-up interval, the difference was
statistically significant only for radical prostatectomy. While
the cumulative risks of radical prostatectomy were higher for
younger men, as would be expected, the rate ratios comparing
radical prostatectomy in the Seattle area versus Connecticut

increased with age, with a point estimate of 4.4-fold higher for
men age 65–69 at baseline, 7.3-fold higher for men age 70–74
at baseline, and 15.4-fold higher for men age 75–79 at
baseline. On the other hand, men in the Seattle area had a
modest but significantly lower rate ratio for receiving androgen
deprivation therapy compared to men in Connecticut that was
not dependent on age (Table 4). In our previous paper we
reported the rate ratios in the Seattle area compared to
Connecticut for radical prostatectomy (5.9, 95% confidence
interval 5.0 to 6.0) and external beam radiotherapy (2.3, 95%
confidence interval 2.2 to 2.5), our primary measures of
“treatment intensity,” from 1987–1990.9

Table 1. Original Age Distribution and Proportion of Men Alive
through 2001 (15 Years of Follow-up)

Seattle–Puget Sound Connecticut

Age in
1987

Original
cohort

Alive through
2001, (%)

Original
cohort

Alive through
2001, (%)

65–69 43,249
(45.6%)

21,089
(48.8%)

53,310
(44.2%)

25,293
(47.4%)

70–74 31,544
(33.2%)

9,767
(31.0%)

41,167
(34.1%)

12,413
(30.2%)

75–59 20,107
(21.2%)

3,230
(16.1%)

26,144
(21.7%)

4,072
(15.6%)

All 94,900
(100%)

34,086
(35.9%)

120,621
(100%)

41,778
(34.6%)

Table 2. PSA Testing Rates and Rate Ratios (with 95% Confidence
Intervals) for the Study Cohort by Age and Study Region, 1992–2001

Seattle–Puget
Sound

Connecticut

Age in
1987

PSA/
Person-
years

Rate
per
100

PSA/
Person-
years

Rate
per
100

Rate Ratio
Seattle/
Connecticut

65–69 66,485/
171,992

38.7 73,839/
253,894

28.7 1.35 (1.33 – 1.36)

70–74 36,989/
103,610

35.7 44,462/
166,195

26.8 1.33 (1.32 – 1.35)

75–79 15,384/
50,271

30.6 17,995/
80,458

22.4 1.37 (1.34 – 1.40)

All 11,858/
325,873

36.5 136,296/
500,547

27.2 1.35 (1.34 – 1.36)

All prostate-specific antigen tests in the years prior to prostate cancer
diagnosis and one PSA test in the year of cancer diagnosis were included
in the analysis. PSA tests after the year of cancer diagnosis were
excluded. An individual was considered have prostate cancer if there
were at least two prostate cancer diagnoses on different Medicare claims
or evidence of radical prostatectomy or external beam radiation for
prostate cancer. Because Medicare claims were available for all cohort
members from 1991, and a period of 12 months of claims history was
necessary to exclude pre-existing prostate cancer, in this report PSA rates
are reported for 1992–2001

Table 3. Prostate Biopsy Rates and Rate Ratios by Age and Study
Region, 1992–2001

Seattle–Puget
Sound

Connecticut

Age in
1987

Biopsies/
Person-
years

Rate
per
100

Biopsies/
Person-
years

Rate
per
100

Rate Ratio
Seattle/
Connecticut

65–69 3,722/
171,992

2.19 5,633/
253,894

2.22 0.99 (0.95 – 1.03)

70–74 1,886/
103,610

1.82 3,137/
166,195

1.89 0.96 (0.91 – 1.02)

75–79 690/
50,271

1.37 1,079/
80,458

1.34 1.02 (0.93 – 1.13)

All 6,298/
325,873

1.93 9,849/
500,547

1.97 0.98 (0.95 – 1.02)

All prostate biopsies in the years prior to prostate cancer diagnosis and in
the year of cancer diagnosis were included in the analysis. Biopsies after
the year of cancer diagnosis were excluded. An individual was
considered have prostate cancer if there were at least two prostate
cancer diagnoses on different Medicare claims or evidence of radical
prostatectomy or external beam radiation for prostate cancer. Because
Medicare claims for all cohort members were available from 1991, and a
period of 12 months of claims history was necessary to exclude pre-
existing prostate cancer, in this report biopsy rates are reported for 1992–
2001
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There was no significant difference in prostate cancer
mortality between the Seattle area and Connecticut cohorts
over the 15 years of follow-up (rate ratio=1.02; 95% C.I. 0.96–
1.09). Moreover, no significant differences were seen for any
age stratum (Table 5). There was a somewhat higher prostate
cancer mortality in the Seattle area compared to Connecticut
for men age 75–79 at baseline, which did not reach statistical
significance.

