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A B S T R A C T

Purpose
To define methodology to show clinical benefit for patients in the state of a rising prostate-specific
antigen (PSA).

Results
Hypothesis. A clinical states framework was used to address the hypothesis that definitive phase III
trials could not be conducted in this patient population.
Patient Population. The Group focused on men with systemic (nonlocalized) recurrence and a defined
risk of developing clinically detectable metastases. Models to define systemic versus local recurrence,
and risk of metastatic progression were discussed.
Intervention. Therapies that have shown favorable effects in more advanced clinical states;
meaningful biologic surrogates of activity linked with efficacy in other tumor types; and/or effects on
a target or pathway known to contribute to prostate cancer progression in this state can be
considered for evaluation.
Outcomes. An intervention-specific posttherapy PSA-based outcome definition that would justify further
testing should be described at the outset.
Reporting. Trial reports should include a table showing the number of patients who achieve a specific
PSA-based outcome, the number who remain enrolled onto the trial, and the number who came off
study at different time points. The term PSA response should be abandoned.
Trial Design. The phases of drug development for this state are optimizing dose and schedule,
demonstration of a treatment effect, and clinical benefit. To move a drug forward should require a high
bar that includes no rise in PSA in a defined proportion of patients for a specified period of time at a
minimum. Agents that do not produce this effect can only be tested in combination. The preferred end
point of clinical benefit is prostate cancer–specific survival; the time to development of metastatic
disease is an alternative.

Conclusion
Methodology to show that an intervention alters the natural history of prostate cancer is described. At
each stage of development, only agents with sufficient activity should be moved forward.
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INTRODUCTION

The disease-related mortality of prostate
cancer has decreased during the last 3 years
[1]. Nonetheless, about 28,900 men are pro-
jected to die in the year 2003, and the disease
remains the second most common cause of

cancer death in males in the United States. A
long-held paradigm in oncology is that early
diagnosis and treatment will enhance cure
rates and improve survival. International
trends show that more men are being diag-
nosed with and treated for prostate cancer at
an earlier point in the illness than in the past.
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In part, this is due to the more widespread use of early
detection strategies that include the measurement of pros-
tate-specific antigen (PSA) levels in the blood. No tumor
marker has had as great an impact on the diagnosis and
management of a disease as has PSA level in prostate cancer,
which has a role in screening, early detection, assessing
outcomes, monitoring progression, and evaluating the ef-
fects of treatment.

The range of uses of the PSA test has sparked new
questions and controversies. Whereas some investigators
feel that the decline in the number of deaths from prostate
cancer is a result of the introduction of PSA measurements
in the late 1980s, others believe that the 10-year interval
between the availability of the assay and the reduced
number of deaths is too short to have had an appreciable
impact on survival [2]. There is uncertainty about the
significance of posttherapy changes in PSA as a treatment
effect because levels may decline in the absence of an
effect on tumor growth [3,4].

Perhaps the most controversial aspect of PSA monitor-
ing is that it has created a new clinical state, one that in-
cludes men who have been treated with curative intent for
localized disease in whom a rising PSA indicates treatment
failure and is the sole manifestation of the illness. On the
basis of the number of the men diagnosed with prostate
cancer who undergo a radical prostatectomy or radiation
therapy, and the estimated probabilities of relapse, upwards
of 50,000 men per year in the United States fall into this
clinical state [5]. Management is controversial, in large part
because the natural history is so highly variable and the
relationship between tumor mass and serum PSA value is
less established [6].

The intent of any drug development effort is patient
benefit, which includes to produce a favorable change in the
natural history of the disease, to prolong life, or to alleviate
or to prevent symptoms of disease. For some men, a rising
PSA after primary therapy marks the beginning of progres-
sion to the lethal variants of the disease. For these individ-
uals, early therapy may be life-saving. However, even
though PSA elevations almost universally antedate progres-
sion on imaging studies and the onset of symptoms, a rising
PSA level is not clinically significant for many men. For
these individuals, the justification for treatment is less clear
because they are asymptomatic from their cancer, and the
risk of developing metastases, symptoms, or dying from the
disease may be low during their anticipated life expectancy
[7]. In the worst-case scenario, therapy may be detrimental
and shorten survival.

The design, conduct, and interpretation of clinical tri-
als in this patient population is not straightforward. For
many researchers, it has become a minefield in which clin-
ical trial resources are rapidly depleted to no concrete end. It
is against this background that three meetings on Clinical
Trials in the State of a Rising PSA were held on February 12

to 13, 2001 and June 18 to 19, 2001 in New York, NY, and
June 24, 2002 in Washington, DC. A writing session was
held in Chicago on February 25, 2003 and final discussion
was conducted in Los Angeles, CA, on March 31, 2003. The
Group focused on patients in whom the sole manifestation
of disease was a rising PSA level and who had noncastrate
levels of testosterone after definitive treatment of the pri-
mary tumor. Patients with a rising PSA after hormonal
therapy were not included. The Group was organized by
investigators from Memorial Sloan-Kettering Cancer Cen-
ter (New York, NY), the Cancer Treatment Evaluation Pro-
gram (CTEP) of the National Cancer Institute (Bethesda,
MD), and the Association for the Cure of Cancer of the
Prostate (Prostate Cancer Foundation, formerly CaP
CURE; Santa Monica, CA). The participants were a multi-
disciplinary group of physicians and investigators repre-
senting the disciplines of urologic surgery, radiation oncol-
ogy, medical oncology, clinical chemistry, and biostatistics
from academic institutions, private foundations, patient
advocates, oncology cooperative groups, governmental
agencies (including the US Food and Drug Administra-
tion), and the pharmaceutical industry.

The objectives of the meeting were to address the fol-
lowing issues:

• Should this population of patients be targeted for
drug development?

• How to define the clinical significance of a rising
PSA after local therapy?

• How should outcomes be assessed?
• Can trial designs for the state of a rising PSA level

be standardized?
• How can we prove that a treatment or intervention

has altered, favorably or negatively, the untreated
history of the disease?

The evaluation of a therapy or a treatment approach
can be divided into five components: the hypothesis, the
patient population in whom to test the hypothesis, the
intervention, the outcome measure(s) and reporting,
and the conclusions. The conclusions include the gener-
ation of additional hypotheses and a decision about
whether the approach should be tested further. The
Group discussed each aspect individually, with the aim of
developing a framework for drug development for this
patient population. The recommendations are summa-
rized in Appendix A.

HYPOTHESIS

The initial hypothesis we explored was that phase III trials
should not be conducted in this patient population because
the prognosis of a man with a rising PSA level is not well
defined; PSA levels are modulated by many factors and as
such, posttherapy changes in PSA may not reflect changes in
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tumor cell growth or proliferation; there is no uniform or
meaningful definition of a PSA response or outcome that
has been shown to reflect a change in the natural history of
the disease; and many patients will not continue to receive
therapy until an end point of radiographic progression or
death from disease has been reached if their PSA levels
continue to rise. Most receive androgen-ablative therapies,
which lower PSA levels and delay metastatic progression,
hampering the interpretation of the effect of the primary
treatment administered.

To frame the discussion, the Group adopted a clinical
states model that describes the management and progres-
sion history of prostate cancer (Fig 1) [8]. Unlike the stan-
dard tumor-node-metastasis system staging system, which
applies to patients only at the point of diagnosis, the clinical
states model describes untreated and treated patients from
before diagnosis to death. A patient resides in only one state
at any point in time. At each clinical encounter the patient is
assessed using demographic, clinical, biochemical, or other
biologic determinants to predict a probability of progress-
ing to the next clinical state, of developing symptoms, or
dying as a result of the disease. The framework has been
validated further in Markov models of the disease [9,10].

By addressing the reasons why trials should not be
conducted in this patient population, the Group developed
a trial methodology that would ultimately provide evidence
of clinical benefit. The first issue was to determine whether
the rise is the result of persistent local disease, a systemic
failure, or both. For those with systemic disease, drug devel-
opment efforts should focus on cohorts of patients who
have a high probability of developing a clinically meaning-
ful event (eg, bone metastases or detectable metastatic dis-
ease on an imaging modality, or prostate cancer–specific
death) in a predetermined period of time. This restricts
therapy to those who require it and allows treatment effects
to be assessed in a reasonable time frame. The probability of

developing the event and the time frame for its develop-
ment are debatable [8]. Accurate estimates of the number of
important clinical events within a specified observation
period are crucial for trial design [7].

PATIENT POPULATION

The following aspects of the patient population were con-
sidered: when has a patient entered the state of a rising PSA;
whether the PSA rise represents persistent or recurrent local
disease, systemic disease, or both; and determining the
probability that a patient with a systemic relapse will de-
velop clinically detectable disease and in what time frame.
Recognizing the uncertainties for each of these assessments,
the Group proposed eligibility criteria for enrollment of
men in clinical trials (Table 1).

