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The use of total prostate-specific antigen (tPSA) measurement has dramati-
cally improved the ability to detect prostate cancer at earlier stages. However,
as the number of men presenting with advanced disease (and high tPSA
levels) has decreased, and given the fact that tPSA is highly reflective of
benign prostatic hyperplasia, the need has emerged for novel biomarkers
specifically associated with prostate cancer in order to improve predictive
models. Several new biomarkers have shown promise, and studies continue
to investigate the role of these markers in the detection, staging, and prognosis
of prostate cancer. As new useful biomarkers continue to emerge, guidelines
for their employment, as well as coordination of further research studies, are
needed; a systematic, phased, nomogram-based model is a rational way to
manage these efforts.
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broad clinical use in the late 1980s and early 1990s had a profound impact
on the diagnosis and management of prostate cancer. Since the Food and
Drug Administration approved the tPSA test for prostate cancer screening in 1994,
its widespread use in early detection programs has drastically reduced the number
of patients who are found at initial diagnosis to have metastatic disease. In addi-

The discovery of total prostate-specific antigen (tPSA) and its entry into
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tion, it is likely that prostate cancer
screening has contributed to the
recent decrease in prostate cancer
mortality rates in the United States
and around the world. Furthermore,
tPSA testing has been found to be an
effective staging and prognostic tool
for prostate cancer, with higher levels
of tPSA being associated with more
advanced stages of disease and more
adverse clinical outcomes. Lastly, tPSA
has become an indispensable marker
for monitoring disease status in
patients after therapy.

Despite this remarkable perform-
ance, there has always been a nag-
ging concern, voiced even during the

Kattan-Scardino Nomograms), has
been shown to provide less reliable
predictive information about prostate
cancer as the proportion of men with
more advanced prostate cancer and
with higher tPSA levels at presenta-
tion continues to decrease. Conversely,
the link between tPSA and pathologic
and clinical outcomes of BPH—a link
supported by the high cellular produc-
tion of tPSA seen in benign prostatic
epithelium—has grown stronger. For
example, in men without prostate
cancer, tPSA level has been shown to
be a strong predictor of BPH-related
prostate volume.”* tPSA level in men
without prostate cancer has also been

In men who have prostate cancer, tPSA levels appear, to a large extent,
to be reflective of often-coexistent BPH rather than features of the

prostate cancer.

early phases of the “PSA revolution,”
regarding the utility of tPSA as a
marker for prostate cancer. First and
foremost, tPSA is not a “classic” tumor
marker whose levels are directly cor-
related with increasing stage and
grade of prostate cancer. In fact, PSA
is organ-specific but not cancer-spe-
cific. Normal, hyperplastic, and neo-
plastic prostate epithelial cells all
produce PSA, with the highest levels
found in the prostatic transition zone
of patients with benign prostatic
hyperplasia (BPH). The lower levels
per cell of PSA produced by prostate
cancer cells compared with those
produced by BPH cells are compen-
sated for by the increased amount of
PSA that enters the circulation, pre-
sumably because of the disordered
ductal structure within primary and
metastatic prostate cancer lesions.
Interestingly, PSA expression decreas-
es with increasing Gleason grade.'?
Pretreatment PSA level, which is
the primary parameter used in most
predictive tools (eg, Partin Tables,

shown to be the strongest predictor
of prostate growth and BPH-related
outcomes.”®

Furthermore, in men who have
prostate cancer, tPSA levels appear, to
a large extent, to be reflective of often-
coexistent BPH rather than features
of the prostate cancer; this is especial-
ly the case in patients with tPSA levels
in the lower range (2.5-10 ng/mlL) at
diagnosis. For example, Stamey and
colleagues® recently reported that,
for patients with preoperative tPSA
levels between 2 ng/mL and 9 ng/mL,
PSA level had a poor relationship
with cancer volume and grade in
radical prostatectomy specimens and
a limited relationship with tPSA level
progression after radical prostatecto-
my. However, tPSA level was signif-
icantly correlated with the overall
volume of the radical prostatectomy
specimen—a direct reflection of the
degree of BPH present.” In addition,
although tPSA level is an excellent
predictor of pathologic stage when
patients with high levels are evaluated,

more than 50% of patients in whom
prostate cancer is diagnosed today
have a tPSA level below 10 ng/mL—
a range for which tPSA level alone is
less informative."*"?

