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HISTORICAL PERSPECTIVES 

Prostate cancer was first described in 1853, by J. 

Adams at the London Hospital. In his report, the 

surgeon in question described the affliction as “a 

very rare disease”1. In the 21st century, prostate 

cancer represents the most commonly diagnosed 

cancer in men in the United States2 apart from skin 

cancer, and the second most common cancer in men 

worldwide3. Reported prostate cancer incidence has 

increased dramatically across a relatively short 

period in history, bearing in mind that robust 

epidemiological 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 males4–6. Prostate cancer risk rises 

significantly with age, being rare before the age of 

45 and exceedingly common after the age of 707. 

During J. Adams time at the London Hospital (Figure 1) in the mid 19th century, life 

expectancy at birth in the U.K. was 42 years of age5–7. Thus the incidence of prostate cancer 

and indeed deaths from prostate cancer have risen alongside an approximate doubling of life 

expectancy during the intervening time period. Recording of cancer prevalence statistics is a 

relatively recent phenomenon, meaning that J. Adams did not have 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 cancer5–7. Lastly, a significant portion of the increase in 

prostate cancer incidence in the last few decades can no doubt be attributed to the 

KEY MESSAGES 

 

• The long lead time for PCa development and 

progression makes it difficult to establish the 

true natural history. 

• Challenges remain in the early detection of 

lethal cancers while sparing men with indolent 

disease the side effects associated with radical 

treatment. 

• There have been improved efforts to establish 

widespread screening for PCa, with the 

number needed to treat now similar to breast 

cancer screening. 

• Although there is strong evidence for 

chemoprevention of PCa with 5-alpha 

reductase inhibitors, uptake has not been 

widespread due to side effects.  

• Modern imaging techniques, including 

PSMA-PET CT, are changing what we know 

about the natural history of advanced and 

recurrent PCa. 
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introduction and uptake of widespread PSA testing globally. The correlation between 

community PSA testing and prostate cancer incidence is evident from the steady increase in 

cases in the US throughout the years following the introduction of PSA testing, with a 

decrease in incidence then coinciding with the recommendation against PSA screening in 

20128. However PSA testing is not the sole factor in the increase in incidence of prostate 

cancer. In Canada, a steady increase in prostate cancer can be seen in the decades prior to the 

introduction of PSA testing, with a sharp increase in the years after (Fig. 1)9. 

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 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 for prostate cancer.  

PROBLEMS WITH DESCRIBING THE TRUE NATURAL HISTORY OF PROSTATE 

CANCER 

In the early 20th century, Hugo Hampton Young advocated for screening for prostate cancer in 

order to find the disease at an early stage with the intention of cure by radical surgery10. 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. Prostatic intraepithelial neoplasia is found in 20% men in the 4th decade of life and 

44% men in the 5th decade of life in autopsy studies11. It is still unknown how many of these 

men would have progressed to experience symptomatic high grade prostate tumours.   

Several longitudinal follow up studies have sought to answer this question. Albertsen 

et al12 followed a cohort of men resident in Connecticut diagnosed with clinically localized 

prostate cancer between 1st Jan 1971 and 31st Dec 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 

disease had a low risk of dying from the disease (6 deaths per 1000 person years). A Swedish 

cohort study13 followed men with prostate cancer for three decades and found that the overall 

rate of death from prostate cancer was 17%, and that the risk of death from untreated low 

grade disease was 12.3%. The rate of progression of disease was reported as 20 events per 

1000 person-years (95% CI, 14.7-27.2) and the rate of prostate cancer deaths was 17.9 deaths 

per 1000 person-years (95% CI, 13.0-24.6). 64% of men in this study remained untreated for 

prostate cancer throughout the entire study period. Long-term follow up of one of the largest 

active surveillance cohorts from University of Toronto 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 therapy14. In this cohort, there were 4 baseline variables which predicted 

overall survival: age ≥ 70 years (hazard ratio [HR], 2.87; 95% CI, 1.88 to 4.38; p < 0.001), 

transrectal ultrasonography volume (HR, 0.983; 95% CI, 0.973 to 0.993; p = .001), Gleason 

score ≥ 6 (HR, 1.70; 95% CI, 1.14 to 2.55; p = 0.010), and PSA values (log scale; HR, 1.52; 

95% CI, 1.00 to 2.31; p = 0.048). 
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Another issue in accurately describing the natural history of prostate cancer occurs 

with reclassification of disease descriptors, as illustrated by the Will Rogers phenomenon15. 

