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Abstract
Purpose—Prostate-specific antigen is a glycoprotein found almost exclusively in normal and
neoplastic prostate cells. PSA doubling time, or the change in PSA level over time, has emerged as
a useful predictive marker for assessing disease outcome in patients with prostate cancer. It is
important to agree on definitions and values for the calculation of PSADT and to develop a common
approach to outcome analysis and reporting.

Methods—In September 2006 a conference was held at the National Cancer Institute in Bethesda,
Maryland to define these parameters and develop guidelines for their use.

Results—The PSA Working Group defined the following criteria regarding PSADT: (1) calculation
of PSADT, (2) evidence to support PSADT as a predictive factor in the setting of biochemical
recurrence, and (3) use of PSADT as a stratification factor in clinical trials.

Conclusions—We propose that investigators calculate PSADT prior to enrolling patients on
clinical studies and calculate it as an additional measurement of therapeutic activity. We believe we
have developed practical guidelines for the calculation of PSADT and its use as a measurement of
prognosis and outcome. Furthermore, the use of common standards for PSADT in clinical trials is
important as we determine which treatments should progress to randomized trials in which “hard”
end points such as survival will be employed.

Keywords
prostate cancer; PSA; consensus; clinical trials; biomarkers

Prostate cancer is the most commonly diagnosed noncutaneous malignancy among males in
the United States and the third leading cause of cancer-related mortality. It is estimated that
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27,050 men will die of prostate cancer in 2007.1 Changes in PSA, a 34 kD glycoprotein found
almost exclusively in normal and neoplastic prostate cells and in seminal fluid, often antedate
radiographic changes.2 In 1989 Ferro et al.3 first reported PSA changes as an indicator of
response in patients with AIPC. Since then, the majority of phase II trials have used PSA as a
marker. However, currently available data suggest that declining serum PSA concentration is
not a reliable surrogate end point for prostate cancer-specific mortality.4 Indeed, in some
clinical settings, PSA changes and “hard” end points, such as survival, have shown no
correspondence.2

PSADT is emerging as a useful marker for predicting outcomes in patients with prostate cancer.
The concept of PSADT originated from the finding that temporal PSA trends in untreated
patients conform to an exponential model, suggesting that prostate cancer has a typically slow
log-linear growth rate.5 D’Amico et al.6 utilized linear regression analysis to calculate the
PSADT of prostate cancers recurrent after external beam RT and found PSADT to be a constant
that linearly correlated with the interval to clinical relapse after PSA failure. The slope of this
correlation is equal to the number of PSADT (4.5 with 95% confidence interval [3–6]) required
before clinical disease manifests after PSA failure, and as such can be a useful variable for
grouping patients into those with aggressive (PSADT <3.8 months) and less aggressive
(PSADT ≥3.8 months) tumor biology. This investigation led to subsequent studies evaluating
the use of PSADT to guide treatment interventions.

Initial studies evaluating patients placed on watchful waiting identified PSADT as the strongest
predictor of clinical progression.7 Recently, PSADT has become well established as an
important predictor of the risk of progression to metastatic disease after RP or RT.8 A PSADT
<3 months has also been found to be a useful surrogate marker for prostate cancer-specific and
overall survival in patients with relapse after RP or RT,9 and a predictor of duration of response
to deferred ADT and metastasis-free survival in men with AIPC.10 Moreover, Loberg et al.
11 reported that men with hormone-naive prostate cancer have a significantly longer PSADT
than men with AIPC. Further studies by Semeniuk et al.12 showed that PSADT serves as an
independent prognostic marker for survival in patients with metastatic AIPC.

While PSADT may prove to be a useful predictor of disease outcome in all states of prostate
cancer, a consensus has yet to be reached on either its universal usage or the exact method of
calculation. One significant consideration is the methodology (such as time intervals and cut
points) of appropriately calculating the PSADT and its ability to predict disease-specific
survival. Both D’Amico et al.8 and Freedland et al.13 found that patients with a PSADT cut
point of <3 months were at very high risk for prostate cancer-specific death. However, other
studies describe different cut points for stratifying high, intermediate, and low risk, suggesting
that larger prospective studies may be needed to optimize the use of PSADT.

