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Abbreviations and Acronyms

ASTRO

=

American Society for Therapeutic Radiation and Oncology

AUA

=

American Urological Association

BPH

=

benign prostatic hyperplasia

cm

=

centimeter

CT

=

computed tomography

DRE

=

Digital Rectal Examination

ERSPC

=

European Randomized Study of Screening for Prostate Cancer

mg

=

milligram

mL

=

milliliter

MRI

=

magnetic resonance imaging

MRS

=

magnetic resonance spectroscopy

NCI

=

National Cancer Institute

ng

=

nanogram

PCPT

=

The Prostate Cancer Prevention Trial

PIN

=

Prostatic intraepithelial neoplasia

PSA

=

Prostate-specific antigen

PSADT

=

PSA doubling time

PSAV

=

PSA velocity

TURP

=

transurethral resection of the prostate

TZPSAD =

PSA density of the transition zone

US

United States

=
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Abstract
Prostate cancer is the most common noncutaneous cancer in men in the United States (US).
Despite its prevalence, the natural history of this disease is remarkably heterogeneous. In many
patients, the cancer progresses slowly, resulting in tumors that remain localized to the prostate
gland. Although potentially life-threatening, such cancers are most often curable. Many patients
with low grade and volume cancers may be candidates for active surveillance. In other patients,
however, tumor growth may be more rapid, resulting in cancer spreading beyond the confines of
the prostate. In such cases, long-term survival may be considerably diminished compared to
survival associated with organ-confined cancers. Strategies for managing prostate cancer have
therefore been aimed at early detection, with selective, tailored treatment.

Prostate-specific antigen (PSA) is a tumor marker currently used for early detection of prostate
cancer. Measurement of serum PSA levels has significant clinical application in other areas of
prostate disease management. The purpose of this report is to provide current information on the
use of PSA testing for: (1) the evaluation of men at risk for prostate cancer, (2) the risks and
benefits of early detection (3) assistance in pretreatment staging or risk assessment, (4) posttreatment monitoring, and (5) use as a guide in management of men who recur after primary or
secondary therapy. The report is an update of the previous American Urological Association
(AUA) PSA Best Practice Policy 2000. There are 2 notable differences in the current policy.
First, the age for obtaining a baseline PSA has been lowered to 40 years. Secondly, the current
policy no longer recommends a single, threshold value of PSA which should prompt prostate
biopsy. Rather, the decision to proceed to prostate biopsy should be based primarily on PSA and
Digital Rectal Examination (DRE) results, but should take into account multiple factors
including free and total PSA, patient age, PSA velocity, PSA density, family history, ethnicity,
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prior biopsy history and comorbidities. In addition, although recently published trials show
different results with regard to the impact of prostate cancer screening on mortality, both suggest
that prostate cancer screening leads to overdetection and overtreatment of some patients.
Therefore, the AUA strongly supports that men be informed of the risks and benefits of prostate
cancer screening before biopsy and the option of active surveillance in lieu of immediate
treatment for certain men newly diagnosed with prostate cancer.

The following updated statement is based on a review of the current professional literature,
clinical experience and the expert opinions of a multispecialty panel convened by the AUA. It is
intended to serve as a resource for physicians, other health care professionals, and patients. It
does not establish a fixed set of guidelines, define the legal standard of care or pre-empt
physician judgment in individual cases. It is also recognized that this guideline will likely change
in response to new information. The AUA will carefully monitor new developments in the field
and revise these guidelines as necessary.

Introduction
PSA is a glycoprotein produced primarily by the epithelial cells that line the acini and ducts of
the prostate gland. PSA is concentrated in prostatic tissue, and serum PSA levels are normally
very low. Disruption of the normal prostatic architecture, such as by prostatic disease,
inflammation, or trauma, allows greater amounts of PSA to enter the general circulation.
Elevated serum PSA level has become an important marker of many prostate diseases –
including benign prostatic hyperplasia, prostatitis, and prostate cancer, the focus of this
document. Prostatic intraepithelial neoplasia (PIN) does not appear to raise serum PSA levels.1,2
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The Use of PSA for Early Detection of Prostate Cancer
Prostate cancer is the most common noncutaneous cancer in men in the US, and the second
leading cause of male cancer mortality, accounting for an expected 28,660 deaths in 2008.3 The
natural history of this disease is remarkably heterogeneous and, at this time, is not clearly and
consistently understood. An analysis of autopsy studies has shown that approximately one in
three men over the age of 50 years had histologic evidence of prostate cancer, with up to 80% of
these tumors being limited in size and grade and, therefore, clinically insignificant.4, 5 A recent
study of incidental prostate cancer diagnosed in organ donors found prostate cancer in 1 in 3 men
age 60-69, and this increased to 46% in men over age 70.6 Fortunately, the lifetime risk of
prostate cancer death is only about 3%.7
Some studies have found that a large proportion of patients diagnosed with clinically localized
prostate cancer who did not receive early aggressive treatment still had favorable clinical
outcomes and normal life expectancies.8-10 Most of these studies included an older population of
men as well as a larger proportion of men with low-grade tumors. Although outcomes can be
worse with extended follow up,11 the general disparity between the high prevalence of prostate
cancer and the relatively low lifetime risk of prostate cancer death highlights the importance of
distinguishing those cancers that are destined to cause significant illness and premature death
from those that are not.

PSA testing is one of several measures that can be used for the characterization and risk
assessment of prostate cancer prior to therapy, as well as for the development of treatment
recommendations (Figure 1). Other such measures include Gleason score, clinical stage, tumor
volume as measured by biopsy, number of positive biopsy cores, extent of cancer within the
Copyright © 2009 American Urological Association Education and Research, Inc.®
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cores, and imaging.12-16 The use of PSA testing for the early detection of prostate cancer remains
controversial, however, owing to its biological variability, high prevalence, and the strong
evidence for overdiagnosis and overtreatment.17, 18
There has been a gradual but steady decline in prostate cancer mortality in the U.S. of
approximately 30%.19 This trend began fairly soon after the introduction of PSA testing, there is
evidence from statistical modeling studies that PSA testing has played a role.20-22 Screening
with PSA is responsible for a substantial shift towards detection of prostate cancer at earlier
stages.23 Moreover, recent evidence from both a randomized trial in Sweden and a wellcontrolled cohort study in the U.S. indicate that active treatment of clinically localized prostate
cancer may reduce prostate cancer specific mortality.24, 25 Data from observational studies in the
US and Austria also suggest an association between PSA screening and decreased prostate
cancer specific mortality.26, 27 These conclusions have not been supported in all studies,
however. A recent randomized trial of prostate cancer screening with PSA, the European
Randomized Study of Screening for Prostate Cancer (ERSPC), demonstrated only a modest 20
percent relative reduction in prostate cancer deaths among those screened when compared to
those that were not at 9 years.17 In this study, it was estimated that 1410 men would need to be
screened and 48 men treated for prevention of one prostate cancer death over 10 years.
Similarly, the Prostate, Lung, Colon, and Ovary Trial of the National Cancer Institute (NCI)
found no difference in prostate cancer deaths at 7-10 years of follow-up when comparing those
screened to those that were not.28 The results of this study should be reviewed with some caution
as acknowledged by the authors. Many men (approximately 44%) in the experimental and
control groups had undergone PSA testing previously, before entry into the trial. Such prescreening could have eliminated some cancers, which would have been detectable in the
Copyright © 2009 American Urological Association Education and Research, Inc.®
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randomized population. Importantly, screening in the control group was very substantial (52% in
the sixth year) which could have masked a modest impact of screening on mortality. Indeed, the
level of screening in the control arm may have been higher as the vast majority of cancers
detected were stage I or II at diagnosis. Such cancers are usually detected by PSA and/or DRE.
Lastly, follow-up for both trials may not be long enough to detect a benefit for screening given
the protracted natural history of many prostate cancers. Thus, it is still not clear that prostate
cancer screening results in more benefit than harm. Longer follow-up in these randomized trials
will be necessary to address the balance of benefits and harms of screening for prostate cancer.
It should be pointed out that these trials used a single cut-point of serum PSA to prompt a biopsy,
a different strategy than is proposed in these updated guidelines.
Given the uncertainty that PSA testing results in more benefit than harm, a thoughtful and broad
approach to PSA is critical. Patients need to be informed of the risks and benefits of testing
before it is undertaken. The risks of overdetection and overtreatment should be included in this
discussion. Because there is now evidence from a randomized, controlled trial regarding a
mortality decrease associated with PSA screening, the AUA is recommending PSA screening, as
proposed in this document, for well-informed men who wish to pursue early diagnosis. The AUA
recommends that all discussions of treatment options include active surveillance as a
consideration, since many screen-detected prostate cancers may not need immediate treatment.
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Candidates for early detection testing:
Baseline PSA age 40 years with anticipated lifespan of 10 or more years

What tests should be offered?
Prostate specific antigen

and

Digital rectal examination

Family history, race, PSA history, prior biopsy

1. DRE abnormal/PSA low
for age (consider possible
causes: prostate cancer, BPH,
infection, trauma, etc)
2. PSA high for age or
3. DRE abnormal and PSA
high

Counsel patient regarding both
risks and benefits of biopsy

Biopsy done,
extended, local
anesthesia

Biopsy
positive

Both tests are low /not suspicious

Return regularly for PSA and
DRE

Biopsy not done

Biopsy negative

Management
discussion and risk
assessment

Active surveillance
or Treatment

Figure 1: Early Detection
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1. The goal of early prostate cancer detection.
The goal of early detection is to reduce the overall morbidity and mortality of prostate cancer.
The ERSPC trial has demonstrated that screening decreases the risk of being diagnosed with
metastatic prostate cancer29 and that screening is associated with a modest 20 percent reduction
in prostate cancer deaths, albeit at a cost of overdiagnosis and overtreatment.17 Studies have
shown that long-term survival is considerably diminished in men diagnosed with prostate cancer
that has already spread beyond the confines of the prostate to regional lymph nodes or to more
distant sites. In general, the outcomes for such cases are less likely to be improved by therapy
than lower volume or grade tumors, although patients with very advanced cancer benefit from
treatment, often in combination with androgen deprivation.12, 30
2. The proportion of clinically significant prostate cancer detected with PSA is
unknown.
There is currently no universally accepted definition of clinically significant or insignificant
prostate cancer. Ideally, such a determination would be made using pretreatment variables,
thereby facilitating an informed discussion that might obviate unnecessary or aggressive therapy
in certain patients. Previous studies have focused on measures such as cancer volume, stage, and
histologic grade.31-35 More recently, investigators have shown that the number of biopsies
showing cancer, as well as the extent of cancer in individual cores, may both be helpful in
assessing the likelihood of insignificant disease.36-38 Various risk assessment tools (i.e.
nomograms, probability tables, etc) can also be used to help determine the likelihood of
pathologic outcomes and recurrence free survival after treatment.14-16, 39, 40
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Tumor grade appears to be the strongest prognostic factor, although such assessments, even from
multiple biopsy specimens, are subject to sampling errors.31, 34 The most common system
currently in use is the Gleason grading system.41 The pathologist assigns a primary grade from 1
to 5, with 5 being the most aggressive, to the pattern occupying the greatest area of the specimen.
A secondary grade is then assigned to the pattern occupying the second largest area. These two
grades are added to determine the Gleason score, which ranges from 2 to 10. It is generally
agreed that tumors with a Gleason score of 2 to 4 are very uncommon and have lower biological
aggressiveness, while scores of 5 to 6 have an intermediate aggressiveness, and those with a
Gleason score ≥7 or primary Gleason 4 or 5 are biologically aggressive tumors.42 It should also
be noted that Gleason 4/3 cancers are more aggressive than 3/4 cancers and such groups should
not be combined.43, 44 Some have suggested adding a “tertiary” grade,45 especially since, in
recent years, reported Gleason grades have encompassed a narrower range, and thus may have
lost some of their prognostic value. Over time, the classification of Gleason grade by
pathologists has changed, with contemporary Gleason scores being higher than those classified
in the past. This is responsible for the rarity of tumors classified as Gleason sum ≤5.46

The volume of cancer that predicts clinical significance is of great debate. Many have defined
tumor volume exceeding 0.5 mL to be clinically significant, although this is not well validated.
Tumors with a volume between 0.5 to 1.9 mL are often, but not always, associated with higher
PSA values and are more likely to progress if left untreated or exhibit spread beyond the prostate
(extraprostatic disease).47-49 No currently available noninvasive imaging method can
consistently and reliably measure tumor volume.
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Epstein and colleagues suggested that 4 criteria could predict for the presence of insignificant
cancer : tumor volume < 0.5 cm3, PSA density <0.15, no pattern 4 or 5 Gleason grade disease,
involvement of less than 3 mm of tissue, and involvement of only one needle core.34 A recent
European study highlights the fact that this grouping of aggressiveness is only a rough
approximation, however, and found that these criteria can underestimate the aggressiveness of
the tumor in up to 24% of cases.50

Due to the profound stage migration which has occurred as a result of widespread PSA
screening, most men diagnosed with prostate cancer in the US each year will have clinically
localized disease.51-53 Whereas 19.2% of patients presented with locally advanced disease in
1988, only 4.4% of patients presented with clinical stage T3 or T4 a decade later.54 Although
poor prognostic features do not always indicate a poor outcome or ultimate death from the
disease, they do correlate with a significantly greater chance of disease progression. Also of note,
autopsy studies have found capsular penetration, lymph node spread, and poorly differentiated
tumors in a limited number of patients with no clinical suspicion of prostate cancer.55
Accumulated data suggest that combinations of preoperative data, including PSA level, clinical
stage, and Gleason score from biopsy, can significantly enhance the ability to predict actual
pathologic stage and outcome following treatment.14-16, 56

3. Men who wish to be screened for prostate cancer should have both a PSA test
and a DRE.
Researchers agree that the introduction of PSA testing led to a dramatic increase in the number
of men diagnosed with prostate cancer, with peaks in 1991 for men over age 65 and in 2002 for
Copyright © 2009 American Urological Association Education and Research, Inc.®
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men under age 65.3, 57 Subsequently, prostate cancer incidence rates in the US have fallen
somewhat, but they are still twice the rates recorded prior to the introduction of PSA testing.
Most prostate cancers detected in the US are identified on the basis of PSA testing.
Prior to 1987 (pre-PSA era), as many as 35% of all patients with apparent clinically localized
disease were found to have positive lymph nodes at surgery, and two-thirds were found to have
pathologically advanced disease.58, 59 As a consequence of PSA testing, there has been a
significant stage shift in favor of localized disease.60, 61 Forty eight percent of prostate cancers
diagnosed in the US today are clinical stages T1a to T1c, and 85% are clinically localized at the
time of diagnosis.19
While PSA level measurement is currently the best single test for early prostate cancer detection,
DRE can also identify men with the disease. Evidence from three uncontrolled studies suggests
that combining both tests improves the overall rate of prostate cancer detection when compared
to either test alone.62-64 Recent evidence from the ERSPC found that DRE did not improve
prostate cancer screening over PSA testing alone, however.65 Finally, DRE examination may be
a barrier to screening for some.66 Transrectal ultrasonography adds no additional information to
the combination of PSA testing and DRE as screening tests, but is useful in biopsy guidance and
staging.9, 67

The widespread use of PSA testing has caused many men to be diagnosed with prostate cancer
much earlier in their lives when compared to the pre-PSA era. Gann et al originally estimated
that the mean lead time associated with PSA testing was 5.5 years.68 More recently, Draisma et
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al published a model based on data from the ERSPC suggesting that prostate cancer diagnosis
was advanced by as much as 10 years among men aged 55, and by five years for men aged 75.69

