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Competing Risk Analysis of Men
Aged 55 to 74 Years at Diagnosis
Managed Conservatively for
Clinically Localized Prostate Cancer
Peter C. Albertsen, MD; James A. Hanley, PhD; Donald F. Gleason, MD, PhD; Michael J. Barry, MD

Context.— The appropriate therapy for men with localized prostate cancer is un-
certain. Until results of clinical trials are available, men and their physicians need
guidance.

Objective.— To estimate survival based on a competing risk analysis stratified
by age at diagnosis and histologic findings for men diagnosed as having clinically
localized prostate cancer and who were managed conservatively.

Design.— Retrospective cohort study.
Setting.— Connecticut Tumor Registry.
Patients.— A total of 767 men with localized prostate cancer diagnosed between

1971 and 1984, aged 55 to 74 years at diagnosis, either not treated or treated with
immediate or delayed hormonal therapy, and followed up for 10 to 20 years after
diagnosis.

Main Outcome Measures.— Estimates of the probability of dying from prostate
cancer or other competing hazards.

Results.— Men with tumors that have Gleason scores of 2 to 4, 5, 6, 7, and 8
to 10 face a 4% to 7%, 6% to 11%, 18% to 30%, 42% to 70%, and 60% to 87%
chance, respectively, of dying from prostate cancer within 15 years of diagnosis
depending on their age at diagnosis.

Conclusions.— Men whose prostate biopsy specimens show Gleason score 2
to 4 disease face a minimal risk of death from prostate cancer within 15 years of
diagnosis. Conversely, men whose biopsy specimens show Gleason score 7 to 10
disease face a high risk of death from prostate cancer when treated conservatively,
even when cancer is diagnosed as late as age 74 years. Men with Gleason score
5 or 6 tumors face a modest risk of death from prostate cancer that increases slowly
over at least 15 years of follow-up.

JAMA. 1998;280:975-980

RESEARCHERS ESTIMATE that in
1998, physicians will diagnose prostate
cancer in approximately 200 000 Ameri-
can men.1 Many of these men will be of-
fered treatments designed to cure or con-
trol progression of their disease. Unfor-
tunately, the absence of data from large
randomized trials compromises the abil-
ity of these patients and their physicians
to assess the relative efficacy of aggres-

sive treatment alternatives compared
with the more conservative approach of
watchful waiting followed by androgen
suppression for symptomatic metastatic
disease.Previousstudiesconcerning long-
term outcomes associated with conserva-
tively managed disease have focused pri-
marilyonoldermenandhavedocumented
relatively modest disease-specific mor-
tality among men with low-grade and
moderate-grade2-4 tumors.Clinicianshave
criticized these studies, however, be-
cause they contain little information con-
cerning the long-term outcomes of
younger men, who are the targets of cur-
rent screening efforts.5-7

Many patients select their initial treat-
ment following a discussion with their
physicians and a review of data from ter-
tiary medical centers that provide infor-

mation concerning the outcomes of men
treated by radical prostatectomy, exter-
nal beam radiation therapy, and brachy-
therapy.8-11 Unfortunately, these studies
suffer from known and unknown selec-
tion biases that prevent direct compar-
isons between studies. Furthermore,
many of these studies provide little infor-
mation concerning competing medical
risksthatbecomeincreasingly important
as men age.

See also pp 969 and 1008.

This study was designed to estimate
survival based on a competing risk analy-
sis for men diagnosed as having clinically
localized prostate cancer who did not re-
ceive surgery, external beam radiation,
orbrachytherapy.Theprimaryobjective
of the analysis was to estimate the prob-
ability of dying from prostate cancer or
other competing causes given a patient’s
tumor histology and age at diagnosis. Pa-
tients were selected to meet several cri-
teria: (1) long-term follow-up extending
from 10 to 20 years after diagnosis to cap-
ture the impact of prostate cancer and
competing medical hazards; (2) men aged
55 to 74 years at diagnosis to identify a
series of men who have an average life ex-
pectancy of more than 10 years; (3) avail-
abilityoforiginalhistologymaterial toper-
mit contemporary grading using the
Gleason scoring system; and (4) a sample
size sufficiently large to permit stratifi-
cationbythebiopsyGleasonscoreandage
at diagnosis, factors known to be impor-
tant determinants of outcome.