Defining When a Patient Occupies the Clinical

State of Rising PSA

A patient is considered to have entered the clinical state
of rising PSA when the PSA value begins to rise after surgery
or radiation therapy excluding hormonal therapy alone. It
was agreed that patients with rising PSA levels who have not
undergone definitive local therapy should not be included.
Such patients have existing localized disease and their rise in
PSA does not necessarily represent a state transition to
micrometastatic disease. The PSA-based definition of pro-
gression (biochemical failure after primary therapy) varies
by the specific local therapy that the patient had received
and by the sensitivity of the assay used to measure the
enzyme. PSA levels also vary with the level of testosterone,
which is affected by the duration of androgen deprivation
for patients treated with a combined-modality approach.
Testosterone levels should be measured for all patients en-
rolled onto a trial. In general, testosterone levels return to
baseline within 3 to 6 months after cessation of short-term

Fig 1. A clinical states model of pros-
tate cancer development and progres-
sion to define therapeutic objectives
and to assess outcomes: The model
highlights the competing risks of mor-
tality from prostate cancer versus
death from other causes, and how
slowing progression may be tanta-
mount to cure without eliminating the
last cancer cell. Adapted from [1] with
permission.
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gonadotropin-releasing hormone analog treatment, but the
recovery is highly variable in individual patients [11,12].
Older age and prolonged androgen deprivation are associ-
ated with a longer time to recovery of physiologic levels.
Wide variations based on the type of preparation (eg, 1 v 3
month depot) have been observed [13]. Estrogen- or estra-
mustine-based treatments produce more prolonged testos-
terone suppression. Some clinicians recommend recording
PSA and testosterone levels concomitantly, and define fail-
ure as when a patient has had the requisite number of PSA
increases and the testosterone level has reached a plateau
(two consecutive testosterone measurements within 10% of
each other) [14]. Others suggest requiring that the mea-
sured testosterone be more than 150 ng/dL before enrolling
a patient onto a clinical trial. This cutoff requires prospec-
tive validation. For those who have received hormone ther-
apy, it was suggested that the testosterone level reach a
plateau or return to the pretreatment baseline, and that it be
monitored serially throughout the trial.

Radical prostatectomy. A patient is considered to have
progressed following a radical prostatectomy if PSA is de-
tectable 8 weeks or more after the procedure, and a subse-
quent value is rising. This exceeds the time that PSA should
be cleared from the blood on the basis of a half-life of 2 to 3
days [15]. The treatment failure is considered to occur the
date the PSA becomes detectable. There is debate about
whether the level of PSA signifying failure should be � 0.2
or � 0.4 ng/mL, [16], recognizing that levels as low as 0.01

to 0.07 ng/dL might represent recurrent disease if an ultra-
sensitive assay were used, and that benign glands at the
margin can produce low levels of PSA, and may not neces-
sarily represent recurrent cancer. Whether a value below 0.2
is predictive of true recurrence was not considered fur-
ther [16-18]. Also discussed was whether a patient in
whom the PSA did not reach an undetectable level should
be included in this disease state. The consensus was that
they should, assuming that the resection was found to be
complete, there was no lymph node involvement, and the
margins were negative.

The minimum PSA level to consider a patient eligible
for clinical trials in this state was arbitrarily defined as a
value � 0.4 ng/mL at a minimum of 1 month after surgery,
which is confirmed on a subsequent test followed by a value
equal to or greater than the previous value. This decision
was based on the supposition that patients with a PSA level
of 0.4 or greater are at a higher risk of systemic relapse [19].

Radiation therapy. Radiation therapy is administered
by external-beam techniques alone, implants alone, or a
combination of the two. Often, hormones are used before,
concurrently, and/or after radiation at intervals ranging
from months to years. The American Society for Therapeu-
tic Radiation Oncology (ASTRO) has developed a consen-
sus definition for biochemical failure after radiotherapy as
three consecutive rises in PSA starting at least 2 years after
the start of radiation, with the time of failure as the mid-
point between the nadir and the first confirmed rise [20]. It

Table 1. Eligibility for Trials in Patients With a Rising PSA

Record
PSA, T stage, and Gleason score at the time of diagnosis
Primary therapy and outcome (if surgery, pathologic stage and nodal status
Neoadjuvant or adjuvant therapies, if any
Time to failure

Rising PSA: patients with a history of localized disease who have undergone definitive treatment of the primary tumor
Post–radical prostatectomy

Minimum number of determinations, 3
PSA level � 0.4 ng/dL, and rising that is documented on three occasions 2 or more weeks apart.

Post–radiation therapy
Minimum number of PSA determinations, 3
Interval between PSA determinations � 2 weeks
Minimum value above 1.5 ng/dL at the time of enrollment

Exclude local failure: biopsy if clinically indicated
No evidence of metastatic disease on physical examination or on CT (MRI) and bone scan

CT scan (or MRI) and bone scan
TRUS, MRI, PET, and Prostascint are experimental

Hormonal status: patients may have received prior hormone therapy as part of definitive treatment. (Duration should be recorded.)
Not receiving therapy(ies) that modulate testosterone levels (eg, hormonal therapy, such as antiandrogen therapy) or alternative treatments, for a

minimum of 1 year.
Testosterone: Testosterone level � 150 ng/dL
PSA doubling time: to obtain results in a reasonable time frame, it is suggested that trials be restricted to patients with PSA doubling times of less than

12 months
There was no consensus on the maximum PSA level

Abbreviations: PSA, prostate-specific antigen; CT, computed tomography; MRI, magnetic resonance imaging; TRUS, transrectal ultrasonography; PET,
positron emission tomography.
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is recommended but not required that there be a minimum
of 3 months between measurements. However, transient
rises in PSA can confound the determination of relapse.
Shortcomings of the ASTRO definition are the requirement
that the PSA rises be consecutive, and the lack of a defined
magnitude of PSA rise that signifies failure. Proposed mod-
ifications to the Consensus definition are to relax the re-
quirement that the three rises be consecutive [21].

The absolute value of PSA that qualifies as disease
recurrence after radiation therapy is controversial. Values
of 1.0, 1.5, 2.0, and 2.5 ng/mL have been considered on the
basis of a receiver operating curve analyses. Others recom-
mend values of 0.5 or 1.0 ng/mL as more predictive [22].
More important than the absolute value of PSA is to use
caution when interpreting isolated increases in the marker.
These so called bounces in PSA have been reported in 12%
to 61% of cases 18 to 36 months after treatment [23].
Bounces occur more commonly in patients treated with
brachytherapy, showing the importance of confirming a
rise in value with serial measurements over time. It was
suggested that the distinction between bounce and failure
can be made more precisely if values are collected over an
interval of 9 months to a year [24,25]. Unfortunately,
rules to differentiate between these benign bounces and
true recurrent disease have not been validated [26]. For
enrollment in clinical trials, a minimum value of 1.5
ng/mL was suggested.

Calculation of Doubling Time

PSA doubling time (PSA-DT) defines the rate of
change in serum PSA over time. Although this determina-
tion would seem to be straightforward, there are uncertain-
ties in the calculation. The uncertainties include whether
PSA-DT should be based on threshold values, whether PSA
rises should be consecutive, the minimum number of sam-
ples on which to base the calculation, the frequency at which
the samples should be obtained, and the interval over which
the measurements are determined. Most calculations are
based on a first-order kinetics assumption where PSA(t) �
PSA(0)eat and a is the relative velocity of PSA. Some inves-
tigators mandate a minimum of three PSA values, each
separated in time by at least 3 months, with a minimum
difference of 0.2 ng/mL between each value. Unfortunately,
one third of the PSA profiles in this patient population
follow higher-order kinetics [27,28]. Thus, the equation
used for doubling time may be suboptimal for approxi-
mately one third of the PSA profiles. Higher-order mathe-
matical methods may better describe the PSA profiles for
these men.

The rate of testosterone recovery after neoadjuvant
therapy can affect the calculation of PSA-DTs. A slow re-
covery may result in doubling time calculations that are
artificially long and in the inappropriate assignment in a
low-risk category. A rapid recovery may result in the

inappropriate classification of a patient as high risk.
Herbal supplements such as PC-SPES may lower testos-
terone levels and lower PSA [29], whereas inflammatory
processes may falsely increase levels. To circumvent this,
some clinicians begin the estimation of doubling times
when the testosterone level is a minimum of 150 ng/mL
on two determinations.

Determining Whether the Relapse Is Local

or Systemic

Determining whether a rising PSA level is due to local
disease exclusively is important because of the potential that
additional therapy to the primary site may be curative.
Unfortunately, the methods to exclude distant metastases
are insensitive. Furthermore, even if local disease is de-
tected, it does not rule out the presence of micrometastases,
which is consistent with the low cure rates associated with
salvage local therapy [30,31].

