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Abstract—The objective of this study was to lay a foundation for future cost-benefit
analyses evaluating the public health impact of treatment and screening protocols for
prostate cancer. Specifically we wanted to define the relative impact on cancer-specific
mortality rates of the individual epidemiological components: pathological incidences
by age groups, cancer progression rates, and the effect of competing causes of death,
assuming expectant management (i.c. no definitive treatment). A biological model of
prostate cancer incidence and progression was converted into a standard Markov tree
where competing causes of death could occur. Weighted averages of progression rates
were obtained from clinical studies. Separate cohorts of 30 year old black and white men
were followed for 50 years. The model yielded cancer-specific mortality rates, overall
mortality rates, and pathologic prevalences for both white and black males, consistent
with the literature. Sensitivity analyses showed that of all the parameters studied, the
pathological incidence of cancer in men under 50 years of age had the greatest impact
on the cancer-specific mortality rates. Also important was the annual probability of
progression of Al lesions. However the other parameters including pathological
incidence in older males, and progression from locally-extensive to metastatic lesions
had much smaller effects. In summary, this model correlates the clinical literature with
the epidemiology of prostate cancer and can be used for further decision analyses. We
recommend that future research be done to more precisely quantify the pathological
incidence of prostate cancer in men under 5060 years of age. More certainty is also
needed before generalizing the results of relatively small Al series to millions of men,
since A1 progression rates critically affect the eventual cancer-specific mortality. Enough
uncertainty remains at this point however, that we cannot advocate widespread
screening for prostate cancer until its merit be demonstrated either by the definitive long
term study, or by examination of costs and quality-of-life-adjusted benefits.
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Natural history Decision analy-

INTRODUCTION

Prostate cancer provokes controversies in diag-
nosis, management, and early detection because
its natural history is poorly understood [1].
Newer screening modalities and treatment pro-
tocols could potentially affect millions of Amer-
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ican men at a cost of billions of dollars [2] since
it is the most common non-skin carcinoma [3] in
males.

We have developed a Markov model [4] to
simulate the clinical epidemiology of prostate
cancer. This model starts with the pathological
incidence in various ages and follows the cancer
progression through the various stages until
death occurs either from prostate cancer or
from other competing causes. We derived the
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progression rates from familiar studies in the
literature—flawed though they be, since various
clinical papers have and will continue to be used
as support or rejection for recommendations for
the ideal treatment or mode of screening for
prostate cancer.

Undoubtedly individual tumors can progress
rapidly [5], and the course of individual patients
varies, but these may not accurately represent
the larger population with prostate cancer. It is
possible that a subset of patients, as described in
a particular clinical study, may have a pro-
gression rate so large that if it were representa-
tive of all patients within a given stage, many
more deaths due to prostate cancer would occur
than seems possible given the current annual
mortality figures. By the same token, if one
believes a low progression rate, why is it that
many men do progress and die? An epidemio-
logical model such as ours can help reconcile
these differences by estimating what an average
progression rate of a stage would have to be in
order to obtain realistic mortality figures. It is
also possible via sensitivity analyses, to deter-
mine which age-specific incidences or stage pro-
gression rates would most affect the cancer-
specific mortality of the population. This infor-
mation could then be used for further cost
benefit analyses, and to help design further
clinical studies. Although we cannot yet use this
model to determine the merits of screening, we
believe the model needs to be presented now in
its current form to relate the complex prostate
literature to the actual public health problem of
prostate cancer.

