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       The discovery and integration of prostate-specifi c antigen (PSA) has substantially 
changed the diagnosis, treatment, and management of prostate cancer. Only a few 
discoveries in the medical fi eld over the last half century can rival the profound 
impact of PSA. While the current opinions of the appropriate use of PSA as a 
screening tool can be debated, its impact and the way it has directed the course of 
prostate cancer research can not. 

 For many younger clinicians it may be hard to imagine managing a prostate can-
cer patient without the use of PSA. Prior to the identifi cation of PSA, there were 
many attempts to identify tumor markers for prostate cancer by several research 
groups around the world. 

    The Pursuit and Discovery of PSA 

 Many trace the initial pursuit for a prostate cancer marker to Gutman and Gutman 
in 1938 when they found elevated serum phosphatase levels in metastatic prostate 
cancer patients [ 1 ]. Later in 1941, Huggins and Hodges demonstrated this fi nding 
was likely related to the presence of  bony metastasis   in such patients [ 2 ]. While the 
use of  serum phosphatase   in prostate cancer was eventually found to be limited as a 
clinically useful tumor marker due to its poor sensitivity and specifi city, it did pave 
the way for many groups to began focused research in the fi eld. 

 Over the next decade,    prostatic acid phosphatase ( PAP     ) was identifi ed as a poten-
tial tumor marker. Several different assays to measure PAP were developed to aid in 
the clinical management of prostate cancer patients. Early assays measured total 
enzyme activity of PAP, mainly calorimetric, which involved the use of reagents that 
change color in the presence of a specifi c substrate [ 3 ]. Later, newer techniques 
using radioimmunoassays were able to moderately improve the specifi city of testing 
for PAP [ 4 ]. Ultimately, while PAP was found to be a more specifi c marker, it lacked 
the sensitivity for prostate cancer needed to be clinically useful, as it was noted to 
be elevated in several benign prostatic diseases and even after digital rectal exam 
(DRE) [ 5 ]. It was also found only to be elevated in 20–30 % of patients with clini-
cally localized prostate cancer. 

 The work  with   PAP and other markers brought to light the need for a more sensi-
tive and reliable tumor marker. There was also a shift in focus to fi nd a marker that 
was present or elevated in those patients with clinically localized disease, as these 
patients could possibly benefi t from a serum assay test that could be useful to moni-
tor or even initiate  treatment  . 

 Many groups claimed to have conducted the research that led to the discovery of 
PSA. One of the earliest reports on the identifi cation of prostate-specifi c antigens 
was by Rubin Flocks in 1960 [ 6 ]. In 1966, a Japanese forensic scientist, Mitsuwo 
Hara, partially characterized and reported on a protein many consider similar to 
PSA. He labeled the protein  “gamma-seminoprotein”   and proposed its use as foren-
sic evidence in rape cases because of its presence in seminal fl uid [ 7 ]. Later Li and 
Beling further purifi ed this protein and reported it to have a molecular weight of 
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31 kilodaltons (kDa) [ 8 ]. Similar reports and characterization were done by 
Sensabaugh and his group confi rming this protein to have specifi city for human 
semen [ 9 ]. Years later, through the work of Wang and Papsidero the purifi cation of 
this protein demonstrated that it was identical to that of PSA found in human serum 
[ 10 ,  11 ]. More defi nitively, in 1970 and 1972 Albin published his reports of a puri-
fi ed antigen isolated from prostate tissue [ 12 ,  13 ]. 

 In 1979, T. Ming Chu and his research group purifi ed and characterized PSA and 
demonstrated its presence in both  benign and malignant prostate tissue   [ 11 ,  14 ]. 
These studies confi rmed that PSA was highly specifi c for prostate tissue and was 
produced by prostatic epithelial cells. This group was also credited with the fi rst 
development of an  immunoassay   that could be used for human serum testing 
although it was much less sensitive than those used today detecting PSA at a mini-
mal concentration of 500 ng/ml compared to modern assay’s detecting PSA at 
<0.01 ng/ml [ 11 ]. In 1987, early work in the clinical applications of PSA by Chu’s 
group and Thomas Stamey demonstrated a use for PSA in monitoring the course of 
patients known to have prostate cancer [ 15 ]. 

 More precise testing using  protein sequencing   has determined that many of the 
groups from the 1960s and 1970s were most likely describing prostate-specifi c anti-
gen or one of its natural analogues [ 16 ]. 