Albertsen et al16 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 cancer during the years 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 cancer mortality rate which appeared to be 28% lower than standardized historical 

rates, even though the overall outcome was unchanged (mean score increased from 5.95 to 

6.8; 95% CI = 0.79 to 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 performed 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 unrecognisable from that of 30 years ago.  

NATURAL HISTORY IN THE ERA OF PSA TESTING 

Prostate specific antigen (PSA) was first isolated in 197917. In 1986 the FDA approved its use 

for the monitoring of disease in men diagnosed with prostate 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 for screening to identifying 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 screened18. Screening increased 

detection of prostate cancer from 4.8% to 8.2% and reduced prostate cancer death by 20% 

(95% CI, 0.65 to 0.98; p=0.04). However the absolute difference in deaths was only 0.71 per 

1000 men. The number needed to be invited to screening to prevent one prostate cancer death 

was 1410, however this decreased to 570 with longer follow up19. The Prostate, Lung, 

Colorectal, and Ovarian (PLCO) Cancer Screening Trial followed men diagnosed with 

prostate cancer at 10 centers in the USA, and did not find a significant difference in the rate 

death from prostate cancer between the screening and control group, with incidence of death 

per 10,000 person years of 2 in the screening group vs 1.7 in the control group (rate ratio, 

1.13; 95% CI, 0.75 to 1.70)20. The lack of difference persisted at follow up to 17 years, and in 

addition a significant increase in low grade (Gleason ≤6) disease was found in the screening 

group compared to the control arm (RR=1.17, 95% CI: 1.11–1.23; p <0.001)21. 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 6th year of the study. The Göteborg study 

was a population based prostate 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% CI 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% CI 0·39–0·82; 
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p=0·002) in the screening group compared with the control arm22. 293 men needed to be 

invited to screening to prevent one death, which is comparable to breast cancer screening 

programmes. The Göteborg-2 study examined an MRI-guided biopsy pathway for men at risk 

of prostate cancer in a screening study23. Omission of systematic biopsy in favour 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 to 0.64; P<0.001). 

Although PSA is a highly sensitive test for the detection of prostate cancer, it has low 

specificity24. Several variations have been coupled to PSA testing to improve accuracy, 

including PSA velocity and PSA density25. However a normal PSA cannot definitively rule 

out prostate cancer. In the Prostate Cancer Prevention Trial (PCPT), 15% men with “normal” 

PSA (<4ng/ml) had prostate cancer diagnosed on sextant biopsy, although only 15% of these 

patients had Gleason ≥726.  

In a large Swedish study, having a PSA below the median (0.68 µg/L) at age 45-49 

resulted in a 0.09% 15-year risk of prostate cancer27. Similar results were seen in a US case-

control study, with the majority of prostate cancers occurring in men who had PSA above the 

median in mid-life28. The authors advocate for longer screening intervals for such men, with 

heightened screening tactics for men with PSA above the median. 15 year outcomes from the 

PROTECT trial revealed that mortality from localized prostate was low (~3%) regardless of 

whether patients undertook active surveillance, surgery or radiation treatment29.   

NATURAL HISTORY FOLLOWING TREATMENT 

After radical treatment, men are no doubt keen to know the chances of their cancer returning. 

Grossfeld et al30 determined pre-treatment predictors of disease recurrence in 547 men who 

underwent radical prostatectomy at the University of California, San Francisco (UCSF). They 

found PSA (47% vs 19% 5 year disease-free survival [DFS] for PSA cut-off 10ng/ml, 

p<0.05), Gleason score (45% 5-year DFS for score ≤7 vs 0% for score ≥8), ethnicity (OR for 

disease recurrence in men of black race 1.571 (95% CI 1.010–2.444; p=0.045) and 

percentage of biopsies cores positive for prostate cancer (OR 1.006; 95% CI 1.001–1.011; 

p=0.03) were predictive of disease recurrence 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, tumour (T) stage and % 

biopsy cores positive for cancer are weighted to give a score from 0-10, with approximately 

double the risk of recurrence for each increase in score by 2 points31. 

Unlike radiation or focal treatment, radical prostatectomy allows for accurate 

pathological analysis of the whole prostate gland, which can then inform disease prognosis. 