Before we describe the methodology used in
the development of the model, we want to
summarize some of the problems with the
prostate literature. These flaws certainly weaken
our model and any model based on these stud-
ies, yet they also underscore the need for such
a model to help reconcile the apparent contra-
dictions. Strongly held opinions stem from pub-
lications of small series of treated patients, the
use of non-comparable historical controls [6],
differences in treatment settings (referral centers
vs community hospitals) [7], definitions of pro-
gression/treatment failures, and methods and
duration of follow-up [6, 8]. Another important
basis for the controversies is the effect of com-
peting causes of death. The prevalence of
prostate cancer is highest in older men [9], most
of whom die of other causes [6], given the
relatively smaller cancer-specific mortality rates
reported by the Surveillance, Epidemiology, and

Table 1. Prostate cancer: pathologic prevalence from Carter [9] and corresponding derived pathologic incidences, baseline incidences used in the model,

cancer-specific mortality rates from SEER [10], mortality rates all causes (excluding prostate cancer)

rate (excluding

Annual mortality
prostate cancer)

rate prostate
cancer whites

Annual mortality

rate (excluding

Annual mortality
prostate cancer)

rate prostate
cancer blacks

Annual mortality
SEER data

of developing

Baseline probability
histological prostate

Derived
pathological

Pathological
prevalence
(midpoint of 10 year

incidence

SEER data whites

blacks

ca in model

(blacks)

interval/100 k)

Age

0.0017
0.0020
0.0025
0.0037
0.0060
0.0099
0.0161
0.0240
0.0375
0.0575
0.0881

0.0000
0.0000
0.0000
0.0000
0.0000
0.0001
0.0002
0.0006
0.0011
0.0021
0.0035

0.0040
0.0053
0.0071
0.0091
0.0131
0.0178
0.0258
0.0350
0.0482
0.0669
0.0968

0.0000
0.0000
0.0000
0.0000
0.0001
0.0003
0.0008
0.0013
0.0023
0.0040
0.0053

0.0005
0.0005
0.0005
0.0013
0.0020
0.0060
0.0100
0.0150
0.0200
0.0300
0.0500

0.0006
0.0009
0.0013
0.0018
0.0027
0.0039
0.0056
0.0082
0.0120
0.0177
0.0264

0.0097
0.0140
0.0203
0.0295
0.0428
0.0621
0.0900
0.1306
0.1895
0.2749

0.3988
The derived pathologic incidences were determined by using the second column and taking the change in prevalence in 5 years plus the number of cancer-specific

deaths in black men during that time period, divided by 5. Note that prevalences, incidences, and rates have been divided by 100,000 to allow conversion

to probapbilities.
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End Results (SEER) Program [10], shown in our
Table 1. It is also difficult to compare results
from one paper to the next, since similar
patients may be staged differently [11,12].
Donohue compiled several series and found that
the following clinical stages had the correspond-
ing mean fractions of metastatic lymph node
involvement found post-operatively [12]: Al
0.02, A2 0.19, B1 0.11, B2 0.29, B 0.22, C 0.46.
To make matters even more confusing, even
within the same stage, the extent of capsular
perforation [8, 13-15], and the degree of tumor
differentiation [16] can affect the prognosis.
Faced with the clinical literature so huge and
flawed, one may well choose a nihilistic ap-
proach which rejects the literature and waits for
the definitive prospectively, randomized, con-
trolled study of screened vs non-screened men.
This may take time given the multiple choices of
therapy and the rapid development of new
screening tools. Furthermore, the older studies
in the literature will continue to be cited to
support a given treatment or approach. We have
chosen to be neither nihilistic or naive, and have
tried a pragmatic approach: can we somehow
develop a model that refers to the literature, and
make some assumptions with the goal of better
understanding the public health problem of
prostate cancer?

METHODS

Papers were identified using Paper Chase and
the bibliographies were reviewed.

Classification system used

According to the
Society system [17],

American Urological

Stage A are non-palpable, “clinically inappar-
ent” [18] tumors traditionally found
unexpectedly after transurethral resec-
tions, subdivided into stage Al (tumor
comprising less than 5% of the gland
and usually well-differentiated) and
A2 (tumor involving more than 5% of
the gland, usually more aggressive and
less-differentiated [19]).

lesions are palpable, localized prostate
cancers confined to the gland, some-
times further subdivided into Bl or B2
depending on the size [17].

tumors are locally extensive but have
not metastasized, and can be subdi-
vided into C1 or C2 lesions [17].

Stage B

Stage C

Stage D or metastatic tumors are divided into
D1 lesions which represent lymph
node involvement, and D2 which
reflect the presence of distant metas-
tases, usually bony [17].