Studies have also found a decrease
in the value of tPSA measurement for
predicting disease progression in more
modern cohorts of patients with clin-
ically localized prostate cancer under-
going radical prostatectomy.”'* These
patients had lower median tPSA levels
than patients in most older series.
Therefore, there is an imminent need
for novel biomarkers that have a
stronger association with prostate
cancer in order to extend and perhaps
even preserve the clinical performance
of predictive models, which are cur-
rently strongly reliant on tPSA testing.
Specifically, markers associated with
the biologic aggressiveness of prostate
cancer may allow improved prediction
of outcomes in patients with clinically
localized prostate cancer, especially
those with lower tPSA levels. The
emergence of new therapeutic ap-
proaches for prostate cancer, such
as chemoprevention, gene therapy,
and adjuvant therapies, cannot
flourish without a more reliable set
of markers to serve as prognostica-
tors, targets, and/or intermediate end
points of disease progression and
response to therapy.

Despite nearly 20 years of advances
in molecular biology, only tPSA and
free PSA (fPSA) measurements have
found a relatively broad and growing
clinical role in the management of
prostate cancer patients. Indeed, there
are a variety of issues and barriers
that affect the transition of clinical
tests from research to clinical prac-
tice (Table 1). This paucity of new,
widely accepted markers continues
despite the fact that both physicians
and the lay public are now faced
almost daily with reports of newly
discovered diagnostic and therapeutic
genes and molecular markers, often
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Table 1
Challenges and Advances in the Development
of Clinically Useful Prostate Cancer Biomarkers

Challenges

Biologic factors

e Progressive biologic heterogeneity with transient expression of certain features is a characteristic of prostatic tumor cells. In addition, biomarkers
may be affected by therapy and as-yet-uncharacterized host factors.

o Age and the presence of other diseases, including benign prostatic hyperplasia, also introduce variation in biomarker levels among patients. Other
physiologic or pathologic processes may generate biomarker profiles similar to those found in patients with prostate cancer.

¢ Exogenous substances affect biomarker presence and concentration. Foods, drugs, and natural alternative therapies are well-known interferences.

Clinical pathologic factors

e There is a need to define and standardize more precisely concepts of the biologic events against which biomarkers are to be measured (eg, normal
variation, prostate intraepithelial neoplasia, prostate cancer progressive states).

e New tools for accurate detection of prostate intraepithelial neoplasia, micrometastatic spread, and states of early and/or aggressive prostate cancer
recurrence need to be developed.

Analytic sensitivity and detection limit

o Assay sensitivity needs to be sufficiently high to allow biomarker quantitation at concentrations that have biologic relevance (eg, high-sensitivity reverse
transcriptase polymerase chain reaction assays). Clinical detection and measurement of biomarkers of this type could lead to, at worst, unnecessary
investigation and therapy or, at best, unnecessary chronic anxiety for the patient.

e There is a lack of definition of standard procedures and quality-control schemes necessary to guarantee reproducibility of the new laboratory
procedures required for detection of certain biomarkers.

Health service factor

e [t is not sufficient for a prostate cancer biomarker to detect a particular phase of neoplasia. To be successful, the biomarker must also fit within the profile
of health service factors with respect to cost-effectiveness, cost benefit, and relative value of biomarker strategy for prostate cancer burden reduction.

Factors That Support Advances

Defining the biology of prostate cancer and its processes with precision
e Enhanced interaction among investigators of different disciplines and institutions
o Greater appreciation of the biokinetics of both prostate cancer and its biomarkers, permitting more dynamic views of how prostate cancers evolve

Defining host biology: pharmacogenomics and pharmacoproteinomics

¢ Biologic profiling has the prospect of individualizing therapy, maximizing efficacy, and minimizing toxicity. [deal markers would reflect both
prostate cancer activity and individual sensitivity to therapy.

