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Trends in prostate cancer incidence and mortality in Canada during the era of PSA
screening

Introduction

Prostate cancer is the most commonly diagnosed non-skin cancer among Canadian men,
with the lifetime risk for being diagnosed approximately one in eight'. Such detection
now occurs most commonly by use of Prostate-Specific Antigen (PSA) test. While the
PSA test was introduced in Canada in 1986, its use did not become widespread until
1990-91, and then increased steadily over the next five years™. PSA testing is now
common: the Canada Community Health survey conducted in 2000-2001 suggested that
nearly half of Canadian men aged 50 years or older had received at least one PSA test in
their lifetime*. Among the provinces/territories that asked respondents about PSA
utilization in subsequent surveys, 49.8%, 50.9% and 49.9% of men over 35 years
reported having at least one PSA test in their lifetime in 2007-08, 2009-10 and 2011-12,

respectively’.

Advocates assert that increased screening and subsequent diagnostic testing in Canada
have led to reduced prostate cancer mortality™’. We sought to describe secular changes in
the Canadian epidemiology of prostate cancer — particularly aiming to describe the

epidemiological relationship between PSA testing and prostate cancer mortality.

Methods

The number of cases of prostate cancer, number of deaths due to prostate cancer, age-
specific and age-standardized incidence and mortality rates were obtained through the
Public Health Agency of Canada’s ORIUS database®. At the time of this analysis, the
database contained extracts from the Canadian Vital Statistics Deaths Database’ (1969-
2009), as well as the National Cancer Incidence Reporting System (1969-1991) and the
Canadian Cancer Registry'® (1992-2007). Prostate cancer cases were identified using the
International Classification of Diseases for Oncology, 3" Edition topography code C61,

excluding morphology codes 9050-9055, 9140, 9590-9992'". Deaths due to prostate
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cancer were identified from the underlying cause of death, classified according to the

International Statistical Classification of Diseases and Related Health Problems'>".

Data were categorised by 5-year age groups at diagnosis and death (45-49 years to 80-84
years), except men older than 85 years, who were grouped together. Incidence and
mortality rates were calculated by dividing the number of cases or deaths by the male
population estimate. Rates across all ages were standardized to the 1991 Canadian census

population.

Data from the ORIUS database were imported into Microsoft Excel for data manipulation
and visualization of incidence and mortality trends. The National Cancer Institute’s
Joinpoint Regression Program 4.0.1 ' was used to test changes in trends over time, via
annual percent change (APC) for age-standardized and age-specific rates. This program
fits straight-line segments on the log-linear scale to the incidence and mortality data,
which meet at joinpoints. A segment was created between each statistically significant
change in trend, and the APC was calculated for each segment. Monte Carlo permutation

was used to test for significance. Statistical significance was set at P < 0.05".

Annual incidence and mortality rates by age were plotted to demonstrate their changes
relative to changes in diagnosis, including the introduction of PSA testing in Canada. The
PSA implementation period was defined as the five year period from 1991 to 1995 (based

on reports of PSA use in Canada®'®"’

). For comparison we present data for the earliest
five year period: 1969 to 1973, 1986-1990 (just prior to widespread introduction of PSA
testing), and the most recent five year period with complete data available for both

incidence and mortality (2003-2007).

Results

The standardised incidence for prostate cancer doubled from 54.2 per 100,000 in 1969 to
103.9 in 2013 (Figure 1). Joinpoint analysis of the age-standardized incidence (Figure 2)

demonstrates that this increase was gradual from 1969 to 1990 (APC 3.0%; increase from
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52.2 to 125.8 cases per 100,000 respectively). From 1991 the prostate cancer incidence
increased to a peak of 140.8 in 1993 (APC 12.8%)), followed by a decline between 1993
and 1996 (APC 8.2%). Thereafter, incidence continued its upward trend at a rate similar

to the pre-PSA period to a second peak in 2001 and then flattened out (APC -0.59%)

Incidence initially rose steadily, with a similar time trend for all age groups until 1988
(Figure 3 and Appendix Figure 3B). Thereafter, a more rapid increase in incidence was
observed among men between 60 and 79 until overall incidence peaked in 1993. After a
subsequent decrease among all age groups, incidence among younger men (<69 years)
continued to increase from 1996, whereas incidence among men 75 years and older
continued to decrease. Thus by 2007, incidence was similar for all age groups over 65

years.