 Shortly after its discovery much of the interest on PSA focused on determination 
of its physiologic role. In 1984 Chu et al. reported that PSA was a protease and later 
through studies by Lilja its role in the proteolytic cleavage of seminal vesicle pro-
teins was published [ 17 ,  18 ]. They described the role of PSA as cleaving the gel- 
forming proteins from the seminal vesicles (semenogelins I, II and fi bronectin) 
which initiates liquefaction of the ejaculate, thereby increasing the motility of sperm 
and aiding in fertilization. These studies and others also identifi ed several other 
prostatic proteins similar to PSA, notably human kallikrein 2 (hK2). Similar to 
PSA, it is expressed by prostatic tissue and has a similar role in cleaving of  seminal 
vesicle proteins  , although it is much more potent enzymatically [ 19 ]. 

 Later in the 1980s PSA was confi rmed to belong to the  human kallikrein family   
of serine proteases, and it was given formal nomenclature and labeled human kal-
likrein 3 (hK3) [ 20 ]. There are currently 15 other members of this family that have 
been described in the literature and many of them are believed to play some role in 
many human cancers [ 21 ]. The relationship between PSA and hK2 is worth noting. 
These two share many common features but also some key differences. PSA and 
hK2 share 80 % amino acid sequence homology but hK2 is present in 1–2 % of the 
amount of PSA found in typical prostate tissue [ 22 ]. In vitro studies have demon-
strated that hK2 has the ability to autoactivate, while PSA does not have this char-
acteristic and for this reason some have proposed a role for hK2 in regulating the 
activity of PSA [ 23 ]. 

 Further studies into the physiologic role of PSA also uncovered two forms of PSA 
most commonly found in patients serum. One form was smaller than the other (36 
kDa compared to 90–100 kDa) and it was found later by Lilja and Stenman that the 
smaller form was that of free PSA and the larger was complexed PSA (also known as 
bound PSA) [ 24 ]. Studies showed that PSA was most commonly  complexed with 
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alpha-1-antichymotrypsin, a protease inhibitor [ 25 ]. Only 10–30 % of PSA was pres-
ent in an uncomplexed form. Free PSA represented the inactive form and was typi-
cally higher in patients with begin prostatic conditions. Other studies demonstrated 
that the level of free PSA was lower in prostate cancer patients and this subsequently 
led to the development of  immunoassays   to test specifi cally for it [ 26 ]. The ratio of 
free PSA to total PSA has proven useful in its clinical application and ability to 
increase the positive predictive value for positive prostate biopsies [ 27 ].  

    The Golden Years of PSA Testing 

  The   Federal Drug Administration ( FDA  ) approved the fi rst commercial immunoas-
say for PSA testing in 1987. Around this time Stamey et al. and Oesterling reported 
the half-life of PSA to be 2.2 ± 0.8 and 3.2 ± 0.1 days respectively [ 15 ,  28 ]. 
Subsequently several assays were developed for PSA testing including Tandem-R 
PSA ® , Pros-check PSA ® , Tandem-E PSA ® , IRMA-count PSA ® , and Abbott IMX 
PSA ® . Myrtle et al. was one of the fi rst to attempt to give the reference range for a 
“normal” PSA value with the use of the Tandem R PSA ®  assay [ 29 ]. He studied the 
reported PSA values in a population of 472 men without a  history   of prostate cancer, 
most of which were below the age of 60 years. Other larger studies attempted to fi nd 
the ideal value for initiating prostate biopsy looking at more clinically relevant 
patient populations (i.e., over 50 years of age) and varied in their suggested cutoff 
values between 2.8 and 4.0 ng/ml using a standard deviation of ±2 [ 30 ,  31 ]. 
Ultimately it was the screening test reported from a cohort of 6630 men aged 50–74 
years of age using a cutoff value of 4.0 ng/ml that led to the FDA’s approval of 
screening with PSA [ 32 – 35 ]. Consequently the value of 4.0 ng/ml became most 
commonly used for initiating prostate biopsy, although at the time several groups 
felt this value to be too aggressive and proposed a cutoff value of 10 ng/ml. Notably 
in 2004 the  National Comprehensive Cancer Network   recommended a lower cutoff 
of 2.5 ng/ml citing the number of cancers missed with higher cutoffs and the bene-
fi ts in patient outcomes reported at that time. 