Formulas for progression rates and probabilities

Many papers reported their data differently.
To standardize the measurements, we converted
information into standard units: annual mor-
tality rate, annual rate of formation of distant
metastases, and annual rate of becoming locally
extensive. We distinguished the site where pro-
gression or treatment failure was first noticed,
either local progression to a C lesion or distant
progression to a D2 lesion. For example if an
A2 lesion became a C lesion within a 5 year
period and later became a D2 lesion at year 10,
we would count it as first progressing to a C
lesion (and not double-count it as a D2). If on
the other hand the first sign of progression was
a bony metastasis, then we considered it as first
progressing distantly to D2 and not to stage C.
We excluded papers if we could not distinguish
their initial stage (e.g. Ref. [20]), or if the
progressions could not be categorized (e.g. Refs
[21], [22], [23]). We derived the rates using the
following basic formulas which assume an expo-
nential survival curve [24]:

mortality rate = — 1/time*In[fraction not dying]

rate of becoming C = — 1/time#In{fraction not
first becoming a C lesion]

rate of becoming D2 = — 1/timexIn[fraction not
first becoming a D2 lesion]

Since many prostate cancer deaths occur in the
elderly who can die from other causes, it is
important when evaluating a series to identify
cancer-specific deaths. We tried to use “disease-
specific” mortality data if directly reported, or
if not available, then approximated by the fol-
lowing formula [24]:

disease specific mortality rate = (crude rate) —
(expected rate)

The derived rates were then converted into
annual probabilities by using [25]:

probability = 1 — exp(—rt)

where r is the rate (of mortality, or of local
progression or of distant progression) and ¢ is
the time in which an event will occur, which is
one year in our model.
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Derivation of probability of developing prostate
cancer

We used the estimated pathological preva-
lence of prostate cancer from a graph of preva-
lence vs age by Carter [9]. This paper was chosen
since it was a compilation from the literature of
5250 autopsies with careful “step-section” tech-
nique. The indicated ages represent the begin-
ning of 10 year intervals [H. B. Carter, personal
communication]. From that graph we defined a
curve using the statistical software package Sys-
tat (Wilkinson, Leland. SYSTAT: The System
for Statistics. Evanston, IL: SYSTAT, Inc.;
1990), and estimated the pathological incidence
as the difference in prevalence per 100,000 males
over a 5 year interval, plus the deaths due to
prostate cancer as reported in the SEER study
[10], shown in Table 1. The derived incidence
rates were converted into annual probabilities of
developing prostate cancer at a given age, then
adjusted for use in the baseline analysis in order
to yield the prevalences in Fig. 6.

Clinical Studies (Tables 3 to 10)

Studies within similar stages were combined
in order to calculate “weighted averages”. We
viewed these derived numbers as only rough
estimates, since we are not confident of how
similar these groupings are, given the problems
inherent in the prostate literature. For this
reason, we did not feel further statistical analy-
ses on variance was meaningful. The American
College of Surgeons (ACS) series [7] was not
included in the calculations of the “weighted
averages” since it was so much larger than the
other papers, and since many of its 20,661
clinically-staged patients received treatment.
(The treatment given could theoretically lower
the mortality rates compared to untreated
patients, but clinical staging means there was
probably inclusion of patients with positive
lymph nodes which might raise the expected
mortality rates.) Although our focus was on
untreated (or delayed, or non-curatively treated)
patients, we listed some series of treated patients