Eggener et al32 developed a model to predict cancer specific mortality after radical 

prostatectomy at 4 academic centers in the USA. Overall prostate cancer specific mortality 

was 7% at 15 years, with primary 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 prostatectomy in predicting recurrence33. Variables found to 

be statistically significant in this predictive model include pre-operative PSA, pathological 

Gleason grade, surgical margin status, extra-prostatic extension, seminal vesicle invasion, and 
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lymph node status. Recurrence-free survival in this cohort was 78%, ranging from 85% for a 

CAPRA score of 0-1 (95% CI 73-92%) to 8% for a score of 7-10 (95% CI 0-28%), with each 

2-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 associated with poorer outcomes. A 

from 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 3, 5, and 10 years 

respectively, with a median time until occurrence of metastases of 5 years34. The authors 

reported pathological Gleason grade, seminal vesicle invasion, lymph node positivity and the 

slope of PSA rise as predictive of metastases, with PSA slope 3–12 months after undergoing 

prostatectomy was found to be the most powerful 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 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% CI, 76%-88%) at 15 years post-surgery35. 315 (15%) 

patients developed BCR, 34% of whom developed documented metastases during the study 

period, with median time to metastases of 8 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 who underwent radical prostatectomy at 

Johns Hopkins reported the 5-, 10-, and 15-year cause-specific survival from the respective 

time of biochemical recurrence as 93% (95% CI, 90%-96%), 73% (95% CI, 66%-79%), and 

55% (95% CI, 41%-67%) respectively36. Median survival had not been reached after 16 years 

of follow up in this cohort. There is a lack of randomized controlled data for treatment 

options for men with BCR after prostatectomy. Several studies have attempted to report 

prognostic variables or propose treatment algorithms to inform which men need treatment for 

BCR3738. There appears to be an approximately equal risk of death from prostate cancer and 

competing causes in men with BCR37. 

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 18th century39. Huggins & Hodges were the first to report on 

the clinical benefit of castration in patients with prostate cancer40, 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 relatively quickly- development of castration resistant 

disease, and an increase in cardiovascular problems in castrate men41. 

Time to development of metastatic castrate-resistant prostate cancer (mCRPC) has 

been found to predictive of survival42,43. In the last two decades, multiple novel hormonal 

therapies have been developed to overcome mechanisms of castrate resistance in prostate 
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cancer. Treatment intensification is now also the standard of care for de novo metastatic 

hormone-sensitive prostate cancer (mHSPC). The emergence of combination systemic 

therapy targeting multiple hormone and signalling pathways is changing the natural history of 

metastatic prostate cancer, which is reflected in the increase in median overall survival in de 

novo metastatic prostate cancer44. 

IATROGENIC PERTURBATION OF THE NATURAL HISTORY OF PROSTATE 

CANCER 

There have been many efforts by the scientific community 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 chemoprevention45. The 

androgen-dependent signalling in prostate carcinogenesis allows for potential modification of 

cancer risk with agents such as finasteride46; 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 development of prostate cancer in men taking 

finasteride (95% CI, 18.6 to 30.6 percent; p<0.001)47. Clinically significant (Gleason ≥7) 

cancers were, however, more common in the finasteride group, and there has been poor 

adoption of this drug into clinical practice for prostate cancer prevention. Long term follow 

up studies after 18 years demonstrated 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 to 1.08; p=0.46)48. Similar results were reported in the REDUCE study, 

an placebo controlled multi-centre RCT, wherein dutasteride reduced the relative risk of 

prostate cancer by 22.8% (95% CI, 15.2 to 29.8; p<0.001)49. In years 3 and 4 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 2, which may have resulted in non-random removal of patients 

who may have been harbouring higher grade cancer on repeat biopsy. The reduction in 

prostate volume with dutasteride therapy may also have a role to play50. 

The REDEEM study was a multicentre RCT undertaken at 65 centers across North 

America, which examined the use of dutasteride in men on active surveillance for low risk 

localized prostate cancer51. Use of dutasteride resulted in pathological or therapeutic disease 

progression at 3 years of 38%, compared to 48% in the control group (HR 0·62; 95% CI 

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 chemoprevention outside of the androgen 

axis. The SELECT trial compared using selenium and vitamin E supplementation either in 

combination or alone, compared to placebo52. Selenium (HR1.04; 99% CI, 0.87-1.24) or 

vitamin E (HR1.13; 99% CI, 0.95-1.35) alone or combination (HR 1.05; 99% CI, 0.88-1.25) 

did not alter any cancer related endpoints, and this trial was stopped early interim analysis at 

median follow up of 5.46 years. The MAST trial was recently presented at the American 

