PSA Dynamics
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Prostate-specific antigen (PSA) is widely used
today for the diagnosis and management of men
with prostate cancer. It is well known that PSA
screening has led to a major stage migration, with
most prostate cancers now diagnosed at a local-
ized, curable stage [1]. Epidemiologic studies
have also shown that prostate cancer mortality
rates are lowest in areas where the rates of dis-
tant-stage disease are lowest, and distant-stage
disease is lowest in areas with the highest PSA
utilization [2]. Finally, randomized trials of PSA
screening have recently been reported. The
European Randomized Study of Screening for
Prostate Cancer (ERSPC) and the Goteborg pop-
ulation-based screening trial (including a subset
of Swedish ERSPC participants) reported a 21%
and 44% relative reduction in prostate cancer
mortality with screening at 11 and 14 years,
respectively [3, 4]. The US Prostate, Lung,
Colorectal and Ovarian (PLCO) Cancer Screening
Trial reported no difference in mortality with
screening in the overall results [5].

In addition to its use in screening, PSA is also
widely used for assessing disease extent after
diagnosis of prostate cancer and for monitoring
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patients who have undergone treatment for the
disease [6]. Even though widely used for two
decades, interpretation of PSA values can be con-
fusing both when used for diagnosis and manage-
ment. There is increasing recognition of a wide
variety of influences on PSA, including genetic
variations, certain classes of medications (e.g.,
statins), obesity, and differences in assay stan-
dardization [7-11].

Correspondingly, there has been increasing
interest in PSA changes (dynamics), which may
provide important information beyond an abso-
lute PSA value for assessing the risk of cancer,
cancer significance, and death from prostate can-
cer after curative intervention. This chapter will
review the role of PSA dynamics in the diagnosis
and management of men with prostate cancer
with an emphasis on diagnosis and assessment of
disease significance.

Introduction to PSA Dynamics

The most commonly used metrics to describe
changes in PSA are PSA velocity and PSA dou-
bling time. PSA velocity (PSAV) is the rate of
change in PSA or the change corrected for the
elapsed time usually expressed in ng/ml per year
(i.e., annualized), whereas PSA doubling time
(PSADT) reflects “growth” of PSA and is the
time to double the marker, usually expressed in
months or years. PSADT is calculated from the
slope of the regression of the log-transformed
PSA on time and thus assumes an exponential
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Fig.4.1 Prostate-specific antigen (PSA) as a function of time (years). Line represents regression of PSA on time. Inset
is log transformation of PSA as a function of time. PSADT PSA doubling time, /n natural logarithm

relationship between PSA and time. PSADT
could be constant while PSA is increasing expo-
nentially (see Fig. 4.1).

The slope of the line of the regression of PSA
on time is the rate of change in PSA or PSA
velocity (PSAV). The equation that describes a
straight line is y=mx+b, where m is the slope
and b is the intercept. This approach assumes a
linear relationship between PSA and time as
shown in Fig. 4.1. The slope (PSAV) in this
example is 3.6 ng/ml per year over 4 years.
Another method for calculating PSAV is the run-
ning average or the simple PSAV (change divided
by time) between 2 points, plus the PSAV between
the next 2 points, all divided by 2. For example,
the average rate of change in Fig. 4.1 for year 2—4
is ([8 ng/ml-4 ng/ml]/1 year)+([16 ng/ml-8 ng/
ml]/1 year)/2=6 ng/ml/year. For PSADT, one
can plot the log-transformed PSA on time for the
above example (see figure inset), then apply the
following formula: In (2)/slope=PSADT. The
In2=0.693 and the slope=0.693 giving a PSADT
of 1 year.

Some studies have suggested that PSAV
should be calculated using three repeated PSA
measurements over an interval of at least
18 months to optimize its accuracy for prostate
cancer detection [12—-14] whereas more recent
studies have shown predictive value using PSAV
calculated over a 12-month time interval [15].
Prior studies have compared the different methods
of PSAV calculation and demonstrated how the

measurement will differ depending upon the time
interval over which it is calculated (e.g., 12 vs.
18 months or longer) [16].