Unfortunately, prostate cancer poses an epidemiologic conundrum. Recent studies have shown
that the lifetime risk of prostate cancer diagnosis is about 16%, but the lifetime risk of dying
from this disease is only 3.4%.19 Thompson et al reported an extraordinarily high prevalence of
prostate cancer among 2950 healthy men participating in a prostate cancer chemoprevention
study comparing finasteride versus placebo.70 All of these men had PSA levels below 3.0 ng/mL
at the start of the study, and all of the men studied had PSA levels that remained below 4.0
ng/mL during the seven years of follow-up. Remarkably, 6.6% of the men whose PSA measured
less than 0.5 ng/mL had prostate cancer, and 26.9% of the men with PSA levels between 3.1 and
4.0 ng/mL had prostate cancer. Thus, of these men, whose PSA was previously thought to be
‘normal’, 15% were found to have cancer. However, it remains unknown what proportion of
these cancers includes clinically significant disease.71
These findings highlight a difficult paradox. A significant proportion of men harbor small foci of
latent prostate cancer, many of which are not destined to become clinically significant.
Widespread, repeated PSA testing has raised a concern over the possible overdetection of
prostate cancer. Overdetection refers to the ability of a screening test to identify a condition that
would have remained silent and caused a patient no morbidity during his lifetime. This is in
contrast to overtreatment, although in the US these two are unfortunately often linked, in some
cases to the detriment of patient quality of life. For example, despite a decrease in risk category
of disease at the time of diagnosis, approximately 90% of men still elect some type of
intervention, including surgery, radiation therapy, or androgen deprivation.52 Epidemiologists
Copyright © 2009 American Urological Association Education and Research, Inc.®
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have long known that the initial use of a screening test in a population will more frequently
identify relatively slow growing tumors as compared to aggressive tumors. This is often referred
to as length time bias. With repeated testing in a population, this length bias diminishes, and
diminishes at a faster rate when intervals between repeat tests are shorter. However, the
likelihood of detecting smaller, more indolent tumors that will never progress to clinical
significance remains high. Draisma et al have estimated that at age 55 years, PSA testing results
in an overdetection rate of 27%.69 By age 75, the rate of overdetection increases to 56%.
Similar concerns have been raised by others.72, 73
Although testing for PSA involves obtaining only a blood test, several subsequent events must be
considered before the test can be considered innocuous. A positive test result affects patients
both mentally and physically even if a patient chooses not to proceed to prostate biopsy.74 In
most instances, a positive test leads to a transrectal ultrasound and prostate biopsy. Although the
procedure is uncomfortable, it is well tolerated by most men and usually is performed as an
office procedure, often under local anesthesia. The risks of biopsy are small but not
insignificant. Significant bleeding and infection occur in 1% to 4% of patients who undergo
biopsy.75-77
Although the psychological stress of diagnosis alone cannot be overlooked, most of the
morbidity associated with PSA testing is related to the treatment procedures currently available
to those found to have prostate cancer,. In men with clinically significant prostate cancers,
complications associated with treatment are most often considered acceptable if the treatment
prolongs life or reduces morbidity from the disease. In men who harbor indolent disease or
disease that is not likely to become symptomatic during the patient’s lifetime, however, any
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morbidity from treatment likely lowers quality of life and should be considered a potential harm
associated with PSA testing. Problems include urinary, bowel, and erectile dysfunction, as well
as emotional distress and anxiety due to a cancer diagnosis and subsequent decision making and
treatment.78

4. A variety of factors can affect PSA levels and should be considered in the
interpretation of results.
The three most common prostatic diseases – prostatitis, benign prostatic hyperplasia (BPH), and
prostate cancer – can all be associated with elevated serum PSA levels. Treatment with
antibiotics will decrease PSA by approximately 30% in men whose PSA elevation is due to
prostatitis alone.79, 80 Other factors that are known to cause elevations in PSA levels include
urethral or prostatic trauma, and infection.81, 82 It is therefore important to take a careful medical
history prior to assessing the PSA value in a patient. Surgical castration or medical castration
(with LHRH-agonist or antiandrogen therapy) will often lower PSA levels dramatically.
Finasteride (5 mg dose) and dutasteride (.5 mg dose), 5-alpha reductase inhibitors used for the
treatment of BPH and male pattern baldness (1 mg dose of finasteride), will lower PSA levels by
approximately 50% regardless of the dose.83 For screening purposes, PSA levels should be
adjusted in patients taking 5-alpha reductase inhibitors to estimate the true PSA level. In the The
Prostate Cancer Prevention Trial (PCPT) trial men receiving finasteride for less than four years,
a PSA multiplier was employed. At the beginning of a patient’s fourth year on the drug, the PSA
level was multiplied by 2.3 from then onward.84
Ejaculation and DRE have been reported to increase PSA levels but studies have shown the
effects to be variable or insignificant.85, 86 For this reason, PSA testing can be performed with
Copyright © 2009 American Urological Association Education and Research, Inc.®
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reasonable accuracy after rectal examination. Prostate biopsy, however, will usually cause
substantial elevation of PSA levels. PSA testing should be postponed for at least three to six
weeks due to this effect.87 Cystoscopy may increase PSA levels immediately after testing,
although results remain contradictory.87-92 Hemodialysis and peritoneal dialysis have not been
found to alter total serum PSA levels significantly; therefore, total serum PSA levels of patients
with end-stage renal disease need no adjustment.93-95 Free serum PSA is altered by hemodialysis
and should not be used for screening in these patients.
Lastly, short term fluctuations in PSA, due to one of the reasons given above, or to simple
laboratory variability, can lead to inappropriate biopsy and potential overdetection of indolent or
small-volume cancer. Laboratory variability can range from 20-25% depending upon the type of
standardization used. Assays using the 1999 World Health Organization standard yield results
20-25% lower than those using the Hybritech® standard. For this reason, it is important for
physicians and patients to know which assay was used and to use the same assay for longitudinal
monitoring. PSA assays are not interchangeable and there is no acknowledged conversion factor
between them.96-98 Therefore, consideration should be given to confirming an abnormal PSA
before proceeding to biopsy. This is especially true if a normal DRE is combined with either low,
but abnormal PSA levels (i.e. <5 - 6 ng/mL), or with abnormal, but limited fluctuations in PSA at
low levels (i.e. abnormal change in velocity with normal, baseline total PSA level). DRE
screening may also produce serendipitous findings of prostate cancer if a biopsy is positive from
a region other than the one felt to be abnormal.99-100

Copyright © 2009 American Urological Association Education and Research, Inc.®

18

5. For patients choosing to undergo PSA testing, several important questions
arise regarding the PSA test’s performance for detection of prostate cancer.
PSA testing in patients with a serum PSA level above 4.0 ng/mL has a sensitivity of about 20%
in contemporary series.101 One way to improve sensitivity of PSA is to use a lower threshold
value for all men. Doing so improves the likelihood of detecting cancers, including some
aggressive tumors that are present at PSA levels below 4.0 ng/mL, but also risks the detection of
clinically-insignificant tumors. Another way to improve sensitivity is to adjust the “threshold”
PSA level to a lower value for younger men (age-specific or age-adjusted PSA). Men in their 40s
that are cancer-free, for example, most likely have a serum PSA value of 2.5 ng/mL or less.102
Assessment of PSA kinetics, PSA doubling time (PSADT) or PSA velocity (PSAV), has been
used to assess both cancer risk and aggressiveness. PSAV is primarily used to detect prostate
cancer, whereas PSADT is primarily used in the post treatment setting as a surrogate marker of
outcome. Some investigators have suggested that a PSA rise of 0.75 ng/mL or greater in a year is
reason for concern in patients with a PSA level >4.0 ng/mL.103 While a PSAV of 0.75 ng/mL
per year has been recommended for men with PSA values between 4-10 ng/mL, several studies
suggest that lower PSAV thresholds of 0.4 ng/mL per year may improve prostate cancer
detection for younger men and for those with PSA levels below 4.0 ng/mL.40, 104-106 To correctly
measure PSAV, use of at least three PSA values over a time period of at least 18 months is
recommended.40, 106 Estimating PSAV with values spread over a longer interval is problematic
because when significant prostate cancer is present, PSA increases exponentially and a linear
estimate of PSA slope is less valid. The problem of using linear regression to estimate the slope
of an exponentially rising PSA can be easily overcome by calculating an average PSAV between
3 measures (the annualized PSAV between the first 2 measures plus the annualized PSAV
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between the second 2 measures divided by 2). Some have suggested that PSAV cutpoints should
be lowered and age adjusted. Age-adjusted PSA velocities with threshold values of 0.25
ng/mL/yr in men ages 40 to 59, 0.5 ng/mL/year in men ages 60 to 69, and 0.75 ng/mL/year for
men over 70 years of age have been propose.104 Both age-specific PSA and age-specific PSAV
will increase the number of cancers detected, and both will also increase the number of younger
men undergoing biopsy. However, when added to total PSA, PSAV was not shown to be a useful
independent predictor of positive biopsy, in the ERSPC and PCPT trials, or in other analyses.97,
107, 108.

The specificity of PSA testing is approximately 60% to 70% when the PSA cutoff level is >4.0
ng/mL.109 Several methods have been suggested to increase PSA specificity for prostate cancer
and thereby reduce the number of unnecessary biopsies. Only about one prostate biopsy in four
currently finds prostate cancer.110 One method to improve PSA specificity is to set higher
“normal” PSA levels for older men. Because serum PSA tends to increase with age, the use of
higher “normal” levels for older men results in fewer biopsies.111 Some evidence suggests that
the use of age adjusted PSA increases the risk of missing high grade cancers in older men, and
may overdetect smaller volume/lower grade tumors in younger men.112 Table 1 shows several
published “normal” age ranges for PSA, based upon the ethnic background of the patient. As a
reference, age-specific, median PSA values are 0.7 ng/mL for men in their 40s, 0.9ng/mL for
men in their 50s, 1.2 for men in their 60s, and 1.5 for men in their 70s.113
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Table 1. Age-Specific Reference Ranges for Serum PSA111
Reference Range
Age Range
Asian-Americans
African-Americans

Whites

40-49 yr
50-59 yr
60-69 yr
70-79 yr

0-2.5 ng/mL
0-3.5 ng/mL
0-4.5 ng/mL
0-6.5 ng/mL

0-2.0 ng/mL
0-3.0 ng/mL
0-4.0 ng/mL
0-5.0 ng/mL

0-2.0 ng/mL
0-4.0 ng/mL
0-4.5 ng/mL
0-5.5 ng/mL

Other methods of improving PSA specificity take advantage of the fact that PSA exists in the
blood in two fractions, one bound to plasma proteins (complexed) and the other in a free state.
Benign prostate tissue contains more free PSA than prostate cancer tissue. Patients with prostate
cancer tend to have lower free/total ratios, whereas men with benign disease have higher
free/total ratios, except in the case of prostatitis.114 Using the ratio of free/total PSA will reduce
the number of biopsies in men with serum PSA levels between 4.0 and 10.0 ng/mL.115, 116 A
recent meta-analysis of the performance characteristics of free/total PSA ratio concluded that
only under certain defined situations does this ratio contribute more effectively as an adjunct to
primary prostate screening with total PSA.117 It appears from this analysis that percent free PSA
adds modest clinical value in the 4.0 to 10.0 ng/mL total PSA range only when percent free PSA
appears at extreme values, i.e., less than 7% to 10% and higher than 20% to 25%.115-118 When
free PSA is less than 7% to 10%, the sensitivity is approximately 40% and the specificity ranges
between 72% and 92%. The performance characteristics can be significantly altered by utilizing
a threshold of 20% to 25%, providing a sensitivity between 90% and 95%.
Some studies have assessed the use of complexed PSA as an alternative test to total PSA for
early prostate cancer detection.119-122 The majority of studies report an increased specificity and
thus a decrease in the number of unnecessary biopsies utilizing complexed PSA in the total PSA
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range of 2.5 to 6.0 ng/mL. Equivalency for complexed PSA at higher total PSA levels up to 10.0
ng/mL has been reported, as well as equivalency between the ratios of free and complexed PSA
to total PSA. The optimal cut-off points which would prompt a biopsy, whether for free/total
PSA or for complexed PSA, are not known with certainty at present.123
Adjusting for total prostate or transition zone volume may improve PSA specificity. Since larger
prostates produce larger amounts of PSA, adjusting the normal value for the size of the prostate
(PSA density = PSA/gland volume) can reduce the number of biopsies performed.124, 125
Additionally, compared to total PSA, PSA density of the transition zone (TZPSAD) may have
increased specificity for prostate cancer when sensitivity is held constant.121 When sensitivity is
varied, TZPSAD of 0.37 ng/mL can identify prostate cancer better than free/total PSA in men
with total PSA levels between 4.0 and 10.0 ng/mL.126 Historically, however, the decrease in
biopsies using PSA density has been associated with a decrease in cancer detection.127 In
addition, use of either PSA density or TZPSAD requires the use of transrectal ultrasound, which
is costly and may not have acceptable inter-operator reproducibility, especially for TZPSAD.
All four methods – age-adjusted PSA, free/total PSA ratio, complexed PSA, and PSA/TZPSAD
density – can be used to improve the sensitivity (detect more cancers) and/or specificity (avoid
unnecessary biopsies) of PSA testing. To what extent such methods will do either is heavily
dependent on the cut-points used and the subset of PSA levels to which they are applied.
The use of risk assessment tools can also be applied to prostate cancer screening and help
determine the need for biopsy. Several nomograms help estimate a man’s risk of harboring
prostate cancer at different PSA levels, and recently a risk calculator was published that uses
individual patient characteristics to predict his likelihood of having prostate cancer detected on
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biopsy.128-131 These tools take into account multiple patient variables to help determine the need
for prostate biopsy, rather than relying on an arbitrary threshold value, and facilitate discussion
of a patient’s individualized risk.

Because of potential tradeoffs between sensitivity and specificity, there is at present no
consensus on optimal strategies for using the different modifications of PSA testing.

