The natural history of prostate cancer

the steady increase in cases in the U.S. throughout
the years following the introduction of PSA testing,
with a decrease in incidence then coinciding with the
recommendation against PSA screening in 20122
however, PSA testing is not the sole factor in the
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HISTORICAL PERSPECTIVES

Prostate cancer was first described in 1853 by . Adams
at the London Hospital. In his report, he described
the affliction as “a very rare disease.””" In the 215 cen-
tury, prostate cancer represents the most commonly
diagnosed cancer in men in the U.S.2 apart from skin
cancer, and the second most common cancer in men
worldwide.? Reported prostate cancer incidence has
increased dramatically across a relatively short period
in history, bearing in mind that robust epidemiologic
information on cancer is a relatively new phenomenon
and that J. Adams had no way of confirming his thesis
that this was, in fact, a rare disease.

From the 1930s onwards, autopsy studies began
confirming the high rates of incidental prostate cancer
in males.*¢ Prostate cancer risk rises significantly with
age, being rare before the age of 45 and exceedingly
common after the age of 70.” During J. Adams’ time
at the London Hospital (Figure 1) in the mid-19"
century, life expectancy at birth in the U.K. was 42
years of age.>” Thus, the incidence of prostate cancer,
and indeed deaths from prostate cancer, have risen
alongside an approximate doubling of life expectancy
during the intervening period. Recording of cancer
prevalence statistics is a relatively recent phenom-
enon, meaning that J. Adams did not have a way to
truly deduce the apparent rare nature of the disease
during his time.

There is increasing evidence that lifestyle factors,
including eating a “Western diet,” are linked to a
higher risk of prostate cancer.>”’

Lastly, a significant portion of the increase in pros-
tate cancer incidence in the last few decades can no
doubt be attributed to the introduction and uptake
of widespread prostate-specific antigen (PSA) testing
globally. The correlation between community PSA
testing and prostate cancer incidence is evident from

increase in incidence of prostate cancer. In Canada, a
steady increase in prostate cancer can be seen in the
decades before the introduction of PSA testing, with
a sharp increase in the years after (Figure 2).°

Our ability to diagnose and treat prostate cancer
has improved exponentially in the past few decades,
as has our understanding that many prostate cancers
are not life-threatening. We now know that low-grade
prostate cancer has been overtreated in the past, and
that we are still some way off being able to detect
lethal prostate cancers at an early stage while sparing
men with indolent cancers the significant side effect
burden associated with treatment.

PROBLEMS WITH DESCRIBING THE
TRUE NATURAL HISTORY OF PROSTATE
CANCER
In the early 20" century, Hugo Hampton Young advo-
cated for prostate cancer screening to find the disease
at an early stage, with the intention of cure by radical
surgery.'® Early detection is now possible with PSA
screening, albeit at the cost of over-detection of low-
grade tumors. Prostate cancer is a highly heterogenous
disease, and the natural history varies according to
tumor grade and likely according to inherent tumor
biology beyond Gleason grade. In autopsy studies,
prostatic intraepithelial neoplasia is found in 20% men
in the fourth decade of life and 44% men in the fifth
decade of life."" It is still unknown how many of these
men would have progressed to experience symptom-
atic high-grade prostate tumors.

Several longitudinal followup studies have sought
to answer this question. Albertsen et al followed a
cohort of men in Connecticut diagnosed with clinically
localized prostate cancer between January |, 1971,
and December 31, 1984, for a median period of 24
years; prostate cancer mortality was found to be 33
per 1000 person-years, and men with low-grade dis-
ease had a low risk of dying from the disease (six
deaths per 1000 person years).'?

A Swedish cohort study followed men with pros-
tate cancer for three decades and found that the over-
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KEY MESSAGES

B The long lead time for PCa development and
progression makes it difficult to establish the
true natural history.

B Challenges remain in the early detection of
lethal cancers while sparing men with indolent
disease the side effects associated with radical
treatment.

B There have been improved efforts to
establish widespread screening for PCa, with
the number needed to treat now similar to
breast cancer screening.