Table 2. Baseline values and results of selected sensitivity analyses for whites

Parameter Bascline Sensitivity Baseline Sensitivity
of value analysis  fraction analysis Sensitivity
interest used value dead fraction dead index
Start Al .01 0.0005 0.01 0.017 0.0225 0.58
pCA40 0.0005 0.001 0.017 0.0191 4.20
0.0005 0.002 0.017 0.0232 4.13
pCAs50 0.002 0.003 0.017 0.0193 2.30
pCAG0 0.01 0 0.017 0.0084 0.86
0.01 0.015 0.017 0.0203 0.66
pCA65 0.015 0 0.017 0.0154 0.11
pCAT0 0.02 0 0.017 0.0168 0.01
PAIA2 0.02 0.01 0.017 0.0075 0.95
0.02 0.015 0.017 0.0135 0.70
0.02 0.017 0.017 0.0149 0.70
0.02 0.03 0.017 0.023 0.60
0.02 0.04 0.017 0.0279 0.55
0.02 0.05 0.017 0.0319 0.50
pBC 0.08 0.01 0.017 0.015 0.03
0.08 0.15 0.017 0.0183 0.02
pBDI 0.1 0.01 0.017 0.0099 0.08
0.1 0.2 0.017 0.0212 0.04
pCD1 0.3 0.1 0.017 0.0146 0.01
0.3 0.4 0.017 0.0175 0.01
pDID2 0.34 0.3 0.017 0.0167 0.0l
0.34 0.5 0.017 0.0187 0.01
pDIE 0.26 0.2 0.017 0.0154 0.03
0.26 0.4 0.017 0.0193 0.02

Abbreviations: Start Al .01, starting prevalence of 0.01 for 30 year olds; pCA40,
pCAS0, pCA60, pCAT0 probabilities of developing prostate cancer at the age of
40, 50, 60 and 70. pA1A2 probability of an Al lesion progressing to an A2 lesion
in one year. This is also assumed to be equal to the probability of progression
to stage B. pBC, pBD1 probability of B lesions progressing to C or DI lesions.
pCD1, probability of progression from C to D1. pD1D2, progression from D1
to D2. pDIE progression from D2 to death of prostate cancer. The baseline
fraction of 0.17 is the proportion of the original cohort that died of prostate
cancer at age 75. The “Sensitivity Analysis Fraction” is the proportion of the
original cohort dying of prostate cancer that resulted from substituting the
indicated sensitivity analysis value in place of the parameter’s baseline value. See
text for the definition of the “Sensitivity Index”.
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rate

Mortality
(per year)

Rate of direct
progression

Rate of direct
progression
to C
(per year)

Fraction
survival

Fraction not
directly prog.
to D2

to C

Fraction not

Table 7. B lesions not subdivided
directly prog.

Time
status  Treatment (yr)

Node

Number of
patients
61
13
117
104
31
75
315
43
242

Adolfsson T1 & T2 [39]

Johansson T! [29]
Johansson [29]
Johansson T2 [29]
Larson T1 & T2 [40]
Whitmore [41]

Author [Ref]
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to give “best scenario” rates. In the tables, the
Time column generally signifies the time until
local or distant failure, but in some cases only

g = z 888 g 2 the follow up time was reported. In order to
s o S cooo s[  obtain some of the data necessary to construct
2 the tables we sought written personal communi-
§ cations (from Schellhammer PF, Johansson J-E,
I Whitmore Jr. WF, Ref. [8, 29, 41]). Not shown
2 9o o ¥z oo |x o ~
g 8=8 3 383 o % in the tables are the progression rate Al-— B
S ©°ee ° eee <° > of 0.008 per year derived from Zhang [30]. This
E is compared to the Epstein study [27], where
2 documented progression from an Al lesion to a
§ B2 occurred in 1 of 50 patients after 8 years,
WS T, T 9zl £ while 7 of the 50 progressed to C and D2 lesions
-2 2288 2 8 §§ § § over an average of 6.5 years. Assuming these
g passed through either an A2-or-B intermediate
T state, then an Al-— [A2]+4[B] progression
- rate of at least 0.026 per year is obtained.
g PSS = Assuming equal probability of going Al — — A2
© < eee < or Al —— B, (see Model Assumption 5 below),
this rate becomes 0.026/2 or 0.013.
- = —n Mode! assumptions
§ 523, 8% .
S oo @ oo g 1. The first was to use the basic sequence of
g g progression as described by Whitmore [1, 63]
2 2 for pathological stages:
3 3 A2
5 ks
23 533 % 53 ° T
o8 e85 SS Al C — CDl—D2- DEATH
\IT; - BDI
o J.o - This admittedly-simplified sequence assumes
T a “cascade” spread of metastases [64].
Although bony metastases have been found
99 % % 9 9 PR E in patients without lymph node involvement,

