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A B S T R A C T

New therapeutic approaches for castration-resistant prostate cancer (CRPC) introduce new
treatment dilemmas: how best to sequence these options to maximally benefit patients, what
tests to perform before and after treatment to assess disease status, and how to interpret the test
results and use them to guide treatment. New and specific end points for different classes of
drugs are needed to provide the information to guide these treatment decisions. In 2008, the
Prostate Cancer Working Group 2 consensus criteria for early-phase clinical trials redefined clinical
trial end points as first, to control, relieve, or eliminate disease manifestations present when
treatment is started and second, to prevent or delay future disease manifestations. Disease
manifestations include prostate-specific antigen (PSA), soft-tissue disease (nodes and/or viscera),
bone disease (most common site of spread), and symptoms. Recent US Food and Drug
Administration (FDA) approvals for CRPC therapies have been based on the prevent/delay end
points that reflect unequivocal benefit to a patient: prolongation of life or reduction in skeletal-
related events (SREs). For the practicing oncologist, the control/relieve/eliminate outcomes should
serve primarily to inform the decision of whether to continue therapy. In this review, we consider
individual end points such as PSA, imaging, and patient-reported outcomes in the context of the
control/relieve/eliminate and prevent/delay framework. We address the time-to-event end points
of metastasis prevention, SRE, time to progression, and overall survival in the context of regulatory
approvals. We also discuss circulating tumor cells measured with the CellSearch assay, recently
cleared by the FDA for monitoring CRPC.
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INTRODUCTION

A physician treating a patient with progressive
castration-resistant prostate cancer (CRPC) now has a
range of new therapies with diverse mechanisms of
action available in the clinical armamentarium.
These new agents include biologic (sipuleucel-T
[Provenge; Dendreon, Seattle, WA]),1 cytotoxic
(cabazitaxel [Jevtana; sanofi-aventis, Bridgewater,
NJ]),2 hormonal (abiraterone) agents,3 a bone-
seeking radioisotope (apharadine; Bayer, Wayne,
NJ, and Berlin, Germany) and an antibody that
blocks the interaction between tumor and bone (de-
nosumab [Xgeva; Amgen, Thousand Oaks, CA]).4

Each has been shown in definitive phase III trials to
prolong life or prevent the development of bone
metastases that can produce some of the most feared
complications of the disease. The new issues facing
the clinician are how best to sequence these options
to maximally benefit patients, what tests to perform
before and after treatment to assess disease status,
and how to interpret the test results and use them to
guide management. These issues are straightforward
for many cancers. However, for prostate cancer, they

are not because of the heterogeneity of the disease,
difficulty in assessing disease in bone, and uncer-
tainty of interpreting the clinical significance of
post-therapy changes in prostate-specific antigen
(PSA) in different contexts. Needed are new and
specific end points for the different classes of drugs
under evaluation in CRPC clinical trials to provide
the information necessary to guide these treat-
ment decisions.

To assist in interpreting clinical data generated
by prostate cancer clinical trials, in 2008, the Prostate
Cancer Working Group 2 (PCWG2) reported con-
sensus guidelines on clinical trial conduct that in-
cluded objectives, the evaluation of patients, and
trial eligibility.5 A key outcome was to better align
clinical research with clinical practice by developing
outcomes more relevant to prostate cancer and its
management than the Response Evaluation Criteria
in Solid Tumors (RECIST) criteria previously in
use.6 The PCWG2 paradigm considered post-
treatment outcomes in two general categories: first,
to control, relieve, or eliminate disease manifesta-
tions present when treatment is started, and second,
to prevent or delay future disease manifestations.
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The result was a shift from a focus on early outcome measures used
to categorize patients as responders or nonresponders to one that
enables treatment to continue until it is clear that it is not working or
no longer benefitting a patient and should be stopped. The global
response categories of complete response, partial response, and stable
disease were eliminated and replaced by the recommendation to re-
port changes in each disease manifestation separately.