B Although there is strong evidence for
chemoprevention of PCa with 5-alpha reductase
inhibitors, uptake has not been widespread due
to side effects and concerns regarding higher
incidence of high-grade tumors.

B Modern imaging techniques, including PSMA-
PET CT, are changing what we know about the
natural history of advanced and recurrent PCa.

all rate of death from prostate cancer was 7%, and that
the risk of death from untreated low-grade disease was
12.3%." The rate of disease progression was reported
as 20 events per 1000 person-years (95% confidence
interval [Cl] 14.7-27.2), and the rate of prostate cancer
deaths was 17.9 deaths per 1000 person-years (95%
Cl 13.0-24.6). Sixty-four percent of men in this study
remained untreated for prostate cancer throughout the
entire study period.

Long-term followup of one of the largest active
surveillance cohorts from the University of Toronto

* VOLUME 19, ISSUE 8

reported a 1.5% rate of death from prostate cancer,
which is comparable to the expected mortality rate for
favorable-risk patients treated with radical therapy.'*
In this cohort, four baseline variables predicted overall
survival: age =270 years (hazard ratio [HR] 2.87, 95%
Cl 1.88-4.38, p<0.001), transrectal ultrasonography
volume (HR 0.983, 95% ClI 0.973-0.993, p=0.001),
Gleason score =6 (HR 1.70, 95% CI 1.14-2.55,
p=0.010), and PSA values (log scale HR 1.52, 95% ClI
1.00-2.31, p=0.048).

Another issue in accurately describing the natural his-
tory of prostate cancer occurs with reclassification of
disease descriptors, as illustrated by the Will Rogers phe-
nomenon."> Albertsen et al suspected that the decrease
in incidence of low-grade prostate cancer could not
be fully explained by the introduction of PSA testing,
but that the reclassification of Gleason grade during this
same period may have contributed.'® They re-examined
histology slides from men diagnosed with prostate can-
cer from 1990-1992 with a contemporary pathologist
blinded to the original Gleason grade. Contemporary
Gleason scores were significantly higher, resulting in a
Gleason score-standardized contemporary prostate can-
cer mortality rate that appeared to be 28% lower than
standardized historical rates, even though the overall
outcome was unchanged (mean score increased from
595 to 6.8, 95% Cl1 0.79-0.91, p<0.001).

By the time the results of many longitudinal studies
in prostate cancer are reported, treatment paradigms
have completely evolved. The Albertsen study was per-
formed in the pre-PSA era and used acid-phosphatase
to follow disease progression. The Swedish study from
Popiolek et al was performed in the era of single-line
treatment only with androgen deprivation therapy
(ADT) for metastatic prostate cancer. The landscape
of intervention and therapeutics for prostate cancer is
unrecognizable from that of 30 years ago.

NATURAL HISTORY IN THE ERA OF PSA
TESTING
PSA was first isolated in 1979."7 In 1986, the U.S. Food
and Drug Administration (FDA) approved its use for
the monitoring of disease in men diagnosed with pros-
tate cancer and followed this in 1994 with approval for
its use in conjunction with a digital rectal exam to aid in
the diagnosis of prostate cancer. It was hoped that PSA
could be used to identify men with prostate cancer at
an early stage of disease. Several screening trials have
been conducted with mixed results.

The ERSPC study was a study of 162 243 men
investigating prostate cancer screening with PSA against



a control group who were not screened.'® Screening
increased detection of prostate cancer from 4.8% to
8.2% and reduced prostate cancer death by 20% (95%
Cl 0.65 -0.98, p=0.04); however, the absolute differ-
ence in deaths was only 0.7 per 1000 men. The num-
ber needed to be invited to screening to prevent one
prostate cancer death was 1410; this decreased to 570
with longer followup.!?