Defining biomarkers and surrogate end points

e There is a need for a consensus about definitions that are widely accepted and applied (eg, post-recurrence PSA doubling time as surrogate end
point for biologically aggressive disease and poor clinical outcome).

Creating guidelines for appropriate clinical employment of each biomarker
e Plan a series of national multidisciplinary initiatives aimed at:
1. Surveying the quality-control programs ongoing in the United States
2. Coordinating from a scientific point of view the activities in this area and producing guidelines for the clinical employment of cancer biomarkers
3. Standardizing the procedures
4. Developing laboratory quality-control programs for the analysis of cancer biomarkers of validated clinical relevance in multicenter clinical protocols

Standardization and stringency of analytic technology
e Further standardize pre-analytic, analytic, and post-analytic methodology

¢ However, standardization of biomarker assay technology involves considerations beyond analytic sensitivity and specificity. For example, advanc-
ing toward standardized technology, the advantages of comparability between various studies must be weighted against the desire and need for
innovation and conditions that require protocol flexibility.

High-quality specimen and clinical data repository
 There is a need for specimen and data repositories that address in a bioethical manner patient consent, confidentiality, specimen provenance,
technical preparation, and storage.
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Table 2
Clinical Performance of Selected, Promising Serologic Prostate Cancer Biomarkers
Aid to
Diagnosis/  Pathologic Predicting Distant Follow-up/  Selection for
Future Case- Staging/ PSA Metastasis ~ Monitoring  Targeted
Biomarker Risk Screening Finding Prognosis*® Recurrence Staging Therapy Therapy*
PSA Yes Yes Yes Yes Yes Yes Yes Yes
Free PSA — No Yes Yes No No No -
Complexed PSA  — No Yes Yes No No - -
hK2 - — Yes Yes — — — —
BPSA - No - - - - - -
ProPSA - No Yes Yes — — — —
isoforms
IGF-I Yes No No No No No No —
IGFBP-2 - — Yes Yes; not Yes No No Yes
lymph nodes
IGEBP-3 Controversial No No No Yes Yes No Yes
TGF-B, - No No Yes Yes Yes Yes Yes
IL-6 - No No Only Yes Yes No Yes
lymph nodes
IL-6sR — No No Only Yes Yes No Yes
lymph nodes
uPA - No Yes Yes; not Yes Yes - -
lymph nodes
uPAR - No Yes Yes; not Yes Yes - -
lymph nodes
VEGF - No Yes Yes Yes Yes — —
Osteoprotegerin ~ — No No — — Yes — -
RT-PCR/PSA - No No No No No Yes -
RT-PCR/hK2 — No No Yes Yes No — —

*Including metastases to regional pelvic lymph nodes.

In experimental prostate cancer models; no published results from phase 3 human clinical trials.
No, not useful; Yes, useful; —, application is not considered and/or association has not been investigated; PSA, prostate-specific antigen; hK2, human glandu-
lar kallikrein 2; BPSA, “benign” PSA; IGF, insulin-like growth factor; IGFBP, insulin-like growth factor binding protein; TGF-8,, transforming growth factor B;;
IL-6, interleukin-6; IL-6sR, interleukin-6 soluble receptor; uPA, urokinase plasminogen activator; uPAR, urokinase plasminogen activator receptor; VEGF, vascular
endothelial growth factor; RT-PCR, reverse transcriptase polymerase chain reaction.

with inflated claims that they pro-
vide new information important for
determining prognosis or improving
cancer treatment. Because the num-
ber of these putative markers is likely
to increase dramatically in the near
future, there is a need for appropriate
clinical guidelines and protocols
formulated to ensure a systematic
and critical evaluation of these

markers by multidisciplinary groups
of experts before their introduction
into patient care.

Protocols delineating hierarchical
scaling have been proposed for eval-
uating the weight of available evi-
dence supporting the clinical value
of any new marker under investiga-
tion.” However, such a system has
not yet been widely implemented by

investigators assessing the qualitative
strength of new prostate cancer bio-
markers. In this article, using our
own experiences, we first illustrate
the translational mechanism we have
used to advance several exciting novel
biomarkers from observations in the
laboratory to testable hypotheses for
evaluation in human clinical trials.
Next, we attempt to evaluate the level

VOL. 6 NO. 2 2004 REVIEWS IN UROLOGY 61



Diagnosis and Management of Prostate Cancer continued

Figure 1. Baylor College of
Medicine strategic approach
to testing and wvalidating
blood-based biomarkers.