Although the PCWG2 guidelines have changed how we conduct,
report, and interpret prostate cancer clinical trials, these guidelines
should not be confused with the regulatory requirements for US Food
and Drug Administration (FDA) approval. The regulatory approval
criteria remain the same, requiring the demonstration of clinical ben-
efit: an improvement in how a patient feels or functions or how long he
or she survives. With the exception of the relief of pain, all the recent
approvals for CRPC have been based on the prevent/delay end points
that reflect unequivocal benefit to a patient: prolongation of life or a
reduction in skeletal-related events (SREs). Thus, from the point of
view of the practicing oncologist, the control/relieve/eliminate out-
comes should serve primarily to inform the decision of whether to
continue therapy. To do so requires that the outcome for each disease
manifestation be interpreted carefully, because the significance of a
change in any single measure, be it PSA or imaging, differs as a
function of the mode of action of the drug being studied and the
purpose for which it is being administered. This careful approach
helps to ensure a drug is allowed sufficient time to work and is not
discontinued prematurely. Premature discontinuations can occur if
there are changes in an outcome measure that does not accurately
reflect the favorable effects of drug on host nonmalignant tissues,
such as a bone-targeting agent or immune modulator, which in-
fluence the disease trajectory favorably independent of a direct
effect on the tumor.

Here, we consider individual end points such as PSA, imaging,
and patient-reported outcomes in the context of the control/relieve/
eliminate and prevent/delay framework. Next, we address the time-to-
event end points of metastasis prevention, SREs, time to progression,
and overall survival (OS) in the context of regulatory approvals. Sep-
arately, we discuss circulating tumor cells (CTCs) measured with the
CellSearch assay (Veridex, Warren, NJ) recently cleared by the FDA as
an aid to monitoring CRPC.7

CLINICAL PRACTICE AND CLINICAL RESEARCH: SHARED
GOALS OF TREATMENT

Treatment is administered with therapeutic intent whether it is given
off (clinical practice) or on protocol (clinical research). Off-protocol
considerations before starting therapy include determining the reason
therapy is needed and it is expected to do for the individual and his
disease, disease manifestations now present or likely to occur in the
future (and when), factors that might predict for the success or failure
of one treatment versus another to guide treatment selection, and the
specific intervention that will be used. Next, one must determine the
testing and evaluation methods that will be used to assess the effects of
therapy and, at each time point that the disease is reassessed, how the
test information will be used to inform the decision of whether to
continue treatment. On-protocol therapy applies much the same con-
siderations to a patient population: the study objectives that address
patients’ unmet need(s); eligibility criteria that seek to homogenize the
patient population with respect to prognosis and likelihood of re-
sponse to the intervention; and end points used to assess the effect of
the intervention, plus a statistical design based on the analysis of the
outcome of each individual and the population as a whole, to conclude
whether or not the trial was successful and, if so, what to do next.
Individuals in whom the considerations align with a protocol can be
considered for enrollment.

Disease

The PCWG2 criteria divides the disease continuum into mile-
stones or states based on disease extent and measured level of andro-
gens in the blood (Fig 1). CRPC states include patients whose sole
manifestation of the disease is a rising PSA as well as those with
detectable metastases who have not yet received chemotherapy, are
about to start first-line cytotoxic therapy, or have received chemother-
apy. As illustrated, the objectives, issues, and unmet needs are sim-
ilar for an individual patient or patient population in a given
clinical state: what manifestations are present, what is the progno-
sis, what is the best choice of treatment for this patient’s cancer,
and, once administered, is it working?
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Patient Assessment

As outlined by the PCWG2,5 a patient’s pretreatment evaluation
should include a complete history and physical examination; assess-
ment of symptoms and attribution of each one to disease, prior ther-
apy, or pre-existing comorbid conditions; and complete blood count,
chemistry panel, PSA, and testosterone. Transaxial imaging with com-
puted tomography or magnetic resonance imaging and a radionuclide
bone scan are also advised. Increasingly, bone turnover markers are
being ordered along with CTCs.

Prognosis is determined by the functional status of the patient,
demographic characteristics, presence or absence of pain, and disease
manifestations. Disease manifestations include a rising PSA, soft-
tissue disease (nodes and/or viscera), bone disease (most common site
of spread), and symptoms. These and other individual parameters (eg,
performance status, site of disease, lactate dehydrogenase count, and
PSA level) are often combined into statistical models called nomo-
grams to predict a patient’s clinical outcome or stratify a group of
patients at trial entry. However, nomograms should not be used to
assess efficacy or compare outcomes between trials, because the pop-
ulation used to develop the nomogram will almost surely differ from
the patient cohort under study.

