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         Abstract  
 Screening for prostate cancer with prostate-specifi c antigen (PSA), a simple blood test, is complex, controversial, intel-
lectually challenging and ethically concerning. Sweden has contributed actively to the knowledge base for PSA screening 
in the last couple of years and a more informed debate is now possible. I will in this article summarize what we currently 
know about PSA testing. I discuss the closely related issues of the natural history of early-stage disease and the risks and 
benefi ts of radical local treatment. I propose that the mortality reduction following PSA screening is probably modest, 
whilst substantial harms are well documented. Furthermore, there is growing evidence that the PSA test is profoundly 
limited for screening purposes. I therefore concur with the growing number of health and professional agencies – notably 
outside the US – that advise against population screening with PSA. Through PSA screening the medical community has 
generated a pseudo-epidemic of over-diagnosed non-lethal prostate cancer. Molecular tools to distinguish innocent, over-
diagnosed prostate cancer from lethal tumors that deserving curative treatment are necessary to improve screening test 
performance. To date, extensive attempts to identify molecular predictors of outcome have remained unsuccessful, and no 
ideal screening test is within sight.     

“ I will prescribe regimens for the good of my patients 
according to my ability and my judgment and never do 
harm to anyone ” .  

 Hippocratic Oath 

 When the history of medicine is compiled, the 
current prostate cancer epidemic may appear enig-
matic. Historians will know that wide-spread testing 
for prostate-specifi c antigen (PSA) among asymptom-
atic men caused the epidemic. But it will be diffi cult 
to comprehend its continuation over decades despite 
limited evidence of benefi t and overwhelming evi-
dence of harm. Historians will fi nd meagre evidence 
of the necessary [1] open, public, and ethical discourse 
of this epidemic, caused by diagnostic intervention 
among healthy people. They may indeed consider the 
epidemic a disaster of contemporary medicine [2]. 

 In 2009, two ongoing randomized trials of PSA 
screening – one in Europe [3] and one in USA [4] – 
provided the fi rst quantitative estimates of the survival 
benefi t due to early detection of prostate cancer. Based 

on 162 387 men from seven countries  followed for an 
average of nine years, the European trial found a 20% 
reduction in prostate cancer mortality following PSA 
screening approximately every four years [relative 
risk�0.80; 95% CI 0.65–0.98]. The absolute risk dif-
ference was 0.71 cancer deaths/1 000 men screened, 
meaning that 1 410 men must be screened and 48 
cases of prostate cancer treated to avert one death [3]. 
In contrast, the smaller US trial found no survival ben-
efi t from annual PSA screening combined with digital 
rectal examination. At 10 years, there were 92 prostate 
cancer deaths among 38 343 men randomized to 
screening but only 82 among 38 350 men randomized 
to no screening. The difference was not statistically sig-
nifi cant [relative risk�1.11; 95% CI 0.83–1.50] [4]. 

 Randomized trials are fundamental to prove 
screening effi cacy. However, indirect evidence can 
also guide our understanding of the pros and cons 
of PSA testing. Incidence and mortality trends may 
be informative. Studies of the natural history and 
treatment impact are particularly important to justify 
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a screening intervention [5]. In this review, I will 
summarize such evidence with a focus on studies 
carried out in Sweden and other Nordic countries 
during the two last decades. But fi rst, we need to 
acknowledge prostate cancer’s vast range of malig-
nant potential.  

 The iceberg phenomenon 

 In many cancer sites, the clone of malignant cells 
grows at a rate that varies enormously. One corollary 
of this phenomenon is that autopsy studies reveal 
tumors that never surfaced during the patient’s life-
time and that represent a selection of slow-growing 
cancers. We do not know how many of the autopsy-
detected cancers would ever have progressed to a 
clinical, symptomatic stage. This uncertainty drives 
the concern about over-diagnosis caused by cancer 
screening. 

 Prostate cancer is an extreme example of autopsy- 
detected tumors. The prevalence of such lesions is 
about 20% already among men aged 45 years and 
increases with age [6]. Variation in the prevalence of 
prostate cancer observed across studies is likely 
explained by differences in sampling of deceased 
individuals, in histopathologic criteria and in number 
of sections examined. With regard to natural history, 
we know one thing with certainty: these lesions fi rst 
detected at autopsy neither caused symptoms that 
prompted clinical diagnosis nor contributed to death. 
As a corollary, any diagnostic tests sensitive enough 
to detect the lesions among living men would entail 
over-diagnosis. 

