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What we have learned from randomized trials of prostate
cancer screening

Richard M Hoffman1,2 and Anthony Y Smith3

The introduction of prostate-specific antigen (PSA) for prostate cancer screening in the late 1980s led to an epidemic of prostate

cancer, particularly in developed countries. However, the first valid reports from randomized controlled trials on the efficacy of

screening were not published until 2009. Men in the screening group in the European Randomized Study of Screening for Prostate

Cancer were 20% less likely than those in the control group to die from prostate cancer. The absolute difference was only 0.7/1000,

implying that over 1400 men needed to be screened to prevent one prostate cancer death. Screening was also associated with a 70%

increased risk for being diagnosed with prostate cancer. The American Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial

found no survival benefit for screening. Results were not conclusive because a substantial proportion of study subjects had previously

undergone PSA testing, over half of the control group had PSA testing, follow-up was relatively short, and fewer than 100 subjects died

from prostate cancer. Balancing the potential survival benefit from screening is the risk of overdiagnosis—finding cancers that would

not otherwise cause clinical problems—and the risk of treatment complications, including urinary, sexual and bowel dysfunction.

Prostate cancer screening efforts would benefit from improved biomarkers, which more readily identify clinically important cancers.

Cancer control efforts might also need to include chemoprevention, though currently available agents are controversial. In the

meantime, patients need to be supported in achieving informed decisions on whether to be screened for prostate cancer.
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BACKGROUND

The introduction of the prostate-specific antigen (PSA) assay revolu-

tionized prostate cancer screening. Men with prostate cancer were

found to have higher concentrations of PSA, a kallikrein-like serine

protease produced by prostatic epithelial cells, than men with normal

prostates or benign conditions. The US Food and Drug Administration

approved PSA testing in 1986 for cancer monitoring, thought it was also

being considered for screening.1 After observational studies began

reporting that PSA was more sensitive for detecting prostate cancer

than digital rectal examination (DRE) and more likely to detect cancer

at an early stage,2,3 organizations such as the American Cancer Society

and the American Urological Association began strongly recommend-

ing routine screening for men over age 50.4,5 Consequently, PSA testing

was quickly and widely adopted for prostate cancer screening in the

United States, with the US Food and Drug Administration approving

this indication in 1994.1 By 2001, the US Behavioral Risk Factor

Surveillance System survey estimated that 75% of American men over

age 50 had undergone PSA testing.6

PSA screening led to an epidemic of prostate cancer, with the life-

time risk of cancer diagnosis in the United States increasing from 9%

to 16% and the number of cases being diagnosed each year increasing

from around 90 000 in 19867 to nearly 220 000 in 2010.8 While most

countries were more cautious in implementing PSA screening than the

United States, the International Agency for Research on Cancer

estimated that in 2008 there were nearly one million cases diagnosed

and about 258 000 deaths from prostate cancer worldwide.9

International Agency for Research on Cancer further reported that

prostate cancer was the second most commonly diagnosed cancer

among men and the second leading cause of cancer death. Incidence

rates varied 25-fold, with nearly three-quarters of the cases diagnosed

in developed countries where PSA testing was more widespread,

though these ecologic disparities could have partly been due to report-

ing biases. However, mortality rates were less variable and were quite

similar between more and less developed countries.

An effective screening test should lead to a shift in cancer stage at

diagnosis, with a decrease in the incidence of distant stage disease.

Such an effect was observed in the United States, though with a quite

disproportionate concomitant increase in the incidence of localized

cancer.10 Cancer mortality rates also decreased in the United States,

dropping from an estimated 34.9 per 100 000 in 1986 to 23.5 per 100

000 in 2007.8 However, the absolute reduction in the lifetime risk of

every dying from prostate cancer was only from 3.4% to 2.8%.