Figure 4 shows that from 1969 to 1977 age-standardised mortality rate from prostate
cancer was stable (APC -0.02%), then increased at an APC of 1.3% to peak in 1994,
close to the 1993 incidence peak, then decreased at an APC of -3.3%. When analysed by
age groups, prostate cancer mortality was consistently higher with increasing age across
all years (Figure 5, and Appendix Figure 5B). However, mortality has decreased from its
peak in approximately 1987 for younger men, and progressively later for older men -
1994 for the oldest (85+). For men aged 55 to 80 years, prostate cancer mortality in 2009
was 21 to 44% lower, depending on age group, than in 1969.

Prior to PSA testing, incidence rose substantially across all ages above 50 (Figure 6).
Since the introduction of PSA testing, prostate cancer is now diagnosed much more
frequently — and most cases are diagnosed in men aged <65 years. Changes in mortality

have been much less pronounced than these changes in incidence.

Discussion

The apparent incidence of prostate cancer in Canada doubled in the 20 years before PSA
testing was available, then increased substantially when PSA was made available for

screening in 1991'® to peak in 1993 at three times the initial level. The incidence
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subsequently dropped, then resumed rising until 2001, and has levelled off since then.
The rise, the peak and the subsequent drop in incidence occurred differentially by age
groups. As a consequence of these changes in incidence, at 2009 rates one in eight men
would be diagnosed with prostate cancer in his lifetime. The advance of diagnosis by
more than 15 years suggested by these results is greater than other estimates of lead-
time'’. Mortality rates from prostate cancer were steady until 1977, rose until 1994 then
dropped slowly, so the age-standardised rate is now about 20% less than in 1969. The
greatest mortality reduction was 43.9% among men aged 70 to 74 years. The chance of
dying from prostate cancer is much less than of being diagnosed: in 2009 it was 3.6%-

one in 28 overall', but 75% of deaths occur among men over 75, and 56% over 80 years.

Comparison of secular changes in the incidence and mortality rates across the pre- and
post-PSA implementation period suggests that PSA testing has influenced the apparent
epidemiology of prostate cancer. The increased likelihood of diagnosis is unlikely to have
occurred from a massive increase in the true incidence of prostate cancer in the
population since 1969, when incident cases were usually identified on clinical grounds.
Instead, prostate cancer is now being diagnosed at higher rates from among the large

reservoir of undiagnosed prostate cancer”"!

, that would not develop into harmful disease
in a man’s lifetime (often termed overdiagnosis)* so the rise might be more properly
called increase in discovered cancer. Before 1988, prostate cancer occurred mainly
among older men. The increase in incidence prior to PSA testing can be ascribed to
increased trans-urethral resection of the prostate (TURP) from about 1970 for benign
hypertrophy (BPH), and higher number of pathology specimens examined, giving a

72324 The 1980s saw increased trans-rectal or

greater chance of discovery of “cancers
perineal biopsies of suspicious areas using ultrasound guidance® with increases from 6 to
12 or more core biopsy specimens™ to detect cancer as introduction of radical
prostatectomy and newer radiation therapy gave hope for curative treatment®®. Diagnostic
patterns changed, with modification of Gleason grading27’28, leading to higher diagnosis
rates. Use of TURP declined, especially after introduction of alpha antagonists and 5-
alpha-reductase inhibitors in 1993%*%, which changed management of many men with

BPH from surgical to medical therapy. Fewer TURPs likely reduced diagnoses of
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“incidental” prostate cancer among older men because of less frequent microscopic
examination. It has been argued that PSA testing revealed the prevalent and slow growing
cancers, and thereafter incidence dropped because the reservoir had been depleted'’. This
speculation may be partly true, as when first available, PSA was often used by urologists
to clarify urinary symptoms™*’. Thereafter, the drop in use of TURP likely accounts for
reducing incidence in men over 70, while increasing use of PSA screening with recent
emphasis on men as young as 40 years30’31 causes continuing apparent increases in

incidence among younger men.