Imaging. The traditional imaging evaluation to detect
metastatic disease is a bone scan, computed tomography
(CT) scan of the abdomen and pelvis, or magnetic reso-
nance imaging (MRI). Transrectal ultrasound (TRUS),
positron emission tomography (PET), and ProstaScint
scans are all under active investigation to detect local and
systemic disease.

CT is relatively insensitive, with a lower limit of detec-
tion of 0.5 cm. CT scans are also nonspecific; abnormalities
may signify fibrosis or a scar rather than tumor [32].

Bone scans measure the osteoblastic response to tumor
in the marrow, and not the marrow metastases themselves.
Lesions must be a minimum of 0.4 cm to be detected. In one
study, the frequency of a positive bone scan in patients with
a PSA recurrence after radical prostatectomy was low until
levels were in the range of 30 to 40 ng/mL [33].

MRI, with an endorectal coil and specific acquisition
algorithm that focuses on the pelvis, may reveal atypical
sites of recurrence around the bladder and prostate bed.
Some of these sites are in areas that are not routinely sam-
pled using standard biopsy algorithms [34]. The value of
MRI is not proven in this clinical setting at this time.

TRUS is also under study as a modality to detect resid-
ual disease in the prostate for the patient who has been
treated with radiation therapy [35,36].

PET can detect areas of abnormal metabolism. It offers
the potential to image sites in bone and soft tissue simul-
taneously, and to survey the entire body rapidly. The
lower limit of detection with respect to lesion size, met-
abolic activity, and PSA level is uncertain. One study
showed that the frequency of abnormal sites of metabo-
lism increased with the absolute level of PSA and the
PSA-DT. Abnormal areas of uptake were identified in the
mediastinum and lung, sites that are not routinely eval-
uated using transaxial imaging [37].

ProstaScint scans are the only test approved by the US
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Food and Drug Administration to detect disease in patients
with early prostate cancer, but its role in managing a patient
in the state of a rising PSA is uncertain. This immunocon-
jugate consists of a murine antibody to prostate-specific
membrane antigen that is labeled with 111-indium. Unfor-
tunately, the test is associated with a significant number of
false-positive and false-negative results, in part related to
nonspecific localization of the antibody to the gastrointes-
tinal tract [38], inflammation, and vascular sludge [39]. Use
at this time is controversial. At issue is whether a ProstaScint
scan that predicts for disease beyond the prostate bed has
been or can be confirmed by the demonstration of disease
on a conventional imaging modality, surgery, or by biopsy
[40]. A re-evaluation of the utility of ProstaScint scans with
fusion imaging is ongoing.

Biopsy of the prostatic fossa after radical prostatectomy.
After surgery, it is advised that palpable and visible abnor-
malities in the prostate bed be biopsied to confirm recur-
rence. It is also believed by many clinicians that a biopsy is
not indicated in the absence of palpable abnormalities be-
cause of the possibility of sampling error, and because the
decision to administer and the response to salvage radiation
therapy are often not affected by the results [30].

Biopsy of the prostate after radiation therapy. The de-
cision to perform a biopsy after radiation therapy will de-
pend on whether the patient is a candidate for a salvage
radical prostatectomy or other prostate-directed therapy
such as cryosurgery [41], brachytherapy [42], or intrapros-
tatic biologic or cytotoxic treatment. If so, documenting
persistent and viable disease in the prostate is essential. A
minimum of 2 years should have elapsed from the comple-
tion of radiation therapy to diminish the risk of false-posi-
tive results.

Prognostic models. Although the definitions of risk
vary, patients who are at high risk for recurrence at the time
of diagnosis have the highest risk of developing clinical
metastatic disease and dying from prostate cancer when
they experience treatment failure. The models used to esti-
mate the likelihood of PSA relapse-free survival, risk of local
versus systemic relapse, risk of developing metastatic dis-
ease after PSA failure, or risk of death as a result of disease
fall into four categories: models predicting PSA failure [43-
45]; models predicting the probability of a given pathologic
stage [46-48]; models predicting probability of death [49-
52]; and empirically developed mathematical models (no-
mograms) for these same outcomes [21]. These models are
being updated and refined on a regular basis. In general, the
most informative models include determinants that reflect
the tumor at the time of initial diagnosis and treatment, the
time to PSA failure, and PSA-DT. All of the models work in
defining what they are designed to predict. In many analy-
ses, baseline value PSA is the most important predictor of
PSA failure, but may not be the most important predictor of
prostate cancer–specific death.

Predicting local versus systemic relapse. Lower baseline
PSA levels, lower Gleason scores, lower T stages, longer time
to PSA relapse, and slow doubling times are associated with
local as opposed to a systemic relapse [8]. In one study, local
recurrence was predicted by the pretherapy PSA value, PSA-
DT, and findings on digital rectal examination, whereas
durable response to radiation therapy was predicted by the
baseline PSA value and PSA-DT [6,30]. Others have used
outcomes from salvage radiation therapy after radical pros-
tatectomy as a way to predict that a rise in PSA after radical
prostatectomy was due to local disease alone. In one such
trial, pathologic predictors for a response to salvage radia-
tion were negative or close margins (P � .03), absence of
extracapsular extension (P � .01), and presence of seminal
vesicle invasion (P � .01) [53]. A nomogram based on
long-term PSA control after radiation therapy to the pri-
mary that incorporates pathologic features of the radical
prostatectomy specimen, time to PSA relapse, absolute
value of PSA, and PSA-DTs was recently reported [54].

Risk of a state transition to clinical metastatic disease.
Pound et al [8] evaluated a cohort of men who developed an
isolated PSA recurrence after radical prostatectomy and
who were not treated further until symptomatic or radio-
graphic evidence of disease progression. The factors that
independently predicted for progression were surgical
Gleason score, interval to first detectable PSA (� 2 v � 2
years), and PSA-DT (� 10 v � 10 months). In an updated
analysis, time to PSA failure was no longer predictive when
PSA-DT was considered [55]. In a separate analysis, 5-year
systemic progression-free survivals exceeded 93% in pa-
tients with doubling times greater than 6 months versus
64% for those with doubling times less than 6 months [56].
With longer follow-up, PSA-DT has replaced both prosta-
tectomy Gleason score and time to PSA failure in predicting
time to bone metastases after PSA failure [55]. Other groups
have reported similar differences in time to detection of
clinical metastatic disease based on rapid versus slow dou-
bling time estimates with different cut points [52,57].

Risk of death as a result of prostate cancer. Models that
define the risk of prostate cancer–specific death for patients
with a rising marker are just beginning to be developed as
the data from trials of patients with high risk localized
disease mature. An example is the reported link between
PSA-DT and time to PSA recurrence, with distant progres-
sion or cause-specific survival after primary radiation ther-
apy [58-62]. These associations are important when trying
to determine who needs treatment to prevent clinically
significant disease-related events. It is also important when
designing trials using non-PSA– based end points. In more
recent analyses, a PSA-DT of less than 3 months and the
specific value of PSA-DT when 3 months or more have
elapsed after either radical prostatectomy or external-beam
radiation therapy, were shown to be a surrogate for time to
prostate cancer–specific mortality after PSA failure [63]. On
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the basis of these data, PSA-DT should be considered a
stratification factor when selecting patients with noncas-
trate disease and a rising PSA for clinical trials.

THE INTERVENTION

Studies of the mechanisms and factors associated with the
development, growth, and spread of prostate cancer have
resulted in new targets for therapy and new drug classes that
fall beyond the traditional hormones and cytotoxic agents.
Included are drugs designed to alter tumor growth rates,
differentiate cells, affect points in the metastatic cascade, or
elicit a host immune response. More important is that for
many of these agents, the classical phase I paradigms that
seek to define a maximum-tolerated dose may not apply. In
theory, any class of drug can be evaluated in this population.
The question is at what point in the development of a
compound or treatment approach should patients with a
rising PSA be studied?

It was the consensus of the group that human testing of
a new substance should rarely begin in this population until
the safety profile is understood and preliminary evidence of
an antiprostate cancer effect are available. Most compounds
that are destined to show activity in this clinical state will
also be active in patients representing more advanced clin-
ical states in which treatment effects can be assessed more
clearly. As such, most compounds will tend to be evaluated
first in patients who have experienced disease progression
while receiving hormones, and will not be tested in the state
of the rising PSA unless some measures of benefit are shown
in more advanced disease. This is particularly the case for
cytotoxic agents, for which the risks of acute and chronic
effects are not generally considered justified in an asymp-
tomatic population with a long life expectancy.