The Prostate, Lung, Colorectal, and Ovarian (PLCO)
Cancer Screening Trial followed men diagnosed with
prostate cancer at 10 centers in the U.S,, and did not
find a significant difference in the rate death from pros-
tate cancer between the screening and control group,
with incidence of death per 10 000 person-years of
two in the screening group vs |.7 in the control group
(rate ratio [RR] I.13, 95% CI 0.75-1.70).° The lack
of difference persisted at followup to 17 years, and in
addition, a significant increase in low-grade (Gleason
=6) disease was found in the screening group com-
pared to the control arm (RR .17, 95% CI 1.1 1-1.23,
p <0.001).2" A major criticism of this trial is the high
levels of contamination in the control arm, with over
half the men in the control undergoing PSA testing by
the sixth year of the study.

The Goteborg study was a population-based pros-
tate cancer screening trial of 20 000 men in Sweden,
which reported an absolute cumulative risk reduction
of death from prostate cancer at 14 years of 0.40%
(95% Cl 0.17-0.64), from 0.90% in the control group
to 0.50% in the screening group, translating to a rate
ratio for death from prostate cancer of 0.56 (95% Cl
0.39-0.82, p=0.002) in the screening group compared
with the control arm.?? A total of 293 men needed to
be invited to screening to prevent one death, which is
comparable to breast cancer screening programmes.

The Goteborg-2 study examined a magnetic reso-
nance imaging (MRI)-guided biopsy pathway for men at
risk of prostate cancer in a screening study.??> Omission
of systematic biopsy in favor of MRI-guided biopsy only
resulted in a 75% lower rate of diagnosis of clinically
insignificant cancers with repeat rounds of screening
(RR 0.46, 95% CI 0.33-0.64, p<0.001).

Although PSA is a highly sensitive test for the detec-
tion of prostate cancer, it has low specificity.2* Several
vaniations have been coupled to PSA testing to improve
accuracy, including PSA velocity and PSA density;?
however, a normal PSA cannot definitively rule out
prostate cancer. In the Prostate Cancer Prevention Trial
(PCPT), 15% men with “normal” PSA (<4 ng/ml) had
prostate cancer diagnosed on sextant biopsy, although
only 15% of these patients had Gleason =7.%

160
= Number of cases PSA testin
o testi
'|=u 140 Number of deaths increasing
= —e— Incidence
2 Mortality
2 120
8 PSA test
= licensed
8 100
-
.
&
=~ 80
2
©
[
T 60
N
°
5}
T 4
T 40
s
2
[
g 20
<
0
Q@ - © 1B N ® = © B N 9 = O v N @ - 9 W N~ 9
e KN KN KN N N @ ®© © ® ® 9 9 9 9 9 9 9 9 g 9
¢ 83 2 2 2 8 2 2 328 22 32§ § 8K %

25000

20000

15000

10000

5000

Crude reported number (n)

Figure 2. Prostate cancer incidence and mortality in Canada from 1969—2009. Reproduced with permission from Dickinson et al

(2016).

In a large Swedish study, having a PSA below the
median (0.68 pg/L) at age 45-49 resulted in a 0.09%
| 5-year risk of prostate cancer.?’” Similar results were
seen in a U.S. case-control study, with the majority
of prostate cancers occurring in men who had PSA
above the median in mid-life.?® The authors advocate
for longer screening intervals for such men, with height-
ened screening tactics for men with PSA above the
median. The |5-year outcomes from the PROTECT
trial revealed that mortality from localized prostate was
low (approximately 3%) regardless of whether patients
undertook active surveillance, surgery, or radiation
treatment.”

NATURAL HISTORY FOLLOWING
TREATMENT

After radical treatment, men are no doubt keen to
know the chances of their cancer returning. Grossfeld
et al determined pretreatment predictors of disease
recurrence in 547 men who underwent radical pros-
tatectomy at the University of California, San Francisco
(UCSF).*® They found PSA (47% vs. 19% five-year
disease-free survival [DFS] for PSA cutoff 10 ng/ml,
p<0.05), Gleason score (45% five-year DFS for score
<7 vs. 0% for score =28), ethnicity (odds ratio [OR] for
disease recurrence in men of black race 1.571, 95%
Cl 1.010-2.444, p=0.045), and percentage of biopsy
cores positive for prostate cancer (OR 1.006, 95% Cl
[.001-1.011, p=0.03) were predictive of disease recur-
rence post-radical prostatectomy. The UCSF Cancer
of the Prostate Risk Assessment (CAPRA) score was
developed from a cohort of 1439 men who underwent
radical prostatectomy. PSA, Gleason score, age, tumor
(T) stage, and % biopsy cores positive for cancer are
weighted to give a score from 0-10, with approxi-
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mately double the risk of recurrence for each increase
in score by two points.*'