Factors that predict sensitivity to treatment include prior sys-
temic therapy, which historically has largely focused on whether a
patient has received a cytotoxic drug, whereas second-line (postdo-
cetaxel) trials consider outcomes based on the amount of docetaxel
received; time from last dose to progression, and prior response. Of
particular interest is identifying agents showing efficacy in patients
who had never responded to docetaxel or who responded and later
progressed while receiving docetaxel. For example, in a trial of mitox-
antrone/prednisone and ixabepilone, response rates were similar be-
tween patients who were primarily refractory and those who had
shown a previous response.9 Similarly, the response rate to cabazitaxel
was independent of the amount of prior docetaxel received, which also
suggests a degree of noncross-resistance.2

Now, with a range of therapies targeting the androgen-receptor
signaling axis in late-stage development, there is also a focus on the
specific hormonal therapies a patient has received and the level of
testosterone in the blood. The PCWG2 defines castrate as 50 ng/mL or
less, but with the increasing study of CYP17 inhibitors that produce
androgen levels in the range of 1 to 2 ng/mL,10 this may need to be
redefined. Unknown at this point is whether response to docetaxel, the
first-line cytotoxic standard, will vary as a function of androgen levels
in blood.

Molecular determinants are also under study, such as receptor
tyrosine kinase mutations in other tumor types.11 Receptor tyrosine
kinase mutations are rare in prostate cancer.12 Gene expression pro-
files13 are also under study, but at this point, rebiopsy for profiling is
not part of routine management.

Drug

Increased understanding of prostate cancer biology and exten-
sive profiling efforts have led to the identification of a range of new
targets and to the evaluation of a range of new approaches beyond
traditional hormones and cytotoxics. These new approaches include
biologics, bone-targeting agents, antiangiogenic agents, proapoptotic
approaches, specific pathway inhibitors, differentiating agents, and
inhibitors of other components of the metastatic process. Different
outcomemeasureswillbeneededtoassessdifferentdrugs.Forapatientto

make an informed decision, it is essential to discuss why a treatment is
beingofferedandwhatitisanticipatedtodoforthepatientrelativetowhat
it might do to him (ie, risk/reward ratio of intervention planned).

OUTCOMES BY DISEASE MANIFESTATION

When determining or planning the specific outcomes of success or
failure of an individual’s treatment, it is important to consider the
mechanism of action of a drug and anticipated timing of benefit, if
benefit does occur. For biologics, in particular, the effects may take
several months, and in some cases, they may not be assessable using
traditional outcome measures, as was the case with sipuleucel-T,
which showed no effect on PSA or time to progression but did show a
survival benefit.1 The PCWG2 recommends serially monitoring
changes in disease manifestations present at baseline with the same
modality used before treatment. If all parameters are improving, con-
tinuing is straightforward. Difficulties arise when parameters are dis-
cordant (eg, PSA rising while there is no change in other parameters,
or PSA declining while imaging studies grow worse). The central
question is whether the adverse change in a single parameter, or
discordant parameters, is sufficient to stop treatment. Because early
changes can be misleading, it is generally advised to treat a patient for
a minimum of 12 weeks and to avoid using early changes in PSA or
imaging during this interval as the sole decision-making criterion. In
cases in which outcomes are equivocal or discordant, it is also advised
that treatment be continued in the absence of clear-cut evidence of
progression or worsening clinical status.