Additionally, declining mortality rates cannot necessarily be fully

attributed to screening; better treatments, particularly for advanced-

stage disease, and biases in completing death certificates might also be

contributing factors.11 A modeling study of cancer epidemiology data

in the United States estimated that 45%–70% of the mortality decrease

could be attributed to screening.12
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RANDOMIZED CONTROLLED TRIALS OF PROSTATE CANCER

SCREENING

The most convincing evidence that screening is effective comes from

randomized controlled trials, where men are randomly assigned to

screening or usual care and followed to see whether screening reduces

cancer mortality and morbidity. Major screening trials were imple-

mented in the early 1990s, including the European Randomized Study

of Screening for Prostate Cancer (ERSPC)13 and the American

Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial

(PLCO).14 These studies, which combined enrolled over 200 000

men aged 50–74 years, were expected to take at least a decade before

any survival benefit was observed.

In the meantime, a randomized trial from Quebec reported that

prostate cancer screening reduced prostate cancer mortality within

only 8 years of initiating the study in 1988.15 Investigators used elect-

oral rolls to randomize men aged 45–80 years to be invited for screen-

ing (n530 956) or usual care (n515 237) after excluding men with

previous prostate cancer diagnoses or screening. Labrie and colleagues

reported a 67% reduction in cancer mortality, from 41.6 per 100 000

person-years to 13.7 per 100 000 person-years.

However, the Quebec study results were challenged on numerous

levels. Given the often indolent nature of prostate cancer, seeing a

survival benefit within such a short time seemed biologically implaus-

ible. PSA is estimated to detect prostate cancer 5–10 years before it

becomes clinically detectable;16,17 treatment trials show that prostate

cancer mortality is quite uncommon in the subsequent 4 years follow-

ing clinical detection even in the untreated group.18 More impor-

tantly, the Quebec results did not reflect an intention to screen

analysis, where all outcomes are attributed based on the original group

assignment—either to screening or control. Instead, the investigators

excluded subjects assigned to screening who were non-compliant with

screening and excluded control subjects who underwent screening.

When results were analyzed according to the study assignment, as

reported in a Cochrane Collaboration Review, the mortality rates were

essentially identical, with a relative risk of 1.01 (95% confidence inter-

val (CI): 0.76–1.33).19

After the publication of the unconvincing Canadian results, and

while ERSPC and PLCO were ongoing, considerable evidence was

accruing suggesting that PSA screening could potentially be harmful.

One problem was the substantial risk for overdiagnosis—finding can-

cers that would not otherwise be destined to cause problems during a

man’s lifetime. Estimates for overdiagnosis, based on modeling data

from the National Cancer Institute’s Surveillance Epidemiology and

End Results registries and Medicare as well as the ERSPC trial, ranged

from 23% to 42%.20 Aside from the psychological burden of the cancer

diagnosis, overdiagnosis directly leads to overtreatment. Most screen-

ing-detected cancers are early-stage and the increased cancer incidence

led to marked increase in the use of surgery and radiation.21,22 These

treatments can cause complications, particularly urinary, sexual and

bowel dysfunction.23 Radical prostatectomy also has a mortality rate

that can reach 1% in older men.24

The recognition that screening can lead to unwanted outcomes

eventually led to a consensus among professional society guidelines

that men be informed about the risks and benefits of early detection

and treatment and allowed to decide whether to be screened.25–27 An

underlying theme in all of the guidelines was the expectation that the

results of the ERSPC and PLCO would provide substantial guidance

for screening recommendations.

Finally, in March 2009, results from the ERSPC and PLCO were

published in the New England Journal of Medicine (Table 1).28,29 The

ERSPC was a multinational study with a complicated study design that

used different strategies to enroll subjects and to perform screening.28

Subjects were randomized from population-based registries in

Finland, Sweden and Italy to be invited for screening or to be in the

control arm, while subjects in the Netherlands, Belgium, Switzerland

and Spain were consented and then randomized to either screening or

control arms. All sites screened with PSA alone at 4-year testing inter-

vals except for Sweden, which used a 2-year interval. Most centers used

a PSA level of 3.0 ng ml21 as the cutoff for biopsy referral, though some

centers variably incorporated PSA velocity, free PSA, DRE, and ultra-

sound results. Prostate cancers were treated according to local policies

and guidelines. Investigators used an algorithm to determined cause of

death through blinded assessments of registries and medical records.