 Early use of these commercial assays used in the clinical setting led to inconsis-
tent results and created the need for standardization of PSA testing. Graves et al. 
called for an international standardization of PSA assays in 1990, which led to the 
principles used in PSA testing today [ 36 ]. The issue he described centered around 
the fact that each assay detected different molar ratios of the various forms of PSA 
found in the serum (free vs. bound to proteins) and therefore different results were 
obtained with different assays from the same serum [ 37 ]. As many of the initial PSA 
 screening trials   were done using the Tandem R PSA ®  assay from Hybritech, newer 
assays that came on the market were initially “standardized” to the values of this 
assay. With time it became apparent that there was increasing variability between 
these assays and their reported PSA values. Naturally this raised many concerns, 
especially when following patients’ PSA values could dictate the decision to per-
form a prostate biopsy. In an effort to mitigate these effects, a group of researchers 
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and experts convened at Stanford University in 1994 and proposed a method of 
standardization that later was adopted by the  World Health Organization (WHO)   
who issued the First International Reference Preparation (IRP) for PSA in 1999. 
Unknowingly the standardization from the WHO produced PSA values that were 
approximately 22 % lower than that of the traditional results from the  Tandem R 
PSA assay ® .   These discrepancies had the potential to cause serious confusion among 
physicians and potentially resulted in some patients not being offered biopsy, espe-
cially when following patients by such metrics as PSA velocity. 

 In 1990, the idea for the incorporation of PSA as part of the initial work up for 
diagnosing prostate cancer was introduced by Cooner [ 38 ]. He described using PSA 
testing as part of a  “three-legged stool”   which included DRE and transrectal ultra-
sound guided prostate biopsies. This algorithm was believed to be superior for pros-
tate cancer screening since  DRE   alone found that 70–80 % of patient had locally 
advanced or metastatic disease at diagnosis [ 39 ]. Subsequent to his initial study, 
Cooner and several other groups attempted to improve the specifi city of PSA testing 
for prostate cancer by reporting on age-specifi c PSA values [ 40 – 42 ]. These studies 
were done in part due to the fact that patients with  benign prostatic hyperplasia 
(BPH)   had increased PSA levels making one “normal” value for all men unreliable. 
The introduction of PSA density (prostate volume/PSA) and PSA velocity (changes 
over time) was an attempt to compensate for these limitations [ 43 ]. 

 In 1991, Catalona et al. used a PSA cutoff of 4.0 ng/mL in the initial screening 
of  prostate cancer   patients and suggested the use of PSA as a screening test for 
prostate cancer [ 32 ,  40 ]. Over the next couple of years several medical groups 
including the American Urological Association ( AUA        ) and American Cancer 
Association ( ACA        ) endorsed annual PSA screening for men over 50 years of age. 

 During this time PSA screening was hailed as dramatically improving the detec-
tion of curable prostate cancer. Gann et al. found in men diagnosed with prostate 
cancer an elevated PSA preceded an abnormal DRE by an average of 6.2 years [ 42 ]. 
Incorporation of PSA screening into clinical practice resulted in an increase of pros-
tate cancer detection from 1987 to 1992 of 85 %. By 1997, 75 % of prostate cancers 
were diagnosed by elevated or abnormal PSAs in the United States of America 
(USA) [ 44 ,  45 ]. Stage migration of prostate cancer also dramatically shifted during 
this time with Catalona et al. publishing a report in 1993 that 70–80 % of men were 
being diagnosed with organ confi ned disease compared to historical cohorts of 
20–30 % [ 33 ]. The  Center for Prostate Disease Research (CPDR)   reported that the 
percentage of patients presenting with metastatic disease decreased from 19.8 % in 
1989 to 3.3 % by 1998 [ 46 ].  

    The Trials and Tribulations of PSA Screening 

 After PSA screening came into practice in the USA in the late 1980s and especially 
in the early 1990s, the incidence of prostate cancer diagnosis rapidly increased, with 
mortality rates subsequently declining [ 47 ]. Etzioni and colleagues used modeling 

1 History of Prostate-Specifi c Antigen, from Detection to Overdiagnosis



8

data from Surveillance, Epidemiology, and End Results (SEER) Medicare and 
screening standards used in the Prostate, Lung, Colorectal and Ovarian screening 
trial ( PLCO        ) to show that PSA screening alone could not account for the decrease 
in prostate cancer mortality seen during the 1990s [ 48 ]. Their work and others high-
lighted the fact that while PSA screening certainly played a role in the mortality 
decrease for prostate cancer patients, especially in the USA, the increase in new and 
more aggressive treatments also contributed to this decline. Tapering enthusiasm for 
PSA screening, Albertsen and colleagues published data that showed that many 
patients in the pre-PSA screening era, when followed without treatment, were des-
tined to die of causes other than prostate  cancer       [ 49 ]. 