PSA

The use of post-therapy PSA measurements as an outcome was
first proposed to screen for drug activity based on the hypothesis that
a reduction in tumor burden would be mirrored by a decline in PSA,
and an increase in burden by a rise.14 It seemed simple: a drug not
producing a defined degree of decline would not be worthy of further
study, whereas one that did would merit it, and this would be deter-
mined by a routine, quantitative, easily attainable blood test. Metrics
were proposed for use in practice that included documenting the
decline more than once and over time, along with drug class–specific
metrics that recognized that not all drugs worked immediately15 (eg,
up to 20% of patients treated with docetaxel do not show declines until
12 weeks or more).16 The use of a decline of 50% or more from
baseline as a response measure was derived in part from prognostic
factor analyses associating this degree of decline with survival,17-20

which unfortunately became misconstrued as an indication that the
treatment was providing a direct clinical benefit to the patient and,
going one step farther, that the PSA decline could serve as the basis for
regulatory approval. Missing were analyses of the strength of associa-
tion between PSA decline and survival. For example, in an analysis
using every post-treatment PSA measurement rather than a cutoff,
only 17% of the variability in OS was explained by the time-dependent
PSA.21 Also missing were multiple phase III randomized trials with the
proposed PSA outcome measure embedded to prospectively address
the question.

By the Prentice22 criteria, a surrogate must first, influence the end
point, and second, fully capture the effect of an intervention on the
efficacy end point. In addition, third, the intervention must affect the
surrogate and end point. TAX-327 showed a survival benefit for do-
cetaxel once every 3 weeks relative to mitoxantrone, establishing a new
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FDA-approved standard of care.23 In the analysis, patients who
showed a 50% or greater decline in PSA from baseline had 60%
reduction in mortality relative to those lacking such a decline, which
accounted for half of the treatment effect on OS. Unfortunately, this
was not confirmed with the weekly docetaxel schedule, which did not
show a statistically significant difference in survival despite having a
similar PSA decline rate, leading to the appropriate conclusion that the
50% decline was not a surrogate for survival.16 In a second trial
showing a survival benefit for a docetaxel-containing regimen
(SWOG 99-16 [Southwest Oncology Group 99-16]),24 a post-
treatment decline of 30% or more was proposed as a surrogate for
survival based on the demonstration that the effect of treatment on
outcome was not significant after adjusting for the 30% PSA decline.25

However, this demonstration of nonsignificance is not the same as
proving the treatments are equivalent after adjusting for post-
treatment PSA, which is the second point the Prentice criteria. The
question of PSA surrogacy requires further prospective validation in mul-
tiple randomized trials.26

In practice, a therapy that produces any degree of PSA decline, in
the absence of other signs of deterioration or progression, is contin-
ued. For an individual, is it better to have a 20% PSA decline for 1 year
or more or a 90% decline for 2 months? No single degree of decline has
been established as a surrogate, and to standardize reporting, the
PCWG2 advises reporting PSA change data using waterfall plots,27

showing the maximal decline from baseline, and separately, the degree
of decline at a fixed time point (12 weeks).5 Waterfall plots provide a
simple but informative display of PSA change data.

For consistency of trial reporting, the PCWG2 defines PSA pro-
gression as the date that an increase of 25% or more and absolute
increase of 2 ng/mL or more from the nadir are documented. For
patients who had an initial PSA decline during treatment, this must be
confirmed by a second value 3 or more weeks later. However, PSA
progression alone is not necessarily an indication to stop treatment,
because in some cases, PSA levels may rise slowly after an initial decline
(Fig 2A) or stabilize after an initial rise with no other sign of clinical
progression (Fig 2B). Our view is that stopping therapy in patients
with apparent PSA progression alone is not appropriate, because there
are cases in which additional years of disease control would not have
been realized had therapy been stopped on the basis of PSA change
alone (Fig 2B).5

Soft Tissue

Control/relieve/eliminate outcomes for soft-tissue disease in
nodes and/or viscera follow RECIST,28 with the addition that changes
in size are reported as waterfall plots to facilitate comparison between
studies. Prevent/delay end points (eg, progression in nodal or visceral
site) are also defined using RECIST. However, it must be recognized
that although imaging of soft-tissue disease is part of virtually every
CRPC trial and used routinely in clinical practice, it may furnish
misinformation because of the lack of standards for assessing disease at
baseline and recording results. A central issue is that none of the
outcome criteria used have been directly associated with clinical out-
comes. Tumor shrinkage, although encouraging, does not necessarily
equate to an improvement in survival, nor does an increase in size
necessarily equate with a decrement in survival. For example, a modest
increase in the size of a pelvic lymph node may be less significant than
continued control of disease in bone. Lymphocytic infiltration of a

tumor mass after biologic therapy is another example in which an
apparent increase in size may not reflect tumor enlargement.