Society of Clinical Oncology (ASCO) 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)53.  
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NATURAL HISTORY IN THE ERA OF MODERN IMAGING 

The use of magnetic resonance imaging (MRI) in the diagnosis and staging of prostate cancer 

has changed prostate cancer landscape dramatically. A UK study of 553 patients on active 

surveillance who had at least 2 MRI scans found that patients who had no evidence of 

radiological progression of disease had a very low likelihood of clinical progression (defined 

as histological progression or initiation of treatment), and clinical progression was almost 

always detected in patients with radiological progression54. A study following 115 small 

lesions (median size 11mm) across serial MRI found that 76% either stayed stable or 

decreased in size. 24% lesions increased in size and only 16% increased in PIRADS score55. 

Small index lesions (≤7mm) appear to usually represent benign or low-grade disease, and are 

usually stable in size across multiple MRI scans56. The MRI Prostate Imaging Reporting and 

Data System (PI-RADS) score can be combined with PSA density the predict the risk of 

finding clinically significant prostate cancer on biopsy57, allowing men with indeterminate 

lesions and low or very low PSA density to be counselled about their low risk of prostate 

cancer. 

The natural history of high-grade lesions on MRI (PIRADS ≥4) is predictably less 

indolent. A study from Turkey followed 190 patients with initial PIRADS ≥4 lesions on MRI 

which were negative for malignancy on biopsy. 72 patients underwent repeat MRI for 

persistently elevated PSA, and PIRADS 4 and 5 lesions were subsequently downgraded in 53 

patients (73.6%)58,59. Persistent PIRADS score of 4 or 5 is associated with a higher risk of 

missed cancer, and most authors advocate for repeat biopsy in this scenario59,60. 

Prostate specific membrane antigen (PSMA) positron emission tomography (PET) has 

changed the landscape of prostate cancer diagnosis and staging in the last decade. Its use in 

the pre-treatment allows for more accurate staging than conventional imaging61. PSMA also 

out-performs MRI in detection of recurrent disease at low PSA levels in men with 

biochemical recurrence62. PSMA activity in the primary tumor pre-treatment, has been found 

to be highly predictive of clinically significant prostate cancer63 and there is emerging 

evidence that PSMA uptake in the primary tumor can help predict outcomes post radical 

prostatectomy. One study from Germany reported that lower SUVmean and SUVmax as 

quantitative parameters from 68Ga-PSMA-11 PET were associated with longer biochemical 

recurrence-free survival in patients post prostatectomy (log-rank, p = 0.035, p = 0.037) 

respectively64. 

FUTURE PERSPECTIVES: NATURAL HISTORY IN THE ERA OF 

PERSONALISED MEDICINE 

In the modern era, urologists aim to provide treatment strategies tailored to each individual, 

rather than a ‘one size fits all’ model. Men diagnosed with prostate 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 
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estimate the impact of treatment for prostate cancer on survival65. This is a freely available 

online tool (available at https://prostate.predict.cam/tool) which men can use to input their 

individual data to produce 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 individual66. However, we are still a long 

way from successfully identifying men with potentially lethal cancer at an early stage while 

sparing men with indolent cancers from the effects of over treatment.  

  

https://prostate.predict.cam/tool


 CUAJ – Review  O’Connell et al 

  Natural history of prostate cancer 

 

 

9 

                                © 2025 Canadian Urological Association 

REFERENCES 

1. Adams J. The case of scirrhous of the prostate gland with corresponding affliction of 

the lymphatic glands in the lumbar region and in the pelvis. Lancet 1853;1:393. 

2. American Cancer Society. Cancer facts for men. 2024. Available at: 

https://www.cancer.org/cancer/risk-prevention/understanding-cancer-risk/cancer-

facts/cancer-facts-for-men.html. Accessed April 15, 2025 

3. International Agency for Research on Cancer (WHO). Cancer Today. 2020. Available 

at: https://gco.iarc.fr/today/en. Accessed April 15, 2025 

4. Zhou CK, Check DP, Lortet‐Tieulent J, et al. Prostate cancer incidence in 43 

populations worldwide: An analysis of time trends overall and by age group. Int J 