The secular changes in prostate cancer mortality should be interpreted in the context of
the slow rise noted from 1959**. Rates for the years 1969-1977 were 25 per 100,000,
began rising slowly before the introduction of PSA testing, but then fell, declining below

1969 levels around year 2000. Advocates assert' "™

that the decline in prostate cancer
mortality observed since PSA testing began is evidence that screening is beneficial — but
do not address the increase in mortality observed before screening was introduced and
measure only from the peak. The fall began before PSA testing was widely used for
screening, and the positive trials of PSA testing show that measurable effect cannot be
expected until at least ten years after screening’’. The most positive interpretation of the
trials demonstrated an absolute risk reduction of 3 per 1000 in the screened group after 14
years. These men were aged 50 to 69 when screened, implying that mortality benefit
might accrue among men aged 65 to 85 from 2005 onwards>*>*. However, reductions in
mortality were observed in men aged >55 beginning in the 1990s (see appendix). Since
the uptake of PSA testing among Canadian men aged over 50 years was less than 50% by

2001%, to reduce overall prostate cancer mortality by 30% the effect of screening and

subsequent treatment would need to be much larger than observed in the trials.

Since there is no reason to believe there is any change in cancer biology, alternate
explanations must be sought for the secular changes in prostate cancer incidence and
mortality. Compared with “watchful waiting”, prostatectomy reduced mortality by 6.1%
in a trial of patients diagnosed before the PSA screening era® but these men mostly had

palpable disease, more advanced than generally found after screening. Since the era of
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screening, in the PIVOT trial, prostatectomy had minimal effect overall and 13% in a
high-risk subgroup®*. Thus while radical prostatectomy may reduce mortality by a small
extent for men with clinically evident prostate cancer, it had no effect on mortality among
those with cancer detected by screening (most of whom are not destined to die from
prostate cancer™"). It is possible that GnRH antagonists (another newer treatment)
decrease deaths among those with advanced prostate cancer but not overall mortality,
especially for men with early disease who may die earlier of cardiovascular disease
instead*®>®. Since less than 5% of men now diagnosed with early stage prostate cancer

die from it'"%

, only small changes in the underlying cause of death among men with
prostate cancer could substantially affect estimates of prostate cancer mortality. There
may also be an attribution artefact: as more and more men were diagnosed with prostate
cancer in the pre-PSA era, death from other causes may have been attributed to prostate
cancer. At present, among men with a history of prostate cancer who have low PSA at the
time of death, prostate cancer is likely to be categorised as an “other significant condition”
-- instead of the cause, as might have occurred previously’®. Thus reduced prostate cancer
mortality in recent years may be due to reversal of the upward trend noted before PSA
became available, to advances in medical and surgical treatment, or to secular changes in

the cause of death attributed to men with known prostate cancer.

Overdiagnosis is “discovery of clinically irrelevant cancer that would not cause
death™’*°. The effect of PSA screening on overdiagnosis is influenced by PSA threshold
used, interval for screening, the age of men screened, the number of biopsies done, and
how they are read. The incidence of prostate cancer in 1969 gives a conservative estimate
of clinically important cancer. Overdiagnosis doubled the apparent incidence of prostate
cancer between 1969 and 1990, then after PSA testing overdiagnosis rose to nearly three-
fold higher in 1993 than in 1969. By 2007 total overdiagnosis increased apparent
incidence by approximately 140% compared with 1969 — so 60% of incident cases
diagnosed in 2007 were overdiagnosed. This represents over 15,000 men across Canada
per year, many of who will consequently be overtreated — meaning that they will be given
treatment that leads to harms but will not improve prognosis. “Watchful waiting” or

“Active surveillance” decrease the physical harms of overtreatment'’ but these men still
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carry the diagnosis of prostate cancer with all its psychological harm. It appears likely

that most overdiagnosis today is driven by PSA screening.