There are notable exceptions. For example, immuno-
logic approaches may only be effective when tumor burden
is minimal (ie, in the state of a rising PSA) or after cytore-
duction with surgery, hormones, or chemotherapy. Thera-
pies directed at targets that are unique to the state of a rising
PSA (noncastrate disease), for example, a target modulated
by androgens, may not be effective in states in which the
target is not present. Factors to be considered when trying
to determine whether to study compounds in this state
include the therapeutic class, the anticipated biologic effect,
the putative mechanism, the anticipated effect on PSA in-
dependent of cell kill, whether the drug is best administered
on an acute or chronic basis, and the anticipated side effects.
It was suggested that the drug be tested in vitro or in vivo
using PSA-secreting cells and/or xenografts, to determine
what the effects of the drug are on PSA expression, with the
caveat that these assays are themselves investigational. This
information can be useful in the selection of outcome mea-
sures that will be used to assess treatment effects, both
positive and negative. Such testing is not possible for agents

that are only activated in vivo or that function by eliciting a
host response.

MEASURING OUTCOMES AND REPORTING

Much of the debate in prostate cancer has been about the
standardization of outcomes and not enough on the clinical
significance of the outcomes.

Measuring Outcomes

Outcome measures are required to decide if a patient is
or is not benefiting from a treatment, and more globally,
whether a treatment is effective. Standardization of out-
comes in the form of response criteria has helped bring
order to the chaos of reporting the results of clinical trials.
Much has been accomplished in trials of patients with pro-
gressive castrate metastatic disease [64] and, in more gen-
eral terms, the Response Evaluation Criteria in Solid Tu-
mors Group criteria were recently reported and adapted by
the Cancer Therapy Evaluation Program for clinical trials in
solid tumor malignancies [65]. Difficulties in applying the
PSA Working Group criteria to trials for patients in the state
of a rising PSA are that there are no radiographic findings,
symptoms, or pathologic specimens that can be used in
addition to PSA changes as outcome measures, and the
PSA-based criteria are not applicable in all contexts. Re-
sponse Evaluation Criteria in Solid Tumors Group criteria
do not consider markers. For patients in this clinical state,
there are several useful end points: a defined change in the
level of PSA or PSA kinetics, a delay in a clinically significant
event such as the development of disease that can be de-
tected by imaging or physical examination, symptoms or
death as a result of disease, and the risk-to-reward ratio of
the intervention versus no intervention. Both present prob-
lems because there is no universal set of PSA-based rules
that will be applicable to agents with diverse mechanisms of
action; in addition, many patients will not remain under
observation until the clinically significant event occurs if the
PSA continues to rise. This makes the risk-to-reward ratio
difficult to quantitate.

Posttherapy Changes in PSA

The attraction of measuring serial PSA levels is that
these assays can be obtained simply and frequently with
minimal inconvenience to the patient. However, ease of
measurement and seeming mathematical objectivity should
not be confused with patient utility or surrogacy. A surro-
gate end point is an outcome variable that can substitute for
a definitive end point and does not alter the inference on the
treatment effect. Surrogates occur with sufficient frequency in
a reasonable time frame, and can be measured more easily and
reproducibly with smaller sample sizes. Posttherapy changes in
PSA have not been associated with delaying the development
of metastases or prolongation of life in a prospective random-
ized trial. As such, posttherapy changes in PSA have not met
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the criteria for surrogacy, and it was the consensus of the
Group that they not be used as the sole indicator of clinical
benefit. A weak association between postbiopsy decrease in
PSA value and survival in castration-resistant disease has been
shown [66], but not in hormone-naive disease.

The central issue is whether or not posttherapy PSA
change criteria can be defined for an individual patient or
for a population of patients treated with a specific therapy
that can be used to determine whether treatment or clinical
development should continue. The posttherapy measure
could be a decline, a stabilization, or a decrease in the rate
of rise. For those therapies that produce the defined
effect, development continues, and for those that do not,
further development ceases. The timing of the effect is
also a consideration. Knowledge of the drug or combina-
tion of agents under study is essential to define or to
anticipate the interval to PSA decline. Different post-
therapy PSA change definitions will be required for
agents that act via different mechanisms.

Hypothetical posttherapy PSA patterns are illustrated
in Figure 2. In each case, a pretherapy PSA rise is docu-
mented to estimate the rate of rise or doubling time, with
the start of treatment indicated by the arrow (1). Figure 2A
shows a treatment that has produced an undetectable PSA
that is prolonged, as might be seen with androgen ablation
or an effective cytotoxic agent. Figure 2B illustrates the same
rapid decline that is followed by an escape. Figure 2C shows
no change or a plateau in PSA that might occur for an
approach that produces a cytostatic as opposed to cytotoxic
effect. Figure 2D shows what might occur with a biologic
agent that does not elicit an effect for a period of time. In
such a case, the PSA level will continue to rise until the effect
is fully manifest. In contrast, Figure 2E shows what might
occur if a differentiating agent such as a retinoid were used
in which there is a paradoxical increase in PSA in the short
term followed by a decline. The important consideration is
that the initial increase in PSA level does not necessarily
indicate treatment failure [67,68]. Figure 2F illustrates what
has been termed a broken arrow, in which the rate of rise
was slowed but continues to rise; Figure 2G shows a similar
outcome after a delay. The important factor is that the
timing of the posttherapy measurements must account for
these variations so that patients are not withdrawn from a
trial prematurely. Finally, Figure 2H shows a treatment that
has not altered the rate of rise in PSA. Although this pattern
may represent a drug with no effect on the disease, it may
also represent a drug that reduces that rate of metastases or
delays the development of metastases without killing cells.
Such an effect may be observed with bisphosphonates,
which have been shown to delay metastatic progression in
bone without affecting PSA [69]. In this case, a beneficial
therapy could easily be missed.

PSA-Based Definitions of Progression

The definition of progression on the basis of PSA is
highly variable. In some cases it is defined by an increase to
a predetermined number, in some cases it is defined by an
increase by an absolute percentage, and in other cases it is
defined by a change in the postintervention rate of rise. The
definition must also vary for drugs that produce no change,
those that produce a decline, or those that produced an
undetectable PSA. Examples of different definitions of fail-
ure or relapse on the estimation of time to progression
calculated from the start of therapy are shown in Figure 3A
and 3B. In Figure 3A, the intervention produced a post-
therapy PSA decline of 80% (point a) that was documented
several times. This was followed by a period of no change
(stability), after which elevations were observed (points b, c,
and d). At point b (line 1), the time of PSA progression was
recorded as the first confirmed rise in PSA. Alternatively, a
variant of the ASTRO definition could be used, which is the
midpoint of nadir and the first confirmed rise [20]. At point
c (line 2), PSA progression is marked at the point the level
has returned to 50% of the baseline value, as proposed for
trials in patients with androgen-independent (castration
resistant) disease [64]. Alternatively, a 50% increase from
the nadir can be used. This too is problematic, as shown by
point d (the point of the first confirmed rise in the lower
line), for levels that continue to increase but never reach the
point of a 50% increase from baseline or nadir. As illus-
trated, the compound could be considered to have a short,
intermediate, or more durable effect. It is for this reason that
the time to the first confirmed rise is preferred [68]. Finally, in
situations in which treatments produce an undetectable PSA,
the time to a detectable PSA value would be considered pro-
gression. Figure 3B shows the difficulties that can arise when
trying to define a date or time to progression for drugs that
slow the rate of rise without an initial decline or stability, or for
drugs for which the effect, if it is to occur, is delayed. Line 1
shows the slope of the change based on the pretherapy rate of
rise, and line 2 shows the slope of the posttherapy rate of rise.
Which definition is used should be stated clearly in the trial.

Regardless of the definition used, simply determining that
a proportion of patients satisfy the outcome definition is only
one part of the equation. Ultimately, the decision to move
forward must also factor in the duration of the effect. A short
dramatic decrease in PSA may not be as important as a sus-
tained decrease, even if it is not of the same magnitude. Simi-
larly, a decline in the slope of the PSA curve for 2 weeks may
not be significant, but a decline in the slope of the PSA curve for
2 years might be worthy of continued study. These caveats
notwithstanding, posttherapy changes in PSA can still be of use
to screen for activity and to determine whether the develop-
ment of a compound should stop or should continue.
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Fig 2. Posttherapy PSA patterns following different interventions in a patient with a rising PSA: The start of treatment is indicated by the arrow (1). (A) rapid
decline with no escape; (B) rapid decline followed by escape; (C) a “no change” or plateau (2 days); (D) similar to (C) but only after a delay; (E) an initial rise
followed by decline; (F) a “broken arrow” in which the rate of rise was slowed; (G) similar to (F) with a delayed effect (2 hours); a treatment with no effect on
PSA. (For details see text).
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Reporting

For consistency, the Group recommended that outcomes
be reported in a tabular format that records the number of
patients who meet different PSA-based outcomes at defined
posttreatment intervals (Table 2). The table includes the num-
ber of patients enrolled, the number of patients at fixed time
points after therapy, and the number meeting specific PSA-
based criteria. The number who continue to receive treatment
and who have discontinued treatment are also recorded. The
reason a patient was taken off study should also be recorded, be
it the development of clinically detectable metastatic and/or
local disease, adverse event, anxiety, or the administration of a
different treatment for any reason. This approach allows a
rapid visualization of the proportion of patients who have met
a specific outcome criterion and who have not undergone a
transition to a more advanced state.