METHOD
On September 28, 2006, 12 investigators actively engaged in prostate cancer research met at
the National Cancer Institute to debate the specifics of PSADT and develop guidelines for
uniform implementation. Investigators represented the specialties of urology, radiation
oncology, biostatistics, pharmacology, and medical oncology.

Guidelines for calculating PSADT were developed using literature review, current patient
monitoring, and available assay technology. The majority of the data in the literature reported
is for the time of recurrent disease following primary local therapy.
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RESULTS
Calculation of PSADT

PSADT is often calculated assuming an exponential rise in serum PSA and first-order kinetics.
The formula takes into account the natural logarithm of 2 divided by the slope obtained from
fitting a linear regression of the natural log of PSA on time.14 All PSA values used in the
calculation should be ≥0.20 ng/ml and follow a rising trend. PSA values need not be
consecutively rising and all values obtained over a maximum period of 12 months should be
included in the calculation. The maximum period of the past 12 months is recommended to
reflect the patient’s current disease activity, since in some men PSADT may change over time.
Minimum requirements for the calculation are 3 PSA values obtained over 3 months with a
minimum of 4 weeks between measurements. We recommend reporting PSADT in months;
however in advanced disease states, weeks may be used where it is the appropriate time metric.
On occasion, PSA values included in the calculation may result in a slope from the linear
regression that is zero or negative, so that an estimate of PSADT would be nonexistent or
negative.

Several other factors are important when reviewing PSA values used in the calculation:
• All PSA values must have been obtained using the same assay, preferably at the same

laboratory. While it may be impractical, obtaining PSA values at approximately the
same time of day may reduce variability resulting from circadian variations in PSA
values.15 PSA values should be recorded with a maximum of 2 significant digits after
the decimal point.

• Serum testosterone concentration should be relatively stable over the period (ideally
≤10% variation). PSADT should not be calculated using PSA values obtained when
testosterone is rebounding post-ADT. For example, one study found that after 6
months of GnRH agonists, testosterone did not return to normal for a median of 16.6
weeks.16 For patients on testosterone-suppression therapy with no available historical
testosterone concentrations, a history of continuous therapy and a testosterone
measurement within the castrate range at any point during that treatment should
suffice. Due to the relationship between PSA and serum testosterone levels, a
measurement at diagnosis and at first recurrence may be clinically useful. However,
there are no published trials to support this suggestion.

• Treatment that may affect PSA or prostate cancer (e.g., saw palmetto, 5-alpha
reductase inhibitors) must be constant over the period of acquisition of PSA values.

• A patient’s initial primary therapy will impact the absolute post-therapy PSA nadir.

Unlike the majority of patients treated surgically, patients treated with RT are unlikely to have
undetectable PSA due to residual prostatic tissue, but may have a finite nadir PSA concentration
after RT. The best approach to ensuring comparable PSADT estimates across therapies is not
established, in part due to the difficulty of determining if the detectable PSA in radiation-treated
patients is due to benign prostate tissue alone or a combination of malignant and benign tissue.
One reasonable approach is nadir subtraction8 wherein the nadir PSA concentration, defined
by the lowest PSA value observed following RT, is subtracted from the post-RT PSA
concentrations before calculating PSADT. This approach can also be considered for surgical
patients who do not achieve an undetectable PSA level. In general, this correction need not be
made in patients on ADT. The theory is that in order to get the same value of PSADT for a
man managed using RP (where PSA generally starts at undetectable levels), the PSA for men
undergoing RT should be normalized, otherwise the PSADT calculated for RT-managed men
will be higher for the same changes in PSA level.
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In Table 1, Example 1, each patient has an initial increase in PSA of 0.2 ng/ml. The magnitude
of subsequent rises is the same in each patient; however, estimated PSADTs are 5.8 and 22.4
months based on PSA values. If the PSA nadir of 1.00 ng/ml is subtracted from each post-RT
PSA value, then the PSADT for patients treated surgically and with RT are the same. In
Example 2, again the magnitude of increases is the same in each patient. At these higher PSA
concentrations the impact of the difference in PSA nadir is small but systematic, and therefore
important for consistency.

