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Abstract

All analyses of the efficacy of therapy for prostate cancer must control for the natural history of the disease.

Over the past years, several long-term series involving several hundred patients have helped to describe the results of
untreated disease. In general, most patients will not die of their disease, although approximately half of the patients will
develop disease progression within 10 years. Predictors of progression include tumor stage, grade, and ploidy status.
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To properly understand the many facets of
carcinoma of the prostate, the clinician must
understand one of the most confusing aspects of
the disease: its natural history. In this discus-
sion, the natural history of prostate cancer will
be presented through a published series of
untreated patients. Additionally, predictors of
biclogic activity will be discussed.

The necessity of understanding the natural
history of carcinoma of the prostate is clear to
the student of this disease and the clinician who
treats many patients with prostate cancer. In
Figures 1 and 2, several different behaviors of
prostate cancer have been postulated. Figure 1
hypothesizes various growth rates of the disease
for disease onset or for disease inception at
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Fig. 1. Various possible behaviors of carcinoma of the
prostate.
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various times prior to the patient’s "natural"
death. Curves "A” and "B" hypothesize a slow
growth rate of the tumor; "A" patients may
spend their lives in ignorance of the tumor’s
existence. Curve "B" patients may or may not
develop symptoms of their disease but die of
other causes prior to the development of meta-
static disease. Figure 2 demonstrates that the
expected survival of these two groups of pa-
tients would be identical to the normal popula-
tion, since survival is not affected by the pres-
ence of disease. Group "C" patients, on the other
hand, have tumors that increase in volume and
in extent over time as illustrated in Figure 1. As
these patients will expire due to their disease
before an otherwise "natural” death, the surviv-
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Fig. 2. Survival curves of patients with tumors with growth
characteristics from Fig. 1.
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al curve would be affected as shown in Figure 2.
Finally, Group "D" patients would experience an
even more rapid demise due to the existence of
the tumor.

These four types reflect the natural history of
prostate cancer in the U.S. population and have
a tremendous impact upon clinical decision-
making and public health policies. The first
impact is upon selection of treatment options: if
prostate cancer always behaves as curve "C" in
Figure 1, then the conclusion can be made that
treatment is universally necessary. However, if
the disease behaves more like curve "A" or "B,"
treatment is unnecessary. The variable mix of
patients with these types of tumors would
change treatment decisions accordingly.

Another area of importance affected by natu-
ral history is the issue of early tumor detection.
If it can be concluded that prostate cancer
generally follows curve "C" as illustrated in
Figure 1, the relatively long period of time
between a palpable tumor and the development
of extraprostatic disease would support early
detection efforts in preventing death from the
disease. However, if most patients followed
curves "A" or "B, early detection would be
unnecessary. Similarly, if most patients who die
of their disease follow curve "D," the extremely
short period between the time when the tumor
is detectable and the development of extrapros-
tatic disease may make early detection impos-
sible.

These hypothetical examples illustrate the
critical importance of the natural history of
prostate cancer in all aspects of disease man-
agement. The natural history can be determined
by a number of methods. One such method,
advocated by some, has been to analyze a series
of patients treated for the disease. Unfortunate-
ly, this method has two significant biases: (1) it
is impossible in patients treated for prostate
cancer to determine the degree to which surviv-
al was affected by the treatment and to what
extent it was affected by the disease’s natural
history; and (2) patients selected for treatment
are rarely a representative sampling of all
patients with the disease.

A second method of analyzing the "normal"
behavior of prostate cancer is to deduce this
behavior through epidemiologic data. Although
there are serious biases to this method, some
valid conclusions can be reached. A final meth-

od to determine the natural history of this
disease is to analyze patients with prostate
cancer who were not treated for their disease.
In this treatise, the last of these methods of
analysis will be employed in an attempt to best
characterize how this enigmatic disease "be-
haves."

EXPERIENCES WITH UNTREATED DISEASE

Perhaps the best evidence available for the
"behavior" of prostate cancer comes from a
series of patients who received no treatment for
their disease. Data from the first half of the
20th century are probably not representative of
results obtained today. As examples, Nesbit and
Plumb in 1946 [1], reporting on 795 patients
treated prior to the endocrine era, found the
median time from diagnosis to death to be
12.8 months in patients without evidence of
metastatic disease. Similarly, Hanash et al. [2]
found that five-, 10-, and 15-year survivals for
patients with clinical stage B disease were 19%,
4%, and 1%, respectively, while the expected
survivals were 71%, 45%, and 25%.

More recent series have found considerable
improvement in survival compared to earlier
series. The explanation for this improved sur-
vival is almost certainly not due to an improve-
ment in treatment (as no treatment is given)
but due to improved staging—the so-called
"Stage Migration Phenomenon." With better
methods to detect metastatic disease, primarily
radionuclide bone scanning, patients who were
previously thought to have localized disease
have been removed from analysis. Thus the
current series of patients followed conservative-
ly for localized prostate cancer better reflect the
natural history of this disease.