Cancer 2016;138:1388-400. https://doi.org/10.1002/ijc.29894 

5. Jalilpiran Y, Dianatinasab M, Zeighami S, et al. Western dietary pattern, but not 

Mediterranean dietary pattern, increases the risk of prostate cancer. Nutr Cancer 

2018;70:851-9. https://doi.org/10.1080/01635581.2018.1490779 

6. Fabiani R, Minelli L, Bertarelli G, et al. A western dietary pattern increases prostate 

cancer risk: a systematic review and meta-analysis. Nutrients 2016;8:626. 

https://doi.org/10.3390/nu8100626 

7. Castelló A, Rodríguez‐Barranco M, Pérez‐Gómez B, et al. High adherence to Western 

dietary pattern and prostate cancer risk: Findings from the EPIC‐Spain cohort. BJU 

Int 2023;132:272-82. https://doi.org/10.1111/bju.16001 

8. Jemal A, Fedewa SA, Ma J, et al. Prostate cancer incidence and PSA testing patterns 

in relation to USPSTF screening recommendations. JAMA 2015;314:2054-61. 

https://doi.org/10.1001/jama.2015.14905 

9. Dickinson J, Shane A, Tonelli M, et al. Trends in prostate cancer incidence and 

mortality in Canada during the era of prostate-specific antigen screening. CMAJ Open 

2016;4:E73-9. https://doi.org/10.9778/cmajo.20140079 

10. Young HH. The early diagnosis and radical cure of carcinoma of the prostate. Bull 

Hopkins Univ 1905;175:315-21. 

11. Sakr WA, Haas GP, Cassin BF, et al. The frequency of carcinoma and intraepithelial 

neoplasia of the prostate in young male patients. J Urol 1993;150:379-85. 

https://doi.org/10.1016/S0022-5347(17)35487-3 

12. Albertsen PC, Hanley JA, Fine J. 20-year outcomes following conservative 

management of clinically localized prostate cancer. JAMA 2005;293:2095-101. 

https://doi.org/10.1001/jama.293.17.2095 

13. Popiolek M, Rider JR, Andrén O, et al. Natural history of early, localized prostate 

cancer: a final report from three decades of followup. Eur Urol 2013;63:428-35. 

https://doi.org/10.1016/j.eururo.2012.10.002 

14. Klotz L, Vesprini D, Sethukavalan P, et al. Long-term followup of a large active 

surveillance cohort of patients with prostate cancer. J Clin Oncol 2015;33:272-7. 

https://doi.org/10.1200/JCO.2014.55.1192 

15. Gofrit ON, Zorn KC, Steinberg GD, et al. The Will Rogers phenomenon in urological 

oncology. J Urol 2008;179:28-33. https://doi.org/10.1016/j.juro.2007.08.125 

16. Albertsen PC, Hanley JA, Barrows GH, et al. Prostate cancer and the Will Rogers 

phenomenon. J Natl Cancer Inst 2005;97:1248-53. https://doi.org/10.1093/jnci/dji248 

17. Wang MC, Valenzuela LA, Murphy GP, Chu TM. Purification of a human prostate-

specific antigen. Invest Urol 1979;17:159-63. 

18. Schröder FH, Hugosson J, Roobol MJ, et al. Screening and prostate-cancer mortality 

in a randomized European study. N Engl J Med 2009;360:1320-8. 

https://doi.org/10.1056/NEJMoa0810084 

https://www.cancer.org/cancer/risk-prevention/understanding-cancer-risk/cancer-facts/cancer-facts-for-men.html
https://www.cancer.org/cancer/risk-prevention/understanding-cancer-risk/cancer-facts/cancer-facts-for-men.html
https://gco.iarc.fr/today/en


 CUAJ – Review  O’Connell et al 

  Natural history of prostate cancer 

 

 

10 

                                © 2025 Canadian Urological Association 

19. Hugosson J, Roobol MJ, Månsson M, et al. A 16-yr follow-up of the European 

Randomized Study of Screening for Prostate Cancer. Eur Urol 2019;76:43-51. 

https://doi.org/10.1016/j.eururo.2019.02.009 

20. Andriole GL, Crawford ED, Grubb RL III, et al. Mortality results from a randomized 

prostate-cancer screening trial. N Engl J Med 2009;360:1310-9. 

https://doi.org/10.1056/NEJMoa0810696 

21. Pinsky PF, Miller EA, Prorok P, et al. Extended followup for prostate cancer incidence 

and mortality in the PLCO randomized cancer screening trial. BJU Int 2019;123:854. 