Limitations

This is a descriptive national study using ecological data. First, these data depend upon
the quality of cancer registry data, which in turn depends on the completeness and
diagnostic quality of pathology for the incidence data, and upon the quality of death
certification for the mortality data. Second, at the individual level, we are unable to link
PSA testing and diagnosis with treatment and mortality. Finally, our estimates of

overdiagnosis assume no changes in biology or true incidence of prostate cancer.

Comparison with other work

In the United States, secular changes in prostate cancer incidence share a common
trajectory with Canada, Australia and New Zealand: but started and peaked higher,
presumably because PSA testing was used more and earlier. Secular changes in mortality
have been similar. By contrast, prostate cancer incidence in western European rose later,
with peaks after 2005, yet the mortality began to drop in the early 1990s*'*?. This is
probably due to similar temporal trends in treatment patterns, but later uptake of PSA
screening in these countries. These findings suggest that reduction in mortality has little

relationship to screening.

Conclusions

If PSA testing leads to reductions in deaths from prostate cancer, one would expect the
greatest reductions among men over 65, since screening trials demonstrate benefits for
men screened at ages 50 to 69, after 10 to 15 years of follow-up. This process should
have developed slowly over about 5 years, as the PSA test became more widely used, so
major effects on mortality should not have been observed until about 2005. Instead,
secular changes in mortality began in 1990 and are larger than could be expected from

screening only about half the male population. Therefore it seems likely that the recently
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observed reductions in prostate cancer mortality in Canada are mostly driven by factors

other than the benefits of PSA screening.

©CoO~NOUTA,WNPE

For Peer Review Only



©CoO~NOUTA,WNPE

Page 10 of 20

Trends in prostate cancer incidence and mortality in Canada during the era of PSA
screening

References

1. Canadian Cancer Society's Advisory Committee on Cancer Statistics. Canadian Cancer
Statistics 2014. 2014.

2. Levy IG. Prostate cancer: The epidemiologic perspective. Canadian Journal of
Oncology. 1994;4(Suppl 1):4.

3. Bunting PS, Miyazaki JH, Goel V. Laboratory survey of prostate specific antigen
testing in Ontario. Clinical Biochemistry. 1998;31:47-49.

4. Beaulac JA, Fry RN, Onysko J. Lifetime and recent prostate specific antigen (PSA)
screening of men for prostate cancer in Canada. Canadian Journal of Public Health.
2006;97(3):171.

5. Statistics Canada. Canadian Community Health Survey Public Use Microdata File
(82M0013X): 2007/2008 (cycle 4.1), 2009/2010, 2011/2012..
http://www35.statcan.gc.ca/olc-
cel/olc.action?0bjld=82M0013X&objType=2&lang=en&limit=0. Updated 2013.
Accessed 07/10, 2014.

6. Prostate Cancer Canada. Statistics. http://www.prostatecancer.ca/Prostate-
Cancer/About-Prostate-

Cancer/Statistics#.U1 V1 AM{SIf2Q]http://www.cua.org/userfiles/files/CUA%20PCa%20S
creening%20Guidelines%20v3%284%29.pdf. Updated 2013. Accessed 04/21, 2014.

7. Izawa J1, Klotz L, Siemens DR, et al. Prostate ancer screening: Canadian guidelines
2011. Can Urol Assoc J. 2011;5(4):235.

8. On L, Semenciw RM, Mao Y. Orius software: Calculation of rates and epidemiologic
indicators, and preparation of graphical output. Chronic Dis Can. 2000;21(3):134-136.

9. Statistics Canada. Vital statistics - deaths database.
http://www?23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3233&Item_Id=
1635&lang=en. Updated 2012. Accessed 07/03, 2013.