Bone

Although skeletal lesions are considered nontargets in RECIST,
they comprise the most frequent site of distant metastasis in prostate
cancer and are the primary source of morbidity and mortality related
to the disease.5 This provides the clinician with a conundrum; the site
of clinical interest is poorly assessable by standard imaging methods.
The most common method of assessing bone lesions is the bone scan,
yet bone scintigraphy does not directly assess the cancer itself but
rather its derivative effects on bone. As a result, bone scans cannot be
used to measure cancerous lesions, but they can detect bone trauma,
degenerative changes, infection, and other inflammatory processes
unrelated to the patient’s cancer. Finally, bone scans have typically
demonstrated disease progression far more quickly than they do dis-
ease regression, which can lead clinicians to discontinue therapy, be-
cause they do not observe a response.5 Further biasing clinicians in
favor of terminating treatment is the flare phenomenon, in which
bony lesions emerge or enlarge response to an effective therapy, a
result of rapidly healing bone around regressing cancer (Fig 3).29

To contend with the difficulties of bone scan use and prevent
premature termination of treatment, the PCWG2 has proposed stan-
dards for bone scan interpretation, setting the principle that a patient
should remain on study or treatment until two new bone lesions are
observed. To accommodate early flare phenomena, the appearance of
two new lesions on the first scan performed after treatment (usually 8
to 12 weeks after treatment start) has been deemed insufficient to
warrant treatment discontinuation. Instead, to document progres-
sion, two additional lesions would need to be observed on a subse-
quent follow-up scan 6 weeks or longer after the first scan.5

Since the original publication of the PCWG2 guidelines, many
investigators have extended this concept of verifying progression with
an additional scan even after the period in which flare phenomena
might be observed. As a result, many trials mandate not only that two
new lesions be documented after the initial on-treatment scan before a
patient is declared to have progressed but also that those two new
lesions be observed in a confirmatory scan performed at least 6 weeks
after the second of the two lesions is noted. Hence, contemporarily, the
PCWG2 defines bone scan progression as either two new lesions noted
on the first on-treatment scan followed by two additional lesions on
the next scan or two new lesions seen on any scan after the first
on-treatment scan that are confirmed on a subsequent scan. These
criteria can be found in a series of simplified bone scan data capture
forms available to clinicians and radiologists alike, which are being
used to prospectively qualify the PCWG2-proposed end point in
phase III trials.30

Metastasis prevention. Preventing bone metastasis is another
time-to-event end point that is a direct clinical benefit in its own right.
In Trial 147, men with nonmetastatic CRPC were randomly assigned
to the RANK ligand inhibitor denosumab versus placebo. The results
showed that denosumab significantly improved both median bone
metastasis–free survival by 4.2 months and time to first occurrence of
bone metastasis. OS times were similar.31 Previous trials with atrasen-
tan32 and zibotentan33 were unsuccessful. A challenge to conducting
these trials is keeping patients on study until the detectable metastasis
end point is achieved when the agent under study does not affect PSA,
and levels continue to rise in all patients.
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SREs. An SRE is another standalone end point of clinical benefit,
first used in trials of the bisphosphonate zoledronic acid, which led to
full FDA approval for several tumor types, including prostate cancer.34

SREs were defined as pain requiring a change in oncolytic therapy,
spinal cord compression, need for radiation therapy or surgical inter-
vention to treat a bone complication, or development of hypercalce-
mia. Significantly, this trial established that a clearly demonstrated
objective patient benefit reducing the morbidity of bone metastases
could lead to full approval despite the drug failing to show a survival
benefit or effect on PSA.34,35 This same end point was subsequently
used in a phase III registration trial of the RANK ligand inhibitor

denosumab, which proved superior to zoledronic acid in a head-to-
head comparison.4

Patient-Reported Outcomes

Control, relief, and elimination of symptoms such as pain are
important therapeutic objectives. They considered trial end points
independent of other measures, for example, are because pain re-
sponse and PSA response do not correlate well, and the presence of
pain is an adverse prognostic factor for survival.36 In clinical trials,
symptoms such as pain should be assessed using validated self-
reporting questionnaires that enable intensity, and interference with
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usual activities.37 Confirmation of both favorable and unfavorable
findings is also essential to optimize management.