Figure 2 displays cross-sectional prostate cancer mortality
for men age 65–79 from 1987–2001, documenting similar
decreases in disease-specific mortality in both study regions
despite the variations in screening and treatment patterns.

DISCUSSION

Given the greater intensity of screening early in the PSA era,
and the resultant higher cumulative incidence of a prostate
cancer diagnosis and attempted curative treatment particu-
larly with radical prostatectomy among cohort members in the
Seattle–Puget Sound area than in Connecticut over the entire
15 years of follow-up, a lower prostate cancer mortality in the

Seattle region might have been expected over time if these
interventions were effective. However, no significant difference
in prostate cancer mortality was found over 15 years, and the
95% confidence interval around the rate ratio is inconsistent
with more than a 4% reduction in prostate cancer mortality in
the Seattle area compared to Connecticut. Interestingly, the
overall drop in prostate cancer mortality has been similar in
the two regions (Fig. 2). These results suggest that the higher
intensity of screening and treatment with radiotherapy or
surgery in the Seattle area compared to Connecticut early in
the PSA era did not translate into any further reduction in
prostate cancer mortality for men over age 65.

The subgroups in our cohorts age 65–69 at baseline are of
particular interest, as these men had life expectancies above
ten years during the early PSA era, and might be hypothesized
to have been most likely to have benefited from more aggres-
sive screening and treatment. During the exposure window of
1988–1990, men in this age group in the Seattle area cohort
were about 5.6 times as likely to have a PSA test and 2.2 times
more likely to undergo a prostate biopsy than men in the
Connecticut cohort;9 while over the entire follow-up period,

Table 4. Cumulative Risks and Rate Ratios (with 95% Confidence
Intervals) for Radical Prostatectomy and External Beam Radiation,
1987–2001, and Androgen Deprivation Therapy 1991–2001, by Age

and Study Region

Age in
1987

Cumulative risk
Seattle–Puget
Sound

Cumulative risk
Connecticut

Rate Ratio Seattle/
Connecticut

Radical Prostatectomy
65–69 3.93% 0.91% 4.40 (2.06 – 9.44)
70–74 2.31% 0.33% 7.29 (2.64 – 20.09)
75–79 0.74% 0.05% 15.36 (3.91 – 60.30)
All ages 2.84% 0.56% 5.20 (3.22 – 8.42)
External beam radiation
65–69 6.22% 5.86% 1.08 (0.72 – 1.61)
70–74 6.06% 4.77% 1.37 (0.89 – 2.10)
75–79 4.69% 2.93% 1.75 (1.18 – 2.60)
All ages 6.02% 5.07% 1.24 (0.98 – 1.58)
Androgen deprivation therapy
65–69 4.05% 5.50% 0.73 (0.58 – 0.91)
70–74 5.36% 6.62% 0.78 (0.64 – 0.94)
75–79 5.96% 6.82% 0.84 (0.64 – 1.09)
All ages 4.78% 6.13% 0.77 (0.67 – 0.87)
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Fig. 1. Cumulative incidence of prostate cancer by study region.
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Fig. 2. Age adjusted prostate cancer mortality per 100,000 person-
years for men in the Seattle–Puget Sound region and Connecticut
on the basis of cross-sectional data, 1987-2001, adjusted to the
age composition of the entire study cohort: 48.3% aged 70-74,

33.3% aged 75-79, 18.4% aged 80-84 as of 1 January 1992. (US data
by SEER region, age, and race provided by LAG Ries, Cancer

Statistics Branch, National Cancer Institute).

Table 5. Prostate Cancer-specific Mortality Rates and Rate Ratios
(with 95% Confidence Intervals) by Age and Study Region, 1987–

2001

Seattle–Puget
Sound

Connecticut

Age in
1987

Deaths /
Person-
years

Rate/
100,000

Deaths /
Person-
years

Rate/
100,000

Rate Ratio
Seattle/
Connecticut
(95% CI)

65–69 598/
494,717

120.9 751/
599,239

125.3 0.97 (0.88 –
1.09)

70–74 609/
312,071

195.1 786/
400,810

196.1 1.00 (0.90 –
1.11)

75–79 467/
164218

284.4 531/
208412

254.8 1.12 (0.99 –
1.27)

Total 1674/
971006

172.4 2068/
1208461

171.1 1.02 (0.96 –
1.09)
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they were 4.4 times as likely to have a radical prostatectomy
and equally likely to have undergone radiation therapy.
Nevertheless, they did not have a significantly lower prostate
cancer mortality risk over the next 15 years.