10. Statistics Canada. Canadian cancer registry. http://www.statcan.gc.ca/pub/82-231-
x/2010001 /part-partiel-eng.htm. Updated 2012. Accessed 07/03, 2013.

11. World Health Organization. International classification of diseases for oncology, 3rd
edition (ICD-O-3). http://www.who.int/classifications/icd/adaptations/oncology/en/.
Updated 2014. Accessed 06/24, 2014.

For Peer Review Only



Page 11 of 20

©CoO~NOUTA,WNPE

Trends in prostate cancer incidence and mortality in Canada during the era of PSA
screening

12. Statistics Canada. Vital statistics - death database.
http://www?23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3233. Updated
2013. Accessed 06/24, 2014.

13. World Health Organization. International classification of diseases. 06-24. Updated
20142014.

14. Statistical Methodology and Applications Branch, Surveillance Research Program,
National Cancer Institute. Joinpoint regression program, version 4.0.4. May 2013.

15. Kim H, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint regression
with applications to cancer rates. Statist Med. 2000;19:335-351.

16. Levy L. Prostate cancer: The epidemiologic perspective. Can J Oncol. 1994;4 Suppl
1:4-7.

17. Klotz L. Active surveillance: The canadian experience with an "inclusive approach".
Journal of the National Cancer Institute Monographs. 2012;45:234-241.

18. Catalona WJ, Smith DS, Ratliff TL, et al. Measurement of prostate-specific antigen in
serum as a screening test for prostate cancer. New England Journal of Medicine.
1991;324(17):1156.

19. Draisma G, Boer R, Otto SJ, et al. Lead times and overdetection due to prostate-
specific antigen screening: Estimates from the european randomized study of screening
for prostate cancer. J Nat! Cancer Inst. 2003;95(12):868-878.

20. Sakr WA, Haas GP, Cassin BF, Pontes JE, Crissman JD. The frequency of carcinoma
and intraepithelial neoplasia of the prosate in young male patients. Journal of Urology.
1993;150(2 Pt 1):379-385.

21. Haas GP, Delongchamps N, Brawley OW, Wang CY, de la Roza G. The worldwide
epidemiology of prostate cancer: Perspectives from autopsy studies. Canadian Journal of
Urology. 2008;15(1):3866.

22. Welch HG, Black WC. Overdiagnosis in cancer. J Nat! Cancer Inst.
2010;102(9):605-613. doi: 10.1093/jnci/djq099; 10.1093/jnci/djq099.

23. Merrill RM, Feuer EJ, Warren JL, Schussler N, Stephenson RA. Role of transurethral
resection of the prostate in population-based prostate cancer incidence rates. American
Journal of Epidemiology. 1999;150(8):848-860.

24. Levy IG, Gibbons L, Collins JP, Perkins DG, Mao Y. Prostate cancer trends in
canada: Rising incidence or increased detection? Canadian Medical Association Journal.
1993;149(5):617.

10

For Peer Review Only



©CoO~NOUTA,WNPE

Page 12 of 20

Trends in prostate cancer incidence and mortality in Canada during the era of PSA
screening

25. Potolsky AL, Miller AB, Albertsen PC, Kramer BS. The role of increasing detection
in the rising incidence of prostate cancer. Journal of the American Medical Association.
1995;273(7):548-552.

26. Stanford JL, Stephenson RA, Coyle LM, et al. Prostate cancer trends 1973-1995.
1999;Pub. No. 99-4543.

27. Van der Kwast TH, Roobol MIJ. Defining the threshold for significant versus
insignificant prostate cancer. Nature Reviews Urology. 2013;10(8):473-482.

28. Lucia MS, Bokhoven A. Temporal changes in the pathological assessment of prostate
cancer. Journal of the National Cancer Institute. Monographs. 2012;2012(45):157-161.