 A fundamental dilemma arises: we must assume 
that clinically evident cancers, some of which are 
lethal, pass through a subclinical stage where they are 
currently indistinguishable from malignant lesions 
that would never become symptomatic. The problem 
of distinguishing indolent, over-diagnosed prostate 
cancers from those predestined to progress became 
acute about 20 years ago, when the simple blood test 
for PSA was discovered and promoted as a screening 
tool [7]. But before discussing PSA screening, let us 
consider the natural history of localized prostate can-
cer and the benefi t of radical surgical treatment.   

 The natural history of early prostate cancer 

 Palliation remained the only therapeutic option in 
the prostate cancer management until in the 1980s, 
when radical prostatectomy was introduced as a 
potential cure. Prior to that, watchful management 
with no initial therapeutic intervention was consid-
ered ethically acceptable, and indeed often prefer-
able, in men with localized disease. Applied in many 
European countries, including Sweden, watchful 

management provided a unique opportunity to study 
the disease’s natural history. Although the empi-
rical evidence from this era applies only to early-
stage patients, this subgroup is closely related to 
those now considered for curative local treatment. 
Six different cohorts of conservative management 
have been scientifi cally scrutinized, revealing sur-
prisingly homogeneous low prostate-cancer-specifi c 
mortality [8]. 

 The largest cohort of patients managed by watch-
ful waiting, comprising 223 patients from Örebro 
County in Sweden, enrolled before the PSA era 
(1977–1984) and thus had symptomatic disease [9]. 
We have now continued follow-up beyond 20 years. 
As of 2001, when only 9% of the men were still alive, 
only 16% had died from prostate cancer, whereas 
75% had died from other causes [10]. This low 
disease-specifi c mortality following expectant man-
agement of symptomatic disease implies that the 
survival benefi t from radical treatment is limited 
among patients diagnosed with early-stage particularly 
asymptomatic disease. Even if the relative reduction 
in prostate-cancer-specifi c mortality were substan-
tial, the absolute reduction in terms of lives saved 
would be small.   

 Survival benefi t of radical local treatment 

 A benefi t of treatment, documented through random-
ized controlled trials, is a prerequisite for effective 
cancer screening [5]. In prostate cancer, however, no 
such evidence existed until 2002 [11]. Then, results 
from the fi rst, and so far only, randomized trial were 
published with extended follow-up reported in 2005 
[12] and 2008 [13]. In this multi-center trial, 695 
men newly diagnosed with a clinically localized (T1B 
and T2) prostate cancer, and with a PSA value less 
than 50 pg/nl and no evidence of metastases, were 
randomized to radical prostatectomy or watchful 
waiting. Because only 5.2% of the patients were diag-
nosed as a result of PSA screening, the results pertain 
primarily to symptomatic prostate cancer [13]. 

 At 12 years of follow-up, 47 (12.5%) of the sur-
gery group and 68 (17.9%) of the watchful waiting 
group had died of prostate cancer, yielding a relative 
risk of 0.65 [95% CI 0.45–0.94; p�0.03] comparing 
radical prostatectomy to watchful waiting. The abso-
lute risk reduction at 12 years was 5.4% (95% CI 
0.2–11.1), which translates into 19 patients needing 
to be treated with radical prostatectomy in order to 
avert one prostate cancer death. Although we 
expected the absolute benefi t from curative treat-
ment to increase over time, the cumulative incidence 
of distant metastases and of prostate cancer death 
instead remained stable after about 10 years of 
 follow-up (Figure 1) [13]. 
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 Because after about 10 years prostate cancer mor-
tality increased at a similar rate among men managed 
by watchful waiting and those with surgery, the relative 
benefi t of treatment decreased over time. It went from 
a 50% reduction in cumulative mortality after fi ve 
years [4] to only 35% after 12 years of follow-up [13]. 
Furthermore, after 12 years, when the absolute risk 
reduction due to radical prostatectomy was 5.4%, over 
20% of the patients in both randomization groups had 
died from causes other than prostate cancer. Because 
cardiovascular disease, the predominant cause of mor-
tality in western populations, is highly preventable 
[14], lifestyle intervention has the potential to provide 
an improvement in overall survival of at least the same 
magnitude as radical prostatectomy [15].   

 PSA screening 

 In the US National Cancer Act of 1971, President 
Nixon proclaimed that early diagnosis and improved 
treatment are the main armaments in the war on 
cancer – at least until effective prevention strategies 
are implemented [16]. Early diagnosis can improve 
survival through two main approaches. The fi rst is 
advancement of treatment among patients who have 
already developed symptomatic disease. This  outcome 
is typically achieved by increasing awareness in the 
general population and among health care providers, 
and by enabling access to medical care. The second 
is detection of asymptomatic cancer or its precursors, 
when the disease is curable, by screening. The former 
approach has been a major force behind increased 
survival rates from many cancer sites. In contrast, 
cancer screening has contributed only  modestly to 
control of a few cancer sites, particularly  cancer of 
the cervix and breast. 