Patient-reported outcomes. The patient subjective experience is
an essential dimension in the evaluation and management of men
with CRPC. Pain, in particular, can be debilitating for patients, is
associated with decreased survival, and can be an important clinical
trial end point in defining treatment benefit.38 Mitoxantrone was
labeled in 1996 as initial chemotherapy for the treatment of patients
with pain related to advanced hormone-refractory prostate cancer
based on evidence from two randomized controlled trials designed to
show reduction in pain, without a demonstration of an OS benefit.39-41

The science of developing and administering patient-reported
outcomes (PROs) in clinical trials and during routine practice has
evolved substantially over the past decade, and approaches used in the
past would likely not result in drug approval or labeling today. A 2009
FDA guidance document defined a PRO as any report of a patient’s
health status that comes directly from the patient, without interpreta-
tion of the patient’s response by anyone else. The document also noted
that PRO instruments are most appropriate for measuring treatment
impact in a clinical trial when the outcome of interest is best known by
the patient, such as pain intensity.42 The FDA acknowledges that
capturing the patient’s perspective through adequate PRO measures
can be an important aspect of defining a treatment effect in a clinical
trial. The PRO guidance delineates how the FDA determines the
adequacy of PRO measures used in clinical trials to support labeling
claims. As with other measures that support labeling claims, PRO
instruments used for effectiveness end points should be well devel-

oped and must provide reliable assessments of what they are intended
to measure within the context of use.

Although pain end points were included in pivotal trials of do-
cetaxel, cabazitaxel, and abiraterone, these were exploratory end
points and therefore could not be used as the basis for drug approval or
labeling in the United States. For future trials, because of the impor-
tance of pain as an end point in prostate cancer and the complexity of
assessing it in a trial, it is advisable that sponsors begin planning pain
end points early in the product development cycle and initiate early
discussions with PRO experts and the FDA. A dedicated pain study
may be advisable and could be a path to drug approval (eg, if
palliative outcomes were shown in a statistically and clinically
convincing manner).43

In clinical practice, regular assessment of pain is also essential,
because pain is prevalent in men with CRPC.44 Transient increases in
pain may occur before improvement, and those occurring in the first
12 weeks should be ignored in the absence of other compelling evi-
dence of disease progression. Products with demonstrated symptom
palliation properties should be considered for men with pain. Mitox-
antrone, docetaxel, and abiraterone have demonstrated modest re-
ductions in pain intensity among subpopulations of patients, and
substantial pain improvements may be seen after treatment with sa-
marium. Cabazitaxel showed no significant difference in pain pallia-
tion rates compared with mitoxantrone in the TROPIC (Treatment of
Hormone-Refractory Metastatic Prostate Cancer Previously Treated
With a Taxotere-Containing Regimen) trial, but rates of pain pallia-
tion were low with either treatment, at fewer than 10% of patients in

Baseline
PSA = 2.6

2 months of treatment
PSA = 0.52 ng/ml

New lesions = POD by RECIST

4 months of treatment
PSA = 0.35 ng/ml

18 months of treatment
PSA = 0.52 ng/ml

Fig 3. Flare on bone scan. Two new lesions at 8 weeks were not followed by subsequent additional lesions, so patient remained on study; bone scan markedly
improved over 18 months. POD, progression of disease; PSA, prostate-specific antigen; RECIST, Response Evaluation Criteria in Solid Tumors.
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this docetaxel-pretreated population.2 However, the toxicities of these
approaches and potential negative impact on quality of life must be
weighed against potential pain benefits. All patients in pain should be
offered narcotic analgesics, including a long-acting agent, with consid-
eration of palliative radiation therapy as warranted.