METHODS
Patient Identification
and Data Collection

Connecticut Tumor Registry (CTR)
files were searched to identify male Con-
necticut residents diagnosed as having
prostate cancer between 1971 and 1984
and aged 55 to 74 years at diagnosis. Pa-
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tients who were noted to have metasta-
ses were excluded. After obtaining ap-
propriate institutional review board ap-
provals, we attempted to locate hospital
medicalrecords forthesepatientsateach
of the 36 acute care hospitals and 2 Vet-
erans Affairs medical centers located
throughoutthestateduringthestudype-
riod. Charts were abstracted on-site to
confirm the date of diagnosis and obtain
additional information concerning the
method of diagnosis, metastatic evalua-
tions completed, method of treatment,
and any associated comorbidities. Pa-
tients undergoing surgery or receiving
either radiation therapy or brachy-
therapy were excluded. In addition, pa-
tients with concomitant cancers and
those surviving less than 6 months, the
time needed for most patients to select
therapy, were also excluded. Study per-

sonnel performing chart abstraction
were blinded to the long-term outcome of
the patients as recorded by the CTR.
Original histology slides that were used
to secure the patient’s diagnosis were lo-
cated in hospital pathology departments
for as many patients as possible and
mailed to a referee pathologist, who was
alsoblindedtothelong-termoutcome,for
grading using the Gleason classification
system.12

Data collected from the hospital rec-
ord included the method of case finding
(needle biopsy, transurethral resection,
or simple open prostatectomy), the re-
sultsofproceduresperformedtoexclude
metastases, if completed, and any treat-
ment initiated within 6 months of diag-
nosis. The presence of other concomi-
tant diseases was measured using an in-
strument developed and validated by
Charlson et al.13

VitalstatusofeachpatientasofMarch
1, 1997, was obtained from the CTR and
the Vital Statistics Bureau of the Con-
necticut State Department of Health.
The CTR is the oldest state cancer reg-
istry and has functioned as 1 of the 11
sites of the National Cancer Institute’s
Surveillance, Epidemiology, and End
Results (SEER) program since 1973.
The CTR uses a variety of sources to
obtain follow-up data for registered pa-
tients, including hospital tumor regis-
trars who rely on hospital records and
physician and patient contact. There are
severalreciprocalreportingagreements
with surrounding states, as well as with
Florida, where many Connecticut men
resideduringthewinter.Everyyearthe
CTR links the files of the Health Care
FinancingAdministrationwiththeCTR
files to determine the vital status of
those men older than 65 years and, if
alive, the date of their last medical claim.
The National Death Index is linked to
theCTRfilesevery2years,andtheCon-
necticut Department of Motor Vehicles
files are linked twice a year.

For all patients who were deceased,
an attempt was made to retrieve the
original death certificate. A patient was
determined to have died from prostate
cancer if any 1 of the 3 causes listed on
the death certificate reported prostate
cancer. If prostate cancer did not appear
on 1 of these 3 lines, the patient’s death
was attributed to competing medical
conditions. In some instances only infor-
mation concerning the date of death was
available. Patients not followed up until
death were considered alive until the
date of last contact and their subsequent
follow-up was censored.

Study Population
A total of 767 men were identified for

whom we were able to verify or obtain

the following information: date of diagno-
sis between 1971 and 1984, age at diag-
nosis between 55 and 74 years, method of
diagnosis, the Gleason score of the origi-
nal prostate biopsy, and no evidence of
therapy beyond either immediate or de-
layed hormonal therapy. Of these men,
610 died before March 1, 1997. Of the 157
patients lost to follow-up or known to be
alive as of March 1, 1997, the mean follow-
up was 15.4 years. Only 2 men were fol-
lowed up for less than 10 years, 76 men
were followed up for 10 to 14 years, and
the remaining 79 men were followed up
for 15 years or more. Of the 610 patients
who died, we were able to determine the
dateofdeathforallpatientsandthecause
ofdeathfor553.Adescriptionofthestudy
population is provided in Table 1.

Unfortunately, accurate staging in-
formationwas lackingformanypatients.
Bone scans were performed on only 30%
of patients and a serum acid phospha-
tasewasconfirmedasnormal inonly53%
of patients. No evidence of any testing
for metastatic disease ranged from 33%
for men with Gleason score 2 to 4 disease
to 15% for men with Gleason score 7 and
8to10disease.Noinformationwasavail-
able concerning prostate-specific anti-
gen (PSA) levels at diagnosis, because
this population of men had prostate can-
cer diagnosed prior to the clinical appli-
cation of this test.