Eight series of patients with localized prostate
cancer who were treated conservatively (i.e., not
treated for "cure") are worthy of analysis. The
first of these series was reported in 1968 by
Cook and Watson [3]. The authors followed
20 men with presumed Bl nodules for periods
of one to 11 years, with a mean followup of
5 years. Although five patients (25%) died of
prostate cancer, 14 additional patients (70%)
died of other causes including heart disease,
cerebrovascular accidents, accidents, and infec-
tions. Although the 10-year survival was only
20%, the cancer-specific survival at 10 years
was 52%.
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Barnes et al. [4] published a series of reports
on a group of patients with untreated carcino-
ma of the prostate, culminating with his 1976
report. In this series of 115 patients with
stage B disease, none received treatment for
cure of the disease (e.g., radical prostatectomy
or external beam radiotherapy) although a
proportion of patients underwent hormonal
therapy for disease progression or transurethral
resection of the prostate for obstructive symp-
toms. Although a significant number of patients
developed disease progression during followup
(up to 85% by 15 years), the five-, 10-, and 15-
year survivals of 71%, 58%, and 28%, respective-
ly, were dramatically better than those from the
series of Nesbit and Plumb [1) or Hanash [2].

In 1987, Moskovitz [5] presented his series of
101 untreated patients from Haifa, Israel. The
stages of these patients ranged from TO, to T3,
and 21.8% had high-grade disease. Five-year
survivals for stages T0,, T1+T2, and T3 were
91.3%, 60.61%, and 41.67%, respectively. High-
grade and high-stage tumors generally had the
poorest prognosis.

In 1988, Madsen et al. [6] reported on the
15-year followup of 142 patients with stages A
and B carcinoma of the prostate who were
randomized to receive either radical prostatecto-
my and placebo, or placebo only. A serious
problem with the comparison was the lack of
prerandomization bone scans, but the results
relative to the disease’s natural history are
illuminating. For patients with stage B disease,
those receiving radical prostatectomy actually
had a reduced survival compared to placebo,
although there was not a statistically significant
difference detected. Overall, five-, 10-, and 15-
year survivals were 85%, 59%, and 39%, respec-
tively.

George in 1988 [7] reported a series of 120
patients who had histologic evidence of prostate
cancer with negative bone scans, and were fol-
lowed while receiving no treatment for cure.
Tumor progression was noted in 84% of
patients but symptoms of progression occurred
in only a small proportion of patients. Local
progression in these 100 patients led to disease
treatment in 23, and only one of these 23
developed metastases. Bony metastases devel-
oped in 11% of patients at a mean followup time
of 36 months. A total of 5 patients (4%) died
due to prostate cancer while 48 (40%) died of

other causes (other malignancies, cardiovascular
disease, etc.).

Probably the only population-based study of
the natural history of untreated, localized
prostate cancer is that of Johansson et al. from
1989 [8]. From a referral area of about 195,000
patients, 223 patients with localized prostate
cancer (negative bone scan) were followed for a
mean period of 78 months. Sixty-five patients
(29%) developed disease progression and two-
thirds of these developed extraprostatic disease.
The five- and 10-year overall survivals of 68%
and 51% are quite impressive but most interest-
ing are the authors’ calculations of five-year
"corrected survival," i.e., the percent of patients
who died due to prostate cancer at five years.
For stages T1 and T2, the corrected survival
was 92.4%. Most of the deaths due to prostate
cancer occurred in patients with high-grade
disease.

A similar series from Stockholm and Lin-
koping, Sweden was published in 1991 [9].
Adolfsson and Carstensen summarized their
experience with 61 patients, all of whom
were less than 70 years old and had stage T1-
T2NXMO prostate cancer. No patient with
high-grade disease was included in their analy-
sis. Over a mean observation period of
96 months, local progression occurred in 69% of
patients; five- and 10-year progression rates
were 49% and 72%, respectively. Only nine
patients developed metastatic disease during the
observation period and eight patients died: four
due to prostate cancer and four of other diseas-
es. The five- and 10-year cancer-specific surviv-
als were 98% and 92%, respectively.

The most recent series of patients with pros-
tate cancer who were followed conservatively is
also the series with the longest followup. Of
4000 patients treated for prostate cancer at
Memorial Sloan-Kettering Cancer Center,
Whitmore et al. [10] identified 75 who were
followed conservatively. Patients were classified
as stage B1 (palpable nodule less than 2 cm in
diameter confined to one lobe), B2 (palpable
nodule greater than 2 cm in diameter confined
to one lobe), or B3 (nodule involving both
prostatic lobes). The median followup for these
three groups of patients was 124, 120, and
96 months, respectively. During followup, five
patients were treated definitively with iodine-
125 implantation. Although the 15-year progres-
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sion-free survivals for these three groups were
26%, 0%, and 0%, respectively, it is remarkable
that 15-year actual survivals of 61%, 35%, and
65%, respectively, were realized.