6. When is a prostate biopsy indicated?
Although an abnormal DRE or an elevated PSA measurement may suggest the presence of
prostate cancer, cancer can only be confirmed by the pathologic examination of prostate tissue.
The Prostate Cancer Prevention Trial had demonstrated that there is no safe PSA value below
which a man may be reassured that he does not have biopsy-detectable prostate cancer. Instead,
there is a continuum of risk at all values, with higher values of PSA associated with a higher risk
of prostate cancer (Table 2). Because of this, the AUA is not recommending a single threshold
value which should prompt prostate biopsy. The decision to proceed to prostate biopsy should be
based primarily on PSA and DRE results but should take into account multiple factors, including
free and total PSA, patient age, PSA velocity, PSA density, family history, ethnicity, prior biopsy
history and comorbidities. This is because the use of a specific PSA cutpoint in combination with
DRE alone can lead to an overestimation of risk in some and underestimation in others.132
Therefore, individualized risk assessment based on a variety of risk factors, as mentioned above,
may be a more appropriate way to characterize the risk, not only of prostate cancer, but also of
“significant” prostate cancer, in an individual patient. Some have estimated risk informally or
intuitively, whereas others have adopted formal risk calculators as described above. It should
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also be acknowledged that there are likely to be other serum markers, which will, in the future,
either replace or complement the use of serum PSA for prostate cancer early detection.133-138

Prostate tissue for diagnosis of prostate cancer can be obtained in several ways. The most
common method is by means of a transrectal, ultrasound-guided prostate biopsy, which is
usually performed as an outpatient procedure with local anesthesia. A standard biopsy scheme is
performed, consisting of at least 8 to 12 cores of tissue targeting the peripheral zone at the apex,
midgland, and base, as well as laterally directed cores on each side of the prostate. In cases
where extended or saturation biopsy schemes are indicated, additional tissue may be taken from
the anterior and transition zones of the prostate as well. Standard biopsy schemes have been
proven to identify more cancer at initial biopsy compared to sextant biopsies (6 biopsies taken
bilaterally at the apex, midgland and base), decreasing the false negative rate from 20% to 5%.139
After biopsy, blood in the stool or urine is common but usually disappears after a few days.
Blood in the semen can be seen for up to several months after biopsy. Infections requiring
prolonged antibiotics are uncommon and occur in less than 4% of biopsies.75-77 Saturation
biopsy, taking tissue from more than 20 locations, may be considered in men with persistently
elevated PSA levels and multiple previous negative prostate biopsies.140-142 An alternative to the
transrectal saturation biopsy approach is transperineal prostate biopsy, which is performed under
local, regional, or general anesthesia using a brachytherapy grid and transrectal ultrasound
guidance. Like transrectal saturation biopsy, this technique is reserved for patients with elevated
and/or rising PSA values and prior negative transrectal prostate biopsies. Percent positivity with
transperineal biopsy ranges from 37% to 43%.143, 144
It is important to note that as the presence of prostate cancer cannot be excluded on the basis of
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ultrasonography alone, there is no role for transrectal ultrasound by itself in screening for cancer.
Color Doppler ultrasound has been shown to have the potential for improving biopsy targeting,
but, like gray scale, does not substitute for a biopsy.145, 146 If a biopsy is indicated, based on the
criteria described previously, the biopsy should be performed irrespective of a “normal”
transrectal ultrasound examination.
Occasionally, prostate cancer may be detected when tissue is removed from the central portion of
the prostate, usually during surgery for BPH. Tissue may be removed transurethrally during
transurethral resection of the prostate (TURP) or through a transabdominal approach for larger
prostate glands. In these cases, prostate cancer is generally an incidental finding as it is usually
unsuspected prior to surgery. Of note, there are no data to support the idea that a TURP lowers
the risk of developing prostate cancer. Transurethral resection of the prostate in men with
negative transrectal biopsies, but persistently abnormal serum PSA levels, is rarely employed as
an early detection strategy.147

Table 2. A continuum of prostate cancer risk exists even at traditionally low
prostate-specific antigen (PSA) values.70
Relationship of PSA Level to Prostate Cancer Prevalence and High-Grade Disease.*
No. of Men
(N-2950)

Men with Prostate Cancer
(N-449)
no. of men (%)

Men with High-Grade
Prostate Cancer
(N-67)
no./total no. (%)

≤0.5 ng/mL

486

32 (6.6)

4/32 (12.5)

0.6-1.0 ng/mL

791

80 (10.1)

8/80 (10.0)

1.1-2.0 ng/mL

998

170 (17.0)

20/170 (11.8)

2.1-3.0 ng/mL

482

115 (23.9)

22/115 (19.1)

3.1-4.0 ng/mL

193

52 (26.9)

13/52 (25.0)

PSA Level

*High-grade disease was defined by a Gleason score of 7 or greater. The population above was restricted to men
with a PSA level of 4.0 ng per milliliter or less throughout the study.
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7. The serum PSA level is generally proportional to the risk of prostate cancer,
the extent of the cancer, and the long-term outcomes after treatment of the
cancer.
In addition to the two previously stated questions (Section 5) that might be asked by a man
undergoing PSA testing for prostate cancer, there is a third even more basic question: “What is
the likelihood that I have prostate cancer if I have a high PSA?” The answer depends on the level
of serum PSA and the rate at which it is rising
The average man older than age 50 years with a nonsuspicious DRE has about a 10% likelihood
of having biopsy-detectable prostate cancer if his serum PSA level is 0.0 to 2.0 ng/mL; 15% to
25% if the PSA level is 2.0 to 4.0 ng/mL; 17% to 32% if the PSA level is 4.0 to 10.0 ng/mL; and
43% to 65% if the PSA level is above 10.0 ng/mL.70, 116, 148, 149 Thus, there is no PSA level
below which a man can be reassured that prostate cancer does not exist. Because of this, the use
of risk assessment tools is an attractive alternative to a traditional threshold value.
Men with prostate cancer have higher PSAV values than those without prostate cancer.103, 104, 150152

On average, men without prostate cancer have a PSAV below 0.1 ng/mL/year,103 150, 151 and

the risk that prostate cancer is present increases directly with PSAV.
The PSA level and the rate at which it is rising are related to the extent and biological potential
of prostate cancer. The proportion of men with higher volume cancers, extraprostatic disease,
higher grade disease, and biochemical failure after treatment all increase as the PSA level
increases.129, 152-157 The proportion of men with pathologically organ-confined disease is about
80% when the PSA level at diagnosis is <4.0 ng/mL; about 70% when the PSA level is between
4.0 and 10.0 ng/mL; and about 50% when the PSA level is >10.0 ng/mL.153, 154 In addition, the
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proportion of men with metastases to the pelvic lymph nodes is around 5% when the PSA level
at diagnosis is 10.0 ng/mL or less, 18% when the PSA level is between 10.0 and 20.0 ng/mL, and
36% when the PSA level is above 20.0 ng/mL.155, 158
Extended lymph node dissection may identify a greater number of positive nodes, even at lower
PSA values.159, 160 Furthermore, even after accounting for age, race, grade, stage, and year of
surgery, the preoperative PSA level is significantly associated with the risk of biochemical
failure after surgical treatment of prostate cancer; for each 2-point increase in PSA level, the risk
of biochemical progression increases by approximately 2-fold.161 Biochemical recurrence of
cancer is evident within 10 years of surgery in approximately 10% of men with a preoperative
PSA level below 2.6 ng/mL, 20% when the PSA level is between 2.6 and 10.0 ng/mL, and 50%
when the PSA level is above 10.0 ng/mL.156, 157 161 Numerous investigators have found that the
integration of clinical stage, histologic tumor grade, and PSA level can further refine the ability
to predict outcomes after treatment for prostate cancer.
The PSAV prior to treatment of prostate cancer is also associated with the risk of prostate cancer
death after treatment.40, 106 When compared with men with a PSAV of 2.0 ng/mL/year or less in
the year before diagnosis, men with a PSAV above 2.0 ng/mL/year may have an approximate10fold greater risk of death from prostate cancer in the decade after radical prostatectomy.40
However, with longer follow-up, these conclusions could change. In an unselected cohort of
men participating in the Baltimore Longitudinal Study of Aging, a PSAV above 2.0 ng/mL/year
in the 2 years prior to diagnosis was associated with a similar risk of prostate cancer death,
compared to a PSAV of 2.0 ng/mL/year or less. However, 10 to 15 years before diagnosis (when
most men had PSA levels below 4.0 ng/mL) PSAV was associated with cancer-specific survival
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25 years later; cancer specific survival was 92% among men with PSAV of 0.35 ng/mL/year or
less, and 54% among men with PSAV above 0.35 ng/mL/year.106

8. The decision to use PSA for the early detection of prostate cancer should be
individualized. Patients should be informed of the known risks and the potential
benefits.
Prostate cancer mortality has recently been declining in the US. Analyses of this and other recent
trends in prostate cancer rates suggest that a number of factors may be responsible, one of which
may be the widespread use of PSA screening for the purpose of early detection.20 Based on a
randomized trial of prostate cancer screening, there appears to be a modest reduction in prostate
cancer mortality among those screened when compared to those that are not.17 In another
screening study, there was no difference in prostate cancer mortality when comparing men that
were and were not screened.28 However, there is a large amount of overdiagnosis and
overtreatment associated with screening17, 28 and at this point it is not possible to state that
screening is associated with more benefit than harm.
Advanced prostate cancer is associated with significant morbidity and mortality, including bone
pain, inanition, anemia, ureteral obstruction, and bone fractures. In addition, treatments that are
used to cure or slow the disease, or to ameliorate its complications, also have associated
toxicities. Active treatment procedures, such as surgery (radical prostatectomy), radiotherapy
(external beam radiation or interstitial prostate brachytherapy), cryotherapy or high-intensity
focused ultrasound for localized prostate cancer; all carry a risk of complications. Potential
complications of active treatments include erectile dysfunction, urinary incontinence or bother,
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analysis of symptoms in published literature after prostatectomy, external beam radiation, and
interstitial brachytherapy.162
Decisions regarding early detection of prostate cancer should be individualized, and benefits and
consequences should be discussed with the patient before PSA testing occurs. Not all men are
appropriate candidates for screening efforts for this disease. Ideally, physicians should consider a
number of factors, including patient age and comorbidity, as well as preferences for the relevant
potential outcomes. Screening in men with less than a 10-year life expectancy, either due to age
or comorbidity, is discouraged.162, 163 Some organizations have even recommended that
informed consent should be obtained prior to PSA testing.164

9. Early detection and risk assessment of prostate cancer should be offered to
asymptomatic men 40 years of age or older who wish to be screened with an
estimated life expectancy of more than 10 years.
Specialty groups (American Urological Association and American Cancer Society) have
recommended that early detection begin at age 50 years for men at average risk of prostate
cancer, and sooner for those men at higher life time risk (positive family history in a first-degree
relative, African American race). Although family history of prostate cancer confers a higher risk
of prostate cancer diagnosis, it is not associated with an increased risk of high-grade disease.
Among men in their 40s and 50s, a baseline PSA level above the median value for age is a
stronger predictor of future risk of prostate cancer than family history or race.165, 166 One way to
identify this high-risk group of men with a PSA level above the median value in their 40s is to
obtain a baseline PSA level at age 40, and then to determine future screening intervals based
upon this number. Men in their 40s with a PSA value above the median (0.6 to 0.7 ng/mL) are at
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higher risk for prostate cancer.165, 166
Although prostate cancer prevalence is low among men less than 50 years of age, there are a
number of reasons to offer early detection prior to age 50. First, the age adjusted mortality rate
for prostate cancer per 100,000 males (all races) between ages 55 and 64 is 18.19 Since death
from prostate cancer occurs, on average, 15 to 20 years after diagnosis of an early cancer, 11, 167
men dying at age 55 to 64 likely could have been cured by diagnosis and effective treatment
prior to age 50. Second, when compared to men more than age 50, younger men are more likely
to have curable prostate cancer.168-170 Third, measurement of the PSA level is a more specific
test for cancer in younger men compared to older men because prostatic enlargement is less
likely to confound the interpretation of the estimated PSA value.171 Fourth, infrequent testing of
men in their 40s and after age 50 might reduce prostate cancer mortality and the cost of
screening when compared to annual testing beginning at age 50.172 Finally, given the
relationship between PSAV and death from prostate cancer decades later, 106 establishing
baseline PSA values against which to compare future PSA measurements after age 50 could help
identify those men with life threatening prostate cancer at a time when cure is still possible.
The recommendation to perform PSA testing annually among men who decide to be tested is
also not evidence-based. However, there is strong evidence that rescreening intervals should be
based on the results of the PSA test since the future risk of prostate cancer is closely related to
the PSA level.68, 165 166, 173 For example, a screening interval of two years for men with PSA
levels of 2.0 ng/mL or less is unlikely to miss a curable cancer.174 Furthermore, recent analyses
from sections of the European Randomized Study of Prostate Cancer Screening suggest that
most cancers detected at two to four years after an initial screen (1st round) will be curable.175-179
Because of the long natural history of prostate cancer and the ability of PSA screening to
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uncover most cases of advanced life-threatening cancer at the initial screen, frequent screening
will contribute to the cumulative risk of undergoing a biopsy and appears unnecessary for most
men.
PSA screening is common among the elderly more than age 70 with limited life expectancies,163
and, in fact, more common among men more than age 70 than in men in their 50s.180-182
Because of the long natural history of most prostate cancers and competing causes of death,183
the benefits of screening may decline rapidly with age.184, 185 For example, among older men
over age 65 who were detected with low- to intermediate-risk prostate cancer in the PSA era, 200
men would need to be treated over 12 years to prevent one prostate cancer death.25 Conversely,
the median age of death from prostate cancer in the US is 80. A physician should assess the
individual patient’s health status to determine the appropriateness of PSA testing at any given
age. Recently, the U.S. Preventative Services Task Force issued guidelines which recommend
against screening men over age 75.182

While this recommendation estimates the age at which the average American male has ten years
or less life expectancy, individualization of this recommendation is warranted, especially in men
with excellent health, absence of comorbidities, and family longevity. The incidence of high risk prostate cancer in fact increases with age, accounting for 43% of cancers diagnosed in men
>75 vs. 25% among men <75.186 Additionally, there must be a distinction made between
screening for prostate cancer and treatment of prostate cancer. Diagnosis of prostate cancer in
this age group may be informative for a man’s overall health but may never require treatment
beyond active surveillance. Conversely, men with aggressive prostate cancer in this age group
should not be denied the opportunity for the diagnosis and treatment which could affect their
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length and quality of life. Once the concept of diagnosis automatically prompting treatment is
dispelled, the issue of prostate cancer screening in any age group becomes less controversial.
For a review on estimating treatment benefits for the elderly, see Welch et al, 1996.187

The Use of PSA Testing for Pretreatment Staging of Prostate Cancer
Routine radiographic staging, such as with bone scan, computed tomography (CT), or magnetic
resonance imaging (MRI), or surgical staging with pelvic lymph node dissection is not necessary
in all cases of newly diagnosed prostate cancer (Figure 2).188, 189 Clinical criteria can identify
patients for whom such staging studies are appropriate.
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Figure 2: Staging – Once Prostate Cancer is Diagnosed
1. Pretreatment serum PSA predicts the response of prostate cancer to local
therapy.
Accurate pretreatment staging is crucial in prostate cancer management. Serum PSA levels
correlate with the risk of extra-prostatic extension, seminal vesicle invasion, and lymph node
involvement. Patients with serum PSA levels of less than 10.0 ng/mL are most likely to respond
to local therapy.
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Pretreatment serum PSA is an independent predictor of response to all forms of therapy.
Nomograms incorporating pretreatment PSA are statistical models that use important variables to
calculate the probability of clinical endpoints, and have been useful in predicting outcomes of
prostate cancer treatment.15, 16
Pretreatment PSAV is an independent predictor of prostate cancer-specific and overall mortality
following therapy. For example, men with localized prostate cancer and a pretreatment PSAV
greater than 2.0 ng/mL/year may experience a significantly higher risk of cancer recurrence and
prostate cancer-specific mortality following surgery or external beam radiotherapy.39, 40