Assay Validation

Clinical characterization in retrospective,
single-institution pilot study

Confirmation of findings in large
retrospective, single-institution study

External validation of findings in large
retrospective, single-institution study

Validation of findings in large prospective,
blinded, multi-institutional clinical trial(s)

Conduct a prospective, multicenter clinical
trial in which patients are randomized to
receive therapy or not determined by

the biomarker

« Optimize and standardize assay protocol and sample acquisition.
« Evaluate variability in human population.
« Determine relevant interactions and potential confounders.

Test the hypothesis of whether circulating levels of biomarker are
associated with prostate cancer presence, stage, progression, and
metastasis in limited cohort of well-characterized consecutive
patients with at least 5 years follow-up, healthy patients without
cancer, patients with prostate cancer metastatic to regional lymph
nodes, and patients with untreated, bone scan-proven, metastatic
prostate cancer.

« Confirm findings and examine the association of changes in
blood levels of biomarkers after therapy with disease stage
and progression in large consecutive cohorts of patients.

« Determine whether biomarkers improve the discriminatory ability
of established, validated pre- and post-operative nomograms
incorporating standard clinical and pathologic predictors.

Proposed study design Treatment based — (+) — Experimental
Assess on marker S () Standard
marker —> Randomization
\ Experimental
Treatment not Randomized
based on marker
Standard

of evidence supporting the use of
current established and novel prostate
cancer blood biomarkers to refine
clinical decisions at various stages of
cancer screening, diagnosis, prognosis,
treatment, detection of early relapse,
and monitoring of the disease course
(Table 2).

Determining when a marker is clin-
ically useful can be a difficult task in
that a marker may be useful in only
one or two of the clinical categories
mentioned above. Given the plethora
of candidate prostate cancer biomark-
ers, we have chosen to discuss only
a select group of novel blood-based
biomarkers that have been shown
to be independent diagnostic and/or
prognostic factors in multivariate
analyses from more than one single-
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institution study. However, the evi-
dence suggests that several markers
already in phase 3 evaluation demon-
strate properties that may eventually
usher out tPSA as the primary marker
for prostate cancer detection, staging,
and prediction of prognosis.

From Molecular Characteristic

to Useful Clinical Cancer Test

At Baylor College of Medicine, we
have developed a process to system-
atically identify, validate, and trans-
late to the clinic the prostate cancer
biomarkers that are associated with
biologically and clinically aggressive
prostate cancer. We have established
a formal structure of defined phases
of marker development (Figure 1),
much like that used for decades in

the development of novel drugs.'

First, we identified a host of prostate
cancer biomarkers selected on the
basis of promising findings in pre-
clinical exploratory studies or in
hypothesis-generating clinical stud-
ies performed in limited numbers of
human participants by our group or
reported in peer-reviewed journals
by others. Next, we evaluated and
validated the sensitivity, sensibility,
reliability, and accuracy of the assay
in the laboratory (generally using
commercially available quantitative
sandwich enzyme immunoassays).
The aim of this phase of investiga-
tion was to refine and standardize
the assay and sample acquisition
protocols.

To date, the performance of all
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biomarker assays that we evaluated
complied with wvalidation -criteria
appropriate for analytic techniques,
including acceptable linearity over the
concentration ranges expected clini-
cally and inter- and intra-assay vari-
ability, with exception of the assays
for three biomarkers that did not allow
a sufficiently accurate limit of quanti-
tation (interleukin [IL]-8, plasminogen
activator inhibitor-2, endothelin-1). In
pilot clinical studies involving syn-
chronously drawn blood specimens
obtained from healthy men attending
our prostate cancer screening clinic,
we assessed in a blinded fashion the
effect of different collection formats
and sampling procedures on biomark-
er levels to clarify reliability and
validity and to determine in which
blood compartment (citrate plasma,
EDTA plasma, or serum) the candidate
marker provided the most clinically
relevant information. Because some
biomarkers, such as transforming
growth factor B, (TGF-8,) and vascu-
lar endothelial growth factor (VEGF),
are present in platelet granules and
are released on platelet activation,
quantification of non-platelet-derived
levels of these biomarkers are less
accurate in serum. For these biomark-
ers, we used plasma as the sampling
compartment and ensured complete

platelet removal by performing an
additional centrifugation.”