 Although cancer screening is intuitively appeal-
ing, the logistic complexities, ethical dilemmas and 

potential harms of intervention in a healthy popula-
tion are often underestimated [16]. There is no bet-
ter example of this than screening for prostate cancer. 
PSA was approved by the US Food and Drug Admin-
istration in 1986 for monitoring of diagnosed pros-
tate cancer, and also for screening purposes in 1994, 
and is widely used. 

 The performance of PSA as a screening test has 
been extensively investigated. It is now clear that 
detection of prostate cancer can be advanced in time 
considerably through the use of PSA testing [17]. 
Recent research indicates that PSA-detected cancers 
that would otherwise have been diagnosed during the 
patients’ lifetime have a lead-time that is on average 
fi ve to seven years [18]. In addition, PSA may also 
detect cancers that would never have surfaced clini-
cally, a propensity described as the “iceberg phenom-
enon”. If this problem of over-diagnosis were 
prominent, we would expect extensive PSA testing 
to increase the recorded population-wide incidence 
of prostate cancer that would not return to the pre-
testing trajectory over time.   

 The pseudo-epidemic 

 Environmental factors can infl uence temporal trends 
in cancer incidence. Rarely, however, are such trends 
dramatic, except perhaps the rise and fall of lung can-
cer in several populations, occurring some decades 
following similar trends in the prevalence of smoking. 
Hence, the Tsunami in the numbers of newly diag-
nosed prostate cancer witnessed from the late 1980s 
in the US (Figure 2) [19], as well as several Nordic 
countries including Sweden (Figure 3) somewhat 
later [20], is unprecedented in cancer epidemiology. 

 In the US, the age-standardized incidence rate of 
prostate cancer increased by 16.5% per year from 
1988 to 1992 and doubled from little over 100/10 5 

 person-years in the mid 1980s to about 240/10 5  in 
1992. This was followed by a steep and then modest 
decline to 160/10 5  in 2005 [19]. This decline prob-
ably refl ects a relative depletion in the pool of indo-
lent cancers (the iceberg), perhaps combined with 
some reduction in PSA screening. Welsh estimated 
that in the US alone, over one million men were 
over-diagnosed with prostate cancer between 1975 
and 2000, chiefl y as a consequence of PSA testing 
[16]. In stark contrast, age-standardized mortality 
rates were largely stable during the same 25-year 
period [19]. Given that the average lead-time of 
PSA-detected cancers is on average fi ve to seven 
years, we would have expected to see a population-
wide survival benefi t refl ected in lower mortality 
rates by now. 

 Trends of a magnitude similar to that in the US 
occurred also in nearly all Nordic countries (Figure 3). 

  Figure 1.     Cumulative incidence of prostate cancer mortality with 
95% confi dence intervals (CIs) at 4, 8, and 12 years of endpoints for 
all patients [13]. Reprinted from Bill-Axelson A et al. J Natl Cancer 
Inst 2008;100:1144–54 with permission from Oxford Journals.  
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For example, beginning in the mid 1990s, incidence 
rates approximately doubled within a decade in both 
Norway and Sweden; this increase coincided with a 
remarkable increase in PSA testing [20]. In Sweden, 
the annual number of newly diagnosed prostate can-
cers increased from 4 788 in 1990 to 8 870 in 2007, 
despite a stable population size. 

 In countries with high-quality health care and 
similar cure rates, temporal trends in cancer mortal-
ity usually mimic the incidence rates. In this context, 
prostate cancer is a profound outlier. Across the Nordic 
countries, the variation in incidence rates in 2001 was 
indeed ten times higher than the variation in mortality 
rates [20]. Despite the unprecedented differences in 
incidence, the cumulative risk of dying from prostate 
cancer at a given age remained virtually constant in all 
Nordic countries over the 40-year period from 1965 
to 2005 [21]. Theoretically, this situation could arise 
if a true increase in the incidence of lethal cancer were 
balanced by better curative treatment. For a number 
of reasons, however, [22] this explanation is unlikely 
to apply to prostate cancer. Most importantly, curative 
treatment was not widely used in the Nordic coun-
tries until the mid or late 1990s. Furthermore, these 
treatments are considered only for early-stage disease, 
which accounts only for a small proportion of total 
prostate cancer mortality. 