2. Routine use of a bone scan is not required for staging asymptomatic men with
clinically localized prostate cancer when their PSA level is equal to or less than
20.0 ng/mL.
An analysis of 23 studies examining the utility of bone scan found metastases in 2.3% of men
with PSA levels <10.0 ng/mL, 5.3% in men with PSA levels from 10.1 to 19.9 ng/mL, and
16.2% in men with PSA levels >20.0 ng/mL.190 The authors concluded that low-risk patients are
unlikely to have disease identified by bone scan. Accordingly, bone scans are generally not
necessary in patients with newly diagnosed prostate cancer who have a PSA <20.0 ng/mL unless
the history or clinical examination suggests bony involvement. As metastatic disease is
significantly more common in advanced local disease or in high-grade disease, and as some
high-grade prostate cancers have lower PSA values, it is reasonable to consider bone scans at the
time of diagnosis when the patient has Gleason 8 or greater disease, or stage ≥T3 prostate cancer,
even if the PSA is <10.0 ng/mL.190, 191
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3. Computed tomography or magnetic resonance imaging scans may be
considered for the staging of men with high-risk clinically localized prostate
cancer when the PSA is greater than 20.0 ng/mL or when locally advanced or
when the Gleason score is greater than or equal to 8.
Although this guideline is commonly used by the experts in the field, supporting data are
lacking. CT scan is not a useful staging procedure for the vast majority of patients with newly
diagnosed prostate cancer for whom the estimated incidence of positive lymph nodes is
approximately 5%.192-194 CT is rarely positive when the PSA is <20.0 ng/mL and is generally
reserved for men whose risk of lymph node metastasis is ≥20% by Partin table estimation.195
Additionally, several studies have found a correlation between Gleason score and
lymphadenopathy detected on imaging; 1.2% of patients with Gleason score ≤7 have detectable
lymph node enlargement on CT scan, compared to 12.5% in men with Gleason score ≥8 .190
However, it should be noted that many men with Gleason scores of 8-10 on biopsy, may be
downgraded based on examination of radical prostatectomy specimens.196 CT scan identification
of pelvic adenopathy depends upon lymph node enlargement, and the correlation between nodal
size and metastatic involvement is poor.197 Although the histologic incidence of positive pelvic
lymph nodes is substantial when PSA levels exceed 25.0 ng/mL, the sensitivity of CT scanning
for detecting positive nodes is only about 30% to 35%, even at these levels.193
For similar reasons, MRI scanning using a body coil is also not a useful staging procedure in the
vast majority of patients with newly diagnosed prostate cancer, because sensitivity is again
determined by lymph node size.198 Its sensitivity for detecting nodal metastases, as determined
from the analysis of seven studies using MRI, was only 36%.194 Endorectal coil MRI together
with magnetic resonance spectroscopy (MRS) for characterization of cancer stage and volume is
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still considered an investigational procedure, but has shown promise in preliminary studies.199, 200
MRS allows MRI technology to identify functional and metabolic abnormality.201 However,
imaging modalities of various types are being refined and will likely play a greater role in the
routine diagnosis, staging, treatment and post-treatment evaluation of prostate cancer in the
future.202, 203

4. Pelvic lymph node dissection for clinically localized prostate cancer may not
be necessary if the PSA is less than 10.0 ng/mL and the Gleason score is less
than or equal to 6.
Although pelvic lymph node dissection is often routinely performed in conjunction with radical
prostatectomy, its morbidity, even if limited, must be considered. This is especially true in cases
where it offers little additional information. A benefit to standard lymph node dissection has not
been conclusively shown.205 Several studies have shown increased sensitivity; in addition, that
there may be a recurrence and survival benefit associated with extended lymph node dissection,
especially in intermediate- to high-risk patients, even when all nodes are negative.205-208 In
extended lymphadenectomy, the area of additional dissection involves the region from the
external iliac vein to the internal iliac vein medially, and to the bifurcation of the common iliac
artery superiorly, rather than to just the obturator fossa.160 The benefit accruing to this more
extended dissection must be balanced against the potential for increased morbidity, however,
making careful patient selection critical.209
Measurement of pretreatment PSA level, supplemented with clinical stage and Gleason score
information, can identify a subset of patients in whom the incidence of nodal metastases is very
low (3% to 5%). Patients with a pretreatment PSA level <10.0 ng/mL and a Gleason score ≤6
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rarely have nodal metastases, and it may be appropriate to omit lymphadenectomy in this group.
These observations have been made in several large series of patients.56, 210-213

The Use of PSA in the Post-treatment Management of Prostate Cancer
1. Periodic PSA determinations should be offered to detect disease recurrence.
The early biochemical (PSA) detection of recurrence after definitive local therapy (Figure 3)
may prompt further treatment. The optimal strategy for such adjunctive therapy, including time
of initiation, remains uncertain, and it is the focus of ongoing clinical trials and study. Different
definitions of biochemical recurrence exist after surgery and radiation, making it difficult to
compare recurrence free survival by time period.214 To date, it is unknown whether survival is
altered by using PSA values to time the initiation of salvage therapy.215, 216 Treatment options
for recurrence following radical prostatectomy include surveillance, salvage radiation therapy,
other forms of focal therapy, androgen deprivation and enrollment in clinical trials evaluating
new therapies. Treatment options for recurrence after radiation therapy include surveillance,
androgen deprivation, cryotherapy, additional radiation (i.e. brachytherapy), and salvage radical
prostatectomy. Salvage therapies in both instances may be more effective if initiated early, but
the overall impact of any form of salvage therapy is currently the subject of much study. 217, 218

Copyright © 2009 American Urological Association Education and Research, Inc.®

37

Figure 3: Posttreatment Assessment and Management
2. Serum PSA should decrease and remain at undetectable levels after radical
prostatectomy.
A detectable PSA following radical prostatectomy is associated with eventual clinical disease
recurrence in some, but not all patients. It may also be due to the presence of benign glands.219
The AUA defines biochemical recurrence as an initial PSA value ≥0.2 ng/mL followed by a
subsequent confirmatory PSA value ≥0.2 ng/mL.220 However, a cut-point of 0.4 ng/mL may
better predict the risk of metastatic relapse.221 This cut-point was selected as a means of
reporting outcomes, however, rather than as a threshold for initiation of treatment. The median
interval from PSA recurrence to cancer death is between 5 and 12 years, depending upon the
Gleason score and PSA doubling time. The utility of “ultrasensitive” PSA testing has not been
established as yet. Although its use seems to distinguish between those who are less likely and
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those who are more likely to recur, there may be considerable variability and inconsistency of
results at low PSA levels.222, 223
3. Serum PSA should fall to a low level following radiation therapy, high intensity
focused ultrasound and cryotherapy and should not rise on successive
occasions.
Following radiation therapy, the PSA value should fall to a low level and then remain stable.
PSA values <0.2 are uncommon after external beam radiotherapy, which does not ablate all
prostate tissue. A consistently rising PSA level usually, though not always, indicates cancer
recurrence. The number of rises needed to define a failure has been a matter of debate, but a
consensus is emerging in support of the American Society for Therapeutic Radiation and
Oncology (ASTRO) definition of failure: three successive rises above nadir.224 More recently it
has been recognized that this endpoint is relevant only for external beam radiotherapy and even
then it is easily confounded by biological variability.

The change in PSA following interstitial prostate brachytherapy is complex. Over the first year,
the PSA level declines, then rises again in the second or third year in up to 40% of cases, only to
fall back to much lower values by year four.225-227 Although these rises (or “benign bounces”)
are generally small (<0.8 ng/mL), they can, on occasion, be as high as 10.0 ng/mL, and they may
last for 6 to 18 months. Their cause is uncertain, but they may correspond to infarction of the
prostate occurring as a late vascular effect of the radiation. The principal concern regarding the
benign bounce is that it may be confused with failure and lead to the initiation of unnecessary
additional therapy. Ironically, bounces may actually predict a particularly good ultimate
outcome.228 By the fifth year after interstitial prostate brachytherapy, the PSA level is <0.6
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ng/mL in 90% of patients who are clinically disease free. The median PSA level of these patients
is <0.1 ng/mL.229

A Consensus Committee was convened in Phoenix in 2005 to reconcile these differences and to
produce a universal definition of PSA failure after all forms of radiation therapy, with or without
androgen deprivation. The Committee arrived at the following conclusions: that any rise in PSA
level of 2.0 ng/mL or more, over and above the nadir, predicted true failure with great sensitivity
and specificity after both external beam radiotherapy and interstitial prostate brachytherapy,
irrespective of whether either of these treatments was accompanied by androgen deprivation. The
Consensus Committee also determined that the time of failure should not be backdated to the
first rise in PSA.230, 231 This endpoint, the “Phoenix Definition,” was designed to make
comparison between any radiation series possible but did not facilitate easy comparisons with
surgical series.232, 233 It was designed as a research tool, rather than as a trigger for a clinical
intervention. The Consensus Committee further noted that setting a “target PSA” was not
possible after external beam radiotherapy, although for interstitial prostate brachytherapy a PSA
level of <0.7 ng/mL at five years would be reasonable. They also commented that the PSA level
continues to decline more than five years after interstitial prostate brachytherapy, allowing for
even tighter definitions of failure with enough follow-up.
Less data exist to document PSA behavior after either cryotherapy or high-intensity focused
ultrasound.
4. PSA nadir after androgen suppression therapy predicts mortality
Though it has long been known that achievement of a low PSA nadir after hormonal therapy has
prognostic significance,233 234 there are now increasing data that quantitatively link this end point
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to survival. For patients with metastatic disease receiving androgen suppression therapy, failure
to achieve a PSA nadir of <4.0 ng/mL seven months after initiation of therapy is associated with
a very poor prognosis (median survival: approximately one year) whereas those patients with a
PSA nadir of <0.2 ng/mL have a relatively good prognosis (median survival: over six years). For
patients with PSA nadirs >0.2 and <4.0 ng/mL, the prognosis is intermediate (median survival of
44 months).235
Additional data to support the importance of PSA nadir following hormonal therapy are derived
from studies of patients with nonmetastatic disease. For patients with a PSA rise following
radical prostatectomy or radiation and no radiologic evidence of metastases, a PSA nadir of >0.2
ng/mL within eight months of androgen suppression is associated with a 20-fold greater risk of
prostate cancer-specific mortality as compared to those patients with a PSA nadir of <0.2
ng/mL.236 A PSA nadir of >0.2 ng/mL in the setting of a PSADT of <3 months is an ominous
finding. Taken together, these data clearly support the prognostic importance of the value of the
PSA nadir after androgen deprivation therapy and suggest that careful PSA monitoring after the
initiation of such therapy can effectively identify those patients with a poor prognosis.
For patients with hormone-refractory disease (defined as disease progression despite castrate
levels of testosterone), the relationship between PSA decline and prognosis remains
controversial. Despite multiple studies indicating that PSA declines of >50% correlate with
survival,237-239 large well-controlled studies have shown mixed results.240-242 Attempts to
establish PSA declines as a surrogate end-point for patients in this setting have not been
universally accepted and more investigation is necessary to create consensus. However, PSA
kinetics do appear to correlate with outcomes in this group of patients.243
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5. Bone scans are indicated for the detection of metastases following initial
treatment for localized disease but the PSA level that should prompt a bone scan
is uncertain. Additional important prognostic information can be obtained by
evaluation of PSA kinetics.
For patients with a rising PSA level after surgery or radiation for localized prostate cancer, the
estimate of total PSA alone is an imperfect predictor of a positive bone scan. In studies where
bone scans have been positive in this setting, PSA values have averaged between 30.0 and 140.0
ng/mL.244-247 For this reason, the lowest PSA value at which bone scans will always be positive
is uncertain. Several analyses247,248 indicate that the rate of PSA change is an additional critical
variable in this setting. For men with a PSA doubling time >6 months and a serum PSA <10.0
ng/mL, the probability of a positive scan is extremely low (less than 1%); however for patients
with a PSADT of <6 months, there is approximately a 10% chance of a positive bone scan.
Nomograms have been constructed which predict the likelihood of a positive bone scan using a
combination of PSA kinetics and PSA values.248 Thus, the use of routine bone scans in the
setting of a PSA rise following local therapy is not justified, particularly for those with a PSADT
of >6 months and a PSA value of <10.0 ng/mL.

6. The kinetics of PSA rise after local therapy for prostate cancer can help
distinguish between local and distant recurrence.
Distinguishing local from distant recurrence is problematic after local treatments as most patients
with a PSA rise have a negative physical exam and noninformative imaging tests. A positive
biopsy in the prostate (postradiation) or at the anastomotic site (postradical prostatectomy) may
not be the only reason for the rise in PSA, as a distant recurrence may also be a contributing
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factor. Accordingly, other variables are necessary for assessment. Perhaps the best method to
assess for local recurrence after radical prostatectomy is to review the prognostic variables
associated with durable responses to salvage radiation therapy. Pooled data from multiple centers
indicate several variables in the salvage radiation setting that are predictive of a durable response
to salvage radiation.249 These variables include pathology findings at the time of surgery
(seminal vesicle or margin positivity), PSA doubling time, PSA level at the beginning of
radiation, and Gleason score. The PSA recurrence-free interval and the pre-operative PSA level
are not thought to be consequential in predicting durable responses to radiation in this setting.
Using these variables, one can risk-stratify patients into those more and less likely to respond to
radiation. Of note, a positive post radical prostatectomy anastomotic biopsy does not
independently predict positive responses to salvage radiation, thus calling into question the value
of this procedure.250
Even patients with multiple adverse risk factors may respond to salvage radiation, especially
those with positive surgical margins receiving treatment when the PSA is low (i.e. 0.5 to 1.5
ng/mL) and slowly rising.251 Given that salvage radiation is the only potentially curative
treatment in this setting, such patients should strongly consider radiation.252 Whether or not
radiation administered with concomitant androgen suppression is superior to radiation alone is an
unsettled issue.
Predictors of favorable response to postradiation salvage prostatectomy are less well defined
compared with those for salvage radiation following radical prostatectomy. Recurrent disease
noted on prostate biopsy, PSA less than 10.0 ng/mL (preferably PSA less than 5.0 ng/mL), a
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clinically localized cancer (ie T1C or T2), and no evidence of metastases on prior evaluation or
pre-operative imaging are reasonable criteria for consideration.253, 254
Excellent data now indicate that patients with a long PSADT (>15 months) have a low likelihood
of prostate cancer-specific mortality over a 10 year period,255 and active surveillance may be
considered for those with a life expectancy of <10 years. In contrast, patients with a PSADT <3
months have a median overall survival of 6 years following PSA failure, and are likely have
distant disease.255, 256 In addition, patients experiencing a relapse after local therapy may be
candidates for clinical trials.