TRIAL DESIGN

The clinical evaluation of any therapy involves a series of
trials, each of which determines whether or not to continue
development. The trials are classified traditionally into one
of three phases: phase I trials define a dose and schedule,

phase II trials seek evidence of a biologic effect in a disease
or disease state of interest, and phase III trials are designed
to establish efficacy and safety of the new approach in com-
parison with an established standard of care or placebo.
There are difficulties applying this paradigm to trials in the
state of a rising PSA because, in most cases it is not appro-
priate to explore the traditional end point of maximum-
tolerated dose (MTD) of an unknown compound in an
asymptomatic population with a long life expectancy; typ-
ical phase I trials focus on acute as opposed to chronic
dosing schedules; it is difficult to compare outcomes on
the basis of different posttherapy PSA-based end points;
and patients enrolled onto trials designed to show clini-
cal benefit will not remain on a trial when their PSA levels
are rising until an objective end point (such as the ap-
pearance of disease on an imaging study or physical
examination) is reached.

As noted previously, there was consensus that the clin-
ical evaluation of a drug should rarely begin in patients with
a rising PSA. Such is the case whether the drug is a cytotoxic,
a mechanism-based therapy that has already been given to
normal volunteers, or a potentially new use for a drug
approved for noncancer indications and for which the
safety of long-term administration has already been dem-
onstrated. The challenge is to design informative trials that
demonstrate objectively whether an approach is beneficial
to this patient population, and to what degree, so that they
can be prioritized for further development. To do so re-
quires a new paradigm that addresses issues in three general
categories: dose and schedule, treatment or biologic effect,
and clinical benefit (Table 3)

Dose and Schedule

The first consideration for dose and schedule is
whether the treatment is being developed to cure the disease
by eliminating the last cancer cell, or to control the disease
by preventing a transition to a state of clinical metastases.
For slower-growing cancers, control may be tantamount to
cure, despite the fact that PSA levels are detectable and
rising throughout a patient’s lifetime.

Dosing for cure. In theory, a systemic therapy with
activity in late-stage disease may be more efficacious in a
minimal disease setting (low tumor burden), such as rising
PSA state. In gastrointestinal [70], thoracic, and breast ma-
lignancies [71], agents with modest activity in advanced
disease have been shown in prospective randomized com-
parisons to increase cure rates when used in the adjuvant
setting. Even though the response proportions with chemo-
therapy in prostate cancer are equivalent to or exceed those
of the diseases just cited, clinical testing in early-stage tu-
mors has been limited. As the trials are planned, it is likely
that many will involve agents with steep dose-rate/dose-
response relationships for which toxicity issues, both short
term and long term, will be dose limiting. For agents for

Fig 3. Effect of different definitions of failure or relapse on the estimation
of time to progression calculated from the start of therapy: (3A) Line
1–failure defined as the first confirmed rise (point b); Line 2 – failure defined
by the PSA Working Group for castration resistant disease, [64]; Line 3 –
failure defined as first confirmed rise when increase did not exceed 25%
from the treatment nadir. (3B) Illustrates PSA levels in a patient for whom
treatment slowed the rate of rise in PSA. Line 1 is the pretherapy slope and
line 2 the posttherapy slope (For details see text).
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which toxicities are not anticipated to be dose limiting, the
issue is to establish a dose that produces a biologic effect,
and to show that the biologic effect is clinically relevant.
This will be discussed in more detail below.

Dosing for cancer control. The traditional management
approach considers prostate cancer a chronic disease. The

issue is to determine a dose and schedule that achieves and
maintains a biologically relevant effect for a prolonged pe-
riod of time with good patient tolerance (an acceptable
safety profile). Before evaluations of efficacy (treatment
effect) can proceed, knowledge that a biologically rele-
vant dose has been administered is critical—failure is
guaranteed if an effective dose is not given. This is not
straightforward, because measuring changes in the
growth of prostate cancer cells in patients with a rising
PSA as the sole manifestation of disease exceeds the
technologies currently available, and a favorable effect
on PSA may not be a surrogate for an antitumor effect
[4,5,72]. As a result, we are often forced to base our
dosing schema on other intermediate measures.

The intermediate measures can be classified into three
categories (Table 4): direct measures of inhibition of the
growth of prostate cancers representing more advanced
clinical states; anticancer effects in other diseases in which
the surrogate for a biologic effect is known but which are
not specific to prostate cancer; and effects on normal tissues
(Table 5). Regression of soft tissue masses and improve-

Table 2. Reporting As a Time to Event

Regimen 1: Tabular Summary of the Outcome of Patients With a Low Rate of Durable Declines in PSA and High Rate of Metastatic Progression

Outcome Entry

Follow-Up (months)

6 12 18 24 30 36

No. of patients 100 90 65 50 40 30 15
% change in PSA from baseline

Greater than 50% increase 0 5 5 5 10 5
Increase of 10–50% 10 15 5 5 10 5
Between 10% decrease and 10% increase 30 20 20 15 5 5
Decrease of 10–50% 40 20 10 15 5 0
Greater than 50% decrease 10 5 0 0 0 0

Removed from study
Objective progression 0 5 5 0 5 8
Death as a result of other causes 0 0 0 0 0 2
Rising PSA 5 15 5 10 3 5
Toxicity 5 5 5 0 2 0

Regimen 2: Tabular Summary of a Regimen Showing Durable Declines in PSA and a Low Rate of Objective Metastatic Progression

Outcome Entry

Follow-Up (months)

6 12 18 24 30 36

No. of patients 100 90 80 70 55 50 40
% change in PSA from baseline

Greater than 50% increase 0 0 5 0 0 0
Increase of 10–50% 10 10 5 5 5 10
Between 10% decrease and 10% increase 30 30 30 25 20 15
Decrease of 10–50% 30 30 20 15 15 10
Greater than 50% decrease 20 10 10 10 10 5

Removed from study
Objective progression 0 0 5 0 0 0
Death as a result of other causes 0 0 0 0 0 0
Rising PSA 10 6 5 10 5 10
Toxicity 0 4 0 0 0 0

Abbreviation: PSA, prostate-specific antigen.

Table 3. Design Objectives for Trials in the State of a Rising PSA

Dose and schedule
Dosing for cure
Cancer control: prostate cancer as a chronic disease

Treatment effect
Define an intervention specific post-therapy PSA change that would

be considered favorable
Determining the proportion of treated patients who show the change
Determining the significance and durability of the effect by

measuring the proportion of patients who do not develop
metastatic disease at different time points after treatment

Clinical benefit
No objective progression on physical examination or imaging study

Abbreviation: PSA, prostate-specific antigen.
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ment in bone scan are the most direct. An advantage of
studying other tumor types and normal tissues is that
they are often more amenable to serial sampling, which
allows the dose-time relationships to be worked out
more precisely. Preclinical studies in prostate cancer
xenograft models can also be used to optimize the timing
of tissue sampling by monitoring changes in protein
targets [73], or by functional imaging such as positron
emission tomography [74].

Measures and outcomes from trials in prostate cancers
representing more advanced clinical states provide the best
rationale for testing in patients with a rising PSA. Outcomes
that would lead to trials in early disease include shrinkage,
or for a noncytotoxic drug, prolonged time to progression.
An issue for targeted therapies directed at a specific signal-
ing pathway is to ensure that the target or pathway is con-
tributing to the growth of the disease in the state of a rising
PSA level, and is not restricted to pathways associated with
or specific to more advanced disease. It cannot be assumed
that drugs targeting pathways present in castration-resis-
tant disease are present and functional in the state of a rising
PSA [75,76].

Effects observed in different diseases in which the sur-
rogate for a biologic effect is known can also be used to
develop dosing schedules for testing drugs in the rising PSA
state. A marker or intermediate end point that correlates
with disease progression but does not correlate with PSA
changes adds power to the evaluation of a drug across the
spectrum. Consider the following example. Tumor cells
that express specific mutations in c-kit or which harbor a
functionally active c-kit signaling pathway are highly sensi-
tive to imatinib. Trials in patients with chronic myeloge-

nous leukemia and gastrointestinal stromal tumors estab-
lished an effective dose of the drug that could be
administered for a prolonged period of time. Subsequent
work showed that tumors with an activated platelet derived
growth factor receptor (PDGFr) signaling pathway might
also be sensitive to the compound, including prostate can-
cers that have metastasized to bone [77], and by inference,
localized prostate cancers that have been shown to overex-
press PDGFr [78]. This provided a rationale for testing in
prostate cancer. The initial trial of imatinib in prostate
cancer evaluated patients with clinically metastatic castrate
disease in bone, and included correlative studies seeking to
confirm the presence of the receptor in bone metastases and
changes in receptor levels after treatment. This was not only
cumbersome for the patient and costly, but often the biopsy
itself was negative for tumor.