 The emerging explanation for the apparent pros-
tate cancer epidemic is sobering. Whilst the prostate 
cancer mortality rate has varied little over 40 years, 
the detection of clinically insignifi cant cancers 
through PSA testing – has entailed a drastic increase 
in the recorded incidence. The medical community 
has created a pseudo-epidemic of cancer with no 
clear evidence of a true increase in occurrence or any 
fi rmly established mortality benefi t.   

 Benefi ts and harms of PSA screening 

 Pap smear screening for cervix cancer and colonos-
copy screening for large bowel cancer may allow can-
cer prevention through minimal procedures to 
remove precursor lesions, namely, dysplasia or carci-
noma  in situ  of the cervix and polyps in the colon. In 
contrast, due to its anatomic location, radical treat-
ment of an early prostate cancer requires major sur-
gery or radical radiotherapy. Following radical 
prostatectomy, approximately two thirds of all men 
lose their erectile function and up to one third has 
varying degrees of urinary incontinence [23]. Unfor-
tunately, these adverse effects – as well as problems 
with defecation following radiation therapy – affect 
all men with similar probability, regardless of whether 
or not they benefi t from the treatment. 

  Figure 2.     Age-adjusted incidence rates of selected cancers among males and females in the United States, 1975–2005 [19]. Reprinted 
from Jemal A et al. CA: Cancer Journal for Clinicians 2009;59:225–49 with permission from John Wiley and Sons.  
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 Healthy men who undergo PSA screening will 
belong to one of seven mutually exclusive categories, 
two of which benefi t whilst fi ve do not – and may 
likely be harmed. Quantifying the relative sizes of 
these groups is currently not possible (Table I). Men 
in group 1 are those for whom death from prostate 
cancer is averted due to screening. Reassurance fol-
lowing a normal PSA test (group 2) can clearly be 
benefi cial but is time-limited. Moreover, the ability 
of a PSA level adequately to predict low future risk 
is a trade-off between sensitivity and specifi city. 
Although somewhat arbitrary, I have made an attempt 
in Table I to grade harm in the remaining fi ve groups 
from mild (�) to severe (���). Few would disagree 
that men who are over-diagnosed (group 5) are the 
most disadvantaged. They are affected by all the 
negative effects of treatment and of being a cancer 
patient, as well as the fi nancial cost of unnecessary 
medical procedures, with no survival benefi t. Men 
with a false positive test (group 7) are also substan-
tially burdened because multiple biopsies from the 
prostate may be required to rule out a malignancy 
with confi dence.   

 Discussion 

 Without any compelling evidence of a true underlying 
increase in the occurrence of lethal prostate cancer the 
medical community has created a pseudo-epidemic in 
the recorded incidence of  prostate cancer (Figures 2 

and 3). The development of a simple and cheap blood 
test for PSA seems to be the sole cause of this epi-
demic. Certainly, doctors test PSA because they want 
to avert suffering and death from prostate cancer, the 
most common malignancy among men in many west-
ern countries. Unfortunately, however, a blood test is 
easier to perform than a Pap smear, mammogram, or 
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  Figure 3.     Age-adjusted incidence rates of selected cancers among males and females in Sweden, 1970–2007.  

  Table I. Groups that would and would not benefi t from routine 
PSA screening. Estimated harm classifi ed as none (�), some (�), 
moderate (��) or severe (���)  .

 Group  Groups that benefi t  Estimated harm 

1. Men who would have died from 
prostate cancer but  are cured 
owing to earlier detection

�

2. Men with no prostate cancer  and a 
normal PSA result (reassurance)

�

 Groups that do not benefi t   (and 
may be harmed)  

3. Men who die from a PSA-detected 
prostate  cancer and whose 
clinical course has not been 
improved by earlier treatment

�

4. Men  with prostate cancer who 
would have survived even 
without screening 

�

5. Men  with a PSA-detected prostate 
cancer that would have not 
surfaced  clinically during their 
lifetime (over-diagnosis) 

���

6. Men with a  false negative result �

7. Men with a false positive result ��
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 In the era of evidence-based medicine, it will be 
informative to follow the medical community’s com-
pliance with these recommendations. Ethical and 
scientifi c reasoning – reinforced by recommendations 
from respected authorities – clearly urge us to bring 
careless PSA testing to an end, notably among men 
who are poorly informed or even ignorant that PSA is 
analyzed in their blood sample. However, these rec-
ommendations will promote unavoidable frustration 
because no better performing screening test is in sight. 
Intense efforts to distinguish lethal from non-lethal 
prostate cancer with advanced molecular tools have so 
far remained unsuccessful. Meanwhile, the number of 
men dying from prostate cancer, often following sub-
stantial suffering, remains diffi cult to accept.     
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