The next step was to assay these
novel markers in serum or plasma
specimens obtained from a relatively
small cohort of consecutively treated,
completely characterized patients.
These studies included retrospective
pilot studies involving a consecu-
tively treated cohort of 120 to 228
well-characterized patients with at
least 5 years of follow-up who under-
went radical prostatectomy for clini-
cally localized prostate cancer, a
cohort of healthy men with no clini-
cal evidence of any cancer and no
history of cancer (n = 44), a cohort of
patients with prostate cancer metas-
tases to regional lymph nodes (n = 19),
and a cohort of patients with untreat-
ed bone scan—proven distant prostate
cancer metastases (n = 10).

In some cases, no clinical utility
for a putative biomarker was identi-
fied and no further studies were per-
formed." In other cases, however, pre-
liminary evidence regarding clinical
and biologic value were promising,
and we conducted confirmatory ret-
rospective clinical studies involving
larger cohorts of consecutive patients
who had undergone prostatectomy for
clinically localized disease to provide
a reasonable assurance of the prog-

nostic effectiveness of the biomarker
and to further elucidate the origin of
the changes associated with different
prostate cancer disease states. To fur-
ther test the strength of evidence and
assess clinical relevance, we deter-
mined whether the candidate bio-
markers could improve the level of
accuracy achieved by standard,
externally validated preoperative and
postoperative nomograms incorpo-
rating standard clinical and patho-
logic predictors.

The next phase of this investigation
consists of external confirmation of
our findings in large, retrospective,
single-institution studies conducted
at Memorial Sloan-Kettering Cancer
Center in New York to independently
verify the reproducibility of the bio-
marker findings. Several of the investi-
gated biomarkers are currently at this
stage of development. If their clinical
value is verified, we will move
toward validation in large, prospec-
tive, multicenter collaborative trials.

Nomograms
In some studies of new markers, the
unanswered question is “Does the
new marker significantly improve
our ability to predict X, given all the
other known clinical parameters?”
The answer to this question requires
more than conventional univariate
and multivariate analyses with their
associated hazard rates and P values.
Predictive models (eg, Partin Tables),
including or excluding any new puta-
tive biomarker, need to be shown
to provide a clinically significant
improvement in our predictive ability
in order to claim any real benefit.
Nomograms are tools used to predict
outcome probabilities for individual
patients. Several pretreatment and
posttreatment nomograms have been
developed** and validated** to pre-
dict risk of prostate cancer progres-
sion after attempted curative therapy
(Figure 2). These tools are unique in
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that they were developed in a different
manner than traditional approaches
to prognostic modeling. Because
nomograms simultaneously consider
multiple aspects of a patient’s cancer
(eg, stage, grade, serum PSA level,
novel biomarkers), a more accurate
prediction for the individual patient
is obtained. Nomograms can be used
for patient counseling, follow-up
scheduling, and clinical trial design
and analysis. In our opinion, for new
prostate cancer biomarkers to be
clinically useful, they must add unique
predictive information, improving the
performance of a nomogram con-
structed without the new biomarker
by a significant margin as measured
by the concordance index, which
ranges from 0.5 (when the predictive
value is no better than that of a “flip
of a coin”) to 1.0 (perfect predictive
value) (Figure 3).