The ERSPC enrolled 182 160 subjects aged 50–74 years between

1991 and 2003, though the initial report was based on the 162 243

men aged 55–69 years. The average age at enrollment was 61.7 years for

both the screening and control groups; no data were collected on

family history of prostate cancer or previous screening. The subjects

were followed for a median of 9 years. Overall, 82.2% of the screening

group had at least one PSA test and 16.2% of tests were abnormal. The

cancer detection rate was 70% higher in the screening group than

in the control group (8.2% versus 4.8%, rate ratio51.70, 95% CI:

1.64–1.77). The screening group (n5214) had significantly fewer

deaths than the control group (n5326) for a rate ratio of 0.80 (95%

CI: 0.65–0.98). The screening group also had a significantly lower risk

for being diagnosed with clinically advanced tumors (0.9/1000 person-

years versus 1.15/1000 person-years, P,0.0001).

Although screening was associated with a significant reduction in

the risk for dying from prostate cancer, the absolute risk reduction was

only 0.7/1000 men, implying that over 1400 men needed to be

screened approximately twice over 9 years to prevent one prostate

cancer death. Furthermore, the 70% increased risk for cancer dia-

gnosis in the screening group meant that 48 men needed to be diag-

nosed for every prostate cancer death prevented, about three-quarters

of whom received active treatment. Additionally, the ERSPC subjects

received sextant biopsies; given that current recommendations for

prostate biopsy are to obtain at least 12 samples,30 the higher risk

for cancer diagnosis may be an underestimate.

Table 1 Results from the European Randomized Study of Screening for Prostate Cancer (ERSPC) and Prostate, Lung, Colorectal, and Ovarian

Cancer Screening Trial (PLCO)

Study Study group Age (years) Prostate cancer detection Prostate cancer deaths

N Rate ratio (95% CI) N Rate ratio (95% CI)

ERSPC28 Screening (n572 890) 55–69 5990 1.70 (1.64–1.77) 214 0.80 (0.65–0.98)

Control (n589 353) 4307 326

PLCO29 Screening (n538 343) 55–74 2820 1.22(1.16–1.29) 50 1.13 (0.75–1.70)

Control (n538 350) 2322 44
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Even though screening was being offered far less often in Europe than

in the United States, subjects in the ERSPC control group were still being

tested with PSA. The initial publication did not report on the extent of

contamination, but indicated that 31% of cancers in the control group

were stage T1c, implying that they were diagnosed as a result of PSA

testing. Additionally, 23.9% of men randomized to the screening arm did

not attend the initial screening round. A post hoc analysis of the ERSPC

data estimated the prostate cancer mortality reduction associated with

screening after adjusting for both contamination and nonattendance.31

Investigators used national laboratory data and surveys to identify PSA

screening in the Rotterdam site controls, and then extrapolated these data

to the entire ERSPC cohort. After adjusting for nonattendance and con-

tamination, PSA screening was estimated to reduce prostate cancer mor-

tality by 31% (95% CI: 8%–49%) to 29% (95% CI: 7%–45%), depending

upon the definition of contamination. Another analysis of the Rotterdam

site estimated the benefit of PSA screening for reducing the risk of meta-

static prostate cancer.32 Among the 42 376 men aged 55–75 years, unad-

justed analyses estimated a 25% (95% CI: 5%–41%) reduction in the

occurrence of metastatic prostate cancer. However, the risk reduction

increased to 32% (95% CI: 6%–51%) after adjusting for both contam-

ination and non-compliance.