Unlike radiation or focal treatment, radical prosta-
tectomy allows for accurate pathologic analysis of the
whole prostate gland, which can then inform disease
prognosis. Eggener et al developed a model to predict
cancer-specific mortality after radical prostatectomy at
four academic centers in the U.S.* Overall prostate
cancer-specific mortality was 7% at |5 years, with pri-
mary Gleason pattern =4 (p<0.001) and seminal vesicle
invasion (p<0.001) being highly predictive of mortality
after radical prostatectomy.

More recently, the group from UCSF produced
the CAPRA-S score to include the additional accuracy
provided by pathologic data after radical prostatec-
tomy in predicting recurrence.® Variables found to be
statistically significant in this predictive model include
preoperative PSA, pathologic Gleason grade, surgical
margin status, extra-prostatic extension, seminal vesicle
invasion, and lymph node status. Recurrence-free sur-
vival in this cohort was 78%, ranging from 85% for a
CAPRA score of 0-1 (95% ClI 73-92) to 8% for a
score of 7-10 (95% CI 0-28), with each two-point
increase in score associated with a 2.4-fold increase in
risk of recurrence.

NATURAL HISTORY OF BIOCHEMICAL
RECURRENCE

PSA is a highly reliable marker for monitoring disease
recurrence after prostatectomy. Failure to reach an
undetectable PSA level after prostatectomy is associ-
ated with poorer outcomes. A Johns Hopkins study
of 160 men who failed to achieve an undetectable
PSA post-prostatectomy, and who did not receive
adjuvant treatment until there was documentation of
metastasis, reported metastasis-free survival rates of
68%, 49%, and 22% at three, five, and 10 years, respec-
tively, with a median time until occurrence of metas-
tases of five years.?* The authors reported pathologic
Gleason grade, seminal vesicle invasion, lymph node
positivity, and the slope of PSA rise as predictive of
metastases. PSA slope 3—12 months after undergoing
prostatectomy was found to be the most powerful

“ The landscape of intervention and therapeutics
for prostate cancer is unrecognizable from that

of 30 years ago. »
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predictor of metastasis-free survival, followed by initial
Gleason score and clinical stage (HR 2.9, 2.6, and 2.0,
respectively).

The natural history of biochemical recurrence (BCR)
is highly variable. The group at Johns Hopkins followed
nearly 2000 men post-prostatectomy and reported
85% metastasis-free survival for the entire cohort
(95% Cl 76-88) at |5 years post-surgery.® A total
of 315 (15%) patients developed BCR, 34% of whom
developed documented metastases during the study
period, with median time to metastases of eight years.
In this study, time to BCR (p<0.001), PSA doubling
time (p<0.001), and Gleason score (p<0.001) were
predictive of the development of metastases.

A retrospective cohort study of 379 men who
underwent radical prostatectomy at Johns Hopkins
reported the five-, 10-, and |5-year cause-specific sur-
vival from the respective time of BCR as 93% (95%
Cl 90-96), 73% (95% CI 66-79), and 55% (95% Cl
41-67), respectively.* Median survival had not been
reached after 16 years of followup in this cohort.