PSA Dynamics: Predicting
the Presence of Prostate Cancer

There can be substantial changes or variability in
serum PSA between measurements in the pres-
ence or absence of prostate cancer [17-20]. The
short-term changes in PSA are primarily a result
of physiologic variation [18]. Numerous studies
have shown that men who harbor prostate cancer
have more rapid rises in PSA when compared
to those without the disease [12, 13, 21-26],
which is useful for assessing the risk that prostate
cancer is present.

Using frozen sera to measure PSA from many
years earlier, Carter and colleagues found that at
5-10 years before clinical diagnosis, the median
PSAV for men with localized prostate cancer
(0.27 ng/ml/year) and metastatic disease (1.33 ng/
ml/year) were significantly greater when com-
pared to those men with BPH (0.09 ng/ml/year)
and controls (0.01 ng/ml/year) (see Fig. 4.2) [12].
Even at 10-15 years prior to clinical diagnosis,
the median PSAV for men with localized prostate
cancer (0.14 ng/ml/year) and metastatic disease
(0.30 ng/ml/year) were significantly greater when
compared to controls (0.02 ng/ml/year) but not
those with BPH (0.09 ng/ml/year). In that study,
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Fig.4.2 The curves represent the average PSA levels and
the 95% confidence limits of PSA among men without
prostate disease (bottom curve), men with BPH who
underwent simple prostatectomy (next to bottom), local-
ized prostate cancer (third from bottom), and metastatic
prostate cancer (top curve) as a function of years before
diagnosis (prostate cancer), simple prostatectomy (BPH),
or last visit to the BLSA indicated by time 0. Men in this
study were diagnosed prior to the PSA era and were more
likely to have life-threatening disease when compared to
men diagnosed today (Adapted from Carter et al. [12])

72% of men with cancer and 5% of men without
cancer had a PSAV >0.75 ng/ml/year. The
specificity of PSA velocity using a cut point of
0.75 ng/ml/year remained high (over 90%) when
PSA levels were between 4 and 10 ng/ml or
below 4 ng/ml, but sensitivity for cancer detec-
tion was 11% at levels below 4 ng/ml compared
with 79% for levels between 4 and 10 ng/ml.
More recent studies have demonstrated that
PSA velocity might be useful for prostate cancer
detection among men with PSA levels below
4.0 ng/ml. In a longitudinal aging study, the
cumulative probability of freedom from prostate
cancer at 10 years after a baseline PSA between 2
and 4 ng/ml was 97.1% (range 91.4-100%) and
35.2% (range 14.0-56.4%) when the PSAV was
less than and greater than 0.1 ng/ml/year, respec-
tively [27]. However, Roobol et al. did not find
that PSAV was an independent predictor of a
prostate cancer diagnosis at the second screening
round of the Rotterdam ERSPC when PSA was
less than 4.0 ng/ml, although the calculations
were based upon two PSA measurements sepa-
rated by a 4-year screening interval [28]. By con-
trast, in 22,019 men with PSA <4 ng/ml from a

large PSA screening study in the US, a PSAV
>0.4 ng/ml/year was a stronger predictor of pros-
tate cancer on multivariate analysis than age,
race, or family history [29].

The 2012 National Comprehensive Cancer
Network Guidelines recommend considering a
biopsy for men with a PSA <2.5 ng/ml and PSAV
>0.35 ng/ml/year [30]. This was recently chal-
lenged by one study using data from the Prostate
Cancer Prevention Trial (PCPT), in which PSAV
was a significant independent predictor of biopsy
outcome but was associated with only a small
improvement in predictive accuracy [31]. Thus,
the authors concluded that biopsy should be
based on total PSA rather than a PSAV indica-
tion. However, emerging data suggest that men
with a PSAV >0.4 ng/ml/year prior to a prostate
cancer diagnosis are 50% less likely to meet pub-
lished criteria for insignificant disease [32].
Another recent study from the Baltimore
Longitudinal Study of Aging (BLSA) showed
that the probability of life-threatening prostate
cancer was 3% for men with a PSA <3 ng/ml;
however, this increased to 13.6% if the PSAV
was greater than 0.4 ng/ml/year [33]. Thus, PSAV
may be more useful in enhancing the specificity
of screening for clinically significant prostate
cancer, as will be discussed in the next section.