Methods Used in Best Practice Statement Development
The AUA convened a multidisciplinary panel for the purpose of developing a resource about
PSA testing for urologists and primary care physicians. Panel membership included six
urologists, one radiation oncologist, two medical oncologists, one internist and one
epidemiologist. Funding in support of panel activities was provided by the AUA. Panel members
received no remuneration for their efforts, and each member provided conflict of interest
disclosure.
The Panel formulated its policy statements and recommendations by consensus, based on a
review of the literature and the Panel members’ own expert opinions. The current policy was
based on a reassessment of the previous policy published in 2000. After Panel members agreed
on the general areas to be covered, each member took on the task of conceptualizing and writing
and/or revising a section of the document in an area where he/she had specific expertise. Every
part of the document was thoroughly critiqued by Panel members, both in written comments and
in verbal discussions in a series of conference calls. Over the course of successive manuscript
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revisions, the Panel scrutinized and modified the conceptual framework, reworked the wording
of key statements, and reexamined supporting evidence reported in the literature until Panel
members reached consensus.
The Panel did not use any particular methodology to develop its consensus statements. As noted
above, these statements are based upon Panel members’ expert opinions and knowledge of the
published literature, and are referenced with what the Panel considered to be the most
appropriate publications. The Panel also did not address issues of costs or cost-effectiveness in
this document, nor did it systematically incorporate patient values and preferences in the
analysis. However, the Panel did include ample information in the document to assist patients as
well as health care professionals in decision-making regarding the best use of serum PSA for
prostate cancer early diagnosis, staging, and treatment follow-up of prostate cancer.
After the Panel reached an initial consensus, 70 peer reviewers representing the following
medical specialties reviewed the manuscript: family practice, internal medicine, radiology,
oncology and urology. The panel made numerous document changes based on insight from peer
reviewers, Thereafter, the document was submitted for approval to the Practice Guidelines
Committee of the AUA and then to the AUA Board of Directors for final approval.
The panel recognizes the limitations of the document and acknowledges that recommendations
are likely to change with new information. However, it is hoped the information contained will
assist physicians, other healthcare providers and patients in using serum PSA efficiently and
responsibly.
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received no remuneration for their work. Each member of the PGC and of the Panel furnished a
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The final report is intended to provide medical practitioners with a current understanding of the
principles and strategies for the use of PSA in screening for prostate cancer. The report is based
on a review of available professional literature, as well as on clinical experience and expert
opinion.
This document provides guidance only, and does not establish a fixed set of rules or define the
legal standard of care. As medical knowledge expands and technology advances, the practice or
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protocol may change. Today the best practice statements represent not absolute mandates but
provisional proposals or recommendations for treatment under the specific conditions described.
For all these reasons, this document does not preempt physician judgment in individual cases.
Also, treating physicians must take into account variations in resources, and in patient tolerances,
needs and preferences. Conformance with the practices in this document cannot guarantee a
successful outcome.

Copyright © 2009 American Urological Association Education and Research, Inc.®

48

References
1. Alexander, E.E., Qian, J., Wollan, P.C., et al: Prostatic intraepithelial neoplasia does not
appear to raise serum prostate-specific antigen concentration. Urology, 47: 693, 1996
2. Ramos, C. G., Carvahal, G. F., Mager, D. E. et al: The effect of high grade prostatic
intraepithelial neoplasia on serum total and percentage of free prostate specific antigen
levels. J Urol, 162: 1587, 1999
3. Jemal, A., Siegel, R., Ward, E., et al: Cancer statistics, 2008. CA Cancer J Clin, 58: 71, 2008
4. Dall'Era, M.A., Cooperberg, M.R., Chan, J.M., et al. Active surveillance for early-stage
prostate cancer: review of the current literature. Cancer. 112:1650-9, 2008
5. Yatani, R., Chigusa, I., Akazaki, K., et al. Geographic pathology of latent prostatic carcinoma.
Int J Cancer, 29: 611-16, 1982
6. Yin, M., Bastacky, S., Chandran, U. et al: Prevalence of incidental prostate cancer in the
general population: a study of healthy organ donors. J Urol, 179: 892, 2008
7. Ries, L.A., Hankey, B.F., Miller, B.A., et al: (eds): Cancer Statistics Review 19731988. NIH
publication no.91-2789. Bethesda, Maryland, National Cancer Institute, 1991
8. Albertsen, P.C., Fryback, D.G., Storer, B.E. et al.: Long-term survival among men with
conservatively treated localized prostate cancer. JAMA, 274: 626, 1995
9. Coley, C.M., Barry, M.J., Fleming, C., et al: Early detection of prostate cancer: II. Estimating
the risks, benefits, and costs. Ann Intern Med, 126: 468, 1997
10. Klotz, L.: Active surveillance with selective delayed intervention for favorable risk prostate
cancer. Urol Oncol, 24: 46, 2006
11. Johansson, J.E., Andren, O., Andersson, S.O., et al: Natural history of early, localized
prostate cancer. JAMA, 291: 2713, 2004
Copyright © 2009 American Urological Association Education and Research, Inc.®

49

12. Garnick, M.B.: Prostate cancer: Screening, diagnosis, and management. Ann Intern Med,
118: 804, 1993
13. Nomura, A.M.Y. and Kolonel, L.N.: Prostate cancer: A current perspective. Am J Epidemiol,
13: 200, 1991
14. Partin, A.W., Mangold, L.A., Lamm, D.M., et al: Contemporary update of prostate cancer
staging nomograms (Partin Tables) for the new millennium. Urology, 58: 843, 2001
15. Kattan, M. W., Eastham, J. A., Stapleton, A. M. et al: A preoperative nomogram for disease
recurrence following radical prostatectomy for prostate cancer. J Natl Cancer Inst, 90:
766, 1998
16. Cooperberg, M. R., Pasta, D. J., Elkin, E. P. et al: The University of California, San
Francisco Cancer of the Prostate Risk Assessment score: a straightforward and reliable
preoperative predictor of disease recurrence after radical prostatectomy. J Urol, 173:
1938, 2005
17. Schroder, F.H., Hugosson, J., Roobol, M.J., et al. Screening and prostate-cancer mortality in
a randomized European study. N Engl J Med, 360: 11320-8, 2009
18. Woolf, S.H.: Screening for prostate cancer with prostate-specific antigen: An examination of
the evidence. N Engl J Med, 333: 1401, 1995
19. Ries L.A., Melbert, D., Krapcho, M., et al(eds). SEER Cancer Statistics Review, 1975-2005,
National Cancer Institute. Bethesda, MD, http://seer.cancer.gov/csr/1975_2005/, based on
November 2007 SEER data submission, posted to the SEER web site, 2008
20. Hankey, B.F., Feuer, E.J., Clegg, L.X., et al: Cancer surveillance series: Interpreting trends in
prostate cancer – Part I: Evidence of the effects of screening in recent prostate cancer
incidence, mortality, and survival rates. J Natl Cancer Inst, 91: 1017, 1999
Copyright © 2009 American Urological Association Education and Research, Inc.®

50

21. Feuer, E.J., Etzioni, R., Cronin, K.A., et al: The use of modeling to understand the impact of
screening on U.S. mortality: examples from mammography and PSA testing. Stat
Methods Med Res, 13: 421, 2004
22. Etzioni, R., Tsodikov, A., Mariotto, A. et al: Quantifying the role of PSA screening in the US
prostate cancer mortality decline. Cancer Causes Control, 19: 175, 2008
23. Etzioni, R., Gulati, R., Falcon, S. et al: Impact of PSA screening on the incidence of
advanced stage prostate cancer in the United States: a surveillance modeling approach.
Med Decis Making, 28: 323, 2008
24. Bill-Axelson, A., Holmberg, L., Ruutu, M., et al: Radical prostatectomy versus watchful
waiting in early prostate cancer. N Engl J Med, 352: 1977, 2005
25. Wong, Y.N., Mitra, N., Hudes, G., et al: Survival associated with treatment vs observation of
localized prostate cancer in elderly men. JAMA, 296: 2683, 2006
26. Bartsch, G., Horninger, W., Klocker, H. et al: Prostate cancer mortality after introduction of
prostate-specific antigen mass screening in the Federal State of Tyrol, Austria. Urology,
58: 417, 2001
27. Agalliu, I., Weiss, N. S., Lin, D. W. et al.: Prostate cancer mortality in relation to screening
by prostate-specific antigen testing and digital rectal examination: a population-based
study in middle-aged men. Cancer Causes Control, 18: 931, 2007
28. Andriole, G.L., Grubb, R.L., Buys, S.S., et al. Mortality results from a randomized prostatecancer screening trial. N Engl J Med, 360: 1310-19, 2009
29. Aus, G., Bergdahl, S., Lodding, P., et al: Prostate Cancer Screening Decreases the Absolute
Risk of Being Diagnosed with Advanced Prostate Cancer – Results from a Prospective,
Population-Based Randomized Controlled Trial. European Urology, 51: 659, 2007
Copyright © 2009 American Urological Association Education and Research, Inc.®

51

30. Messing, E.M., Manola, J., Sarosdy, M., et al: Immediate hormonal therapy compared with
observation after radical prostatectomy and pelvic lymphadenectomy in men with nodepositive prostate cancer. N Engl J Med, 341: 1781, 1999
31. Stamey, T.A., Freiha, F.S., McNeal, J.E., et al: Localized prostate cancer: Relationship of
tumor volume to clinical significance for treatment of prostate cancer. Cancer, 71(3;
suppl): 933, 1993
32. Epstein, J.I., Partin, A.W., Sauvageot, J., et al: Prediction of progression following radical
prostatectomy: A multivariate analysis of 721 men with long-term follow-up. Am J Surg
Pathol, 20: 286, 1996
33. Epstein, J.I., Pizov, G., and Walsh, P.C.: Correlation of pathologic findings with progression
after radical retropubic prostatectomy. Cancer, 71: 3582, 1993
34. Epstein, J.I., Walsh, P.C., Carmichael, M., et al: Pathological and clinical findings to predict
tumor extent of nonpalpable (stage T1c) prostate cancer. JAMA, 271: 368, 1994
35. Chodak, G.W., Thisted, R.A., Gerber, G.S., et al: Results of conservative management of
clinically localized prostate cancer. N Engl J Med, 330: 242, 1994
36. Antunes, A.A., Srougi, M., Dall'Oglio, M.F., et al.: The percentage of positive biopsy cores
as a predictor of disease recurrence in patients with prostate cancer treated with radical
prostatectomy. BJU Int, 96: 1258, 2005
37. Ochiai, A., Troncoso, P., Chen, M.E., et al: The relationship between tumor volume and the
number of positive cores in men undergoing multisite extended biopsy: implication for
expectant management. J Urol, 174: 2164, 2005
38. Cheng, L., Poulos, C.K., Pan, C.X., et al: Preoperative prediction of small volume cancer
(less than 0.5 ml) in radical prostatectomy specimens. J Urol, 174: 898, 2005
Copyright © 2009 American Urological Association Education and Research, Inc.®

52

39. D'Amico, A. V., Renshaw, A. A., Sussman, B. et al: Pretreatment PSA Velocity and Risk of
Death From Prostate Cancer Following External Beam Radiation Therapy. JAMA, 294:
440, 2005
40. D'Amico, A.V., Chen, M.H., Roehl, K.A., et al: Preoperative PSA velocity and the risk of
death from prostate cancer after radical prostatectomy. N Engl J Med, 351: 125, 2004
41. Gleason, D.F.: Veterans Administration Cooperative Urological Group: Histologic grading
and staging of prostatic carcinoma, in Tannenbaum M, (eds): Urologic Pathology: The
Prostate, pp 171-198. Philadelphia, Lea and Febiger, 1977
42. Albertsen, P.C., Hanley, J.A., Gleason, D.F., et al.: Competing risk analysis of men aged 55
to 74 years at diagnosis managed conservatively for clinically localized prostate cancer.
JAMA, 280 (11):975-980, 1998
43. Burdick, M.J., Reddy, C.A., Ulchaker, J., et al. Comparison of Biochemical Relapse-Free
Survival Between Primary Gleason Score 3 and Primary Gleason Score 4 for Biopsy
Gleason Score 7 Prostate Cancer. Int J Radiat Oncol Biol Phys. Int J Radiat Oncol Biol
Phys., 2008 Oct 27, [Epub ahead of print]
44. Chan, T.Y., Partin, A.W., Walsh, P.C., et al: Prognostic significance of Gleason score 3+4
versus Gleason score 4+3 tumor at radical prostatectomy. Urology, 56:823-7, 2000
45. Hattab, E.M., Koch, M.O., Eble, J.N., et al: Tertiary Gleason pattern 5 is a powerful predictor
of biochemical relapse in patients with Gleason score 7 prostatic adenocarcinoma. J Urol,
175: 1695, 2006
46. Albertsen, P.C., Hanley, J.A., and Fine, J.: 20-year outcomes following conservative
management of clinically localized prostate cancer. JAMA, 293: 2095, 2005

Copyright © 2009 American Urological Association Education and Research, Inc.®

53

47. Zincke, H.: Re: Is tumor volume an independent predictor of progression following radical
prostatectomy? A multivariate analysis of 185 clinical stage B adenocarcinomas of the
prostate with 5 years of follow-up (letter). J Urol, 151:435, 1994
48. Epstein, J.I., Carmichael, M., Partin, A.W., et al: Is tumor volume an independent predictor
of progression following radical prostatectomy? A multivariate analysis of 185 clinical
stage B adenocarcinomas of the prostate with 5 years of followup. J Urol, 149: 1478,
1993
49. Brawn, P.N., Speights, V.O., Kuhl, D., et al: Prostate-specific antigen levels from completely
sectioned, clinically benign, whole prostates. Cancer, 68: 1592, 1991
50. Jeldres, C., Suardi, N., Walz, J. et al: Validation of the Contemporary Epstein Criteria for
Insignificant Prostate Cancer in European Men. Eur Urol, 54: 1306, 2008
51. Jemal, A., Siegel, R., Ward, E., et al: Cancer statistics, 2007. CA Cancer J Clin, 57: 43, 2007
52. Cooperberg, M.R., Broering, J.M., Kantoff, P.W., et al: Contemporary Trends in Low Risk
Prostate Cancer: Risk Assessment and Treatment. Sixth Cambridge Conference on
Innovations and Challenges in Prostate Cancer, J Urol, 178: S14, 2007
53. Cooperberg, M.R., Lubeck, D.P., Mehta, S.S., et al: Time trends in clinical risk stratification
for prostate cancer: implications for outcomes (data from CaPSURE). J Urol, 170: S21,
2003
54. Paquette, E.L., Sun, L., Paquette, L.R., et al: Improved prostate cancer-specific survival and
other disease parameters: impact of prostate-specific antigen testing. Urology, 60: 756,
2002
55. Soos, G., Tsakiris, I., Szanto, J., et al. The prevalence of prostate carcinoma and its precursor
in Hungary: an autopsy study. Eur Urol, 48:739-44, 2005
Copyright © 2009 American Urological Association Education and Research, Inc.®

54

56. Partin, A.W., Kattan, M.W., Subong, E.N.P., et al: Combination of prostate-specific antigen,
clinical stage, and Gleason score to predict pathological stage of localized prostate
cancer: A multi-institutional update. JAMA, 277: 1445, 1997
57. Potosky, A.L., Miller, B.A., Albertsen, P.C., et al: The role of increasing detection in the
rising incidence of prostate cancer. JAMA, 273: 548, 1995
58. McLaughlin, A.P., Saltzstein, S.L., McCullough, D.L., et al: Prostatic carcinoma: incidence
and location of unsuspected lymphatic metastases. J Urol, 115: 89, 1976
59. Thompson, I.M., Ernst, J.J., Gangai, M.P., et al: Adenocarcinoma of the prostate: results of
routine urological screening. J Urol, 132: 690, 1984
60. Galper, S.L., Chen, M.H., Catalona, W.J., et al: Evidence to support a continued stage
migration and decrease in prostate cancer specific mortality. J Urol, 175: 907, 2006
61. Potosky, A.L., Feuer, E.J., and Levin, D.L.: Impact of screening on incidence and mortality
of prostate cancer in the United States. Epidemiol Rev, 23: 181, 2001
62. Bretton, P.R. Prostate-specific antigen and digital rectal examination in screening for
prostate cancer: a community-based study. South Med J, 87: 720, 1994
63. Muschenheim, F., Omarbasha, B., Kardjian, P.M., et al: Screening for carcinoma of the
prostate with prostate specific antigen. Ann Clin Lab Sci, 21: 371, 1991
64. Richie, J.P., Catalona, W.J., Ahmann, F.R., et al: Effect of patient age on early detection of
prostate cancer with serum prostate-specific antigen and digital rectal examination.
Urology, 42: 365, 1993
65. Gosselaar, C., Roobol, M.J., Roemeling, S., et al: Screening for prostate cancer without
digital rectal examination and transrectal ultrasound: results after four years in the