Statistical Methods
The primary outcomes for this study

were estimates of the probability of dy-
ing from prostate cancer or other com-
peting causes given a patient’s age at
diagnosis and tumor histology. For the
competing risk analysis, we tabulated
the numbers of men with each of the 3
outcomes of interest (alive, deceased
from prostate cancer, and deceased from
other causes) for each of the 20 age-his-
tology combinations (Table 2). Because
of the variable length of follow-up and
the small numbers in some cells, we also
performed a second competing risk
analysis. This second analysis was based
on 2 inputs, the rate of death from pros-
tate cancer and the rate of death from
other causes, both fitted as smooth func-
tions of age at diagnosis, Gleason score,
and year of follow-up (Table 3).14 These
smoothed estimates were derived from
regression models and incorporated the
duration of follow-up and the patterns of
outcomes in neighboring cells to allow
more stable estimates for all cells.15 A
separate figure showing patient out-
comes during the 15 years following di-
agnosis was constructed for each age-
histology stratum (Figure).

Because the regression models used
to construct the smoothed competing
risk analysis required information con-

Table 1.—Characteristics of 767 Patients With Pu-
tative Localized Prostate Cancer

Age at diagnosis, mean, y 68
Year of diagnosis, mean 1979
Time from diagnosis to death

or last contact, mean, y
8.6

White, % 94
Follow-up, %

Until death 80
Alive for .15 y 10
Alive for 10-15 y 10

Information available concerning
cause of death

91

Digital rectal examination, %
Not indicative of cancer 51
Indicative, confined within prostate 15
Indicative, extending through capsule 5
Indicative, no further information 24
Not done or result unknown 5

Method of diagnosis, %
Transurethral resection of prostate 60
Simple open prostatectomy 11
Needle biopsy of prostate 26
Other or unknown 3

Total acid phosphatase, %
Normal 53
Elevated, #2 times the upper limit

of normal
6

Elevated, .2 times the upper limit
of normal

3

Elevated, magnitude unknown 2
Done, but result unknown 3
Not done 33

Bone scan performed,
no metastases, %

30

Metastatic survey performed,
no metastases, %

27

No test for metastatic disease
performed, %

21

Treatment within 6 mo of diagnosis, %
None 58
Orchiectomy 16
Estrogen therapy 22
Both or chiectomy and estrogen therapy 4

Concurrent medical conditions (if .5%), %
Myocardial infarction 12
Congestive heart failure 8
Peripheral vascular disease 6
Cerebrovascular disease 7
Chronic pulmonary disease 20
Diabetes 10
Peptic ulcer disease 11

Vital status at last contact, %
Alive 21
Deceased because of other causes 46
Deceased because of prostate cancer 26
Deceased, unable to ascertain cause 7
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cerning both the date of death and the
cause of death for all patients, and be-
cause only date of death was available
for 57 of the 610 men who died, we im-
puted the cause of death for each of these
57 men separately for each histology
score category according to the ratio of
the deaths of known causes for the other
men with the same histology scores. For
example, among men with Gleason score
2 to 4 tumors, there were 72 deaths from
competing hazards and 8 deaths from
prostate cancer (ratio, 9:1). The 8 deaths
of undetermined cause in this category
were therefore each counted as 0.9 of a
death from competing hazards and 0.1 of
a death from prostate cancer. The re-
gression models were based on 218.6
deaths (198 known + 20.6 imputed) from
prostate cancer and 391.4 deaths (355
known + 36.4 imputed) from competing
medical hazards. To test the magnitude
of the impact of these assumptions on
the smoothed competing risk analysis,
we performed a sensitivity analysis in
which the cause of death for all of the 57
patients lacking this information was
first assumed to be the result of prostate
cancer and then assumed to be the result
of a competing medical hazard. Results
of the sensitivity analysis were com-
pared with the data shown in Table 3. In
most cases results varied in either direc-
tion by no more than 2% to 3%; in no case
was the variation more than 5%. We
chose to impute cause of death according
to the ratio of the other cases found in
each cell because imputation provides
more realistic histology-specific out-
come statistics than we would have ob-
tained by other alternatives, such as in-
discriminatelypartitioningthedeathsas
either the result of prostate cancer or
the result of competing hazards, 2 very
unlikely extremes, or censoring the ob-
servations at the time the patient died,
an approach that would bias results to-
ward more favorable outcomes.14