Overall, Table 4.1 compares the PSAV findings
in men with and without prostate cancer from
several studies with different designs (i.e., pro-
spective and retrospective). Differences in PSAV
between studies may reflect differences in cohort
age, absolute PSA levels, and cancer grade and
extent—all of which can influence PSAV. Indeed,
PSAV increases directly with PSA [34], which
should be taken into consideration for proper
clinical interpretation. For example, among men
without prostate cancer from the BLSA, the mean
PSAV was 0.02+0.29 ng/ml/year for observa-
tions at PSA levels <3 ng/ml compared to
0.3£0.59 ng/ml/year at a PSA of 3-10 ng/ml
[33]. PSAV may also be influenced by age [13],
with some data suggesting improved performance
characteristics in young men [35]. However, age-
related differences in the prevalence of confound-
ing conditions (such as BPH and prostatitis [36])
may be more important determinants than age
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Table 4.1 Average PSA velocity (PSAV) in men with and without prostate cancer

Study

Carter et al. [12, 13]
Oesterling et al. [26]
Berger et al. [25]
Raaijmakers et al. [24]
Loeb et al. [35]

“Depending upon age decade

Study design

itself. Finally, changes in PSA are greater for men
with high-grade cancers when compared to low-
grade cancers [37, 38].

Of note, there is also evidence that PSA kinet-
ics are useful for prostate cancer risk assessment
in men taking medications known to affect PSA
levels, such as 5-alpha-reductase inhibitors
(5-ARIs). For example, Etzioni et al. demon-
strated that in contrast to the expected decreasing
PSA levels for men taking finasteride, those diag-
nosed with prostate cancer had a rising annual
PSA by approximately 15% for interval cases
and 7% for cases diagnosed on empiric biopsy at
the end of the trial [37]. Thus, a rise in the PSA
level during treatment with 5SARIs can indicate
the need for prompt biopsy.

PSA Dynamics: Prediction
of Life-Threatening Disease

Before Curative Intervention

D’Amico et al. demonstrated that PSAV in the
year prior to treatment of presumed localized
prostate cancer was associated with the probabil-
ity of prostate cancer death after curative inter-
vention [15, 39]. In a landmark study, the authors
evaluated PSAV in the year prior to surgery for
men with clinically localized disease [15]. They
found that when compared to a PSA velocity
below 2 ng/ml/year in the year prior to diagnosis,
a PSA velocity greater than 2 ng/ml/year was
associated with a tenfold greater risk of prostate
cancer death in the 7 years after surgery. Thus,
failure of local therapy among men with pre-
sumed localized disease was associated with a

Longitudinal aging study

Longitudinal BPH study

Invitational screening over 10 years
Randomized screening at 4-year interval
Invitational screening over 10 years

PSAV (ng/ml per year)

No cancer Cancer
0.04 0.75
0.04 -

0.03 0.4

0.09 0.62
0-0.1 0.6-0.7*

higher PSAV. This seminal observation suggested
that PSA velocity could be useful in assessing the
biological behavior of prostate cancer prior to
treatment. The authors have made the same
observations after radiation therapy for prostate
cancer [39]. In addition, Sengupta et al. showed
that both PSAV and PSADT were significant pre-
dictors of radical prostatectomy outcomes at a
median follow-up of 7 years [40].

It seems intuitive that PSA would rise faster in
those men with high-grade cancer when com-
pared to those with lower-grade cancers if PSA
gains access to the systemic circulation by altera-
tions in prostatic architecture caused by cancer.
In addition, PSA may have greater access to the
circulation in men with micrometastatic deposits
compared to those with organ confined disease.
Data from the PCPT have shown that men with
high-grade cancers have faster PSA rises (annual
percent change in PSA) in PSA compared to
those with lower-grade cancers [37]. In the end of
study biopsies (biopsies done not for elevated
PSA or abnormal digital rectal examination) in
the PCPT, men with high-grade cancers (Gleason
score 7 and above) had an annual PSA change of
11-12% compared to those with low-grade can-
cers (Gleason score <6) where annual changes
were 5-6% (i.e., twofold higher for high-grade
cancers vs. low-grade cancers). For a man with a
PSA of 2.5 ng/ml, this would translate into a
PSAV of 0.3 ng/ml/year for high-grade cancer
and 0.15 ng/ml/year for low-grade cancer.