Promising New Markers:

Molecular Forms of PSA

PSA circulates in the serum in multi-
ple molecular forms of both free
(unbound) and complexed (bound to
protease inhibitors) forms (Figure 4).2¢*
Approximately three fourths of the
PSA found in serum is irreversibly
bound to the protease inhibitor
o;-antichymotrypsin (PSA-ACT) in
a covalent 1:1 molar catalytically
inactive complex. A lesser fraction
of serum PSA is bound to either
a,-macroglobulin (PSA-A2M) or a-
protease inhibitor (PSA-API, also
called «;-antitrypsin or AAT). The
complex formation with A2M, con-
trary to the complex formation with
ACT, blocks access to the catalytic
cleft of PSA for larger-sized protein
substrates but not for small-sized
peptide substrates. However, the
PSA-A2M complex is difficult to
measure, because it appears to be
present at very low levels in vivo and
because the steric conformation of
the A2M molecule blocks access to
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Figure 3. Levels of discrimination for some nomograms. LN, lymph node; OC, organ confined; IL-6sR, interleukin-

6 soluble receptor; TGF-8,, transforming growth factor B;.

the PSA epitopes that are the targets of
currently available monoclonal anti-
body-based PSA assays. Low concen-
trations of PSA in complex with API
have also been detected in blood.*

Between 5% and 45% of measured
serum PSA exists in free, non-
complexed forms (fPSA). The free
non-complexed PSA is most likely
catalytically inactive, since it remains
either slowly reactive or unreactive.
The composition of fPSA in blood
manifests considerable structural het-
erogeneity and, as discussed below,
novel fPSA isoforms seem to be the
most promising candidate markers
for improvement of tPSA’s clinical
performance.

Free PSA

Since FDA approval of the Hybritech®
Tandem-R fPSA test (Beckman Coulter,
Fullerton, Calif) as an adjunct to tPSA
testing in men with a serum tPSA
concentration between 4 ng/mL and
10 ng/mL, requests for %fPSA (ie,
[fPSA/tPSA] X 100) determination
have likely increased. In men with a
tPSA level between 4 ng/mL and 10
ng/mL, a higher %fPSA value indi-
cates a lower probability of finding
prostate cancer on biopsy and raises
the likelihood that the elevation in
tPSA is due to the presence of BPH.»*

Using the Hybritech Tandem tPSA
and fPSA assays, Catalona and col-
leagues® reported findings of a multi-
center (7 university medical centers)
prospective trial using %fPSA to
improve the specificity of tPSA test-
ing. Using an fPSA-tPSA ratio cut-
point of less than 25% for triggering
a sextant prostate biopsy yielded a
950 sensitivity for prostate cancer
detection and increased the specificity
by 20% over PSA measurement
alone.” Thus, at the expense of miss-
ing 5% of the prostate cancer cases,
20% of the unnecessary biopsies could
be avoided. In their receiver operating
characteristic curves, the area under
the curve (AUC) for %fPSA (0.72) was
significantly higher than that for tPSA
(0.53). However, in response to the
realization that sextant biopsies mis-
classify up to one third of patients
who have prostate cancer as being
without cancer, a more recent evalu-
ation of the utility of %fPSA in
patients undergoing extended 10- or
12-core biopsy has suggested a lower
diagnostic efficiency of %fPSA.*

Prostate biopsy is generally not
recommended for patients with a
PSA level less than 4 ng/mL, unless
the patient is younger than 60 years
or has abnormal findings on digital
rectal examination. However, 13% to
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20% of men with tPSA levels between
2.6 ng/mL and 4.0 ng/mL will have
cancer detected in 3 to 5 years.’*”
Several authors have reported that
%fPSA measurement allows the detec-
tion of prostate cancer in men with
tPSA levels below 4 ng/mL.>**
Catalona and colleagues™ reported
on 914 consecutive male volunteers
older than 50 years with tPSA levels
of 2.6 ng/mL to 4.0 ng/mL. Among
these men, 332 underwent a biopsy
of the prostate, and cancer was
detected in 22% of them. The authors
determined that, with a %fPSA cut-
off of 27% or less for performing a
prostate biopsy, they were able to
obtain a sensitivity of 90% and avoid
18% of unnecessary biopsies. In addi-
tion, 83% of the cancers detected
were clinically significant.

Moreover, Catalona and colleagues®
developed models for identifying
prostate cancer in men with tPSA
levels between 2.51 ng/mL and
4.0 ng/mL in a retrospective analysis
of archived serum samples. By choos-
ing a 9%fPSA cutoff value between
10% and 15%, these authors demon-
strated that a sensitivity of 30% to
549% could be achieved, with prostate
biopsy recommended for only 9% to
36% of men in this group.