The rates of death from prostate can-
cer and from competing medical hazards
were estimated respectively using sepa-
rate Poisson regression analyses from
the 6626 man-years of follow-up using
the Poisson link in the GENMOD proce-
dure in SAS statistical software (SAS
Institute Inc, Cary, NC), which allows
noninteger numbers of events. To esti-
mate the proportions of men who died
from prostate cancer, died from compet-
ing medical hazards, or were still alive 15
years followingdiagnosis,weappliedthe
2 fitted rates to the proportion of men
still alive at the beginning of each suc-
cessive follow-up interval.15

RESULTS
The distribution and outcomes of 767

patients treated conservatively for puta-

tively localized prostate cancer and
whose original histology slides were
available for review are presented in
Table 2. The table stratifies patients by 2
important factors that influence long-
term survival, age at diagnosis and the
histology of the biopsy specimen classi-
fied according to the Gleason system. To

standardize the follow-up and provide
more stable estimates, particularly for
thesmallgroupsofpatientsyoungerthan
60years,smoothedestimatesoftheprob-
ability of dying from either prostate can-
cer or other causes are presented as a
15-year outcome in Table 3 and as a func-
tion of time since diagnosis in the Figure.

Table 2.—Distribution, Comorbidity Scores, and 15-Year Outcome of Patients With Putative Localized
Prostate Cancer

Age at Diagnosis, y

Total55-59 60-64 65-69 70-74

Gleason Score 2-4

Sample size 11 35 42 50 138

Charlson score, No.
0-1 10 30 29 35 104

$2 1 5 13 15 34

No. alive as of March 1, 1997 5 15 14 16 50

No. deceased from other causes 6 16 22 28 72

No. deceased from unknown causes 0 4 3 1 8

No. deceased from prostate cancer 0 0 3 5 8

Gleason Score 5

Sample size 8 24 43 43 118

Charlson score, No.
0-1 8 19 7 33 96

$2 0 5 36 10 22

No. alive as of March 1, 1997 8 13 16 4 41

No. deceased from other causes 0 9 22 29 60

No. deceased from unknown causes 0 0 1 6 7

No. deceased from prostate cancer 0 2 4 4 10

Gleason Score 6

Sample size 25 45 84 140 294

Charlson score, No.
0-1 18 37 65 103 223

$2 7 8 19 37 71

No. alive as of March, 1 1997 12 15 20 8 55

No. deceased from other causes 6 16 37 87 146

No. deceased from unknown causes 2 5 5 10 22

No. deceased from prostate cancer 5 9 22 35 71

Gleason Score 7

Sample size 8 22 43 64 137

Charlson score, No.
0-1 6 17 33 48 104

$2 2 5 10 16 33

No. alive as of March 1, 1997 1 2 3 2 8

No. deceased from other causes 1 3 23 31 58

No. deceased from unknown causes 2 0 5 5 12

No. deceased from prostate cancer 4 17 12 26 59

Gleason Score 8-10

Sample size 2 15 30 33 80

Charlson score, No.
0-1 2 13 17 27 59

$2 0 2 13 6 21

No. alive as of March 1, 1997 0 0 2 1 3

No. deceased from other causes 0 1 10 8 19

No. deceased from unknown causes 1 3 1 3 8

No. deceased from prostate cancer 1 11 17 21 50

Total

Sample size 54 141 242 330 767

Charlson score, No.
0-1 44 116 180 246 586

$2 10 25 62 84 181

No. alive as of March 1, 1997 26 45 55 31 157

No. deceased from other causes 13 45 114 183 355

No. deceased from unknown causes 5 12 15 25 57

No. deceased from prostate cancer 10 39 58 91 198
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The Figure demonstrates that few
men with Gleason 2 to 4 tumors identi-
fied by prostate biopsy had progression
leading to death from prostate cancer
within 15 years. A majority of the
younger men are still alive but face a
possibility of death from prostate cancer
inthefuture.Incontrast,mostoldermen
with Gleason 2 to 4 tumors identified by

biopsy have died from competing medi-
cal hazards rather than prostate cancer.

Compared with men with well-
differentiated tumors, men with Gleason
score 5 and 6 tumors identified by pros-
tate biopsy experienced a somewhat
higher risk of death from prostate cancer
whenmanagedconservatively. More than
halfoftheyoungermenwithGleason5and

6 tumors are still alive after 15 years,
whereas a majority of the older men have
died from competing medical hazards.