• In nonsurgical patients with intact prostates, particularly post-brachytherapy, several
factors may affect individual PSA measurements, including physical or sexual
activity, prostatitis, radiation proctopathy, recent passage of a kidney stone, or
instrumentation. Assuming a PSA half-life of 3.5 days, waiting at least 4 half-lives
would suggest a wait period of at least 2 weeks; however, PSA bounces due to
infection or inflammation can take 6 to 8 weeks to resolve.

PSADT calculations typically require more than 2 PSA measurements (see above) to yield
accurate prognostic information. Time is an important variable as well. Recognizing that a very
rare subset of patients with extremely rapid PSADT may have significant changes over very
short periods, we suggest that the vast majority of patients should have repetitive PSAs
determined at intervals ≥4 weeks over a period of ≥3 months. These guidelines are likely useful
only for patients with early disease states.

PSADT as a Predictive Factor in Various Disease Recurrence Settings
The evidence upon which we base our considerations is exclusively level II, derived from
cohort- or case-controlled analytic studies or controlled, nonrandomized trials.13 However,
data from this level II evidence are consistent and have been validated in multiple data sets, as
demonstrated below. In the absence of level I evidence (derived from randomized controlled
studies), this provides the best justification for considering PSADT in clinical management.
We also acknowledge that we know more about the natural history than about the effects of
therapeutic interventions in this setting.

Multiple studies have examined the association between post-surgical PSADT and risk of
metastasis, prostate-cancer death, and all-cause mortality.8, 13, 17 As seen in Table 2, a longer
PSADT is associated with a longer time to metastasis, prostate-cancer death, and all-cause
death. Moreover, as the PSADT increases, the time to metastasis or prostate-cancer death
steadily increases. Importantly, these prior studies identified a small group of patients (6% to
20% of all men with PSA failure) with very rapid PSADT (<3 months) in which prostate-cancer
mortality approaches 100%.8, 13 These studies leave little doubt that men with a PSADT <3
months are at extremely high risk for adverse clinical outcomes. In contrast, men with a slow
PSADT (>15 months) have an extremely low risk of prostate-cancer death. In one study, men
with a PSADT >15 months who recurred >3 years after surgery (n = 82) had a 0% prostate-
cancer mortality at 15 years after biochemical recurrence.13 For the majority of patients, with
an intermediate PSADT of 3 to 15 months, no best cut point is known and other clinical factors
may play a larger role in determining risk.

A comprehensive study illustrating the continuous nature of PSADT was conducted by Johns
Hopkins University.18 The authors identified multiple cut points that stratified men into 4
categories based upon PSADT. Although these identified cut points, with the exception of
PSADT <3 months,8 have not been validated in other patient populations, they provided
reasonable stratification of patients’ risk of adverse clinical outcomes.

After definitive external beam RT, PSADT has been shown to be a prognostic factor, with
results similar to post-RP (table 2). Longer PSADT is associated with longer time to
metastasis2 and prostate-cancer death.8 Drawing on the analogy to surgically treated patients,
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men with a PSADT <3 months (calculated after subtracting the nadir PSA value) are at
extremely high risk, with prostate-cancer mortality approaching 100%.8

Studies have also found that among men who received RT plus hormonal therapy, or who
underwent brachytherapy, a rapid PSADT is associated with increased risk of prostate-cancer
death. However, in these settings, issues related to PSA bounce4 or the slow return of
testosterone to normal post-hormonal therapy can complicate the interpretation of PSADT (see
above). More data are needed regarding the role of PSADT in risk stratification for men
undergoing RT with hormonal therapy and, in particular, brachytherapy.