There is a lack of randomized controlled data for
treatment options for men with BCR after prostatec-
tomy. Several studies have attempted to report prog-
nostic variables or propose treatment algorithms to
inform which men need treatment for BCR% There
appears to be an approximately equal risk of death
from prostate cancer and competing causes in men
with BCR¥

NATURAL HISTORY OF METASTATIC
DISEASE

The concept of using castration to control the growth
of prostate cancer dates back to the surgeon John
Hunter in the late 18" century.® Huggins and Hodges
were the first to report on the clinical benefit of cas-
tration in patients with prostate cancer,* with Charles
Huggins being eventually awarded the Nobel Prize in
Medicine in 1966 for his use of systemic castration
to treat prostate cancer; however, even in Huggins'
early studies, he noted that in many cases, complete
tumor regression did not occur. Two problems with
castration for prostate cancer became evident rela-
tively quickly — development of castration-resistant
disease, and an increase in cardiovascular problems
in castrate men.*

Time to development of metastatic castrate-resistant
prostate cancer (MCRPC) has been found to predictive
of survival.?® In the last two decades, multiple novel
hormonal therapies have been developed to overcome
mechanisms of castrate resistance in prostate cancer.



Treatment intensification is now also the standard of care
for de novo metastatic hormone-sensitive prostate can-
cer (mMHSPC). The emergence of combination systemic
therapy targeting multiple hormone and signalling path-
ways is changing the natural history of metastatic pros-
tate cancer, which is reflected in the increase in median
overall survival in de novo metastatic prostate cancer.*

IATROGENIC PERTURBATION OF THE
NATURAL HISTORY OF PROSTATE
CANCER

There have been many efforts by the scientific com-
munity over the last several decades to influence the
natural history of the development and progression of
prostate cancer. The long latency period of prostate
cancer makes it an ideal target for chemoprevention.*
The androgen-dependent signalling in prostate carcino-
genesis allows for potential modification of cancer risk
with agents such as finasteride,* a drug that inhibits
5-alpha-reductase (the preferred androgen of prostate
tissue). The results of the PCPT trial were promising,
with a relative risk reduction of 24.8% for the develop-
ment of prostate cancer in men taking finasteride (95%
Cl 18.6-30.6, p<0.001). Clinically significant (Gleason
=7/) cancers were, however, more common in the finas-
teride group, and there has been poor adoption of this
drug into clinical practice for prostate cancer prevention.

Long-term followup studies after 18 years dem-
onstrated no difference in cancer-specific or overall
survival between the two groups, with an unadjusted
hazard ratio for death in the finasteride group of 1.02
(95% CI 0.97-1.08, p=0.46).%¢ Similar results were
reported in the REDUCE study, a placebo-controlled,
multicenter, randomized controlled trial (RCT) wherein
dutasteride reduced the relative risk of prostate cancer
by 22.8% (95% Cl 15.2-29.8, p<0.001).* In years three
and four of the study, more Gleason =8 cancers were
seen in the dutasteride arm. The authors suggest this
may be in part explained by the removal of patients
from the study with any diagnosis of cancer on the
scheduled biopsy in year two, which may have resulted
in non-random removal of patients who may have been
harboring higher-grade cancer on repeat biopsy. The
reduction in prostate volume with dutasteride therapy
may also have a role to play.*

The REDEEM study was a multicenter RCT under-
taken at 65 centers across North America, which exam-
ined the use of dutasteride in men on active surveillance
for low-risk localized prostate cancer>' Use of dutaste-
ride resulted in pathologic or therapeutic disease pro-
gression at three years of 38%, compared to 48% in the

control group (HR 0.62, 95% Cl 0.43-0.89, p=0.009).
There were no prostate cancer deaths or incidences of
metastases, reiterating the safety of active surveillance
for low Gleason 6 disease.

There have been several investigations of chemo-
prevention outside of the androgen axis. The SELECT
trial compared using selenium and vitamin E supple-
mentation either in combination or alone, to placebo.>?
Selenium (HR 1.04, 99% CI 0.87-1.24) or vitamin E
(HR 1.13, 99% Cl 0.95-1.35) alone or combination
(HR 1.05, 99% Cl 0.88-1.25) did not alter any cancer-
related endpoints, and this trial was stopped early at
interim analysis at a median followup of 5.46 years.