Overall, the data from D’ Amico et al. demon-
strated that a higher PSAV in the year before
diagnosis was associated with a greater likeli-
hood that presumed localized disease would
not be cured with local therapy (radiation and
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surgery) [15, 39]. This leads to the question
whether PSAV could help identify those men
with life-threatening cancers at a time when cure
might still be possible. Among men enrolled in
a longitudinal aging study, PSAV evaluated
10-15 years prior to diagnosis (when absolute
PSA levels were below 4.0 ng/ml in most men)
predicted cancer-specific survival 25 years later
[41]. Using a PSAV cutoff of 0.35 ng/ml/year,
cancer-specific survival was 92% (84-96) for
those with a PSAV of 0.35 ng/ml/year or less
compared to 54% (15-82) for men with a PSAV
more than 0.35 ng/ml per year (p=0.0001). The
relative risk of prostate cancer death was 4.7
(1.3-16.5) for participants with a PSAV more
than 0.35 ng/ml/year compared to those whose
PSAV <0.35 ng/ml/year (p=.02). These data sug-
gest that even among men with PSA levels that
are traditionally considered to be low (below
4.0 ng/ml), the rate of rise in PSA may provide an
early warning sign to identify those men at risk
for life-threatening disease. This suggests that
overdiagnosis and overtreatment might be
reduced through an evaluation of the rate at which
PSA rises (PSAV) rather than relying on a single
dichotomous PSA cut point.

PSADT has also been studied in relation to
treatment outcomes. Among men undergoing
active surveillance, some groups have used
PSADT after diagnosis to assess for progressive
disease [42], whereas others have found a poor
correlation between PSADT with adverse pathol-
ogy on repeat surveillance biopsy or subsequent
radical prostatectomy [43].

For men undergoing definitive treatment, the
data are similarly controversial. In the study by
Sengupta et al., PSADT was a robust predictor of
clinical progression and prostate cancer death
after radical prostatectomy [40]. By contrast,
other studies have found that PSAV during the
5 years prior to prostate cancer diagnosis
improved the prediction of life-threatening dis-
ease, while PSADT did not [44].

A systematic review of studies published prior
to 2007 concluded that there was little evidence
that pretreatment PSA kinetics provide incremen-
tal value above PSA alone [45]. However, the
negative findings in this study may reflect the

45

outcome of combining together studies using
PSAV or PSADT in heterogeneous patient popu-
lations to predict a divergent set of endpoints. In
this regard, an updated systematic review of stud-
ies focusing on a single PSA dynamic to predict
clinically significant or life-threatening prostate
cancer would be useful, particularly given the
rapidly expanding literature on this topic.

After Failed Curative Intervention

It has been estimated that 20-40% of men who
undergo curative intervention for presumed local-
ized prostate cancer with radiotherapy or surgery
will have evidence of biochemical failure over
the 10 years after treatment [46]. Because a
detectable or rising PSA after treatment is not a
valid surrogate for clinical relapse (radiographic
or physical evidence of disease) or more impor-
tantly overall survival, it is difficult to identify
which patients will benefit from further treatment
[46-51]. In a series of men with a detectable PSA
after surgical treatment of prostate cancer fol-
lowed without additional treatments, 34% devel-
oped metastatic disease at a median of 8 years
after PSA failure, and of these 43% (or 15% of
those with metastatic disease) died of prostate
cancer at a median of 5 years later [47]. Ward
et al. found that 29% of men who experienced
biochemical failure progressed to clinical failure,
and 8% died of prostate cancer at a median of
10 years after clinical failure was documented
[48]. Thus, biochemical failure after curative
intervention is not synonymous with death from
prostate cancer but instead represents a heteroge-
neous state that is a continuum from insignificant
disease to the development of metastatic disease
and death.

The management of biochemical failure after
curative intervention is complicated by this
uncertainty regarding future progression to clini-
cally apparent disease and the inability to accu-
rately determine by imaging if microscopic
disease is localized or distant. Since salvage ther-
apy is associated with potential morbidity and
most men with biochemical failure after definitive
therapy will not develop metastatic disease or die
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Table 4.2 Distributions of PSA doubling time (PSADT)
after failure of local therapy

PSADT Distribution (%)
Study (# of subjects) (months) of subjects
D’ Amico et al. [49] <3 12
(n=8,669) 3-5.9 16

6-11.9 28

>12 44
Freedland et al. [50] <3 6
(n=379) 3-5.9 15

6-11.9 29

>12 50
Stephenson et al. [51] <74 50
(n=501) >7.4 50
Ward et al. [48] <73 50
(n=211) >7.3 50

from prostate cancer within 10 years [47, 48], it
is important to identify those with a significant
recurrence for whom further treatment may be
most beneficial.