Other important PROs for consideration in trials and practice
include anorexia (decreased appetite), anxiety, constipation, diarrhea,
sleep disturbance, mucositis, nausea, pain, peripheral sensory neurop-
athy, rash, vomiting, urinary symptoms, global health-related quality
of life, and interference of symptoms with usual activities. The
PCWG2 considers symptoms and health-related quality of life inde-
pendently from other outcome measures based on the importance of
symptoms for clinical benefit, limited correlations between pain re-
sponse and post-therapy PSA decline, and independent status of pain
and PSA as predictors of survival.36 Symptoms related to treatment
benefit as well as to potential toxicity should be evaluated.45 Although
it is rare for health-related quality of life to serve as the basis for drug
labeling or approval in the United States, it serves a more prominent
regulatory role in Europe, and its assessment is important to under-
stand the patient subjective experience with disease and treatment.

CLINICAL PRACTICE VERSUS FDA REGULATORY APPROVAL:
LEVEL OF EVIDENCE

Prolonging life—the delay or prevention of death from disease—is the
gold standard for drug approval. Delay and prevention of SREs is also
a standalone end point of clinical benefit that has led to the approval of
several bone-targeted agents. Other composite time-to-event progres-
sion measures have not faired as well.

Time to Progression

Progression-free survival (PFS) is defined as the time from study
entry or random assignment to disease progression in bone or soft
tissue, symptoms, or death. It is an attractive end point, because
progression events occur months to years before survival can be mea-
sured, and PFS is not confounded by the effect of subsequent treat-
ments. Because the definition of PFS produces a higher number of
events than that of OS, using PFS can also lead to trials with smaller
sample sizes. Using PFS in a phase II study also has the advantage that
a comparable end point can be used in a subsequent definitive ran-
domized phase III comparative trial to test the same agent. This con-
sistency in the end point of phase II and III studies reduces the risk of
an ineffective finding in the large-scale, resource-intense phase III trial
after the determination that the therapy was effective in the lead-in
phase II study.46

Various PFS definitions have been used, which in practice in-
clude PSA alone, radiographic changes defined as a size increase of an
existing lesion, new metastatic lesions, or disease-related symp-
toms.47,48 Although each of the changes outlined represents some
form of disease reactivation, their clinical significance varies, and as
such, it is not clear that each warrants a change in therapy. To date,
definitions based on PSA and radiographic progression have been
unsatisfactory in the CRPC population, in which recent studies of
biomarker-derived progression end points have shown only modest
associations with survival.47,48

CTCs

CTCs include those with stem-cell or stem cell–like properties or any
degree of differentiation. They may originate from the primary tumor
or metastatic sites and are estimated to represent at most one cell in 1
billion of the circulating cells in the blood.49 Presently, there are a
range of assays and devices in various stages of development and
clinical testing. These approaches generally include an enrichment
step followed by different detection and characterization meth-
ods.49,50 Enrichment is achieved using the following methods: first,
morphologic or physical methods; second, positive selection with
antibodies to cell surface markers on CTCs; or third, negative selection
with antibodies to the common leukocyte antigen CD45 to deplete
mononuclear cells or those that eliminate RBCs and mononuclear
cells. Detection and characterization methods use tumor- or tissue-
specific markers or various cytometric methods.49,50 Importantly,
there is no standardized definition of a CTC and no single feature that
distinguishes CTCs from normal, nonmalignant blood elements.
Consequently, different assays do not measure the same malignant cell
population, and as such, each reports a different biomarker, not all of
which are useful in a given context.

Our interest in CTCs in prostate cancer is based on promising
early results showing that the presence of mRNA for PSA in the
mononuclear cell fraction by real-time polymerase chain reaction
could provide information distinct from PSA51 and serve as a non–
PSA-based outcome measure.52 Presently, CellSearch (Veridex) is the
only CTC assay cleared by the FDA for use in the clinic.7 With this
assay, a CTC is defined as a cell that is morphologically intact; has a
nucleus surrounded by cytoplasm when stained with 4�,6-diamidino-
2-phenylindole; and expresses cytokeratin 8, 18, or 19 but does not
express the mononuclear cell determinant CD-45.53,54 Assay results
are reported as the number of cells meeting the analytically valid
definition per 7.5 mL of blood, which represents only a proportion of
cytokeratin-positive events.55 The cells isolated are confirmed to have
molecular features of prostate cancer.54 CTC counts trend toward
higher values in relation to PSA level and extent of disease in bone, but
the association is modest, suggesting that each parameter provides
independent information.56