Although it is statistically unsound to group
patients from these varied series to definitively
establish the behavior of untreated prostate
cancer, such an analysis does provide a very
general glimpse into the natural history of the
disease. In Figure 3, such an analysis has been
performed, weighing each series’ results by the
total number of patients at risk in each year of
followup. Several very important conclusions
can be reached, most of which are apparent in
a number of the individual series. First, the risk
of disease progression increases inexorably with
time, with a median time to progression of
approximately 10 years in the above series. It is
obvious that the rate of progression may be
dependent upon the definition of terms in each
individual series. Overall survival is not signifi-
cantly different from progression and, in the
series above, most deaths were caused by dis-
ease processes other than carcinoma of the
prostate. The median time to development of
metastatic disease may be well beyond the
10-year mark, but the certainty of this value is
questionable due to the small number of
patients who developed metastatic disease in
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any series. Finally, the cancer-specific survival
rate, dependent upon only three series encom-
passing only 201 patients, may be in the 80%
range at 10 years of followup.

Any conclusions reached from the above data
must be understood to be subject to question.
Patient selection bias in most series make the
extrapolation of data to the general population
fraught with potentially large errors. However,
to date, these represent the most valuable data
available which characterize the natural history
of untreated carcinoma of the prostate.

PREDICTORS OF BIOLOGIC ACTIVITY

Future studies of various interventions for
carcinoma of the prostate will suffer from the
uncertainty of the disease’s natural history
unless appropriate control groups are included
for analysis. It is possible, however, to stratify
risks of progression and death due to disease
based upon several predictors of the disease’s
natural history. These predictors include tumor
grade, tumor stage, and ploidy.

Grade of carcinoma of the prostate has long
been acknowledged as a powerful predictor of
ultimate outcome of treatment. Ritchie and
associates [11] found that Gleason’s Sum Score
was very highly correlated with disease recur-
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Fig. 3. Combined series of patients who received no therapy for cure of carcinoma of the
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rence following radical prostatectomy. At
96 months followup, the risks of recurrence for
Gleason scores <5, scores of 5, 6, and 7, and for
scores >7 were 0%, 30%, and 55%, respectively.
Similar results were found in several of the
series of untreated patients. Moskovitz [5]
found five-year survivals of 90%, 60%, and 42%
for patients with T0,, T1+T2, and T3 disease,
respectively. Adolfsson [9] found five-year
progression-free survivals of 55% and 25% for
well- and moderately well-differentiated tumors,
respectively [9]. Johansson’s [8] experience was
similar with five-year corrected survivals for
Grade I, I1, and III tumors of 98.8%, 90.9%, and
24.5%, respectively. Finally, Barnes {4] found
five-, 10-, and 15-year survivals of 81%, 70%,
and 42% for Grades I and II disease compared
with 56%, 43%, and 19% for Grades III and IV
disease [4].

Tumor stage is a well-established predictor of
behavior of prostate cancer. However, in gener-
al, the series of patients who are untreated for
prostate cancer demonstrate that it is less of a
significant predictor than tumor grade. Al-
though Johansson’s series [8] found that the
risk of prostate cancer death increased 216-fold
with high-grade disease, no significant increase
in risk of death due to disease was detected
among stages TO, T1, and T2. Similarly, Adolf-
sson and Carstensen [9] found no difference in
behavior between T1 and T2 tumors. Finally,
Whitmore [10] found that risk of progression
was virtually identical in stages Bl and B3
disease, both of which had a lower rate of
distant progression than stage B2 disease. In
general, however, the best survival was noted in
patients with stage Bl disease.

A final, more recent predictor of the biologic
activity of prostate cancer is ploidy status. The
value of tumor ploidy has been well-established
in patients treated for their disease; in general,
diploid and tetraploid patients have the lowest
risk of disease progression, with a marked
increase in progression in patients with aneu-
ploid disease [12]. The only series of patients
with prostate cancer in whom ploidy analysis
was established prior to entry into a program of
conservative followup was that of Adolfsson et
al. [13]. The authors found a significant diver-
gence of progression curves with five-year
progression-free survivals of 45% in diploid
tumors and only 20% in non-diploid tumors.

SUMMARY

Prior to the 1980’s, the natural history of
adenoccarcinoma of the prostate was, in general,
poorly documented. Studies from the first half
of the 20th century were not translatable into
current thought due to significant differencesin
tumor staging. With the 1980’s came the pre-
sentation of six significant series of patients
with untreated disease. The analysis of these
data suggests several conclusions. First, disease
progression occurs in almost all patients who
are left untreated. However, this equates only
occasionally with metastatic disease and death
due to prostate cancer since the majority of
patients will expire of other causes. Patients
with high-grade disease and those with aneu-
ploid tumors seem to fare the worst with local
tumor stage playing less of a role in prognosis.

A thorough understanding of the behavior of
untreated prostate cancer is essential to the
interpretation of studies employing varying
treatments for this disease. In addition, as most
patients will not die due to prostate cancer,
future studies assessing prevention strategies
for early-stage disease must reckon with the
natural history confound. Only by proper study
design, employing appropriately selected control
populations, will conclusions regarding the
efficacy of these prevention strategies be trans-
latable to the general population.
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