there is a high degree of correlation between
positive nodes and bony metastases [65]. To
model the difference between hematogenous
or lymphatic metastatic spread would have
added further complexity to the model with-
out much supportive data. The model is for
pathological staging (represented as Al, A2,
B, etc.), but in order to correlate these with
clinical staging, we defined three stages that
represented clinical A2, B and C lesions with
positive lymph nodes (thus making them
pathological D1): A2D1, BDI and CD 1. We
assumed the major prognostic difference be-
tween clinical and pathological stages is the
presence of positive lymph nodes and their
impact on the overall mortality rate [59],
rather than the proportion of clinical stage
A2 and B lesions that are pathologically C
[11]. We considered all these D1 stages as

Negative
Negative
Negative

4817
American College of Surgeons; NC = non-curative; RaRx = radiation therapy; RP = radical prostatectomy; PP

Blute [18]
Gibbons [42]
Paulson [38]
ACS [7]
ACS
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Table 10. D2 lesions

Mortality
Number of Time  Fraction rate

Author [Ref)] patients Treatment yr) survival  (per year)
Bagshaw [46] 318 HORM 2 0.5 0.324
Kuban [33] 120 HORM 1.5 0.5 0.433
Leuprolide Study Grp [61] 101 DES 1 0.78 0.207
Leuprolide Study Grp [61] 98 LEU 1 0.87 0.104
Sharifi [62] 56 LEU 1.88 0.5 0.336
Weighted average 0.25
ACS [7] 5 0.26 0.269

ACS = American College of Surgeons; DES = diethylstilbestrol; LEU = leuprolide; NC = non-
curative; RaRx =radiation therapy; RP =radical prostatectomy; HORM = hormonal

therapy.

having the same probability of progressing to
D2 [16]). We did not subdivide stages B and
Cinto B1, B2, B3, etc. because of the lack of
available data. We represented this biological
model in a standard Markov tree form,
Fig. 1.

We based our model on the “expectant man-
agement”’ [41] of prostate cancer rather than
that of the “natural history” in the purest
sense. This means that given the current
medical practices, that we assumed that anti-
biotics would be used to treat urosepsis, that
palliative drainage procedures would be
offered to those obstructed, and that hor-
mones would be given to those with painful
bony metastases. (Hormonal manipulation
of some type has been widely used for the
past 40 years [6].) Since we assumed palliative
care would be given to men today, we as-
sumed all deaths from prostate cancer would
come from men with advanced D2 lesions.
Although this might tend to bias results to
lower-than-expected mortalities, we feel it
reflects current medical practice. In the past,
men died of prostate cancer without known
metastases [66, 67], but a recent report found
no deaths in a group of irradiated patients
[68] when tumor recurred only locally.

. We assumed all histological cancers are bio-

logically active and grow and progress with
time. This is debatable since there are two
possible ways to explain the discrepancy
between the large number of histologic ade-
nocarcinomas and the relatively smaller
number of clinically important tumors [9].
The first is that all histological cancers will
eventually grow into clinically significant
tumors [69], while the second assumes that all
histological cancers need further transform-
ation before becoming active [9]. In our

model, we initially chose the first theory
because it required fewer assumptions and
estimates. We could have constructed the
model by having WELL patients first enter a
preliminary stage in which cancer could be
diagnosed histologically but remain latent
for a while before entering the A1, A2, B, etc.
cascade. To do this however, would require
the ability (not currently available) of know-
ing which autopsy cancers are clinically ac-
tive [9]. Nevertheless, in order for the model
to eventually yield higher cancer-specific
mortality rates for blacks compared to
whites, the cancer progression rates might
have to be different between whites and
blacks—supporting the “multi-step” theory
[9]. This point will be addressed later in more
detail in the Discussion.