Clearance for use was obtained first for breast followed by colo-
rectal and later prostate cancers based on trials of similar design that
enrolled patients who were about to start a new line of chemother-
apy57-59 and that showed baseline CTC number was prognostic for
survival in univariate and multivariate analyses before treatment and a
range of times post-treatment including, 2 to 5, 6 to 8, 9 to 11, and 13
to 20 weeks. For prostate cancer, a cutoff of four or fewer cells per 7.5
mL of blood was considered favorable and five or more cells per 7.5
mL of blood unfavorable. At all time points evaluated, the post-
therapy CTC number was more predictive than a decline of 50% or
more in PSA.58 In separate analyses of CTC number as a continuous
variable,60 it is noteworthy that a low count alone did not assure a long
survival.57-59,61,62 In a multivariate analysis, only CTC count and lac-
tate dehydrogenase were prognostic; PSA was no longer predictive.63

The FDA clearance states that “presence of CTC in the peripheral
blood, as detected by the CellSearch Circulating Tumor Cell Kit, is
associated with decreased progression free survival and decreased
overall survival in patients treated for metastatic breast, colorectal or
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prostate cancer … Serial testing for CTC should be used in conjunc-
tion with other clinical methods for monitoring [these cancers].”7(p3)

It has not been shown to be a surrogate for survival, nor can it replace
other methods of assessing disease. It should be noted that many
investigators are not yet using CTC enumeration testing in day-to-day
practice; they are waiting until more data and more standardized
methods of measuring CTCs become available.

One way to use CTC counts is to obtain a baseline sample before
starting a new therapy. In our experience, the proportion of patients
with unfavorable counts has been approximately 25% in the prechem-
otherapy population, 50% in patients receiving first-line chemother-
apy, and 70% in those receiving second-line chemotherapy (Danila et
al, unpublished data). If the counts are unfavorable at baseline, the
approach of our group is to serially monitor them after each cycle of
therapy. Conversions from unfavorable to favorable tend to occur
early, and in one study, they were maximal at 8 weeks.63 Patients in
whom CTC counts do not decline tend to do poorly. Trials are ongo-
ing in breast cancer to address whether an early change in therapy for
patients who do not show a CTC conversion will affect outcome. If the
count is favorable after two baseline determinations, we repeat the
assessment at the time of progression.

At this point, it is too early to rely solely on CTC enumeration
results to guide patient management. Going forward, use of the CTC
assay in specific contexts will require further qualification. These ef-
forts are ongoing through a formal collaboration with the Center for
Devices and Radiologic Health branch of the FDA. CTC enumeration
was studied in the phase I/II trial of abiraterone, with favorable con-
version rates.10,64 The trial subsequently showed a significant survival
benefit, and analyses are ongoing to define a biomarker panel includ-
ing CTCs that is prognostic for survival after treatment and which
explains a sufficient portion of the survival benefit observed. Once
determined, the panel will be prospectively studied in a phase III trial of
similar design, with the CTC end point embedded, as it is in trials of
MDV3100 (AFFIRM; NCT00974311), TAK-700 (NCT01193257), and
ipilimumab (NCT01057810). There is also an ongoing effort to qual-
ify CTCs as a surrogate outcome measure.

It is hoped that in the future, CTCs will provide a noninvasive,
real-time liquid biopsy for just-in-time disease characterization to
guide treatment selection. Several new technologies are in develop-
ment that could detect cells in more patients and more cells overall
with greater purity. Techniques include fluorescence-activated cell
sorting,67 filtration,68,69 and microfluidics,70-72 although further ana-

lytic validation will be required before they can be considered for
clearance or qualification.49,50,73 The specific assay needed will depend
on the context of use and the biologic determinant being measured.

CONCLUSION

In CRPC, it is often difficult to determine the effectiveness of a new
treatment or what metrics to use with an individual patient to choose
the right treatment at the right time. This is because of the complexity
of the disease overall, of assessing disease in bone, and of interpreting
PSA results after therapy. Biomarkers continue to be refined in this
disease, which should provide more specific end points and clinical
guidance in the future.
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