https://doi.org/10.1111/bju.14580 

22. Hugosson J, Carlsson S, Aus G, et al. Mortality results from the Göteborg randomized 

population-based prostate-cancer screening trial. Lancet Oncol 2010;11:725-32. 

https://doi.org/10.1016/S1470-2045(10)70146-7 

23. Hugosson J, Godtman RA, Wallstrom J, et al. Results after four years of screening for 

prostate cancer with PSA and MRI. N Engl J Med 2024;391:1083-95. 

https://doi.org/10.1056/NEJMoa2406050 

24. Merriel SWD, Pocock L, Gilbert E, et al. Systematic review and meta-analysis of the 

diagnostic accuracy of prostate-specific antigen (PSA) for the detection of prostate 

cancer in symptomatic patients. BMC Med 2022;20:54. 

https://doi.org/10.1186/s12916-021-02230-y 

25. Mettlin C, Littrup PJ, Kane RA, et al. Relative sensitivity and specificity of serum 

prostate-specific antigen (PSA) level compared with age‐referenced PSA, PSA 

density, and PSA change. Cancer 1994;74:1615-20. https://doi.org/10.1002/1097-

0142(19940901)74:5<1615::AID-CNCR2820740520>3.0.CO;2-6 

26. Thompson IM, Pauler DK, Goodman PJ, et al. Prevalence of prostate cancer among 

men with a prostate-specific antigen level ≤4.0 ng per milliliter. N Engl J Med 

2004;350:2239-46. https://doi.org/10.1056/NEJMoa031918 

27. Vickers AJ, Ulmert D, Sjoberg DD, et al. Strategy for detection of prostate cancer 

based on relation between prostate specific antigen at age 40–55 and long-term risk of 

metastasis: Case-control study. BMJ 2013;346:f2023. 

https://doi.org/10.1136/bmj.f2023 

28. Preston MA, Batista JL, Wilson KM, et al. Baseline prostate-specific antigen levels in 

midlife predict lethal prostate cancer. J Clin Oncol 2016;34:2705-11. 

https://doi.org/10.1200/JCO.2016.66.7527 

29. Hamdy FC, Donovan JL, Lane JA, et al. Fifteen-year outcomes after monitoring, 

surgery, or radiotherapy for prostate cancer. N Engl J Med 2023;388:1547-58. 

https://doi.org/10.1056/NEJMoa2215580 

30. Grossfeld GD, Latini DM, Lubeck DP, et al. Predicting recurrence after radical 

prostatectomy for patients with high risk prostate cancer. J Urol 2003;169:157-63. 

https://doi.org/10.1016/S0022-5347(05)64058-X 

31. Cooperberg MR, Pasta DJ, Elkin EP, et al. The UCSF Cancer of the Prostate Risk 

Assessment (CAPRA) score: A straightforward and reliable preoperative predictor of 

disease recurrence after radical prostatectomy. J Urol 2005;173:1938. 

https://doi.org/10.1097/01.ju.0000158155.33890.e7 

32. Eggener SE, Scardino PT, Walsh PC, et al. Predicting 15-year prostate cancer-specific 

mortality after radical prostatectomy. J Urol 2011;185:869-75. 

https://doi.org/10.1016/j.juro.2010.10.057 

33. Cooperberg MR, Hilton JF, Carroll PR. The CAPRA‐S score: a straightforward tool 

for improved prediction of outcomes after radical prostatectomy. Cancer 

2011;117:5039-46. https://doi.org/10.1002/cncr.26169 



 CUAJ – Review  O’Connell et al 

  Natural history of prostate cancer 

 

 

11 

                                © 2025 Canadian Urological Association 

34. Rogers CG, Khan MA, Miller CM, et al. Natural history of disease progression in 

patients who fail to achieve an undetectable prostate‐specific antigen level after 

undergoing radical prostatectomy. Cancer 2004;101:2549-56. 

https://doi.org/10.1002/cncr.20637 

35. Pound CR, Partin AW, Eisenberger MA, et al. Natural history of progression after 

PSA elevation following radical prostatectomy. JAMA 1999;281:1591-7. 