29. McGregor SE, Bryant HE, Brant RF, Corbett PJ. Prevalence of PSA testing and effect
of clinical indications on patterns of PSA testing in a population-based sample of Alberta
men. Chronic Diseases in Canada. 2002;23(3):111-119.

30. Roobol MJ, Bangma CH, Loeb S. Prostate-specific antigen screening can be
benefitical to younger and at-risk men. Canadian Medical Association Journal.
2013;185(1):47-51.

31. Prostate Cancer Canada. Prostate cancer canada - PSA recommendation - know your
number -. http://prostatecancer.ca/getmedia/f99f7d 19-2f3a-44ad-9af9-
dc4473b2dc21/PCC-PSA-Position-2014-final-v2_1.pdf.aspx. Updated 2013. Accessed
11/01, 2014.

32. Hugosson J, Carlsson S, Aus G, et al. Mortality results from the Goteborg randomised
population-based prostate-cancer screening trial. Lancet Oncology. 2010;11:725.

33. Bill-Axelson A, Holmberg L, Ruutu M, et al. Radical prostatectomy versus watchful
waiting in early prostate cancer. N Engl J Med. 2011;364(18):1708-1717. doi:
10.1056/NEJMo0al011967; 10.1056/NEJMoal011967.

34. Wilt TJ, Brawer MK, Jones KM, et al. Radical prostatectomy versus observation for
localized prostate cancer. N Engl J Med. 2012;367(3):203-213. doi:
10.1056/NEJMoal113162; 10.1056/NEJMoal113162.

35. Stephenson AJ, Kattan MW, Eastham JA, et al. Prostate cancer-specific mortality
after radical prostatectomy for patients treated in the prostate-specific antigen era.
Journal of Clinical Oncology. 2009;27(26):4300-4305.

36. Haines IE, Gabor Miklos GL. Prostate-specific antigen screening trials and prostate
cancer deaths: The androgen deprivation connection. Journal of the National Cancer
Institute. 2013;105(20):1534-1539.

11

For Peer Review Only



Page 13 of 20

©CoO~NOUTA,WNPE

Trends in prostate cancer incidence and mortality in Canada during the era of PSA
screening

37. Levine GN, D'Amico AV, Berger P, et al. Androgen-deprivation therapy in prostate
cancer and cardiovascular risk: A science advisory from the american heart association,
American Cancer Society, and American Urological Association: Endorsed by the
American Society for radiation oncology.. CA: a Cancer Journal for Clinicians.
2010;60(3):194-201.

38. Lu-Yao GL, Albertsen PC, Moore DF, et al. Survival following primary androgen
deprivation therapy among men with localized prostate cancer. JAMA. 2008;300(2):173-
181. doi: 10.1001/jama.300.2.173; 10.1001/jama.300.2.173.

39. Sandhu GS, Andriole GL. Overdiagnosis of prostate cancer. J Natl Cancer Inst
Monogr. 2012;2012(45):146-51.

40. McGregor M, Hanley JA, Boivin JF, McLean RG. Screening for prostate cancer:
Estimating the magnitude of overdetection. Canadian Medical Association Journal.
1998;159(11):1368-1372.

41. International Agency for Research on Cancer. Globocan 2012: Estimated cancer
incidence, mortality and prevalence worldwide in 2012.
http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx. Updated 2012. Accessed 06/19,
2014.

42. Center MM, Jemal A, Lortet-Tierulent J, et al. International variation in prostate
cancer incidence and mortality rates. European Urology. 2012;61(6):1079-1092.

12

For Peer Review Only



©CoO~NOUTA,WNPE

RN
(@]
o

-_—
S
o

-
N
o

100

B (o2}
o o

N
o

Age-standardized rate (per 100,000 population)
(@)
o

Figure 1. Age standardized incidence and mortality rates, and number of prostate cancer cases and deaths, 1969-2007/2009, Canada.
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Figure 3. Incidence rates of prostate cancer by age group, 1969-2007, Canada.
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Figure 5. Mortality rates of prostate cancer by age group, 1969-2009, Canada.
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