In this regard, D’Amico et al. showed that
PSADT is a surrogate endpoint for prostate can-
cer mortality and overall mortality among men
with biochemical failure, independent of curative
treatment received (radiation or surgery) [49].
In their study, the posttreatment PSADT was sta-
tistically significantly associated with time to
prostate cancer-specific and all-cause mortality.
A PSADT of less than 3 months was associated
with a median time to prostate cancer-specific
mortality of 6 years and a hazard ratio of 19.6 for
prostate cancer-specific mortality. These results
were confirmed by Freedland et al. who followed
untreated men with biochemical failure after rad-
ical prostatectomy [50]. Overall, the proportion
of patients with postoperative biochemical fail-
ure with a PSADT less than 3 months is around
10% (Table 4.2). However, due to the imminent
risk of metastatic disease in these men, a PSADT
<3 months may be a useful marker for a subset
who would benefit from early salvage therapy.

In fact, the continuum of PSADT provides a
useful surrogate endpoint for prostate cancer-
specific mortality for those with biochemical fail-
ure after curative intervention [49]. In the study
by Freedland et al., PSADT, pathological Gleason
score, and time from surgery to biochemical
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recurrence were all significant risk factors for
time to prostate cancer-specific mortality [50].
However, a PSADT below 9 months was associ-
ated with a higher risk of prostate cancer death
when compared to time from surgery to recur-
rence (<3 vs. >3 years) and pathological Gleason
score (=8 vs. <8). Thus, PSADT should be used
in the decision-making process when determin-
ing the need for salvage treatments in those with
biochemical failure after curative intervention.
Accordingly, the authors calculated estimates of
the risk of biochemical recurrence at 15 years
after biochemical failure as a function of PSADT,
grade, and time from surgery to recurrence to
help physicians and patients choose management
options (Table 4.3) [50].

Conversely, D’ Amico et al. identified a subset
of patients who appear to have clinically
insignificant PSA failure and might be spared
from salvage therapy [52]. APSADT >12 months
and a pretreatment PSAV <0.5 ng/ml/year (12%
of population) were associated with maintenance
of a minimally detectable PSA and associated
with pathological features at surgery that were
not different from those who did not sustain PSA
failure. Further follow-up may identify a larger
proportion of patients with biochemical failure
after curative intervention who should consider
surveillance instead of salvage therapy.

Conclusions

Evaluation of PSA changes over time (PSA
dynamics) is a method that can be used to help
assess the risk of prostate cancer detection.
Accumulating data suggest that there is no PSA
level below which we can reassure a man that
prostate cancer is not present. Therefore, instead
of performing a biopsy on all men who reach a
given PSA threshold, another approach would be
to evaluate the rate at which the PSA rises and use
this information as part of the decision-making
process regarding the need for biopsy. Although
the data on PSAV as a predictor of overall pros-
tate cancer risk are more controversial, a large
body of evidence demonstrates that PSAV corre-
lates with the likelihood that life-threatening
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Table 4.3 Estimated risk of prostate cancer-specific survival 15 years after biochemical failure following surgery

Risk estimate, % (95% confidence interval)

Recurrence >3 year after surgery Recurrence <3 year after surgery

PSADT (mo) Gleason score <8 Gleason score >8 Gleason score Gleason <8 score >8
>15 94(87-100) 87(79-92) 81(57-93) 62(32-85)

9-14.9 86(57-97) 72(35-92) 59(24-87) 31(7-72)

3-8.9 59(32-81) 30(10-63) 16(4—49) 1(<1-51)

<3 19(5-51) 2(<1-38) <1(<1-26) <1(<1-2)

Adapted from Freedland et al. [50]

disease is present. Thus, a PSAV-based screening References
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identify those men with life-threatening recur-
rence who are most likely to benefit from salvage
treatments.

Editorial Commentary:
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traditional threshold (4.0) would lead to a recom-
mendation for biopsy in the first one but reassur-
ance and a recommendation to repeat the
laboratory test in 1 year in the second. Obviously
this would be flawed thinking, as their actual
likelihood of having cancer is essentially —if not
exactly —the same.