The MAST trial was recently presented at the
American Society of Clinical Oncology (ASCQO) annual
meeting. Despite promising preclinical and population-
based data, metformin use did not alter progression-
free survival in men on active surveillance for low-risk
prostate cancer compared to placebo (p=0.63).>

NATURAL HISTORY IN THE ERA OF
MODERN IMAGING

The use of MRI in the diagnosis and staging of pros-
tate cancer has changed the prostate cancer landscape
dramatically. A U.K. study of 553 patients on active
surveillance who had at least two MRI scans found that
patients who had no evidence of radiologic progression
of disease had a very low likelihood of clinical progres-
sion (defined as histologic progression or initiation of
treatment), and clinical progression was almost always
detected in patients with radiologic progression.>*

A study following I'15 small lesions (median size | |
mm) across serial MRI found that 76% either stayed sta-
ble or decreased in size. Twenty-four percent of lesions
increased in size and only 6% increased in Prostate
Imaging-Reporting and Data System (PI-RADS) score.>
Small-index lesions (=7 mm) appear to usually repre-
sent benign or low-grade disease, and are usually stable
in size across multiple MRI scans>® The MRI PI-RADS
score can be combined with PSA density to predict the
risk of finding clinically significant prostate cancer on
biopsy,” allowing men with indeterminate lesions and
low or very low PSA density to be counseled about
their low risk of prostate cancer.

The natural history of high-grade lesions on MRI
(PI-RADS =4) is predictably less indolent. A study from
Turkey followed 190 patients with initial PI-RADS =4
lesions on MRI, which were negative for malignancy on
biopsy. Seventy-two patients underwent repeat MR
for persistently elevated PSA, and PI-RADS 4 and 5
lesions were subsequently downgraded in 53 patients
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(73.6%).55% Persistent PI-RADS score of 4 or 5 is asso-
ciated with a higher risk of missed cancer, and most
authors advocate for repeat biopsy in this scenario. >
Prostate-specific membrane antigen (PSMA) posi-
tron emission tomography (PET) has changed the land-
scape of prostate cancer diagnosis and staging in the
last decade. Its use in the pretreatment setting allows
for more accurate staging than conventional imaging.®'
PSMA also outperforms MRI in the detection of recur-
rent disease at low PSA levels in men with BCR®
PSMA activity in the primary tumor pretreatment
has been found to be highly predictive of clinically signif-
icant prostate cancer,®® and there is emerging evidence
that PSMA uptake in the primary tumor can help pre-
dict outcomes post-radical prostatectomy. One study
from Germany reported that lower mean standardized
uptake value (SUV) and maximum SUV as quantitative
parameters from ®Ga-PSMA-1 | PET were associated
with longer BCR-free survival in patients post-prosta-
tectomy (log-rank p=0.035, p=0.037, respectively).**

FUTURE PERSPECTIVES: NATURAL
HISTORY IN THE ERA OF PERSONALIZED
MEDICINE

In the modem era, urologists aim to provide treatment
strategies tailored to each individual, rather than a one-
size-fits-all model. Men diagnosed with prostate cancer
want to know their odds of survival with and without
treatment, and what effects treatment may have on
their quality of life.

In the UK, the ‘Predict Prostate’ multivariate model
for localized prostate cancer has been developed to
compare prostate cancer-specific mortality against all-
cause mortality and estimate the impact of treatment
for prostate cancer on survival.®® This is a freely available
online tool (available at https://prostate.predict.cam/tool)
that men can use to input their individual data to pro-
duce visual estimates of overall survival, cancer-specific
survival, and treatment effects on functional outcomes.
The development of patient resources such as this,
written in plain language, allows for enhanced shared
decision-making between healthcare providers and men
with prostate cancer.

Several biomarkers and genetic panels have been
developed and are being developed to attempt to
predict the risk of prostate cancer in an individual;*
however, we are still a long way from successfully iden-
tifying men with potentially lethal cancer at an early
stage while sparing men with indolent cancers from
the effects of overtreatment.
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