https://doi.org/10.1001/jama.281.17.1591 

36. Freedland SJ, Humphreys EB, Mangold LA, et al. Risk of prostate cancer-specific 

mortality following biochemical recurrence after radical prostatectomy. JAMA 

2005;294:433-9. https://doi.org/10.1001/jama.294.4.433 

37. Simmons MN, Stephenson AJ, Klein EA. Natural history of biochemical recurrence 

after radical prostatectomy: risk assessment for secondary therapy. Eur Urol 

2007;51:1175-84. https://doi.org/10.1016/j.eururo.2007.01.015 

38. Van den Broeck T, Van Den Bergh RCN, Arfi N, et al. Prognostic value of 

biochemical recurrence following treatment with curative intent for prostate cancer: a 

systematic review. Eur Urol 2019;75:967-87. 

https://doi.org/10.1016/j.eururo.2018.10.011 

39. Hunter J. The works of John Hunter, FRS. Vol. 3. Cambridge: Cambridge University 

Press; 2015. https://doi.org/10.1017/CBO9781316034842 

40. Huggins C. Studies on prostate cancer I: the effect of castration, of estrogen, and of 

androgen injection on serum phosphatase in metastatic carcinoma of the prostate. 

Cancer Res 1941;1:293-7. 

41. Blackard CE. The Veterans' Administration Cooperative Urological Research Group 

studies of carcinoma of the prostate: a review. Cancer Chemother Rep 1975;59:225-7. 

42. Miyake H, Matsushita Y, Watanabe H, et al. Prognostic significance of time to 

castration resistance in patients with metastatic castration-sensitive prostate cancer. 

Anticancer Res 2019;39:1391-6. https://doi.org/10.21873/anticanres.13253 

43. Okamoto T, Hatakeyama S, Takahashi M, et al. The impact of time-to-castration 

resistance on survival in patients with metastatic hormone-naïve prostate cancer: a 

multicenter retrospective study. J Clin Oncol 2020;38(6_suppl):213. 

https://doi.org/10.1200/JCO.2020.38.6_suppl.213 

44. Schoen MW, Montgomery RB, Owens L, et al. Survival in patients with de novo 

metastatic prostate cancer. JAMA Netw Open 2024;7:e241970. 

https://doi.org/10.1001/jamanetworkopen.2024.1970 

45. Parnes HL, Thompson IM, Ford LG. Prevention of hormone-related cancers: prostate 

cancer. J Clin Oncol 2005;23:368-77. https://doi.org/10.1200/JCO.2005.08.027 

46. Ross RK, Pike MC, Coetzee GA, et al. Androgen metabolism and prostate cancer: 

Establishing a model of genetic susceptibility. Cancer Res 1998;58:4497-504. 

47. Thompson IM, Goodman PJ, Tangen CM, et al. The influence of finasteride on the 

development of prostate cancer. N Engl J Med 2003;349:215-24. 

https://doi.org/10.1056/NEJMoa030660 

48. Thompson IM Jr, Goodman PJ, Tangen CM, et al. Long-term survival of participants 

in the Prostate Cancer Prevention Trial. N Engl J Med 2013;369:603-10. 

https://doi.org/10.1056/NEJMoa1215932 

49. Andriole GL, Bostwick DG, Brawley OW, et al. Effect of dutasteride on the risk of 

prostate cancer. N Engl J Med 2010;362:1192-202. 

https://doi.org/10.1056/NEJMoa0908127 



 CUAJ – Review  O’Connell et al 

  Natural history of prostate cancer 

 

 

12 

                                © 2025 Canadian Urological Association 

50. Kulkarni GS, Al-Azab R, Lockwood G, et al. Evidence for a biopsy-derived grade 

artifact among larger prostate glands. J Urol 2006;175:505-9. 

https://doi.org/10.1016/S0022-5347(05)00236-3 

51. Fleshner NE, Lucia MS, Egerdie B, et al. Dutasteride in localized prostate cancer 

management: the REDEEM randomized, double-blind, placebo-controlled trial. 

Lancet 2012;379:1103-11. https://doi.org/10.1016/S0140-6736(11)61619-X 

52. Lippman SM, Klein EA, Goodman PJ, et al. Effect of selenium and vitamin E on risk 

of prostate cancer and other cancers: The Selenium and Vitamin E Cancer Prevention 

Trial (SELECT). JAMA 2009;301:39-51. 