. We assumed stage A2 and B lesions are

biologically-equivalent lesions. This is based
on the similar mortality rates from the Amer-
ican College of Surgeons paper [7], the simi-
lar incidence of positive lymph nodes in
clinical A2 and B lesions [12], morphologic
data [70], and levels of prostate specific anti-
gen in A2 and Bl lesions [71]. With this
assumption, we grouped the table values for
A2 and B, which yielded a weighted annual
transitional rate for each to C of 0.068, and
to D2 0.028.

. We assumed that the progression rates per

stage are the same regardless of the age of the
patient although this has been debated. Some
have proposed a similar prognosis regardless
of age [72, 73, 74], others have reported bet-
ter corrected survival in younger patients
[75], and still others have reported a poorer
prognosis in the younger age groups [76].

. We assumed the progression rates used in

the model are for a homogenous group of
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the earliest lesions in a given pathological
stage.
7. We assumed the autopsy prevalence of can-
cer is the same for blacks and whites [77].
8. We assumed no one would be spontaneously
“cured” of prostate cancer.

The ‘“‘gold standards”

We defined the ‘““standards’™ against which to
measure our model as: (1) the cancer-specific

Dies of other causes

death rates from the SEER data [10], (2) the
autopsy prevalence as derived by Carter [9], (3)
the fraction of positive nodes per clinical stages
mentioned in the Introduction [12], and (4) the
annual probability of death from other causes as
given in the Statistical Abstract of the United
States [78]. These are obviously imperfect stan-
dards since mortality rates are based on death
certificate information of lesser quality in per-
sons of advanced age [79], and the autopsy

Dead without

cancer
Well 5
IRE— Develops cancer AT
‘m_i
t
Stays Well Well
Dies of other causes Dead with
cancer
A1 ) Progresses to A2
S A2
Al | Progresses to B
o B
Stays At Al
Cohort of
30 year old men Dies of other causes Dead with
cancer
| A2 \ Progresses to C c
| |
: A2 Develops @ nodes A2D1
: I Stays A2 A2
| B,cD1
- —_
|
| Dies of other causes Dead with
| D2 . cancer
Dies of cancer Dead of
D2 cancer
Stays D2
D2

L—[Dead with Prostate Cancer |

——LDead of Prostate Cancer ]

L—-LDead without Prostate Cancer |

Fig. 1. Markov tree for prostate cancer progression with competing mortalities.
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prevalence rates vary in part due to technique
[80]. Additionally, the range for lymph node
positivity in each clinical stage is wide [12].
“Gold standards” for men older than 80 are
hard to find, since data for the most elderly are
usually grouped together as “>85”, [78]. These
flaws highlight the sources of many of the
controversies surrounding prostate cancer, but
we could find no better. Faced with the choice
of nihilism or pragmatism, we proceeded with
the development of the model.

Model construction

We constructed a Markov [4] model shown in
Fig. 1 using the software Decision Maker 6.0
(Pauker SG, Sonnenberg FA, Kassirer JP, New
England Medical Center, Boston MA) [81]. The
categories of health or Markov states [4] are:
WELL (no cancer present but other disease
processes could be present), 41, 42, B, C and
so on for the stages of cancer described above
and DEAD BECAUSE OF PROSTATE CAN-
CER, DEAD WITH BUT NOT OF
PROSTATE CANCER, and DEAD WITH-
OUT PROSTATE CANCER. In our model, a
fraction of each group could progress to a more
advanced stage each year, depending on the
annual transitional probabilities [4]. To arrive at
these, we started with the weighted averages
from the tables and inserted them in subtrees of
the stages where progression to death could
occur without the interference of non-cancer
deaths.

To model the overall public health impact of
prostate cancer, we studied an imaginary cohort
of 30 year old men for 50 years. Whites and
blacks were studied separately because of the
racial differences in mortality rates, both cancer-
specific [10] and overall [78]. In the course of the
following 12 months, some die of causes other
than prostate cancer, some develop histological
evidence of prostate cancer (and enter the 41
state), but most remain in the WELL state. At
the start of the second year, those in the WELL
state again face the probabilities of death from
other causes, of developing 41 cancer, or re-
maining alive and free of cancer. Those who
start the second year in the A1 state face the
probability of progressing to 42 or B states, or
remaining alive in the 41 state, or dying from
other causes (with evidence of prostate cancer at
autopsy). With time the WELL state gets
smaller and only the DEAD states get progress-
ively larger. The various cancer states have men
entering and leaving them each year.