Men with Gleason scores 7 and 8 to 10
tumors identified by prostate biopsy ex-
perienced a very high rate of death from
prostate cancer regardless of their age at
diagnosis. Very few of these men of any
age are still alive. Most have died from
prostate cancer, except for approxi-
mately one third of the oldest men, who
died from competing medical hazards.

Todeterminethe impactofcomorbidi-
ties on patient outcome, we analyzed the
survival of the 181 patients who were
noted to have several comorbidities
(Charlson score, $2) compared with the
586 who were found to have few or no
comorbidities (Charlson score, 0-1). As
expected, patients with significant co-
morbidities had a worse survival out-
come (mortality rate ratio, 1.9; 95% con-
fidence interval [CI],1.6-2.2afteradjust-
ment for age compared with patients
who had few or no comorbidities). The
probability of dying from prostate can-
cer, however, was comparable between
these2groupsofpatients (mortalityrate
ratio, 1.26; 95% CI, 0.95-1.69). The num-
ber of patients with Charlson scores of 0
to 1 and 2 or more is listed by patient age
and Gleason score in Table 2.

Preliminary analysis of the data also
revealed a significant impact on cause-
specific and overall survival associated
withthetimingofantiandrogentherapy.
Men who received immediate treatment
(42%) had a significantly worse survival
compared with men who received no im-
mediate antiandrogen therapy (58%).
Some of this latter group may have re-
ceived hormonal therapy at a later date.
After adjusting for age and comorbidity,
the mortality rate ratio for men with de-
layed or no antiandrogen treatment
compared with men with immediate
treatment was 1.63 (95% CI, 1.42-1.87)
for overall survival and 2.81 (95% CI,
2.19-3.60) for cause-specific survival.
Men receiving immediate antiandrogen
therapy either started taking estrogen-
containing compounds or underwent bi-
lateral orchiectomy within 6 months of
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score. Percentage of men alive can be read from the left-hand scale, and percentage of men who have died
from prostate cancer or from other causes during this interval can be read from the right-hand scale.

Table 3.—Estimated Percentages of Patients With Putatively Localized Cancer Managed Conservatively by Age and Gleason Score at Diagnosis With Each Out-
come After 15 Years*

Gleason
Score

Age at Diagnosis, y

55-59 60-64 65-69 70-74

Alive, %

Deceased
From Other
Disease, %

Deceased
From Prostate

Cancer, % Alive, %

Deceased
From Other
Disease, %

Deceased
From Prostate

Cancer, % Alive, %

Deceased
From Other
Disease, %

Deceased
From Prostate

Cancer, % Alive, %

Deceased
From Other
Disease, %

Deceased
From Prostate

Cancer, %

2-4 69 27 4 55 40 5 38 56 6 20 73 7

5 67 27 6 53 39 8 35 55 10 18 71 11

6 57 25 18 41 36 23 25 48 27 11 59 30

7 15 15 70 14 24 62 11 36 53 7 51 42

8-10 3 10 87 3 16 81 3 25 72 2 38 60

*Data derived from regression-based competing risks model.
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diagnosis. No information was available
concerning why hormone therapy was
initiated immediately following diagno-
sis in some patients and not in others. To
our knowledge, none of the men in this
study received radical prostatectomy or
radiation therapy.

COMMENT
Considerable controversy and confu-

sion surround the appropriate treatment
ofnewlydiagnosedlocalizedprostatecan-
cer. Many clinicians recommend aggres-
sive treatments such as radical prostatec-
tomy, external beam radiation therapy,
or brachytherapy because of the pre-
sumed risk of disease progression and
eventual death from prostate cancer. Un-
fortunately, few data are available con-
cerning the natural history of this disease
in younger men, and virtually no informa-
tion is available concerning the temporal
progression of tumors identified as a re-
sult of testing with serum PSA.