 Opposition to PSA’s use and specifi cally PSA screening became more common 
by the late 1990s and early 2000s. Concern grew that the results of the emerging 
retrospective studies showing improved diagnosis and survival of prostate cancer 
patients using PSA screening were confounded by lead time and length time biases. 
Around this time several large randomized studies testing the hypothesis that PSA 
screening could decrease prostate cancer-specifi c mortality were initiated. 

 The two largest and most discussed studies regarding PSA screening are the 
Prostate, Lung, Colorectal and Ovarian screening trial (PLCO) in the USA and the 
European Randomized Study of Screening for Prostate Cancer ( ERSPC)   [ 50 ,  51 ]. 
Several other large studies also contributed to the evaluation of the  benefi ts and risks   
of PSA screening including Prostate Cancer Intervention Versus Observation Trial 
(PIVOT), Prostate Cancer Prevention Trial (PCPT), and Reduction by Dutasteride 
of Clinical Progression Events in Expectant Management (REDEEM) trial [ 52 – 54 ]. 
It is essential that all physicians who treat or manage prostate cancer patients read 
and understand the results of these trials. 

 The primary objectives of both  ERSPC and PLCO   were nearly identical. The 
main endpoint in both studies was prostate cancer mortality. One of the main differ-
ences between the two studies was the population in Europe, at least during the 
early years of the study, had less exposure to PSA testing and thus offered a less 
“contaminated” control group. Unfortunately, men enrolling in the US study had 
signifi cant exposure to PSA testing compromising the PLCO control group. In this 
regard many consider the PLCO trial to be one of comparing systematic PSA 
screening to “opportunistic” screening as evidenced by the fact that the absolute 
difference in those who underwent PSA screening at anytime during the study 
between the screening and control group was only 33 %. 

 There was also some other differences between the trials that deserve mention. 
In PLCO the contamination rate was reported to be 54.8 % with patients obtaining 
a PSA outside the trials design [ 55 ]. The best reported rate of contamination in 
ERSPC published was 30.7 %, although this data is hard to come by in Europe [ 56 ].     
It should be mentioned that for the  power calculations   used in the design of the 
ERSPC trial a contamination rate of 20 % was employed. There was also a large 
difference between the two trials with regard to performing indicated prostate biop-
sies. In PLCO the rate of biopsy was 41 % in patients indicated for biopsy during 
the fi rst year of the study and rose to 64 % with the third year of screening. In 
ERSPC the rate was 85.8 % for patients indicated within its trial design [ 57 ]. This 
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difference likely contributes to the lower rate of cancer detection seen in the PLCO 
screening arm and may have impacted comparison between the two arms in regard 
to prostate cancer mortality. 

 The randomization of patients in both trials also had some notable differences, 
along with the indications for biopsy. Patients aged 50–74 years were randomized 
to the two arms but later a  “core age group”   was defi ned in reporting much of the 
data from ERSPC, which had patients aged 55–69. Men in the screening arm were 
screened at 4-year interval, except in Sweden in which they were screened at 2-year 
intervals. Indications for biopsy varied among the constitute centers for the ERSPC 
trial. Initially some centers required a PSA over 4.0 ng/dl and an abnormal DRE as 
an indication for biopsy. After 1997, all centers, minus Finland, recommended 
biopsy for a PSA over 3.0 ng/dl. In Finland DRE was required to be positive for 
PSA in the 3–3.9 ng/dl range and later this changed to having a free/total ratio of 
PSA of equal to or less than 0.16. In Italy patients with a PSA of 2.5–3.9 ng/dl had 
DRE and transrectal ultrasound (TRUS) performed. When performing biopsies a 
lateral sextant method was applied in all centers but the execution of these was left 
to individual study groups within ERSPC. Medical contraindications were the only 
exception listed for not performing an indicated biopsy. After a diagnosis of pros-
tate cancer, treatment decisions were left to the discretion of local providers. 