Copyright © 2009 American Urological Association Education and Research, Inc.®

55

European Randomized Study of Screening for Prostate Cancer (ERSPC), Rotterdam.
Prostate, 66: 625, 2006
66. Nagler, H.M., Gerber, E.W., Homel, P., Wagner, J.R., Norton, J., Lebovitch, S., Phillips,
J.L.: Digital rectal examination is barrier to population-based prostate cancer screening.
Urology, 65: 1137, 2005
67. Coley, C.M., Barry, M.J., Fleming, C., et al: Should Medicare provide reimbursement for
prostate-specific antigen testing for early detection of prostate cancer? Part II: Early
detection strategies. Urology, 46: 125, 1995
68. Gann, P.H., Hennekens, C.H., and Stampfer, M.J.: A prospective evaluation of plasma
prostate-specific antigen for detection of prostatic cancer. JAMA, 273: 289, 1995
69. Draisma, G., Boer, R., Otto, S. J., et al: Lead times and overdetection due to prostate-specific
antigen screening: estimates from the European Randomized Study of Screening for
Prostate Cancer. J Natl Cancer Inst, 95: 868, 2003
70. Thompson, I.M., Pauler, D.K., Goodman, P.J., et al: Prevalence of prostate cancer among
men with a prostate-specific antigen level < or =4.0 ng per milliliter. N Engl J Med, 350:
2239, 2004
71. Schroder, F. H., Bangma, C. H., Roobol, M. J.: Is it necessary to detect all prostate cancers in
men with serum PSA levels <3.0 ng/ml? A comparison of biopsy results of PCPT and
outcome-related information from ERSPC. Eur Urol, 53: 901, 2008
72. Ciatto, S., Gervasi, G., Bonardi, R., et al: Determining overdiagnosis by screening with
DRE/TRUS or PSA (Florence pilot studies, 1991-1994). Eur J Cancer, 41: 411, 2005
73. Etzioni, R., Penson, D.F., Legler, J.M., et al: Overdiagnosis due to prostate-specific antigen
screening: lessons from U.S. prostate cancer incidence trends. J Natl Cancer Inst, 94: 981, 2002
Copyright © 2009 American Urological Association Education and Research, Inc.®

56

74. Fowler, F.J., Jr., Barry, M.J., Walker-Corkery, B., et al: The impact of a suspicious prostate
biopsy on patients' psychological, socio-behavioral, and medical care outcomes. J Gen
Intern Med, 21: 715, 2006
75. Obek, C., Onal, B., Ozkan, B., et al: Is periprostatic local anesthesia for transrectal
ultrasound guided prostate biopsy associated with increased infectious or hemorrhagic
complications? A prospective randomized trial. J Urol, 168: 558, 2002
76. Lee-Elliott, C.E., Dundas, D., and Patel, U.: Randomized trial of lidocaine vs.
lidocaine/bupivacaine periprostatic injection on longitudinal pain scores after prostate
biopsy. J Urol, 171: 247, 2004
77. Ragavan, N., Philip, J., Balasubramanian, S.P., et al: A randomized, controlled trial
comparing lidocaine periprostatic nerve block, diclofenac suppository and both for
transrectal ultrasound guided biopsy of prostate. J Urol, 174: 510, 2005
78. Sanda, M. G., Dunn, R. L., Michalski, J. et al: Quality of life and satisfaction with outcome
among prostate-cancer survivors. N Engl J Med, 358: 1250, 2008
79. Scardino, P. T.: The responsible use of antibiotics for an elevated PSA level. Nat Clin Pract
Urol, 4: 1, 2007
80. Kobayashi, M., Nukui, A., Morita, T.: Serum PSA and percent free PSA value changes after
antibiotic treatment. A diagnostic method in prostate cancer suspects with asymptomatic
prostatitis. Urol Int, 80: 186, 2008
81. Oesterling, J.E. Prostate specific antigen: a critical assessment of the most useful tumor
marker for adenocarcinoma of the prostate. J Urol, 145:907-23, 1991

Copyright © 2009 American Urological Association Education and Research, Inc.®

57

82. Ulleryd P., Zackrisson B., Aus G., et al Prostatic involvement in men with febrile urinary
tract infection as measured by serum prostate-specific antigen and transrectal
ultrasonography. BJU Int, 84:470-4, 1999
83. Andriole, G.L., Guess, H.A., Epstein, J.I., et al: Treatment with finasteride preserves
usefulness of prostate-specific antigen in the detection or prostate cancer: Results of a
randomized, double-blind, placebo-controlled clinical trial: PLESS Study Group Proscar
Long-Term Efficacy and Safety Study. Urology, 52: 195, 1998
84. Thompson, I.M., Chi, C., Ankerst, D.P., et al: Effect of finasteride on the sensitivity of PSA
for detecting prostate cancer. J Natl Cancer Inst, 98: 1128, 2006
85. Zisman, A., Soffer, Y., Siegel, Y.I., et al: Postejaculation serum prostate-specific antigen
level. Eur Urol, 32: 54, 1997
86. The Internal Medicine Clinic Research Consortium: Effect of digital rectal examination on
serum prostate-specific antigen in a primary care setting. Arch Intern Med, 155: 389,
1995
87. Oesterling, J.E., Rice, D.C., Glenski, W.J. et al: Effect of cystoscopy, prostate biopsy, and
transurethral resection of prostate on serum prostate-specific antigen concentration. Urol
42:276-82, 1993
88. Collins, G.N., Martin P.J. Wynn-Davies A. et al: The effect of digital rectal examination,
flexible cystoscopy, and prostatic biopsy on free and total prostate specific antigen, and
the free-to-total prostate specific antigen ration in clinical practice. J Urol, 157: 1744-47,
1997

Copyright © 2009 American Urological Association Education and Research, Inc.®

58

89. Rodriguez-Rubio, F.I., Robles J.E., Gonzalez A., et al: Effect of digital rectal examination
and flexible cystoscopy on free and total prostate-specific antigen, and the percentage of
free prostate-specific antigen. Eur Urol 33:255-60, 1998
90. Dew, C. Coker, Saadeh F., et al: Influence of investigative and operative procedures on
serum prostate-specific antigen concentration. Ann Clin Biochem 36: 340-46, 1999
91. Lynn, N.N.K., Collins, G.N., O'Reilly, P.H. Prostatic manipulation has a minimal effect on
complexed prostate-specific antigen levels. Br J Urol 86:65-67, 2000
92. Deliveliotis, C., Alivizatos, G., Stavropoulos, N.J., et al.: Influence of digital rectal
examination, cystoscopy, transrectal ultrasonography, and needle biopsy on the
concentration of prostate-specific antigen. Urol Int 53:186-90, 1994
93. Passadakis, P., Ersoy, F., Tam, P., et al: Serum levels of prostate-specific antigen and vitamin
D in peritoneal dialysis patients. Adv Perit Dial, 20: 203, 2004
94. Sumura, M., Yokogi, H., Beppu, M., et al: Diagnostic value of serum prostate-specific
antigen in hemodialysis patients. Int J Urol, 10: 247, 2003
95. Tzanakis, I., Kazoulis, S., Girousis, N., et al: Prostate-specific antigen in hemodialysis
patients and the influence of dialysis in its levels. Nephron, 90: 230, 2002
96. Slev, P. R., La'ulu, S. L., Roberts, W. L.: Intermethod differences in results for total PSA,
free PSA, and percentage of free PSA. Am J Clin Pathol, 129: 952, 2008
97. Etzioni, R. D., Ankerst, D. P., Weiss, N. S. et al: Is prostate-specific antigen velocity useful
in early detection of prostate cancer? A critical appraisal of the evidence. J Natl Cancer
Inst, 99: 1510, 2007

Copyright © 2009 American Urological Association Education and Research, Inc.®

59

98. Roddam A.W., Price C.P., Allen N.E., et al. Assessing the clinical impact of prostatespecific antigen assay variability and nonequimolarity: a simulation study based on the
population of the United Kingdom. Clin Chem. 50:1012-6, 2004
99. Vis, A.N., Kranse, R., Roobol, M., et al: Serendipity in detecting disease in low prostatespecific antigen ranges. BJU Int, 89: 384, 2002
100. McNaughton Collins, M., Ransohoff, D.F., and Barry, M.J.: Early detection of prostate
cancer. Serendipity strikes again. JAMA, 278: 1516, 1997
101. Thompson, I.M., Ankerst, D.P., Chi, C., et al: Operating Characteristics of Prostate-Specific
Antigen in Men With an Initial PSA Level of 3.0 ng/mL or Lower JAMA, 294: 66, 2005
102. Oesterling, J.E., Jacobsen, S.J., Chute, C.G., et al: Serum prostate-specific antigen in a
community-based population of healthy men. Establishment of age-specific reference
ranges. JAMA, 270: 860, 1993
103. Carter, H.B., Pearson, J.D., Metter, J., et al: Longitudinal evaluation of prostate specific
antigen levels in men with and without prostate disease. JAMA, 267: 2215, 1992
104. Moul, J.W., Sun, L., Hotaling, J.M., et al: Age adjusted prostate specific antigen and
prostate specific antigen velocity cut points in prostate cancer screening. J Urol, 177: 499,
2007
105. Loeb, S., Roehl, K.A., Yu, X., et al: Use of Prostate-Specific Antigen Velocity to Follow
Up Patients with Isolated High-Grade Prostatic Intraepithelial Neoplasia on Prostate
Biopsy. Urology, 69: 108, 2007
106. Carter, H.B., Ferrucci, L., Kettermann, A., et al: Detection of life-threatening prostate
cancer with prostate-specific antigen velocity during a window of curability. J Natl
Cancer Inst, 98: 1521, 2006
Copyright © 2009 American Urological Association Education and Research, Inc.®

60

107. Wolters, T., Roobol, M. J., Bangma, C. H. et al: Is Prostate-Specific Antigen Velocity
Selective for Clinically Significant Prostate Cancer in Screening? European Randomized
Study of Screening for Prostate Cancer (Rotterdam). Eur Urol, 2008 Mar 11, [E pub
ahead of print]
108. Vickers, A,J., Savage C, O'Brien M.F., et al. Systematic review of pretreatment prostatespecific antigen velocity and doubling time as predictors for prostate cancer. J Clin
Oncol,. 27::398-403, 2009
109. Brawer, M.K.: Prostate-specific antigen: Current status. CA Cancer J Clin, 49: 264, 1999
110. Arcangeli, C.G., Ornstein, D.K., Keetch, D.W., et al: Prostate-specific antigen as a
screening test for prostate cancer. Urol Clin North Am, 24: 299, 1997
111. Richardson, T.D. and Oesterling, J.E.: Age-specific reference ranges for serum prostatespecific antigen. Urol Clin North Am, 24: 339, 1997
112. Reed, A., Ankerst, D.P., Pollock, B.H., et al: Current age and race adjusted prostate specific
antigen threshold values delay diagnosis of high grade prostate cancer. J Urol, 178: 1929,
2007
113. Loeb, S., Roehl, K. A., Catalona, W. J. et al: Is the utility of prostate-specific antigen
velocity for prostate cancer detection affected by age? BJU Int, 101: 817, 2008
114. Jung, K., Meyer, A., Lein, M. et al: Ratio of free-to-total prostate specific antigen in serum
cannot distinguish patients with prostate cancer from those with chronic inflammation of
the prostate. J Urol, 159: 1595, 1998
115. Vashi, A.R., Wojno, K.J., Henricks, W., et al: Determination of the “reflex range” and
appropriate cutpoints for percent free prostate-specific antigen in 413 men referred for
prostatic evaluation using the AxSYM system. Urology, 49: 19, 1997
Copyright © 2009 American Urological Association Education and Research, Inc.®

61

116. Catalona, W.J., Partin, A.W., Slawin, K.M., et al: Use of the percentage of free prostatespecific antigen to enhance differentiation of prostate cancer from benign prostatic
diseases. JAMA, 279):1542, 1998
117. Lee, R., Localio, A.R., Armstrong, K., et al: A meta-analysis of the performance
characteristics of the free prostate-specific antigen test. Urology, 67: 762, 2006
118. Partin, A.W. and Oesterling, J.E.: The clinical usefulness of prostate specific antigen:
update 1994. J Urol, 152: 1358, 1994
119. Partin, A.W., Brawer, M.K., Bartsch, G., et al: Complexed prostate specific antigen
improves specificity for prostate cancer detection: results of a prospective multicenter
clinical trial. J Urol, 170: 1787, 2003
120. Horninger, W., Cheli, C.D., Babaian, R.J., et al: Complexed prostate-specific antigen for
early detection of prostate cancer in men with serum prostate-specific antigen levels of 2
to 4 nanograms per milliliter. Urology, 60: 31, 2002
121. Djavan, B., Remzi, M., Zlotta, A. R., et al: Complexed prostate-specific antigen, complexed
prostate-specific antigen density of total and transition zone, complexed/total prostatespecific antigen ratio, free-to-total prostate-specific antigen ratio, density of total and
transition zone prostate-specific antigen: results of the prospective multicenter European
trial. Urology, 60: 4, 2002
122. Babaian, R.J., Naya, Y., Cheli, C., et al: The detection and potential economic value of
complexed prostate specific antigen as a first line test. J Urol, 175: 897, 2006
123. Polascik, T.J., Oesterling, J.E., and Partin, A.W.: Prostate specific antigen: A decade of
discovery – What we have learned and where we are going. J Urol, 162: 293, 1999

Copyright © 2009 American Urological Association Education and Research, Inc.®

62

124. Benson, M.C., Whang, I.S., Olsson, C.A., et al: The use of prostate specific antigen density
to enhance the predictive value of intermediate levels of serum prostate specific antigen. J
Urol, 147: 817, 1992
125. Zlotta, A. R., Djavan, B., Petein, M. et al: Prostate specific antigen density of the transition
zone for predicting pathological stage of localized prostate cancer in patients with serum
prostate specific antigen less than 10 ng./ml. J Urol, 160: 2089, 1998
126. Kang, S.H., Bae, J.H., Park, H.S., et al: Prostate-specific antigen adjusted for the transition
zone volume as a second screening test: a prospective study of 248 cases. Int J Urol, 13:
910, 2006
127. Babaian, R.J., Kojima, M., Ramirez, E.I., et al: Comparative analysis of prostate specific
antigen and its indexes in the detection of prostate cancer. J Urol, 156: 432, 1996
128. Nam, R.K., Toi, A., Klotz, L.H., et al: Assessing Individual Risk for Prostate Cancer J Clin
Oncol, 25: 3582, 2007
129. Thompson, I.M., Ankerst, D.P., Chi, C., et al: Assessing prostate cancer risk: results from
the Prostate Cancer Prevention Trial. J Natl Cancer Inst, 98: 529, 2006
130. Kranse, R., Beemsterboer, P., Rietbergen, J. et al: Predictors for biopsy outcome in the
European Randomized Study of Screening for Prostate Cancer (Rotterdam region).
Prostate, 39: 316, 1999
131. Schroder, F., Kattan, M. W.: The comparability of models for predicting the risk of a
positive prostate biopsy with prostate-specific antigen alone: a systematic review. Eur
Urol, 54: 274, 2008