Comparison With Other Studies
of Conservative Management

Several authors have reported long-
termoutcomesassociatedwithconserva-
tive management of this disease. In 1997,
Johansson et al2 published a 15-year
analysis of a population-based cohort of
642 men who received no immediate
therapy for newly diagnosed prostate
cancer. Of this group, only 300 had dis-
ease localized to the prostate and only 85
were younger than 70 years. Approxi-
mately half of the men had well-differen-
tiated tumors. Although the numbers of
patients followed up with moderate-
grade or high-grade tumors were small,
their results demonstrated that 6% of the
patientswithwell-differentiateddisease,
17% with moderately differentiated dis-
ease, and 56% with poorly differentiated
disease died from prostate cancer. Cho-
dak et al3 published a pooled analysis of
828 men included in 6 nonrandomized
studies describing the natural history of
clinically localized prostate cancer. They
found that men with well-differentiated
and moderately differentiated tumors
had an 87% 10-year disease-specific sur-
vival compared with a 34% 10-year dis-
ease-specificsurvivalformenwithpoorly
differentiated tumors. We previously re-
ported results based on a cohort of 411
men aged 65 to 75 years at diagnosis be-
tween 1971 and 1976.4 Men in this series
had a 15-year cumulative mortality from
prostate cancer of 9%, 28%, and 51% with
Gleason score 2 to 4, 5 to 7, and 8 to 10
tumors, respectively. Of these men, 334
satisfied the requirements for this study
and were included in this analysis.

The present study was designed to pro-
vide younger patients with better esti-
mates of their risk of dying from pros-

tate cancer or competing causes given the
histology of their prostate biopsy speci-
men. Our data are remarkably consis-
tent with those reported by Johansson
et al2 and Chodak et al.3 After 15 years,
men diagnosed as having low-grade dis-
ease (Gleason score, 2-4) had a small risk
of dying from prostate cancer. Men with
moderate-grade disease (Gleason score,
5 or 6) had a higher risk of dying from
prostate cancer, whereas men with high-
grade disease (Gleason score, 7-10) had
a substantial risk of dying from their dis-
ease. Men with Gleason score 2 to 6 dis-
ease identified by biopsy appeared to
have a slightly higher mortality rate from
prostate cancer the older they were at the
time of diagnosis, whereas men with Glea-
son score 7 to 10 disease identified by bi-
opsy appeared to have a slightly lower
mortality rate from prostate cancer the
older they were at the time of diagnosis.
These findings may simply be an arti-
fact of the case series selection, since
other investigators have suggested that
the risk of death from prostate cancer is
independent of the age of diagnosis.2,12,16

Our results are at odds with a contro-
versial retrospective analysis by Aus et
al.17 In this study the authors assembled
a group of 301 Swedish men originally di-
agnosed as having localized prostate can-
cer who died between 1988 and 1990. By
sampling only men who had died, the au-
thors enriched their sample with men
who had moderately or poorly differenti-
ated disease. The distribution of men by
Gleasonscore(2-5,6-7,8-10) intheirstudy
was 33%, 39%, and 28%, respectively,
whereas in our study this distribution
was33%,56%,and10%,respectively.The
10% of patients with Gleason score 8 to 10
tumors in our series were responsible for
25% of the cancer deaths. As a conse-
quence of their sampling technique, the
estimates by Aus et al of 15-year mortal-
ity from prostate cancer more closely ap-
proximate the figures for men with high-
grade disease than those with low-grade
to moderate-grade disease. From their
data, Aus et al17 and Hugosson et al18 sug-
gest that the disease-specific survival of
patientswhosurvivelongerthan10years
following diagnosis of prostate cancer is
55%. Our analysis found that 23% of men
died from prostate cancer and 39% died
from competing hazards within 10 years
of diagnosis. Of those patients surviving
at least 10 years, 11% subsequently died
from prostate cancer within the next 5
years, 30% died from competing hazards,
and 56% were still alive.

Comparability With Patients
Whose Tumor Was Identified
by PSA Testing

Testing with PSA has dramatically al-
tered the apparent incidence of recog-

nized prostate cancer in recent years,
identifying cancer in a large number of
patientswhosediseasepreviouslywould
have gone undiagnosed for many addi-
tional years and identifying cancers in
some patients that might never have
been discovered.1 The magnitude of the
lead time introduced by PSA testing is
considerable. Gann et al19 estimated that
a single elevated PSA measurement can
detect nearly 80% of all aggressive can-
cers diagnosed 5 years before their clini-
cal appearance and approximately 50%
of all aggressive cancers diagnosed 9 to
10yearsbeforetheirclinicalappearance.
Whether the cancers found by contem-
porary PSA screening are comparable
with those identified in our patient se-
ries isunclear.Thepossibilityexists that
cancers identified by PSA screening
may progress more rapidly than the can-
cers identified in the men in our series,
buttheeffectofany lead-timebiaswould
result in contemporary patients having
a longer survival following diagnosis
compared with our study population.