Thus, it has become clear that thresholds or
cutoffs are artificial and misleading. Delving
deeper using tools such as PSAV allows us to
more fully explore and understand prostate can-
cer risk assessment. Although a recent study has
challenged empiric use of this concept, the
authors demonstrate that taking PSA dynamics
into account improves our ability to identify real
risk, even if incrementally. Even more impor-
tantly, PSAV appears to improve identification of
the higher-grade cancers whose detection has the
potential to improve outcomes.

—J. Stephen Jones

10.

. National Cancer Institute Surveillance Research

Program SEER*Stat software, 6.2.4 edn. Available at:
http://www.seer.cancer.gov/seerstat.

. Jemal A, Ward E, Wu X, et al. Geographic patterns of

prostate cancer mortality and variations in access to
medical care in the United States. Cancer Epidemiol
Biomarkers Prev. 2005;14(3):590-5.

. Schréder FH, Hugosson J, Roobol MJ, et al. ERSPC

Investigators. Prostate-cancer mortality at 11 years of
follow-up. N Engl J Med. 2012; 366(11):981-90.
Erratum in: N Engl J Med. 2012;366(22):2137. PMID:
22417251.

. Hugosson J, Carlsson S, Aus G, et al. Mortality results

from the Goteborg randomised population-based
prostate-cancer screening trial. Lancet Oncol. 2010;
11(8):725-32.

. Andriole GL, Crawford ED, Grubb RL 3rd, et al.

Prostate cancer screening in the randomized Prostate,
Lung, Colorectal, and Ovarian Cancer Screening
Trial: mortality results after 13 years of follow-up.
PLCO Project Team. J Natl Cancer Inst.
2012;104(2):125-32. Epub 2012 Jan 6. PMID:
22228146.

. Ercole CJ, Lange PH, Mathisen M, et al. Prostatic

specific antigen and prostatic acid phosphatase in the
monitoring and staging of patients with prostatic can-
cer. J Urol. 1987;138(5):1181-4.

. Jansen FH, Roobol M, Bangma CH, van Schaik RH.

Clinical impact of new prostate-specific antigen WHO
standardization on biopsy rates and cancer detection.
Clin Chem. 2008;54(12):1999-2006.

. Loeb S, Carter HB, Walsh PC, et al. Single nucleotide

polymorphisms and the likelihood of prostate cancer
at a given prostate specific antigen level. J Urol.
2009;182(1):101-4. Discussion 105.

. D’Amico AV, Roehrborn CG. Effect of 1 mg/day

finasteride on concentrations of serum prostate-specific
antigen in men with androgenic alopecia: a randomised
controlled trial. Lancet Oncol. 2007;8(1):21-5.

Hamilton RJ, Goldberg KC, Platz EA, Freedland SJ.
The influence of statin medications on prostate-


http://www.seer.cancer.gov/seerstat

48

S.Loeb and H.B. Carter

11.

12.

13.

14.

15.

19.

20.

21.

22.

23.

24.

25.

26.

specific antigen levels. J Natl Cancer Inst. 2008;
100(21):1511-8.

Banez LL, Hamilton RJ, Partin AW, et al. Obesity-
related plasma hemodilution and PSA concentration
among men with prostate cancer. JAMA. 2007;
298(19):2275-80.

Carter HB, Pearson JD, Metter EJ, et al. Longitudinal
evaluation of prostate-specific antigen levels in men
with and without prostate disease. JAMA. 1992;
267(16):2215-20.

Carter HB, Morrell CH, Pearson JD, et al. Estimation
of prostatic growth using serial prostate-specific anti-
gen measurements in men with and without prostate
disease. Cancer Res. 1992;52(12):3323-8.

Carter HB, Pearson JD, Waclawiw Z, et al. Prostate-
specific antigen variability in men without prostate
cancer: effect of sampling interval on prostate-specific
antigen velocity. Urology. 1995;45(4):591-6.
D’Amico AV, Chen MH, Roehl KA, Catalona WJ.
Preoperative PSA velocity and the risk of death from
prostate cancer after radical prostatectomy. N Engl J
Med. 2004;351(2):125-35.