Copyright © 2009 American Urological Association Education and Research, Inc.®

63

132. Thompson, I.M., Ankerst, D.P., Etzioni, R., Wang, T. It's time to abandon an upper limit of
normal for prostate specific antigen: assessing the risk of prostate cancer. J Urol. 4: 1219,
2008
133. Varambally, S., Laxman, B., Mehra, R., et al: Golgi protein GOLM1 is a tissue and urine
biomarker of prostate cancer. Neoplasia, 10:1285-94, 2008
134. Vickers, A.J., Cronin, A.M., Aus, G., et al: A panel of kallikrein markers can reduce
unnecessary biopsy for prostate cancer: data from the European Randomized Study of
Prostate Cancer Screening in Göteborg, Sweden. BMC Med, 8;6:19, 2008
135. Makarov, D.V., Loeb, S., Getzenberg, R.H., Partin, A.W.: Biomarkers for Prostate Cancer.
Annu Rev Med, 60:139-51, 2009
136. Sreekumar, A., Poisson, L.M., Rajendiran, T.M., et al: Metabolomic profiles delineate
potential role for sarcosine in prostate cancer progression. Nature, 457:910-4, 2009
137. Chun, F.K., de la Taille, A., van Poppel H., et al: Prostate Cancer Gene 3 (PCA3):
Development and Internal Validation of a Novel Biopsy Nomogram. Eur Urol, 2009 Mar
13, [Epub ahead of print]
138. Fujita, K., Ewing, C.M., Chan, D.Y., et al: Endoglin (CD105) as a urinary and serum
marker of prostate cancer. Int J Cancer, 124:664-9, 2009
139. Presti, J.C., Jr., Chang, J.J., Bhargava, V., et al: The optimal systematic prostate biopsy
scheme should include 8 rather than 6 biopsies: results of a prospective clinical trial. J
Urol, 163: 163, 2000
140. Stewart, C.S., Leibovich, B.C., Weaver, A.L., et al: Prostate cancer diagnosis using a
saturation needle biopsy technique after previous negative sextant biopsies. J Urol, 166:
86, 2001
Copyright © 2009 American Urological Association Education and Research, Inc.®

64

141. Borboroglu, P.G., Comer, S.W., Riffenburgh, R.H., et al: Extensive repeat transrectal
ultrasound guided prostate biopsy in patients with previous benign sextant biopsies. J
Urol, 163: 158, 2000
142. Walz, J., Graefen, M., Chun, F.K., et al: High incidence of prostate cancer detected by
saturation biopsy after previous negative biopsy series. Eur Urol, 50: 498, 2006
143. Bott, S.R., Henderson, A., Halls, J.E., et al: Extensive transperineal template biopsies of
prostate: modified technique and results. Urology, 68: 1037, 2006
144. Moran, B.J., Braccioforte, M.H., and Conterato, D.J.: Re-biopsy of the prostate using a
stereotactic transperineal technique. J Urol, 176: 1376, 2006
145. Nelson, E. D., Slotoroff, C. B., Gomella, L. G. et al: Targeted biopsy of the prostate: the
impact of color Doppler imaging and elastography on prostate cancer detection and
Gleason score. Urology, 70: 1136, 2007
146. Mitterberger, M., Horninger, W., Pelzer, A. et al: A prospective randomized trial comparing
contrast-enhanced targeted versus systematic ultrasound guided biopsies: impact on
prostate cancer detection. Prostate, 67: 1537, 2007
147. Zigeuner, R., Schips, L., Lipsky, K., et al: Detection of prostate cancer by TURP or open
surgery in patients with previously negative transrectal prostate biopsies. Urology, 62:
883, 2003
148. Andriole, G.L., Levin, D.L., Crawford, E.D. et al.: Prostate Cancer Screening in the
Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial: findings from
the initial screening round of a randomized trial. J Natl Cancer Inst, 97: 433, 2005

Copyright © 2009 American Urological Association Education and Research, Inc.®

65

149. Crawford, E. D., DeAntoni, E. P., Etzioni, R., et al: Serum prostate-specific antigen and
digital rectal examination for early detection of prostate cancer in a national communitybased program. The Prostate Cancer Education Council. Urology, 47: 863, 1996
150. Berger, A.P., Deibl, M., Steiner, H., et al: Longitudinal PSA changes in men with and
without prostate cancer: assessment of prostate cancer risk. Prostate, 64: 240, 2005
151. Raaijmakers, R., Wildhagen, M.F., Ito, K., et al: Prostate-specific antigen change in the
European randomized study of screening for prostate cancer, section Rotterdam. Urology,
63: 316, 2004
152. Loeb, S., Gonzalez, C.M., Roehl, K.A., et al: Pathological characteristics of prostate cancer
detected through prostate specific antigen based screening. J Urol, 175: 902, 2006
153. Catalona, W.J., Smith, D.S., and Ornstein, D.K.: Prostate cancer detection in men with
serum PSA concentrations of 2.6 to 4.0 ng/mL and benign prostate examination.
Enhancement of specificity with free PSA measurements. JAMA, 277: 1452, 1997
154. Rietbergen, J.B., Hoedemaeker, R.F., Kruger, A.E., et al: The changing pattern of prostate
cancer at the time of diagnosis: characteristics of screen detected prostate cancer in a
population based screening study. J Urol, 161: 1192, 1999
155. Partin, A.W., Yoo, J., Carter, H.B., et al: The use of prostate specific antigen, clinical stage
and Gleason score to predict pathological stage in men with localized prostate cancer. J
Urol, 150: 110, 1993
156. Han, M., Partin, A.W., Pound, C.R., et al: Long-term biochemical disease-free and cancerspecific survival following anatomic radical retropubic prostatectomy. The 15-year Johns
Hopkins experience. Urol Clin North Am, 28: 555, 2001

Copyright © 2009 American Urological Association Education and Research, Inc.®

66

157. Roehl, K.A., Han, M., Ramos, C.G., et al: Cancer progression and survival rates following
anatomical radical retropubic prostatectomy in 3,478 consecutive patients: long-term
results. J Urol, 172: 910, 2004
158. Partin, A.W., Carter, H.B., Chan, D.W., et al: Prostate specific antigen in the staging of
localized prostate cancer: influence of tumor differentiation, tumor volume and benign
hyperplasia. J Urol, 143: 747, 1990
159. Briganti, A., Chun, F. K., Salonia, A. et al: Critical assessment of ideal nodal yield at pelvic
lymphadenectomy to accurately diagnose prostate cancer nodal metastasis in patients
undergoing radical retropubic prostatectomy. Urology, 69: 147, 2007
160. Burkhard, F.C., Schumacher, M., and Studer, U.E.: The role of lymphadenectomy in
prostate cancer. Nat Clin Pract Urol, 2: 336, 2005
161. Freedland, S.J., Mangold, L.A., Walsh, P.C., et al: The prostatic specific antigen era is alive
and well: prostatic specific antigen and biochemical progression following radical
prostatectomy. J Urol, 174: 1276, 2005
162. Thompson, I., Thrasher, J.B., Aus, G., et al: Guideline for the Management of Clinically
Localized Prostate Cancer: 2007 Update. J Urol, 177: 2106, 2007
163. Walter, L.C., Bertenthal, D., Lindquist, K., et al: PSA screening among elderly men with
limited life expectancies. JAMA, 296: 2336, 2006
164. American College of Physicians: Screening for prostate cancer. Ann Intern Med, 126: 480,
1997
165. Fang, J., Metter, E.J., Landis, P., et al: Low levels of prostate-specific antigen predict longterm risk of prostate cancer: results from the Baltimore Longitudinal Study of Aging.
Urology, 58: 411, 2001
Copyright © 2009 American Urological Association Education and Research, Inc.®

67

166. Loeb, S., Roehl, K.A., Antenor, J.A., et al: Baseline prostate-specific antigen compared
with median prostate-specific antigen for age group as predictor of prostate cancer risk in
men younger than 60 years old. Urology, 67: 316, 2006
167. Horan, A.H. and McGehee, M.: Mean time to cancer-specific death of apparently clinically
localized prostate cancer: policy implications for threshold ages in prostate-specific
antigen screening and ablative therapy. BJU Int, 85: 1063, 2000
168. Carter, H.B., Epstein, J.I., and Partin, A.W.: Influence of age and prostate-specific antigen
on the chance of curable prostate cancer among men with nonpalpable disease. Urology,
53: 126, 1999
169. Smith, C.V., Bauer, J.J., Connelly, R.R., et al: Prostate cancer in men age 50 years or
younger: a review of the Department of Defense Center for Prostate Disease Research
multicenter prostate cancer database. J Urol, 164: 1964, 2000
170. Khan, M.A., Han, M., Partin, A.W., et al: Long-term cancer control of radical
prostatectomy in men younger than 50 years of age: update 2003. Urology, 62: 86, 2003
171. Morgan, T.O., Jacobsen, S.J., McCarthy, W.F., et al: Age-specific reference ranges for
prostate-specific antigen in black men. N Engl J Med, 335: 304, 1996
172. Ross, K.S., Carter, H.B., Pearson, J.D., et al: Comparative efficiency of prostate-specific
antigen screening strategies for prostate cancer detection. JAMA, 284: 1399, 2000
173. Antenor, J.A., Han, M., Roehl, K.A., et al.: Relationship between initial prostate specific
antigen level and subsequent prostate cancer detection in a longitudinal screening study. J
Urol, 172: 90, 2004
174. Carter, H.B., Epstein, J.I., Chan, D.W., et al: Recommended prostate-specific antigen
testing intervals for the detection of curable prostate cancer. JAMA, 277: 1456, 1997
Copyright © 2009 American Urological Association Education and Research, Inc.®

68

175. Hugosson, J., Aus, G., Lilja, H., et al: Prostate specific antigen based biennial screening is
sufficient to detect almost all prostate cancers while still curable. J Urol, 169: 1720, 2003
176. van der Cruijsen-Koeter, I.W., van der Kwast, T.H., and Schroder, F.H.: Interval
carcinomas in the European Randomized Study of Screening for Prostate Cancer
(ERSPC)-Rotterdam. J Natl Cancer Inst, 95: 1462, 2003
177. Hoedemaeker, R.F., van der Kwast, T.H., Boer, R., et al: Pathologic features of prostate
cancer found at population-based screening with a four-year interval. J Natl Cancer Inst,
93: 1153, 2001
178. Postma, R., Roobol, M., Schroder, F.H., et al: Potentially advanced malignancies detected
by screening for prostate carcinoma after an interval of 4 years. Cancer, 100: 968, 2004
179. Hugosson, J., Aus, G., Lilja, H., et al: Results of a randomized, population-based study of
biennial screening using serum prostate-specific antigen measurement to detect prostate
carcinoma. Cancer, 100: 1397, 2004
180. Sirovich, B.E., Schwartz, L.M., and Woloshin, S.: Screening men for prostate and colorectal
cancer in the United States: does practice reflect the evidence? JAMA, 289: 1414, 2003
181. Lu-Yao, G., Stukel, T.A., and Yao, S.L.: Prostate-specific antigen screening in elderly men.
J Natl Cancer Inst, 95: 1792, 2003
182. Screening for prostate cancer: U.S. Preventive Services Task Force recommendation
statement. Ann Intern Med, 149: 185, 2008
183. Albertsen, P. C., Hanley, J. A., Barrows, G. H. et al.: Prostate Cancer and the Will Rogers
Phenomenon. J. Natl. Cancer Inst., 97: 1248, 2005
184. Ross, K.S., Guess, H.A., and Carter, H.B.: Estimation of treatment benefits when PSA
screening for prostate cancer is discontinued at different ages. Urology, 66: 1038, 2005
Copyright © 2009 American Urological Association Education and Research, Inc.®

69

185. Holmberg, L., Bill-Axelson, A., Garmo, H. et al: Prognostic markers under watchful
waiting and radical prostatectomy. Hematol Oncol Clin North Am, 20: 845, 2006
186. Konety, B.R., Cowan, J.E., Carroll, P.R.; CaPSURE Investigators. Patterns of primary and
secondary therapy for prostate cancer in elderly men: analysis of data from CaPSURE. J
Urol, 179: 1797, 2008
187. Welch, H.G., Albertsen, P.C., Nease, R.F., et al: Estimating treatment benefits for the
elderly: the effect of competing risks. Ann Intern Med, 124: 577, 1996
188. Oesterling, J.E., Martin, S.K., Bergstralh, E.J., et al: The use of prostate-specific antigen in
staging patients with newly diagnosed prostate cancer. JAMA, 269: 5760, 1993
189. Levran, Z., Gonzalez, J.A., Diokno, A.C., et al: Are pelvic computed tomography, bone
scan, and pelvic lymphadenectomy necessary in the staging of prostatic cancer? Br J
Urol, 75: 778, 1995
190. Abuzallouf, S., Dayes, I., and Lukka, H.: Baseline staging of newly diagnosed prostate
cancer: a summary of the literature. J Urol, 171: 2122, 2004
191. Murphy, G.P., Snow, P.B., Brandt, J., et al. Evaluation of prostate cancer patients
receiving multiple staging tests, including ProstaScint scintiscans. Prostate. 42:145-9,
2000
192. Mohler, J., Lee, C.L., Bahnson, R. et al. NCCN Clinical Practice Guidelines in Oncology:
Prostate Cancer. National Comprehensive Cancer Network, 2009
193. Flanigan, R.C., McKay, T.C., Olson, M., et al: Limited efficacy of preoperative computed
tomographic scanning for the evaluation of lymph node metastasis in patients before
radical prostatectomy. Urology, 48: 428, 1996

Copyright © 2009 American Urological Association Education and Research, Inc.®

70

194. Wolf, J.S., Jr., Cher, M., Dall’Era, M., et al: The use and accuracy of cross-sectional
imaging and fine-needle aspiration cytology for detection of pelvic lymph node
metastases before radical prostatectomy. J Urol, 153: 993, 1995
195. Scardino, P.: Update: NCCN prostate cancer clinical practice guidelines. J Natl Compr
Canc Netw, Suppl 1:S29-33, 2005
196. Donohue, J.F., Bianco, F.J. Jr., Kuroiwa, K., et al: Poorly differentiated prostate cancer
treated with radical prostatectomy: long-term outcome and incidence of pathological
downgrading. J Urol, 176: 991-5, 2006
197. Tiguert, R., Gheiler, E.L., Tefilli, M.V., et al: Lymph node size does not correlate with the
presence of prostate cancer metastasis. Urology, 53: 367, 1999
198. Tempany C.M., Zhou X., Zerhouni E.A., et al: Staging of prostate cancer: Results of
Radiology Diagnostic Oncology Group project comparison of three MR imaging
techniques. Radiology 192: 47, 1994
199. Katz, S., Rosen, M. MR imaging and MR spectroscopy in prostate cancer management.
Radiol Clin North Am. 44:723-34, 2006
200. D’Amico, A.V., Whittington, R., Malkowicz, S.B., et al: Role of percent positive biopsies
and endorectal coil MRI in predicting prognosis in intermediate-risk prostate cancer
patients. Cancer J Sci Am, 2: 343, 1996
201. Harisinghani, M.G., Barentsz, J., Hahn, P.F., et al: Noninvasive detection of clinically
occult lymph-node metastases in prostate cancer. N Engl J Med, 348: 2491, 2003
202. Mazaheri, Y., Shukla-Dave, A., Muellner, A., Hricak, H.: MR imaging of the prostate in clinical
practice. MAGMA, 2008
203. Hricak, H., Choyke, P.L., Eberhardt, S.C., Leibel, S.A., Scardino, P.T.: Imaging prostate cancer: a
multidisciplinary perspective. Radiology, 243: 28, 2007
Copyright © 2009 American Urological Association Education and Research, Inc.®