 PLCO initially randomized patients aged 60–74 years old, later they included 
patients aged 55–60 and also used prior PSA testing with 3 years of entry to the trial 
to reduce contamination between the two arms. In PLCO screening with DRE and 
PSA was offered yearly for the fi rst 4 years and then with PSA alone for another 2 
years. Recommended indications for prostate biopsy were  “community standard”   
where initially a PSA value above 4.0 ng/dl and/or abnormal DRE. In later years a 
signifi cant percentage of patients underwent biopsy for a PSA 2.5–4.0 ng/dl. The 
biopsy extent and the number of cores were left to the individual providers in the 
community. 

 In 2009 both trials published their initial results. ERSPC reported it fi ndings after 
its  data monitoring committee   found a signifi cant difference in prostate cancer mor-
tality in favor of the screening arm at the time of its third predetermined interim 
analysis. The publishing of the results for the PLCO trial was done after the  safety 
monitoring committee   found a continuing lack of signifi cant difference in the death 
rates between the two study groups and felt that this presented concerns in regard to 
public health. The PLCO trial was updated in 2012 with 13-year follow-up between 
the two arms of the study and continued to show no statistical difference between 
the intervention arm (organized screening) and the control arm (opportunistic 
screening) [ 58 ]. Recent updates from ERSPC in 2014, now with 13-year follow-up, 
have continued to show a survival benefi t for patients undergoing PSA screening 
and in fact that benefi t has increased modestly [ 59 ]. Their fi ndings reported a sig-
nifi cant 21 % relative reduction in prostate cancer in intention to screen analyses, 
and a 27 % relative reduction in men who actually had screening. These recent 
updates showed an improved benefi t of PSA screening with longer follow-up dem-
onstrated by the number needed to screen and number needed to be diagnosed with 
prostate cancer to prevent one prostate cancer death. As seen in the table below, 
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Table  1.1 , both numbers in the case of the ERSPC trial have become substantially 
lower in their most recent follow-up data at 13 years compared to the numbers 
reported at 11 years and 9 years of follow-up [ 60 ]. For reference, the number needed 
to be screened with  digital mammography   to save one life from breast cancer was 
reported as 1339 (CI: 322–7455) and 377 (CI 230 to 1050) in women aged 50–59 
years old and 60–69 years old, respectively [ 61 ]. Similarly the reported number 
needed to screen for colorectal cancer with fecal occult blood testing is 1176 [ 62 ]. 
The Göteborg screening trial, which was comprised of a signifi cant number of 
patients who were enrolled in the ERSPC trial, also further supported these fi ndings 
and reported a number of approximately 300 patients needing to be screened to 
prevent one death from prostate cancer at 14 years [ 63 ]. In contrast a study that 
looked at the largest center that participated in ERSPC, Finland, which by itself had 
a larger number of study patients than PLCO, showed only a non-statistically sig-
nifi cant benefi t in prostate cancer mortality among patients in the screening arm of 
the study [ 64 ]. This fi nding along with treatment patterns favoring men in the 
screened arm continues to cause concern about the real benefi t of PSA-based 
screening.

   Several other groups have used modeling data to estimate the improved benefi ts 
of PSA screening with longer follow-up. Gulati et al. projected 25-year estimates of 
the number needed to screen and to treat to prevent one prostate cancer death for 
men aged 55–69 years at diagnosis using data from  ERSPC and PLCO   [ 65 ]. They 
reported that in Europe, the number needed to screen was 262 and number needed 
to treat was nine after 25 years. Attempting to control for rates of overdiagnosis in 
the USA, they reported the number needed to screen was 186–220 and number 
needed to treat being 2–5. These statistics are markedly lower than the most recent 
13-year follow-up data from the ERSPC. 

 We strongly encourage the reader to become familiar with both trials as the 
debate regarding their results and their impact on PSA screening is likely to con-
tinue for years to come. The results of future studies, particularly the Comparison 
Arm for Prostate Testing for Cancer and Treatment trial ( CAP/ProtecT)      of 450,000 
men from the United Kingdom, will likely add to our current data on the use of PSA 
screening and prostate cancer [ 66 ]. 

 At the center of the PSA screening debate is the attempt to realize the benefi cial 
and  adverse effects   of screening. Finding the equilibrium between these two results 
is unlikely to be found in the scientifi c or medical literature but must be valued 
within the political and social systems in which screening is practiced.  