. Yu X, Han M, Loeb S, et al. Comparison of methods

for calculating prostate specific antigen velocity.
J Urol. 2006;176(6 Pt 1):2427-31. Discussion 2431.

. Riechmann M, Rhodes PR, Cook TD, Grose GS,

Bruskewitz RC. Analysis of variation in prostate-
specific antigen values. Urology. 1993;42(4):390-7.

. Prestigiacomo AF, Stamey TA. Physiological varia-

tion of serum prostate specific antigen in the 4.0 to
10.0 ng./ml. range in male volunteers. J Urol.
1996;155(6):1977-80.

Roehrborn CG, Pickens GJ, Carmody 3rd T. Variability
of repeated serum prostate-specific antigen (PSA) mea-
surements within less than 90 days in a well-defined
patient population. Urology. 1996;47(1): 59-66.
Eastham JA, Riedel E, Scardino PT, et al. Variation of
serum prostate-specific antigen levels: an evaluation
of year-to-year fluctuations. JAMA.
2003;289(20):2695-700.

Smith DS, Catalona WJ. Rate of change in serum
prostate specific antigen levels as a method for pros-
tate cancer detection. J Urol. 1994;152(4):1163-7.
Kadmon D, Weinberg AD, Williams RH, et al. Pitfalls
in interpreting prostate specific antigen velocity.
J Urol. 1996;155(5):1655-7.

Lujan M, Paez A, Sanchez E, et al. Prostate specific
antigen variation in patients without clinically evident
prostate cancer. J Urol. 1999;162(4):1311-3.
Raaijmakers R, Wildhagen MF, Ito K, et al. Prostate-
specific antigen change in the European randomized
study of screening for prostate cancer, section
Rotterdam. Urology. 2004;63(2):316-20.

Berger AP, Deibl M, Steiner H, et al. Longitudinal
PSA changes in men with and without prostate can-
cer: assessment of prostate cancer risk. Prostate.
2005;64(3):240-5.

Oesterling JE, Jacobsen SJ, Chute CG, et al. Serum
prostate-specific antigen in a community-based popu-
lation of healthy men. Establishment of age-specific
reference ranges. JAMA. 1993;270(7):860-4.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

41.

Fang J, Metter EJ, Landis P, Carter HB. PSA velocity
for assessing prostate cancer risk in men with PSA
levels between 2.0 and 4.0 ng/ml. Urology.
2002;59(6):889-93. Discussion 893—4.

Roobol MJ, Kranse R, de Koning HJ, Schroder FH.
Prostate-specific antigen velocity at low prostate-
specific antigen levels as screening tool for prostate
cancer: results of second screening round of ERSPC
(ROTTERDAM). Urology. 2004:63(2):309-13.
Discussion 313-5.

Loeb S, Roehl KA, Nadler RB, Yu X, Catalona WJ.
Prostate specific antigen velocity in men with total
prostate specific antigen less than 4 ng/ml. J Urol.
2007;178(6):2348-52. Discussion 2352-3.

National Comprehensive Cancer Network Clinical
Practice Guidelines in Oncology. http://www.nccn.
org/professionals/physician_gls/pdf/prostate_detec-
tion.pdf (2012). Accessed 4 Sep 2012.

Vickers AJ, Till C, Tangen CM, Lilja H, Thompson
IM. An empirical evaluation of guidelines on prostate-
specific antigen velocity in prostate cancer detection.
J Natl Cancer Inst. 2011;103(6):462-9.

Loeb S, Roehl KA, Helfand BT, Kan D, Catalona WJ.
Can prostate specific antigen velocity thresholds
decrease insignificant prostate cancer detection?
J Urol. 2010;183(1):112-6. PMID: 19913814.

Loeb S, Carter HB, Schaeffer EM, et al. Distribution
of PSA velocity by total PSA levels: data from the
Baltimore Longitudinal Study of Aging. Urology.
2011;77(1):143-7.

Yu X, Loeb S, Roehl KA, Han M, Catalona WJ. The
association between total prostate specific antigen
concentration and prostate specific antigen velocity.
J Urol. 2007;177(4):1298-302. Discussion 1301-2.
Loeb S, Roehl KA, Catalona WJ, Nadler RB. Is the
utility of prostate-specific antigen velocity for pros-
tate cancer detection affected by age? BJU Int.
2008;101(7):817-21.