Consequently, many groups have explored changes in
normal tissues that are easier to obtain on a consistent basis
for pharmacodynamic dosing. Tissues that have been used
include peripheral blood mononuclear cells obtained by
venipuncture, buccal mucosa smears, skin biopsies, or hair
follicles. Changes that have been measured include inhibi-
tion of a particular signaling pathway or target protein, the
induction of specific target proteins, and effects on prolif-
eration. For the evaluation of imatinib, an assay that corre-
lated dephosphorylated PDGFr in tumor with dephospho-
rylated PDGFr in a hair follicle, a specimen that is easily
obtained with little patient discomfort, was developed. In a
trial that includes patients with a rising PSA, if the dose
explored is shown to affect PDGFr phosphorylation status
and there is no effect on PSA, it is unlikely that the drug will
be developed further as a single agent.

The situation may be different for immunologic ap-
proaches that affect circulating cells and not solid masses of
tumor, or for approaches that in theory may have no effect
against large tumor burdens. In this case, a failure to dem-
onstrate an antitumor effect in late-stage disease may not
predict for a lack of efficacy in minimal disease. Many
immunotherapy trials have as their primary end point an
immunologic measurement such as the induction of a spe-
cific antibody titer or measures of T-cell function. The issue
is that few, if any, of these end points have been associated
with an antitumor effect in prostate cancer or in any tumor
type. As a result, the issue of dose is often unresolved, and
the decision to discard or advance the approach is too often
entirely empiric.

Treatment Effect

Trials designed to determine treatment effect, analo-
gous to phase II trials in traditional drug development, are
essential to assess whether to commit the human and finan-
cial resources necessary to conduct a definitive randomized
trial using objective, non-PSA– based, clinical benefit end
points. The situation is complicated further by the number

Table 4. Intermediate Measures to Optimize Dose

Direct measures on prostate cancers in more advanced clinical states
Effects observed in other diseases in which the surrogate for a

biologic effect is known but which are not specific to
prostate cancer

Normal tissues: peripheral blood mononuclear cells, buccal mucosa,
skin, or hair follicles

Table 5. Sequential Outcomes to Demonstrate Treatment Effects and
Prioritize for Clinical Benefit Studies

Define intervention specific posttherapy PSA change
Determine the proportion who demonstrate the decline
Demonstrate the duration of effect on PSA and concurrently, on delay

of metastatic progression
Ranking

Match eligibility profiles for risk of metastatic progression
Consider the proportion of patients remaining on study at

each time point

Abbreviations: PSA, prostate-specific antigen.
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of agents now available for testing. As such, these trials
should also provide objective measures to prioritize drugs
for definitive evaluation. Eligibility criteria should include
patients with a predetermined risk of developing metastatic
disease, or ideally with the expectation that patients with the
same risk profile would be treated in the phase III study
[79]. The level of risk was not defined.

An issue that affects the design and ability to complete
both treatment effect and clinical benefit studies is whether
early hormonal therapy prolongs life, and whether defer-
ring hormones to explore an investigational approach
would compromise a patient’s overall outcome. Interna-
tional trends are to administer androgen ablation therapy
earlier, on the basis of randomized trials showing a delay in
progression along with a suggestion of a survival benefit
when hormone therapy is used as an adjuvant (early) to
local therapy rather than as a salvage (delayed) approach
when relapses were documented [80-83]. This question has
not been carefully incorporated in trial design. It was the
consensus of the Group that the data were insufficient to
recommend early immediate hormone therapy to all pa-
tients, and that given the adverse effects of these treatments,
that trials that do not incorporate hormonal therapy were
still acceptable. The issue of early versus delayed therapy is
critical for patients in this clinical state.

The evaluation for treatment effects involves three
components: defining an intervention-specific post-
therapy PSA change could represent a change in the
natural history; determining the proportion of treated
patients who show the change; and measuring the pro-
portion of patients who do not develop metastatic dis-
ease at different fixed time points.

There are many posttherapy PSA change definitions in
use, and often, the favorable intervention-specific post-
therapy PSA change that is defined seems arbitrary. These
outcomes range from a decline in the absolute value, a
decrease by a defined percentage, no change, a decline in
slope, or an increase in doubling time. Alternatively, the
proportion of patients who achieve an undetectable PSA
can be studied. But whatever definition is used, the trial
design should state the specific posttherapy PSA change that
is considered favorable for the drug under study, along with
the proportion of patients who achieve the end point that is
required to advance the drug. For drugs that pass the initial
hurdle, additional patients can be enrolled to begin to esti-
mate the duration of effect. A one-, two-, or multistage
statistical design that controls the alpha (type I) and beta
(type II) error can be used.

Previous work in patients with castrate metastatic dis-
ease demonstrated that PSA changes represent only a small
but significant predictor of a patient’s survival [62,84].
Maintaining a low biochemical failure rate is a necessary but
not a sufficient condition for a delay in objective disease
progression and for prolonged survival in this population.

As such, measures of a treatment effect should not be based
on PSA changes, but on a time-dependent parameter such
as the time to development of detectable clinical metastatic
disease, which requires that patients be evaluated at regular
intervals with physical examinations, symptom assess-
ments, and imaging studies. Demonstrations of a delay in
time to progression with a nonhormonal approach is an
indication that a regimen is worthy of testing using a sur-
vival end point.

When considering different outcomes, few would ar-
gue that a drug was having a biologic effect if a patient’s
PSA-DT were increased by a factor of 2. This change in
PSA-DT is one example of an arbitrarily defined bar. The
concern of a PSA end point that accepts any degree of rise
from baseline as a favorable outcome is whether patients
will remain on the study with a rising PSA until clinical
metastases are observed. In practice, many patients receive
androgen ablation or other therapy to alleviate the anxiety
associated with a PSA that is continuing to rise [85]. In
practice, the proportion of patients who remain on study
without metastatic disease, the proportion who receive a
secondary therapy before the end point of metastatic dis-
ease, and the proportion who develop metastatic disease
should be recorded separately. Androgen ablation therapies
lower PSA levels and delay metastatic progression [81], and
the trial cannot be completed. As such, to show that the
development of metastatic disease has been prevented or
delayed, the defined posttherapy PSA change must be
meaningful enough so that a patient will remain on the trial
for a sufficient period of time. Examples are illustrated by
Figures 2A to 2D and 2H. Patients who receive secondary
therapies as a result of increasing PSA trajectory should
continue to be observed for objective disease progression.
In this way, an analysis for multiple possible failure types
can be calculated, although the definitive end point remains
time to development of metastatic disease. As noted previ-
ously, delaying time to metastatic disease is one justification
for designing and prioritizing a trial using a survival-based
end point.

The situation is different for agents that may be antic-
ipated to influence prostate cancer growth independent of
an effect on PSA. Agents that affect host-tumor interactions
with no or a limited effect on the tumor itself (such as
antiangiogenic agents, antimetastatic compounds, and
those designed to minimize tumor seeding in bone) are
some examples. Such agents may indeed have a role in
management, but, because of the lack of an effect on PSA, it
is unlikely that a study based on time to objective metastatic
progression can be completed. The evaluation of these
agents will require the incorporation of hormone therapy
into the trial design, using time to treatment failure as the
end point. In one example of such a design, patients are
exposed to 3 months of hormonal therapy and then ran-
domly assigned to receive or not receive the experimental
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agent—in this case, an angiogenesis inhibitor. Sample
size estimates can be based on predicted failure probabil-
ity of placebo-treated patients that exceeds 90%. Recov-
ery of testicular function and increasing testosterone
levels, a powerful inducer of PSA expression and release,
may confound the comparison. Although this is adjusted
for in part by randomization, it is important to demon-
strate that the levels of testosterone were comparable
between the two groups at the time of analysis.

Multiarmed phase II trials can also be used to test
different agents in a single trial. In this design, single or
multiple experimental therapies are compared to a con-
current control- or standard-arm treatment. Different
doses and schedules can also be studied. At the end of the
treatment effect study, if the experimental treatment
does not demonstrate a sufficient reduction in the objec-
tive disease progression rate relative to the control, the
study is terminated.