   Table 1.1    Trending the number needed to screen and diagnose with ERSPC updates   

 ERSPC 
follow-up data 

 Number needed to be screened 
(per 1000 patients) 

 Number needed to be 
diagnosed (per 1000 patients) 

 9 years  1410  48 
 11 years  979  35 
 13 years  781  27 
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    The Effects of Screening with PSA and Overdiagnosis 

 Some of the issues surrounding screening with PSA revolve around the risk of over-
treatment for low grade and low-risk prostate cancer patients. With the infl ux of new 
cases in the early 1990s after the integration of regular PSA screening, there was 
also a natural increase in the number of patient undergoing defi nitive treatment. 
Concerns about the long-term effects of these treatments, especially those patients 
that are younger and those with low-risk disease, gave rise to an emerging fi eld of 
study in prostate cancer, cancer survivorship. The product of early screening and 
treatment along with the frequency and high survival rates of prostate cancer patients 
has created a growing population of prostate cancer survivors [ 67 ]. Both the 
American Cancer Society and a recent study by Mariotto et al. estimate that there 
are now more than two million prostate cancer survivors living in the USA and that 
number is expected to climb [ 68 ,  69 ]. 

 Recently several groups have published long-term data regarding the effects of 
prostate cancer treatment [ 70 ]. One of the largest populations that have been 
reported on for these effects is the Prostate Cancer Outcomes Study (PCOS) which 
follows 1164 men who underwent treatment with surgery and 491 who had radio-
therapy. The study assessed functional status immediately after treatment and at 2, 
5, and 15 years after diagnosis. Resnick et al. reported data for this group at 15 years 
and found the prevalence of erectile dysfunction was very high, affecting 87.0 % of 
men in the prostatectomy group and 93.9 % of those in the radiotherapy group [ 71 ]. 
This study was somewhat limited by the lack of a control group (e.g., active surveil-
lance) and reliable pretreatment baseline data. Regardless this study and others have 
placed a spotlight on the long-term effects of invasive procedures needed to treat 
and cure prostate cancer. 

 Dealing with the sequelae of prostate cancer treatment, especially long-term sur-
vivors, can place a signifi cant burden on patients, both fi nancially and in terms of 
time and efforts. De Oliveria et al. looked at a population of prostate cancer survi-
vors in Canada and found higher total health care expenses among younger patients, 
metastatic patients, and those who underwent treatment with surgery [ 72 ]. They 
also found lower costs in patients with better urinary function. Similar fi ndings in a 
study of  prostate cancer patients in the USA who were recently diagnosed, within 
1–3 years, found total out of pocket expenses and overall costs were inversely 
related to most of the commonly employed prostate-specifi c health-related quality 
of life survey scores [ 73 ]. 

 The  long-term effects   of prostate cancer treatment are not limited to those under-
going surgery or radiation. Morgans et al. showed that in patients undergoing pro-
longed androgen deprivation the risk of developing comorbidities, specifi cally 
diabetes and cardiovascular disease, is increased well above those of age matched 
controls [ 74 ]. This risk was especially high among those patients who already had 
signifi cant comorbidities prior to treatment. 

 The risks of  long-term morbidity   from prostate cancer treatment need to be con-
sidered by both the physician and patient prior to initiating screening. Several 

1 History of Prostate-Specifi c Antigen, from Detection to Overdiagnosis



12

groups have attempted to better defi ne those patients suitable for treatment and 
screening. Using data from the PCOS, Daskivich et al. have published their fi ndings 
in an attempt to better understand competing risk for mortality in patients with pros-
tate cancer [ 75 ]. The cumulative incidence of other cause mortality at 14 years was 
modeled based on comorbidities (Table  1.2 ). Prostate cancer mortality at 14 years 
using the same analysis was 5, 8, and 23 % for men with low-, intermediate-, and 
high-risk disease respectively using the D’Amico classifi cation [ 76 ].

       The Evolution of  Prostate Tumor Markers   

 While the exact role for PSA, especially in regard to screening, continues to evolve, 
the ongoing development of even more specifi c and ideally more applicable tumor 
markers for prostate cancer continues to progress. Many of these improvements sur-
round PSA itself. Of these, the prostate health index, which is an assay using the 
concentration of a molecular isoform of free PSA, total PSA, and proPSA, has a 
greater specifi city than total PSA or percentage-free PSA in select patients [ 78 ]. 
Addition of the four kallikrein protein assay has shown promise in being able to 
discriminate patients at risk for high grade prostate cancer [ 79 ]. Many of these assays 
are being introduced and appear to be making a clinical impact in the management 
and diagnosis of prostate cancer patients with a particular focus on their integration 
into screening algorithms. How they will compare to the current methods for screen-
ing and diagnosis will need to be investigated in randomized  trials   [ 80 ].     
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