The Goteborg Sweden site subsequently reported a 44% (95% CI:

18%–61%) relative risk reduction in mortality among the cohort of

men aged 50–64 years invited for PSA testing compared to uninvited

controls after follow-up for a median of 14 years.33 Among attendees,

the relative risk reduction was 56% (95% CI: 32%–72%) compared to

controls. The Goteborg screening group underwent PSA testing every

2 years compared to the every 4-year interval for the other ERSPC sites.

The additional benefit with longer follow-up is plausible. Studies have

estimated a 4- to 10-year lead time with PSA screening,16,20 and sur-

vival curves following treatment for clinically detected cancers do not

diverge for at least 4 years.18 Additionally, the Swedish analyses

focused only on men aged 50–64 years, a younger cohort than reported

in the initial ERPSC publication, and one more likely to see a survival

benefit with aggressive treatment.18 However, the wide CI included the

20% benefit reported previously and PSA testing was also associated

with a 64% increase in cancer diagnosis.

The PLCO did not find any survival benefit with screening. The

PLCO enrolled 76 693 men between the ages of 55 and 74 years from

1993 to 2001.29 Subjects were randomly assigned to annual PSA testing

for 6 years and annual DRE for 4 years. Subjects were referred for

biopsy for a PSA level above 4.0 ng ml21 or an abnormal DRE.

Detected cancers were treated according to standard practice. Inves-

tigators used questionnaires and linkages to the National Death Index

to determine cause of death. An endpoint committee reviewed death

certificates and adjudicated cause of death.

The screening and control groups were well matched for age, race/

ethnicity and family history of prostate cancer. Subjects were followed

for a median of 11.5 years, with vital status ascertained for 98% of

subjects through 7 years of follow-up and for 67% through 10 years.

The screening group was very compliant with PSA testing (85%) and

DRE (86%). Screening was associated with a significant increase in

cancer detection. After 7 years of follow-up, 2820 cancers were diag-

nosed in the screening group compared to 2322 in the control group

(rate ratio: 1.22, 95% CI: 1.16–1.29). Tumor characteristics (Gleason

score and stage) were more favorable in the screening group, but the

study failed to show any mortality benefit. The intervention group

actually had more deaths than the control group, though the differ-

ence, based on fewer than 100 deaths, was not statistically significant

(rate ratio: 1.13, 95% CI: 0.75–1.70).

Although the PLCO study did not find a survival benefit with PSA

screening, this was not a conclusive outcome because there were a

number of important factors that likely biased results towards the null.

Because PSA testing was so widespread in the United States at the time

the study was launched, nearly 40% of subjects had undergone at least

one PSA test in the previous 3 years. Prostate cancer detection rates

decrease with serial PSA testing and there is a shift towards earlier

stage, less aggressive cancers,34 thus making it more difficult to dem-

onstrate a survival benefit with less than 10 years of follow-up.

Additionally, contamination in the control group was substantial with

52% of subjects in the control group reported PSA testing in the sixth

year of the study and 41%–46% also underwent DRE during the study

period. Essentially, the study became a comparison of frequent screen-

ing versus less frequent screening. Finally, substantial proportions of

men with abnormal PSA tests did not undergo a prostate biopsy34 and

a number of men with early-stage prostate cancers did not undergo

attempted curative therapy.29

IMPLICATIONS OF SCREENING TRIALS

After nearly two decades of aggressive PSA screening, particularly in

developed countries, the results of the randomized trials and epide-

miological data suggest that the absolute survival benefit is small. The

tradeoff is that screening will substantially increase the chance of being

diagnosed with prostate cancer.35 Modeling studies suggest that a

substantial proportion of these screening-detected cancers are over-

diagnoses,20 implying that they would not become clinically import-

ant during a man’s lifetime. However, because we do not have tumor

markers that conclusively identify cancers destined to cause problems,

most men with screening-detected cancers will undergo attempted

curative treatments with surgery or radiation.21,22 These treatments

can lead to urinary, sexual and bowel complications that can adversely

affect quality of life.23 The ERSPC and PLCO have collected quality of

life data, but the results have yet to be reported.