Parameters studied

Using the model we derived mortality rates
for the individual stages using the logarithmic
transformation formula. When we studied com-
peting causes of death we defined the mortality
rates as the change in the number of deaths in
5 year intervals divided by the fraction alive at
the end of the interval. To derive prevalence in
the model we used the fraction alive with cancer
at a given age divided by the total fraction still
alive at that point. This gave a similar curve to
the change in the number of deaths of those with
cancer over a 10 year interval divided by the
total number of deaths in that same period
plotted against the midpoint of the interval.

Statistical studies and *‘sensitivity index”

To compare mortality curves generated by the
model and the SEER [10] and Census Bureau
[78) data, we used the software package Systat
to calculate the Spearman correlation co-
efficients. Many sensitivity analyses [82] were
performed. In order to show how much an
individual parameter affected the cancer-specific
mortality rates, we defined a ““sensitivity index”.
This was derived by taking the difference in the
fraction of the original cohort dead of cancer
at age 75 (as determined by the parameter of
concern’s baseline and sensitivity analysis
value), divided by the change in the parameter’s
baseline value and that used in the particular
sensitivity analysis. This means that a parameter
whose “‘sensitivity index” was high would affect
the cancer-specific mortality more than a par-
ameter whose sensitivity index was low.

RESULTS

(See Table 2). A set of baseline values was
determined, starting with a prevalence of
prostate cancer in 30 years old of 0.0005 that
yielded results compatible with the “gold stan-
dards” (Figs 2 to 6). Using a value of 0.015 for
the annual probability of an Al lesion becoming
an A2 lesion to 1 year in a white male
[PA1A2(w)], the Spearman -correlation co-
efficient with the SEER [10] white mortality
rates was 0.9812 (for ages 35-80). The Spear-
man correlation coefficient was 1.000 for the
overall mortality rate of the model and the
Census Bureau [78] data, the model’s prevalence
and the Carter [9] data, and for the SEER black
mortality rates and the model [using pA1A2(b)
of 0.03). For ages 50-80, the average fractions
of positive lymph nodes in clinical stages A2, B,
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Fig. 2. Results of sensitivity analysis varying the annual probability of progression of an Al lesion to an
A2 lesion (or to a B lesion) for whites (abbreviated as pA1A2). SEER Data from Ref. [10).

and C were 0.18, 0.18 and 0.40 respectively,
comparable to that reported by Donohue [12].
Using the baseline values in the model the
following average distribution of pathologi-
cally-staged cancer for blacks 50-80 years old
were obtained: Al 0.72; A2 0.08; B 0.08; C 0.03,
D1 0.05; and D2 0.05. This meant that blacks
had on the average, proportionately more ad-
vanced lesions compared to whites, whose de-
rived distribution of lesions were: Al 0.79; A2
0.06; B 0.06; C 0.02; D1 0.04; and D2 0.03. For
both races, older men had a larger proportion of
more advanced lesions compared to younger
men.

mortality rate (per
100,000)

A large number of sensitivity analyses were
done for the cohort analysis as well as for the
individual stages (Table 2, Figs 2 to 5). Not
surprisingly, the incidences of cancer in the
younger years had the highest sensitivity indices
and so greatly affected the cancer-specific mor-
tality rates. The annual probability of an Al
lesion progressing to an A2 (or B) lesion in the
following year (pA1A2 and pAlB) also had an
important effect. However, the progression rates
from A2, B, and D2 lesions (pA2C, pBC,
pA2D1, pBDI, pDIE) had smaller effects. The
smallest sensitivity indices were for the transi-
tional probabilities of progression from C and
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—o— pA1A2 = 0.03

30 35 40 45 50 55 60 65 70 75 80

AGE

Fig. 3. Re