53. Fleshner NE, Bernardino RM, Lajkosz K, et al. A randomized, double-blind, placebo-

controlled trial of metformin in reducing progression among men on expectant 

management for low-risk prostate cancer: the MAST (Metformin Active Surveillance 

Trial) study. J Clin Oncol 2024;42(suppl 17):LBA5002. 

https://doi.org/10.1200/JCO.2024.42.17_suppl.LBA5002 

54. Giganti F, Moore CM, Punwani S, et al. The natural history of prostate cancer on 

MRI: lessons from an active surveillance cohort. Prostate Cancer Prostatic Dis 

2018;21:556-63. https://doi.org/10.1038/s41391-018-0058-5 

55. Ghavimi S, Abdi H, Waterhouse J, et al. Natural history of prostatic lesions on serial 

multiparametric magnetic resonance imaging. Can Urol Assoc J 2018;12:270. 

https://doi.org/10.5489/cuaj.4859 

56. Rais-Bahrami S, Türkbey B, Rastinehad AR, et al. Natural history of small index 

lesions suspicious for prostate cancer on multiparametric MRI: Recommendations for 

interval imaging followup. Diagn Interv Radiol 2014;20:293. 

https://doi.org/10.5152/dir.2014.13319 

57. Schoots I, Padhani A. Risk-adapted biopsy decision based on prostate magnetic 

resonance imaging and prostate-specific antigen density for enhanced biopsy 

avoidance in first prostate cancer diagnostic evaluation. BJU Int 2021;127:175-8. 

https://doi.org/10.1111/bju.15277 

58. Madendere S, Kilic M, Zoroglu H, et al. Natural history of histologically benign 

PIRADS 4–5 lesions in multiparametric MRI: real‐life experience in an academic 

center. Prostate 2024;84:1262-7. https://doi.org/10.1002/pros.24764 

59. Ullrich T, Arsov C, Quentin M, et al. Analysis of PI-RADS 4 cases: management 

recommendations for negatively biopsied patients. Eur J Radiol 2019;113:1-6. 

https://doi.org/10.1016/j.ejrad.2019.01.030 

60. Meng X, Chao B, Chen F, et al. Followup of men with PI-RADS™ 4 or 5 abnormality 

on prostate magnetic resonance imaging and non-malignant pathological findings on 

initial targeted prostate biopsy. J Urol 2021;205:748-54. 

https://doi.org/10.1097/JU.0000000000001424 

61. Kawada T, Yanagisawa T, Rajwa P, et al. Diagnostic performance of prostate-specific 

membrane antigen positron emission tomography-targeted biopsy for detection of 

clinically significant prostate cancer: A systematic review and meta-analysis. Eur Urol 

Oncol 2022;5:390-400. https://doi.org/10.1016/j.euo.2022.04.006 

62. Awiwi MO, Gjoni M, Vikram R, et al. MRI and PSMA PET/CT of biochemical 

recurrence of prostate cancer. Radiographics 2023;43:e230112. 

https://doi.org/10.1148/rg.230112 

63. Emmett L, Papa N, Buteau J, et al. The PRIMARY score: using intraprostatic ⁶⁸Ga-

PSMA PET/CT patterns to optimize prostate cancer diagnosis. J Nucl Med 

2022;63:1644-50. 



 CUAJ – Review  O’Connell et al 

  Natural history of prostate cancer 

 

 

13 

                                © 2025 Canadian Urological Association 

64. Wang H, Amiel T, Würnschimmel C, et al. PSMA-ligand uptake can serve as a novel 

biomarker in primary prostate cancer to predict outcome after radical prostatectomy. 

EJNMMI Res 2021;11:76. https://doi.org/10.1186/s13550-021-00818-2 

65. Thurtle DR, Greenberg DC, Lee LS, et al. Individual prognosis at diagnosis in 

nonmetastatic prostate cancer: development and external validation of the PREDICT 

Prostate multivariable model. PLoS Med 2019;16:e1002758. 

https://doi.org/10.1371/journal.pmed.1002758 

66. Wilson TK, Zishiri OT. Prostate cancer: A review of genetics, current biomarkers and 

personalized treatments. Cancer Rep 2024;7:e70016. 

https://doi.org/10.1002/cnr2.70016 

  



 CUAJ – Review  O’Connell et al 

  Natural history of prostate cancer 

 

 

14 

                                © 2025 Canadian Urological Association 

FIGURES AND TABLES 

 

Figure 1. ‘The London Hospital’ by Hanslip Fletcher (1874−1955). 

 

 

 

Figure 2. Prostate cancer incidence and mortality in Canada from 1969−2009. Reproduced 

with permission from Dickinson et al (2016). 
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