The risks of overdiagnosis and overtreatment are major challenges

to efforts to reduce the burden of suffering from prostate cancer.

Having better tumor markers that are more specific for high-risk

cancers would reduce overdiagnosis and ideally reduce unnecessary

biopsies. A tumor marker that can provide more accurate prognostic

information will help better identify patients most likely to benefit

from aggressive treatment.

Experts have also suggested that the focus of cancer control should

perhaps shift towards chemoprevention.36 Randomized trials of the

5-alpha-reductase inhibitors finasteride and dutasteride have shown

that these agents reduce the risk for being diagnosed with prostate

cancer by about 25%.37,38 A recent guideline from the American

Society of Clinical Oncology/American Urological Association has

encouraged physicians to discuss chemoprevention with men being

screened or considering screening for prostate cancer.39 However, the

5-alpha-reductase inhibitors were associated with an increased risk for

high-grade cancers (Gleason scores 7–10). Although post hoc analyses

suggested that selection and sampling biases might have spuriously

elevated the risk,40 the guideline acknowledged that these agents still

could be inducing aggressive cancers. Given that studies did not have

sufficient sample size or follow-up duration to assess prostate cancer

mortality, there is no certainty that chemoprevention is beneficial.

Indeed, the US Food and Drug Administration recently rejected a

request to allow drug manufacturers to market 5-alpha-reductase

inhibitors for cancer prevention.41

Another promising strategy for minimizing the risk of overtreat-

ment arising from PSA testing is the approach of active surveillance.42
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Instead of immediately treating men with disease at low risk for pro-

gression (defined by a PSA level f10 ng ml21, Gleason score of 6 or

less, and a clinical stage T1c or T2a), clinicians monitor the cancer with

PSA tests and digital rectal examination every 3–6 months and per-

form prostate biopsies every 12–24 months.43 For men opting for

active surveillance, the choice to undergo deferred treatment remains

available and can be based on evidence of disease progression (rising

PSA, increasing Gleason grade and abnormal DRE) and/or personal

preferences.

Observational studies suggest that active surveillance is a reasonable

strategy for men with low-risk localized disease. Klotz summarized the

experience of 2168 active surveillance patients followed in six obser-

vational studies.44 Their disease-specific survival was 99.7% after a

median follow-up of 43 months and only about one-third of patients

eventually received definitive treatment. An ongoing randomized trial

comparing active surveillance versus active treatment among low-risk

patients will provide even more information about the safety and

acceptability of active surveillance.44

In the absence of better tumor markers and clearly effective chemo-

prevention agents, physicians will need to address the issue of screen-

ing with PSA. The recognition that screening involves important

tradeoffs has led many professional organizations and guideline devel-

opers throughout the world to strongly encourage informed decision-

making.45–48 This implies educating men about the natural history of

prostate cancer, the limitations of screening tests, and the risks and

benefits of undergoing treatment for early-stage prostate cancer. The

goal is to help men make decisions that are concordant with their

values. One way to facilitate informed decision-making is to provide

patients with decision aids, which can be written, video or web-

based.49 These are interventions designed to help individuals make

specific and deliberative choices among options by providing

information about disease, relevant options and outcomes, helping

patients clarify their values, and providing guidance for the

decision-making process. Decision aids are particularly helpful for

issues such as prostate cancer screening where evidence is uncert-

ain and decisions are very sensitive to patient preferences.50 A meta-

analysis has shown that prostate cancer screening decision aids will

increase knowledge and reduce uncertainty about making decisions.51

Additionally, after receiving a prostate cancer screening decision aid,

subjects were significantly less likely to express interest in undergoing

screening or aggressive treatment.
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