Ranking. A prospective randomized trial is the most
valid way to compare the results of different agents. Given
the advances in discovery and the number of therapies now
available for testing, some criteria to prioritize one therapy
versus another for definitive testing will be essential. The
proportion of patients who remain on study A and study B
without metastases at a given time might be used to help
assess which agents are worthy of study in a definitive clin-
ical benefit trial. Critical to the ranking of agents is the
enrollment of patients with similar probabilities of develop-
ing a clinically significant event. The latter has not been
standardized. In addition, standard imaging to detect me-
tastases must be performed at fixed intervals, recognizing
that the PSA changes observed may not mirror overall dis-
ease status. Imaging should also be performed when a pa-
tient discontinues treatment for any reason. Table 2 illus-
trates the outcomes with two different treatment programs
on the basis of percent change in PSA from baseline, the
status of patients on the trial, and reasons for withdrawal. As
shown, the first regimen produced short-term declines in
PSA of greater than 50% in 5 of the 65 patients (8%)
observed for 12 months, whereas many patients discontin-
ued treatment because of a rising value. With the second
regimen, the degree of decline was greater and more dura-
ble, with 25% of men showing continued declines at 24
months, and fewer patients showing objective metastatic pro-
gression. The lack of a treatment effect for regimen one relative
to regimen two is also shown by the difference in the propor-
tion of men showing objective metastatic progression.

Clinical Benefit

Prospective randomized comparisons provide the
most definitive evidence of clinical benefit. The gold stan-
dard end point is overall survival. The proportion of pa-
tients who are alive at time x with no evidence of disease is a
possible alternative for determining disease-free survival.

Survival-based end points are inefficient for patients with a
rising PSA because many patients have long survival times
independent of therapy. A survival-based end point is fea-
sible for patients with a high risk of prostate cancer–specific
death. As an alternative to survival, the Group accepted the
time to the development of objective evidence of disease on
an imaging or on physical examination, or the transition to
clinically metastatic noncastrate disease as clinically benefi-
cial. This is because it is the point in the illness where a
patient is at risk for developing symptoms and of dying of
prostate cancer [8]. Survival-based end points are possible
for patients with high risk of death (ie, 5 years).

The Group also recognized that a patient could be
considered to have benefited from treatment if symptoms
were prevented, but that the end point was more difficult to
prove in this patient population because symptoms only
occur after metastatic progression has been demon-
strated. Reducing the toxicities of or obviating the need
for hormonal therapy would also be considered benefi-
cial but will not be considered further. The more impor-
tant factor relevant to completing these studies is the
clinical reality that many do not remain on trial if PSA
levels continue to increase. This reiterates the impor-
tance of a high bar for the results of treatment effect trials
before a clinical benefit study is considered.

The clinical benefit end point should evolve directly
from the treatment effect studies so that the trial can have
high power with its sample size. The eligibility criteria with
respect to the risk of developing a clinically significant event
should also be the same. The exact level of risk of metastatic
progression will vary for the type of intervention being
proposed: the higher the risk, the more acceptable the tox-
icities. However, if eligibility criteria are such that only the
highest-risk patients are selected, accrual may slow to levels
that are not sustainable.

In conclusion, developing therapies for patients in the
state of a rising PSA is challenging because it takes place in
the absence of symptoms, radiographic findings, or patho-
logic correlates to determine treatment effects. The chal-
lenge is unavoidable, because the population with rising
PSA now represents the second largest group of patients
with prostate cancer. This Group agreed on a methodology
to show whether a drug can favorably alter the natural
history of the disease. It included the recognition that drug
development would rarely begin testing in this patient
group until the safety profile was established and there was
preliminary evidence of efficacy in patients with more ad-
vanced disease. The Group also recognized the importance
of refining prognostication and risk stratification on the
basis of parameters in the primary tumor, clinical deter-
minants, and PSA kinetics (eg, PSA-DT) that are critical
to patient care. A wide range of new therapies are avail-
able for testing, from traditional cytotoxic drugs to novel
agents that target specific pathways. There should be no
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presumption that targets present in other clinical states,
such as those with localized disease or castrate metastatic
disease, are present in tumor cells from patients in the
state of a rising PSA.

There was consensus that the clinical benefit of a treat-
ment or approach could be demonstrated if trial entry was
restricted to patients who needed to be treated, that testing
was restricted to drugs worthy of evaluation, and that a high
bar was set to move a drug or approach forward. Current
data suggest that PSA-DT represents a powerful predictor
of distant metastasis and disease-specific survival in this
patient population. The evaluation should proceed in a
sequence that defines an optimal dose and schedule; dem-
onstrates a treatment effect; and demonstrates clinical ben-
efit. PSA-based criteria for a treatment effect should be
intervention specific, varying by the mechanism of the drug.
A posttherapy PSA change is a short-term end point; ab-
sence of objective progression and survival are the long-
term end points. The group concurred that treatment-in-
duced changes in PSA do not necessarily mean that a patient
has benefited from the therapy, and that the PSA level in and
of itself should not be used as the sole treatment response.
The Group also believed that the term PSA response should
be abandoned. Nonetheless, the Group believed that post-
therapy PSA changes can (and should) be used to detect
drug activity. Agents that fail to affect PSA kinetics should
be abandoned; those that have a favorable impact should be
studied for treatment effects and clinical benefit using new
radiographic findings as the end point. These data indicated
that PSA-DT might be a surrogate for survival. Additional
studies from well-controlled prospective studies are needed
to confirm these results. At the same time, the search for
additional markers must continue—in particular, those
that are not modulated by hormonal therapy.

The Group recommended a method of reporting on
the basis of a proportion of patients who show a defined
change in PSA, the duration of the change, and the absence
of metastatic disease at fixed time intervals after treatment.
This will allow investigators to compare visually their re-
sults with results of other investigators and will assist in
prioritizing agents for further evaluation. Innovative study
designs focused on clinical benefit also represent a valuable
method to assess the role of candidate biomarkers as inter-
mediate end points for future studies.

The Group was unanimous in the belief that assessing
quality of life in this cohort was essential, particularly when
the morbidity of the therapy might outweigh the survival
benefit and the therapy is administered early in the disease
process. Traditional quality-of-life measurement via utility
assessment was recommended. Measuring utilities would
yield a quality-adjusted survival time metric, which could
easily be used to compare treatments on the quantity and
quality-of-life outcomes simultaneously. Alternatively, a
sensitive measure of symptom frequency, intensity, and

duration could be used. In this context, symptom-induced
distress, sense of well-being, and self-assessed quality of life
could be evaluated.

■ ■ ■
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Appendix A: Summary of Recommendations

I. HYPOTHESIS

The clinical states framework can be used to focus drug
development on trials specific to the state of a rising PSA.
Conditions under which a favorable change in the natural
history of the disease can be demonstrated include:

a. The design of trials in a sequence in which the results
of one study are used to develop subsequent trials.

b. The identification of cohorts of men in whom the
rising PSA is indicative of metastatic (nonlocal) progression
who require an intervention based on a predetermined risk
of developing metastatic disease.

c. The recognition that the initial evaluation of com-
pound or approach would rarely begin in this patient group
until efficacy was demonstrated in more advanced disease
and safety was established, unless the drug targeted a path-
way, mutation, or determinant unique to this clinical state.

d. That the outcomes of success or failure are tailored to
the agent under evaluation.

e. That the effect of the drug on PSA expression or
secretion was understood as well as possible, and the
timing of the change in PSA if the treatment is successful
was anticipated.

f. Avoiding the use of the term “PSA response” as
evidence of an anticancer effect, because one set of criteria
would not be applicable to all agents.

g. The recognition that although PSA-based outcomes
are useful to screen for a biologic effect, they are not a
surrogate for clinical benefit. Demonstrating clinical benefit
requires studies with non-PSA– based end points.

h. To demonstrate a favorable effect on a non-PSA–based
end point requires that only agents that produce no rise or a
decline in PSA in a significant proportion of patients are
moved forward. Agents that do not produce a decline or stabi-
lization in PSA can only be studied in combination.

II. PATIENT POPULATION

The population of men enrolled onto trials should have
experience failure of primary therapy, have a high likeli-
hood of systemic disease, and a sufficient risk of a clinically
significant event so that the potential for benefit outweighs
the risks of study treatment. The probability of developing
the event and the time in which it is estimated to occur
remains to be defined.
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a. Failure of primary therapy: A patient is considered to
have progressed after a radical prostatectomy if the PSA is
detectable 8 weeks or more after the procedure, and a sub-
sequent value is rising. A patient is considered to have
experienced treatment failure after radiation therapy if
three consecutive rises in PSA with at least 2 years of fol-
low-up after the start of radiation are documented, with the
time of failure as the midpoint between the nadir and the
first confirmed rise [20]. The so-called PSA bounce should
be recognized and excluded.

b. High risk of systemic disease: There are no specific
criteria that predict with certainty which patients in the
state of a rising PSA after radical prostatectomy or radiation
therapy have disease that is limited to the prostate bed or the
prostate itself, who might benefit from additional local
therapy. Factors that predict for a local as opposed to sys-
temic recurrence are men with a low PSA (� 1 ng/mL), a
long (� 1 year) time to failure, and a slow (� 1 year
PSA-DT). With longer follow-up, PSA-DT has replaced
prostatectomy Gleason score and time to PSA failure as
predictors of metastatic progression. At a minimum, imag-
ing with a bone scan and CT scan are recommended to
exclude metastatic disease. Data were insufficient to make a
recommendation regarding PET, transrectal ultrasound,
MRI, or Prostascint scans.