Eggener SE, Yossepowitch O, Roehl KA, et al
Relationship of prostate-specific antigen velocity to
histologic findings in a prostate cancer screening pro-
gram. Urology. 2008;71(6):1016-9.

Etzioni RD, Howlader N, Shaw PA, et al. Long-term
effects of finasteride on prostate specific antigen lev-
els: results from the prostate cancer prevention trial.
J Urol. 2005;174(3):877-81.

Loeb S, Sutherland DE, D’Amico AV, Roehl KA,
Catalona WJ. PSA velocity is associated with Gleason
score in radical prostatectomy specimen: marker for
prostate cancer aggressiveness. Urology.
2008;72(5):1116-20. Discussion 1120.

D’Amico AV, Renshaw AA, Sussman B, Chen MH.
Pretreatment PSA velocity and risk of death from
prostate cancer following external beam radiation
therapy. JAMA. 2005;294(4):440-7.

. Sengupta S, Myers RP, Slezak JM, et al. Preoperative

prostate specific antigen doubling time and velocity are
strong and independent predictors of outcomes following
radical prostatectomy. J Urol. 2005;174(6): 2191-6.

Carter HB, Ferrucci L, Kettermann A, et al. Detection
of life-threatening prostate cancer with prostate-


http://www.nccn.org/professionals/physician_gls/pdf/prostate_detection.pdf
http://www.nccn.org/professionals/physician_gls/pdf/prostate_detection.pdf
http://www.nccn.org/professionals/physician_gls/pdf/prostate_detection.pdf

PSA Dynamics

49

42.

43.

44,

45.

46.

47.

specific antigen velocity during a window of curabil-
ity. J Natl Cancer Inst. 2006;98(21):1521-7.

Klotz L. Active surveillance for prostate cancer: for
whom? J Clin Oncol. 2005;23(32):8165-9.

Ross AE, Loeb S, Landis P, et al. Prostate-specific
antigen kinetics during follow-up are an unreliable
trigger for intervention in a prostate cancer surveil-
lance program. J Clin Oncol. 2010;28(17):2810-6.
Loeb S, Kettermann A, Ferrucci L, et al. PSA dou-
bling time versus PSA velocity to predict high-risk
prostate cancer: data from the Baltimore Longitudinal
Study of Aging. Eur Urol. 2008;54(5):1073-80.
Vickers AJ, Savage C, O’Brien MF, Lilja H. Systematic
review of pretreatment prostate-specific antigen
velocity and doubling time as predictors for prostate
cancer. J Clin Oncol. 2009;27(3):398—403.

Ward JF, Moul JW. Treating the biochemical recur-
rence of prostate cancer after definitive primary ther-
apy. Clin Prostate Cancer. 2005;4(1):38—44.

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

48.

49.

50.

51.

52.

following radical prostatectomy. JAMA. 1999;
281(17):1591-17.

Ward JF, Blute ML, Slezak J, Bergstralh EJ, Zincke H.
The long-term clinical impact of biochemical recur-
rence of prostate cancer 5 or more years after radical
prostatectomy. J Urol. 2003;170(5): 1872-6.
D’Amico AV, Moul JW, Carroll PR, et al. Surrogate
end point for prostate cancer-specific mortality after
radical prostatectomy or radiation therapy. J Natl
Cancer Inst. 2003;95(18):1376-83.

Freedland SJ, Humphreys EB, Mangold LA, et al.
Risk of prostate cancer-specific mortality following
biochemical recurrence after radical prostatectomy.
JAMA. 2005;294(4):433-9.

Stephenson AJ, Shariat SF, Zelefsky MJ, et al. Salvage
radiotherapy for recurrent prostate cancer after radical
prostatectomy. JAMA. 2004;291(11):1325-32.
D’Amico AV, Chen MH, Roehl KA, Catalona WJ.
Identifying patients at risk for significant versus clini-
cally insignificant postoperative prostate-specific
antigen failure. J Clin Oncol. 2005;23(22):4975-9.



	4: PSA Dynamics
	Introduction to PSA Dynamics
	PSA Dynamics: Predicting the Presence of Prostate Cancer
	PSA Dynamics: Prediction of Life-Threatening Disease
	Before Curative Intervention
	After Failed Curative Intervention

	Conclusions
	References