Finally, the concept that rapid PSADT correlates with poor prognosis has been shown even
among men with nonmetastatic17 or metastatic19 AIPC. However, given the limited number
of studies conducted in this disease setting, further study is needed to clarify the value of
PSADT in predicting outcome in this patient population.

PSADT as a Stratification Factor in Clinical Trials
PSA Failure Only, Hormone Naïve—PSADT is an excellent predictor of clinical outcome,
including clinical recurrence (in the absence of ADT) and survival.13 It is therefore
recommended that patients selected for novel cytotoxic trials should primarily be those with
PSADT <15 months, which represents 58% of patients, 76% of all mortalities, and 89% of
prostate-cancer deaths. Although these cut-offs have not been validated, stratification by
PSADT (<3 months versus 3 to 9 months versus 9 to <15 months) should be considered in all
randomized clinical trials in this patient population, along with factors such as Gleason score,
on-study PSA, ECOG performance status, etc.

ADT Post-RT or Post-Surgery—There is some evidence of a link between post-treatment
kinetics and outcome. D’Amico et al.20 showed that in patients treated with ADT who have a
PSADT of <3 months, a PSA nadir of >0.2 ng/ml following 8 months of ADT is associated
with poor prognosis. Thus, patients in this subset should be considered for clinical trials.

Newly Diagnosed Metastases—Currently, there are no prognostic data for PSADT in this
patient population.

AIPC with No Metastases, Rising PSA—Smith et al.17 evaluated 201 nonmetastatic
prostate cancer patients with rising PSA despite castrate testosterone levels. Median bone
metastasis-free survival was 30 months. Median time to first bone metastasis and overall
survival were not reached. Baseline PSA >10 ng/ml (relative risk, 3.18; 95% CI, 1.74 to 5.80;
p <0.001) and PSA velocity (4.34 for each 0.01 increase in PSA velocity; 95% CI, 2.30 to 8.21;
p <0.001) independently predicted shorter time to first bone metastasis. Thus, stratification by
both PSA kinetics and PSA concentration is suggested in this subset of patients; however, no
formal PSADT data are available.

AIPC with Metastasis—Vollmer et al.19 demonstrated that both log (PSA) and average
relative velocity of PSA were significantly correlated with survival time (p = 0.0001 and p =
0.0008, respectively) in patients with metastatic AIPC. The prognostic value of PSADT was
corroborated in a study by Halabi et al. (personal communication). However, the effects of
PSADT changes in this population have not been determined. Given the fact that patients with
AIPC have such a poor prognosis, studies that include stratification by pretherapy PSADT
should be considered.

Post-Taxane Hormone-Refractory—There are no current data supporting PSADT as a
marker for patients with metastatic AIPC who have progressed through docetaxel therapy.
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CONCLUSIONS
Measurement of PSADT can be problematic due to factors such as prior and current therapies,
assay type, frequency of assays, and duration of measurements. PSADT can be used to risk-
stratify patients into those with aggressive or indolent disease, but PSADT is only one of many
variables in the clinical setting. Diagnostic and therapeutic intensity may vary in accordance
with the risk of progressive disease. Clinical trials or aggressive therapies are encouraged for
patients with rapid PSADT. Observation or less aggressive therapies are warranted for those
with slow PSADT as these patients have a prolonged natural history in the absence of
intervention.
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Abbreviations and Acronyms
ADT  

androgen-deprivation therapy

AIPC  
androgen-independent prostate cancer

GnRH  
gonadotropin-releasing hormone

PSA  
prostate-specific antigen

PSADT  
prostate-specific antigen doubling time

RP  
radical prostatectomy

RT  
radiotherapy
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