71

204. Berglund, R.K., Sadetsky, N., DuChane, J., Carroll, P.R., and Klein, E.A.: Limited pelvic
lymph node dissection at the time of radical prostatectomy does not affect 5-year failure
rates for low, intermediate and high risk prostate cancer: results from CaPSURE. J Urol,
177: 526, 2007
205. Joslyn, S.A. and Konety, B.R.: Impact of extent of lymphadenectomy on survival after
radical prostatectomy for prostate cancer. Urology, 68: 121, 2006
206. Allaf, M.E., Palapattu, G.S., Trock, B.J. et al: Anatomical extent of lymph node dissection:
impact on men with clinically localized prostate cancer. J Urol, 172: 1840, 2004
207. Bader, P., Burkhard, F.C., Markwalder, R., et al: Disease progression and survival of
patients with positive lymph nodes after radical prostatectomy. Is there a chance of cure?
J Urol, 169: 849, 2003
208. Masterson, T.A., Bianco, F.J., Jr., Vickers, A.J., et al: The association between total and
positive lymph node counts, and disease progression in clinically localized prostate
cancer. J Urol, 175: 1320, 2006
209. Clark, T., Parekh, D.J., Cookson, M.S., et al: Randomized prospective evaluation of
extended versus limited lymph node dissection in patients with clinically localized
prostate cancer. J Urol, 169: 145, 2003
210. Bluestein, D.L., Bostwick, D.G., Bergstralh, E.J., et al: Eliminating the need for bilateral
pelvic lymphadenectomy in select patients with prostate cancer. J Urol, 151: 1315, 1994
211. Narayan, P., Fournier, G., Gajendran, V., et al: Utility of preoperative serum prostatespecific antigen concentration and biopsy Gleason score in predicting risk of pelvic
lymph node metastases in prostate cancer. Urology, 44: 519, 1994

Copyright © 2009 American Urological Association Education and Research, Inc.®

72

212. Parra, R.O., Isorna, S., Perez, M.G., et al: Radical perineal prostatectomy without pelvic
lymphadenectomy: Selection criteria and early resolution. J Urol, 155: 612, 1996
213. Bishoff, J.T., Reyes, A., Thompson, I.M., et al: Pelvic lymphadenectomy can be omitted in
selected patients with carcinoma of the prostate: Development of a system of patient
selection. Urology, 45: 270, 1995
214. Nielsen, M. E., Makarov, D. V., Humphreys, E. et al: Is it possible to compare PSA
recurrence-free survival after surgery and radiotherapy using revised ASTRO criterion –
"nadir + 2"? Urology, 72: 389, 2008
215. Moul, J. W., Wu, H., Sun, L. et al: Early versus delayed hormonal therapy for prostate
specific antigen only recurrence of prostate cancer after radical prostatectomy. J Urol,
171: 1141, 2004
216. Freedland, S. J., Moul, J. W.: Prostate specific antigen recurrence after definitive therapy. J
Urol, 177: 1985, 2007
217. Rogers, E., Ohori, M., Kassabian, V.S., et al: Salvage radical prostatectomy: Outcome
measured by serum prostate specific antigen levels. J Urol, 153: 104, 1995
218. Ganswindt, U., Stenzl, A., Bamberg, M. et al: Adjuvant radiotherapy for patients with
locally advanced prostate cancer – a new standard? Eur Urol, 54: 528, 2008
219. Furusato, B., Rosner, I.L.,, Osborn, D., et al. Do patients with low volume prostate cancer
have prostate specific antigen recurrence following radical prostatectomy? J Clin Pathol.
61:1038-40, 2008
220. Cookson, M.S., Aus, G., Burnett, A.L., et al: Variation in the definition of biochemical
recurrence in patients treated for localized prostate cancer: the American Urological
Association prostate guidelines for localized prostate cancer update panel report and
Copyright © 2009 American Urological Association Education and Research, Inc.®

73

recommendations for a standard in the reporting of surgical outcomes. J Urol, 177: 540,
2007
221. Stephenson, A.J., Kattan, M.W., Eastham, J.A., et al: Defining biochemical recurrence of
prostate cancer after radical prostatectomy: a proposal for a standardized definition. J
Clin Oncol, 24: 3973, 2006
222. Shen, S., Lepor, H., Yaffee, R., Taneja., S.S.: Ultrasensitive serum prostate specific antigen
nadir accurately predicts the risk of early relapse after radical prostatectomy. J Urol, 173,
777-80, 2005
223. Taylor, J.A., Koff, S.G., Dauser, D.A., McLeod, D.G.The relationship of ultrasensitive
measurements of prostate-specific antigen levels to prostate cancer recurrence after
radical prostatectomy. BJU Int: 98: 540, 2006
224. American Society for Therapeutic Radiology Oncology Consensus Panel. Consensus
Statement: Guidelines for PSA following radiation therapy. Int J Radiat Oncol Biol Phys,
37:1035-41, 1997
225. Critz, F.A., Williams, W.H., Benton, J.B., et al: Prostate specific antigen bounce after
radioactive seed implantation followed by external beam radiation for prostate cancer. J
Urol, 163: 1085, 2000
226. Merrick, G.S., Butler, W.M., Wallner, K.E., et al: Prostate-specific antigen spikes after
permanent prostate brachytherapy. Brachytherapy, 2:181-88, 2003
227. Stock, R.G., Stone, N.N., and Cesaretti, J.A.: Prostate-specific antigen bounce after
prostate seed implantation for localized prostate cancer: descriptions and implications. Int
J Radiat Oncol Biol Phys, 56: 448, 2003

Copyright © 2009 American Urological Association Education and Research, Inc.®

74

228. Patel, C., Elshaikh, M.A., Angermeier, K., et al PSA bounce predicts early success in
patients with permanent iodine-125 prostate implant. Urology, 63: 110, 2004
229. Zelefsky, M., Kuban, D.A., Levy, L.B., et al: Multi-institutional analysis of long-term
outcome for stages T1-T2 prostate cancer treated with permanent seed implantation. Int J
Radiat Oncol Biol Phys., 2006 Nov 1; [Epub ahead of print]
230. Horwitz, E.M., Thames, H.D., Kuban, D.A., et al: Definitions of biochemical failure that
best predict clinical failure in patients with prostate cancer treated with external beam
radiation alone: a multi-institutional pooled analysis. J Urol, 173: 797, 2005
231. Kuban, D.A., Levy, L.B., Potters, L., et al: Comparison of biochemical failure definitions
for permanent prostate brachytherapy. Int J Radiat Oncol Biol Phys., 653: 1487, 2006
232. Roach, M., Hanks, G.E., Thames H., et al: Defining biochemical failure following
radiotherapy with or without hormonal therapy in men with clinically localized prostate
cancer: recommendations of the RTOG-ASTRO Phoenix Consensus Conference. Int J
Radiat Oncol Biol Phys, 65: 965, 2006
233. Matzkin, H., Eber, P., Todd, B., et al: Prognostic significance of changes in prostatespecific markers after endocrine treatment of stage D2 prostatic cancer. Cancer, 70: 2302,
1992
234. Miller, J.I., Ahmann, F.R., Drach, G.W., et al: The clinical usefulness of serum prostate
specific antigen after hormonal therapy of metastatic prostate cancer. J Urol, 147: 956,
1992
235. Hussain, M., Tangen, C.M., Higano, C., et al: Absolute prostate-specific antigen value after
androgen deprivation is a strong independent predictor of survival in new metastatic

Copyright © 2009 American Urological Association Education and Research, Inc.®

75

prostate cancer: data from Southwest Oncology Group Trial 9346 (INT-0162). J Clin
Oncol, 24: 3984, 2006
236. Stewart, A.J., Scher, H.I., Chen, M.H., et al: Prostate-specific antigen nadir and cancerspecific mortality following hormonal therapy for prostate-specific antigen failure. J Clin
Oncol, 23: 6556, 2005
237. Small, E.J., McMillan, A., Meyer, M., et al: Serum prostate-specific antigen decline as a
marker of clinical outcome in hormone-refractory prostate cancer patients: association
with progression-free survival, pain end points, and survival. J Clin Oncol, 19: 1304,
2001
238. Oudard, S., Banu, E., Beuzeboc, P., et al: Multicenter randomized phase II study of two
schedules of docetaxel, estramustine, and prednisone versus mitoxantrone plus
prednisone in patients with metastatic hormone-refractory prostate cancer. J Clin Oncol,
23: 3343, 2005
239. Sartor, O., Weinberger, M., Moore, A., et al: Effect of prednisone on prostate-specific
antigen in patients with hormone-refractory prostate cancer. Urology, 52: 252, 1998
240. Tannock, I.F., de Wit, R., Berry, W.R., et al: Docetaxel plus prednisone or mitoxantrone
plus prednisone for advanced prostate cancer. N Engl J Med, 351: 1502, 2004
241. Petrylak, D.P., Tangen, C.M., Hussain, M.H., et al: Docetaxel and estramustine compared
with mitoxantrone and prednisone for advanced refractory prostate cancer. N Engl J Med,
351: 1513, 2004
242. Armstrong, A. J., Garrett-Mayer, E., Ou Yang, Y. C. et al: Prostate-specific antigen and
pain surrogacy analysis in metastatic hormone-refractory prostate cancer. J Clin Oncol,
25: 3965, 2007
Copyright © 2009 American Urological Association Education and Research, Inc.®

76

243. Robinson, D., Sandblom, G. Johansson, R., Garmo, H. Aus, G., Hedlund, P.O., Varenhorst,
E: the Scandinavian Prostate Cancer Group. PSA kinetics provide improved prediction
of survival in metastatic hormone-refractory prostate cancer. Urol, 2008
244. Gomez, P., Manoharan, M., Kim, S.S., et al: Radionuclide bone scintigraphy in patients
with biochemical recurrence after radical prostatectomy: when is it indicated? BJU Int,
94: 299, 2004
245. Kane, C.J., Amling, C.L., Johnstone, P.A., et al: Limited value of bone scintigraphy and
computed tomography in assessing biochemical failure after radical prostatectomy.
Urology, 61: 607, 2003
246. Cher, M.L., Bianco, F.J., Jr., Lam, J.S., et al: Limited role of radionuclide bone scintigraphy
in patients with prostate specific antigen elevations after radical prostatectomy. J Urol,
160: 1387, 1998
247. Okotie, O.T., Aronson, W.J., Wieder, J.A., et al: Predictors of metastatic disease in men
with biochemical failure following radical prostatectomy. J Urol, 171: 2260, 2004
248. Dotan, Z.A., Bianco, F.J., Jr., Rabbani, F., et al: Pattern of prostate-specific antigen (PSA)
failure dictates the probability of a positive bone scan in patients with an increasing PSA
after radical prostatectomy. J Clin Oncol, 23: 1962, 2005
249. Stephenson, A.J., Scardino, P.T., Kattan, M.W., et al Predicting the outcome of salvage
radiation therapy for recurrent prostate cancer after radical prostatectomy. J Clin Oncol,.
25:2035-41, 2007
250. Koppie, T.M., Grossfeld, G.D., Nudell, D.M., et al: Is anastomotic biopsy necessary before
radiotherapy after radical prostatectomy? J Urol, 166: 111, 2001

Copyright © 2009 American Urological Association Education and Research, Inc.®

77

251. Cheung, R., Kamat, A.M., de Crevoisier, R., et al: Outcome of salvage radiotherapy for
biochemical failure after radical prostatectomy with or without hormonal therapy. Int J
Radiat Oncol Biol Phys, 63:134-40, 2005
252. Trock, B. J., Han, M., Freedland, S. J. et al: Prostate cancer-specific survival following
salvage radiotherapy vs observation in men with biochemical recurrence after radical
prostatectomy. JAMA, 299: 2760, 2008
253. Bianco, F.J., Jr., Scardino, P.T., Stephenson, A.J., et al: Long-term oncologic results of
salvage radical prostatectomy for locally recurrent prostate cancer after radiotherapy. Int
J Radiat Oncol Biol Phys, 62: 448, 2005
254. Sanderson, K.M., Penson, D.F., Cai, J., et al: Salvage radical prostatectomy: quality of life
outcomes and long-term oncological control of radiorecurrent prostate cancer. J Urol,
176: 2025, 2006
255. Freedland, S.J., Humphreys, E.B., Mangold, L.A., et al: Risk of prostate cancer-specific
mortality following biochemical recurrence after radical prostatectomy. JAMA, 294: 433,
2005
256. D'Amico, A. V., Moul, J. W., Carroll, P. R. et al: Surrogate end point for prostate cancerspecific mortality after radical prostatectomy or radiation therapy. J Natl Cancer Inst, 95:
1376, 2003

Copyright © 2009 American Urological Association Education and Research, Inc.®

78

Appendix 1: Members of the Prostate-Specific Antigen Best Practice Policy
Panel (2000)
Ian Thompson, MD
Division of Urology
University of Texas Health Sciences Center at San Antonio
San Antonio, Texas 78284
Peter Carroll, MD
Department of Urology
University of California San Francisco Medical Center
San Francisco, California
Christopher Coley, MD
Harvard University Health Services
Cambridge, Massachusetts
Greg Sweat, MD
Department of Family Medicine
Mayo Clinic
Rochester, Minnesota
David McLeod, MD
Walter Reed Army Medical Center
Washington, DC
Paul Schellhammer, MD
Eastern Virginia Graduate School of Medicine
Norfolk, Virginia
John Wasson, MD
Dartmouth Medical School
Department of Community and Family Medicine
Hanover, New Hampshire
Anthony Zietman, MD
Massachusetts General Hospital
Harvard Medical School
Boston, Massachusetts

Copyright © 2009 American Urological Association Education and Research, Inc.®

79

1

Appendix 2: Members of the Prostate-Specific Antigen Best Practice

2

Statement Panel (2009)

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

Peter Carroll, M.D., Chair
Department of Urology
University of California, San Francisco
San Francisco, California
Peter C. Albertsen, M.D., Co-Chair
University of Connecticut Health Center
Division of Urology
Farmington, Connecticut
Richard J. Babaian, M.D.
Department of Urology
The University of Texas
M. D. Anderson Cancer Center
Houston, Texas
H. Ballentine Carter, M.D.
Department of Urology
Johns Hopkins Hospital
Baltimore, Maryland
Peter Gann, M.D., Sc.D.
University of Illinois at Chicago
College of Medicine
Chicago, Illinois
Kirsten L. Greene, M.D.
Department of Urology
University of California, San Francisco
San Francisco, California
Misop Han, M.D.
Brady Urological Institute
Johns Hopkins Hospital
Baltimore, Maryland
Deborah Kuban, M.D.
MD Anderson Cancer Center
Houston, Texas
Oliver Sartor, M.D.
Copyright © 2009 American Urological Association Education and Research, Inc.®

80

1
2
3
4
5
6
7
8
9
10
11
12
13

Dana Farber Cancer Institute
Medical Oncology
Boston, Massachusetts
Janet L. Stanford, M.P.H., Ph.D.
Fred Hutchinson Cancer Research Center
Seattle, Washington
Anthony Zeitman, MD
Massachusetts General Hospital
Boston, Massachusetts

Copyright © 2009 American Urological Association Education and Research, Inc.®

81