How much of an impact on population-based prostate
cancer mortality might have been expected from the difference
in the use of radical prostatectomy or external beam radio-
therapy among these younger men? Based on the observed
treatment patterns in the two study cohorts, for the youngest
men age 65–69 in 1987, about 961 fewer radical prostatecto-
mies or courses of radiotherapy were observed in the Connecti-
cut cohort. If just 10% of these 961 men were destined to die of
prostate cancer without treatment and instead died of other
causes, then the population-based prostate cancer mortality
rate in Connecticut would have increased from about 125 to
141/100,000 and the difference would have reached statistical
significance for this subgroup.

The subgroups of men age 75–79 at baseline are also
important to consider, as these men had less than a ten-year
life expectancy at baseline, and as a result, are not being
included in current screening trials. During the exposure
window of 1988–1990, men this age in the Seattle area cohort
were about 5.2 times as likely to have a PSA test and 1.7 times
more likely to undergo a prostate biopsy than men in the
Connecticut cohort;9 while over the entire follow-up period,
they were 15 times as likely to have a radical prostatectomy
and 1.8 times as likely to have undergone radiation therapy.
Nevertheless, they did not have a significantly lower risk of
prostate cancer mortality over the next 15 years.

Our findings are consistent with a case-control study
carried out at ten Veterans Affairs medical centers. In that
study, PSA screening was not significantly associated with
lower all-cause or cause-specific mortality.16 Our results are
also in accord with an ecological analysis that did not show a
statistically significant relationship between the prevalence of
PSA testing and percentage declines in prostate cancer
mortality across all SEER areas.5

Our findings conflict with a report from Tyrol, Austria,
where widespread provision of free PSA screening was reported
to have resulted in lower prostate cancer mortality in Tyrol
versus the rest of Austria.17 It is difficult to compare the two
studies, as the frequency of PSA testing, biopsy, and attempted
curative treatment have not yet been reported from Tyrol. Our
findings also conflict with a recent study that described lower
overall survival among older men with low-risk and interme-
diate-risk prostate cancer managed with observation com-
pared to active treatment.18 However, most of the differences in
overall survival occurred in the first five years of follow-up, and
only a small percentage of deaths were attributable to prostate
cancer, which strongly suggests residual confounding by
comorbidity.

Because our cohorts only included men aged 65 and over,
the results may not be applicable to younger men. However,
our study findings are highly relevant to the screening debate
as the majority of men are diagnosed with prostate cancer after
age 65. Another limitation of our study is the lack of data on
men enrolled in Health Maintenance Organizations (HMOs).
During 1987–1990, about 20% of the Seattle cohort and 10%
of the CT cohort were HMO members. Based on SEER data, we
had previously confirmed that older men in the Seattle area
had substantially higher prostate cancer incidence and radical
prostatectomy rates than men in Connecticut.19 In a sensitiv-

ity analysis excluding HMO enrollees from both cohorts, no
significant difference in prostate cancer mortality emerged.

A study by Newschaffer and colleagues suggested that
clinicians may be more likely to code deaths due to prostate
cancer among men not receiving attempted curative therapy.20

If this coding bias exists, then prostate cancer mortality in the
Seattle area cohort, where men were more likely to have
attempted curative procedures, should have appeared lower.

The most striking difference between our two cohorts was
that the rate of radical prostatectomy was substantially higher
in the Seattle area. Currently only radical prostatectomy has
been shown to be an effective treatment for localized prostate
cancer in a randomized trial; however, radical prostatectomy
had little effect for men aged 65 or older in that study, and few
of the men in that trial were detected by PSA screening.21

Ultimately, several large randomized trials of PSA screening
now underway will determine whether such screening reduces
overall or disease-specific mortality. Population-based studies
such as ours (as well as rigorous cohort or case-control
studies) that are focused on the effectiveness of interventions
in the community may provide insights that will be comple-
mentary to the results of these clinical trials, particularly for
men age 75 and older who have been excluded from the trials.
Our results suggest that it is inappropriate to assume that
more intensive efforts at PSA screening and attempted curative
treatment such as practiced in the Seattle area compared to
the state of Connecticut early in the PSA era further reduced
prostate cancer mortality for men age 65 and older. Until
results of randomized trials become available, shared decision-
making regarding PSA screening should continue between
clinicians and patients. It remains unclear whether PSA
screening is primarily responsible for the decline in prostate
cancer-specific mortality that has been observed among older
men in the United States.
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