Clinical disease detected by digital rectal examination,
MRI, or other imaging study should be confirmed by biopsy
(at least 2 years after complete radiation therapy).

c. High risk of developing metastatic disease and pros-
tate cancer–specific mortality: Models that define risk of
developing metastatic disease and of a prostate cancer–
specific death in a defined period of time are being devel-
oped. Evolving data suggest that the initial Gleason score
and PSA doubling time may be most predictive.

d. Trial eligibility.
Baseline PSA value. By consensus, the Group suggested

that enrollment onto a clinical trial require a PSA level that
exceeds 0.4 ng/mL and is rising for a patient previously treated
by surgery, and 1.5 ng/mL and rising for a patient treated with
radiation therapy alone or in combination with hormonal
therapy. This was proposed with the recognition that errors
will occur with any cut point, but that as long as serial PSA
measurements are obtained, and the elevations are confirmed,
misinterpretations would be minimized.

PSA-DT. For the calculation of doubling time, a mini-
mum of four PSA values was suggested. Data were insufficient
to make a recommendation for a specific doubling time.

Baseline testosterone level: For patients who have received
hormones, testosterone levels should be above 150 ng/dL or
should have returned to the patient’s pretreatment baseline.

III. INTERVENTION

The decision to test a compound or approach in this
clinical state should consider the mechanism and target of

the approach, and the clinical experience to date. Most
approaches are best evaluated in patients with more advanced
disease before testing in patients with a rising PSA to ensure
safety and obtain preliminary evidence of efficacy. There are
exceptions. The investigator should anticipate the effect of the
therapy on PSA using information derived from in vitro stud-
ies and/or xenograft model systems, although the utility and
reliability of these assays has not been validated.

IV. OUTCOMES AND REPORTING

The reporting of the trial should include characteristics
of the tumor at the time of diagnosis (eg, T stage and
Gleason grade), the PSA level at diagnosis, details of prior
therapies, the behavior of the PSA before study treatment
begins, and the posttherapy PSA patterns while receiving
treatment. The following guidelines were suggested:

Prior treatments: All prior therapies should be de-
scribed, including the mode of local therapy (radiation v
surgery v cryotherapy), neoadjuvant or adjuvant therapies
administered, and the timing and mode of any salvage
therapies. All other investigational therapies before the one
currently under study should also be recorded, including
the doses and duration of treatment.

Pretreatment PSA kinetics: Pretreatment PSA kinetics
or PSA-DT should be described using as many values as
possible, with a minimum of four values before the study.
The optimal run-in time was not defined but a minimum of
6 months was suggested. To the extent possible, all PSA
values should be analyzed at the same laboratory.

Posttherapy PSA: The posttherapy PSA change defini-
tion of interest, including the anticipated timing of the
effect, will vary for drugs that act via different mechanism.
The definition should consider results from in vitro and in
vivo studies, and the clinical experience with the approach.
The analysis of posttreatment PSA changes requires that
there is no intercurrent use of androgen deprivation or
other hormonal agents, PSA levels be measured at least once
a month, and there are a minimum of three PSA values to
evaluate after treatment. The outcomes can be reported as:

% change in PSA: The posttherapy change in PSA from
baseline can be reported as an absolute percentage at any
time or at a particular landmark time.

Changes in doubling time or slope: The posttherapy
PSA-DT or slope can be reported over different time inter-
vals, and compared with the pretreatment kinetics. The
method of calculating doubling time, the number of data
points, and the span over which they are recorded should
also be reported.

Duration of effect: The duration of effect should be
measured from the time the patient began treatment with
the investigational therapy to the time of progression.

PSA-based definitions of disease progression: Progres-
sion of disease on the basis of PSA may be defined on the
basis of an increase to a predetermined number, a change in
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the postintervention rate of rise, or an increase by an abso-
lute percentage. The definition used should be stated in the
trial and consider the mechanism of the drug or agent under
study. Difficulties arise when evaluating drugs that are de-
signed to (reduce proliferation) slow the disease without
killing cells, or drugs that require a prolonged exposure
time to produce the desired effect on disease progression. A
change in PSA slope may not be appropriate for a differen-
tiating agent that often causes a rise in PSA before a decline,
or for compounds designed to slow progression that may be
beneficial despite continued rises in PSA.

Safety: Adverse events should be reported using Na-
tional Cancer Institute Common Toxicity Criteria.

Clinical progression: There was a consensus that the
detection of disease on physical examination or on imaging
modality represents progression independent of the effects
on PSA. Imaging studies to detect metastatic or local disease
should be performed at fixed time intervals.

Change in therapy: Administration of a secondary
therapy is considered treatment failure. It may be pre-
scribed to alleviate the anxiety associated with PSA levels
that are continuing to rise while the patient receives therapy
even if the rate of rise has been slowed. In view of the
significant patient and physician subjectivity involved in the
decision to implement new therapy, the time and reasons
for initiating the new therapy, be it hormones or other
secondary treatment, should be recorded.

Reporting: For consistency, the Group recommended a
report in a tabular format that records the number of pa-
tients who meet different PSA-based outcomes at defined
posttreatment intervals (Table 2). The table includes the
number of patients enrolled, and at fixed time points fol-
lowing therapy, and the number meeting specific PSA-
based criteria. The number who continue to receive treat-
ment and who have discontinued treatment are also
recorded. The reason a patient was taken off study should
also be recorded, be it the development of clinically detect-
able metastatic and/or local disease, adverse event, anxiety,
or the administration of a different treatment for any rea-
son. This approach allows a rapid visualization of the pro-
portion of patients who have met a specific outcome crite-
rion and who have not undergone a transition to a more
advanced state.

V. TRIAL DESIGN

The decision to study a drug in this population should
be based on the collective experience with the compound to
date. A drug can be considered for development if it has
shown a desired biologic effect in patients with more ad-
vanced clinical states, it has a meaningful biologic surrogate
of activity that has been linked with efficacy in other tumor
types, and/or it has an effect on a target pathway known to

contribute to the growth of prostate cancer and it has been
given safely to normal volunteers. Clinical testing should
rarely begin in this patient population. The phases of drug
development for trials in this clinical state are dose and
schedule, treatment effect, and clinical benefit.

a. Dose and schedule: In contrast to traditional phase I
testing, a key issue is to optimize exposure to the drug for
prolonged periods of time. More intensive dose/biologic
effect studies are encouraged.

b. Treatment effect: In the initial screen for a biologic
effect, a predetermined number of patients are enrolled and
treated, and posttherapy change in PSA is assessed. The
primary outcome that must be met to move the drug for-
ward should be defined prospectively, and with the recog-
nition that different decision rules will be needed for drugs
of different mechanisms. The Group suggested a high bar
that uses, at a minimum, no rise in PSA from baseline as the
initial screen. Declines in PSA were preferred so that a large
proportion of patients remain on study. Physical examina-
tions and serial imaging with a bone scan and abdominal/
pelvic CT scan at a minimum are recommended to ensure
that there is no radiographic progression.

For drugs that pass the initial hurdle, additional pa-
tients can be enrolled to begin to estimate the duration of
effect, and to begin to define cohorts of patients who might
benefit. For quantitation of the duration of the effect, a
time-dependent parameter should be set. This would in-
clude patients who showed objective progression, and those
who went off study or received secondary therapies before
reaching the end point of metastatic progression.

To test a drug that may affect prostate cancer growth
independent of an effect on PSA will typically require the
integration of hormone therapies in the trial design.

Ranking: An analysis of the proportion of patients who
remain on study without metastases at a given time may be
useful to assess which agents are worthy of study in a defin-
itive phase III trial. To do so requires enrollment of patients
with similar risk profiles for developing metastatic disease.

c. Clinical benefit: Clinical benefit trials should be
designed directly from treatment effect studies. The pa-
tient populations should be matched for risk, and the
magnitude of the treatment effect observed should deter-
mine how the clinical benefit study is powered. PSA-
based end points were not considered definitive evidence
of benefit, and although survival-based end points were
preferred, the Group accepted the time to development
of metastatic disease as an alternative. Quality of life
should also be recorded.
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