Modern imaging studies such as com-
puted tomography, transrectal ultra-
sound, and magnetic resonance coil imag-
ing have changed the staging of patients
presentingforprostatecancertherapyand
introduced another potential confound-
ing effect. Before the advent of transrec-
tal ultrasound and the use of serum PSA
as a staging tool, 40% of patients with
newly diagnosed disease had clinical evi-
dence of extracapsular extension of dis-
ease.20 Catalona et al21 have shown that
more than half of all patients presenting
with a serum PSA level greater than 10
ng/mL have pathologic evidence of extra-
capsular extension. Because none of the
patients included in this series under-
went PSA testing, there is a high prob-
ability that this series contains a number
of patients with extracapsular disease. By
including these men in our analysis, the
long-term estimates presented in the Fig-
uremore likelyunderestimateratherthan
overestimate survival.

Finally, the modern practice of initi-
ating antiandrogen therapy to treat a
rising serum PSA level raises concerns
about the comparability of this series with
the outcomes associated with contempo-
rarymanagement.Someresearcherssug-
gest that early antiandrogen therapy im-
proves patient survival, especially among
patients with minimal disease.22 Be-
cause of the changes in screening, stag-
ing, and the use of antiandrogen therapy
over the past 2 decades, contemporary
patients with clinically localized pros-
tate cancer are likely to have survival out-
comes that are superior to our study
population.

Walsh and Brooks5 suggested that the
lead-time bias associated with early de-
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tection is greater for cancers detected
by transurethral resection than by con-
temporary screening efforts using PSA
testing.5

To evaluate this hypothesis, we com-
pared the survival of the 26% of men with
prostate cancer diagnosed following
needlebiopsyoftheprostatewiththe71%
ofmenwithprostatecancerdiagnosedfol-
lowing transurethral resection or open
prostatectomy. After adjusting for Glea-
son score and patient age, we found no
significant difference in the survival of
these 2 groups of patients (P..90). Since
patients with palpable disease on rectal
examination generally have a higher tu-
mor burden compared with men with T1c
disease, patients diagnosed as having T1c
disease following contemporary screen-
ing efforts and managed conservatively
would probably have survival curves that
are better, not worse, than those dis-
played in the Figure.

Study Limitations
There are several limitations to our

analysis. Many of the men included in the
study sample had inadequate staging
evaluations. As a result, men with re-
gional or metastatic disease are probably
included in the analysis as suggested by
the statistically different survival curves
for men receiving immediate vs delayed
antiandrogentherapy.Althoughwewere
able to locate hospital records and origi-
nal histology slides for many patients,
many others were excluded because of
incomplete or absent records, absent his-
tologyslides,ordocumentationofaggres-
sive treatments such as surgery, radia-
tion, or brachytherapy. How these selec-
tionbiasesaffecttheconstructofthiscase

series is impossible to assess. As part of
our preliminary analysis, we evaluated
office medical records for a subset of the
patients included in this analysis. We did
not find any cases of aggressive interven-
tions that were not also identified in the
hospital medical record. The possibility
exists, however, that some of these pa-
tients may have received aggressive
management at a later date. Unfortu-
nately, our chart reviews did not reveal
why men in this series chose conserva-
tive management as opposed to more ag-
gressive alternatives. Finally, as with
any analysis of data from case series,
there may be other unknown factors that
have biased the construct of this analysis.

Summary
Based on our analysis of a series of men

residing in Connecticut, diagnosed as hav-
inglocalizedprostatecancerbetween1971
and 1984, aged 55 to 74 years at diagno-
sis, and managed conservatively, we con-
clude that men with well-differentiated
disease (Gleason scores, 2-4) identified by
prostate biopsy face a minimal risk of
deathfromprostatecancerwithin15years
of diagnosis. Conversely, men with poorly
differentiated disease (Gleason scores, 7-
10) face a high risk of death from pros-
tate cancer when treated conservatively
even when diagnosed as late as age 74
years. Men with moderately differenti-
ated disease (Gleason scores, 5-6) face a
modest risk of death from prostate can-
cer that increases slowly over at least 15
years of follow-up. These men face a risk
of dying from prostate cancer, but it is un-
clear from a population perspective what
percentage of these men will actually ben-
efit from treatment. Only through ran-

domized trials designed to measure treat-
ment efficacy and additional research on
issues surrounding health-related qual-
ity of life can we answer questions con-
cerning which patients benefit from ag-
gressive screening and treatment of
prostate cancer.
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