In summary, most investigators
agree that %fPSA can improve the
sensitivity and specificity of tPSA
measurement in identifying men with
prostate cancer when the tPSA con-
centration is between 4 ng/mL and
10 ng/mL. However, they do not agree
on the most appropriate %fPSA cutoff
value. In addition, there is no agree-
ment on the range of tPSA values such
that any value within this range
would automatically trigger fPSA test-
ing and determination of the %fPSA.

Data on the utility of %fPSA for the
prediction of pathologic grade and
stage of prostate cancer are incon-
clusive. The hypothesis is that lower
0ofPSA values are associated with

Years PSA forms

PSA complexes

2000 BPSA ProPSA Other PSA-ACT PSA-API PSA-A2M
-7,-4,-2 forms | | free PSA
L Intact PSA? J { Complexed J
PSA

Figure 4. Survey of the research development of the molecular forms of prostate-specific antigen (PSA):
Approximate years of discovery are indicated on the left. Each box represents a different molecular form of PSA.
The Bayer cPSA assay measures PSA bound to o,-antichymotrypsin (PSA-ACT) and PSA bound to o,-protease
inhibitor (PSA-API). BPSA, BPH-associated free PSA; proPSA, precursor form of free PSA; "intact” PSA, other
inactive and intact PSA, which also detects proPSA; PSA-A2M, PSA bound to o,-macroglobulin. Reprinted, with per-

mission, from Stephan C et al. Urology. 2002;59:2-8.7

more aggressive prostate cancers and
metastasis. Several large studies have
analyzed the potential role of %fPSA
in the staging of prostate cancer. Carter
and colleagues” found that %fPSA
was significantly lower in men who
had aggressive disease (ie, stage T3,
presence of bone or nodal metastases,
positive surgical margins, or Gleason
score 7 or greater) than in men who
had nonaggressive disease. On the
other hand, tPSA values were not
associated with features of aggressive
prostate cancer.

Several other studies confirmed
the association between %fPSA and
pathologic stage.”® For example, in a
multicenter study involving 268 men
with tPSA values between 4 ng/mL
and 10 ng/mL who underwent radical
prostatectomy, Southwick and col-
leagues® found that %fPSA was a
stronger predictor of postoperative
pathologic outcome than Gleason
score. In this study, a %fPSA cutoff
value of 15% was found to discrimi-
nate optimally between favorable
and unfavorable pathologic outcome.
Seventy-five percent of men with a
0fPSA value greater than 15% had
organ-confined cancer, a Gleason
score less than 7, and small tumors;
these favorable pathologic character-

istics were found in only 34% of men
with a %fPSA value of 15% or less.
Unfortunately, other studies have
failed to validate these findings,
demonstrating that when %fPSA val-
ues were adjusted for the effects of
tPSA, Gleason score, and clinical
stage, they did not provide additional
staging or prognostic information.**

Although these divergent results
remain unexplained, one possible
explanation is that the staging utility
of %fPSA, like its utility in discrimi-
nating between benign and malignant
prostate disease, is highly dependent
on multiple parameters, such as age,
race, distribution of tPSA levels, study
design, PSA assay manufacturer, and
sample handling. Nevertheless, it is
our view that fPSA measurement for
the detection of prostate cancer
enhances the specificity of the tPSA
value while reducing the number of
unnecessary prostate biopsies, thus
subsequently reducing morbidity and
cost to the health care system.
However, fPSA is not an ideal marker
for staging or prediction of prostate
cancer progression.

Complexed PSA
PSA-ACT, which is the predominant
form of complexed PSA (cPSA) in
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Free PSA
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Figure 5. Comparison of the enzymatically active prostate-specific antigen (PSA) in tissues and seminal plasma
with the inactive forms of free PSA found in serum: Active PSA contains no internal peptide bond cleavages and
forms a complex with o,-antichymotrypsin (PSA-ACT) in serum. proPSA is a precursor form of PSA that is
expressed with a 7-amino acid N-terminus leader peptide but is found in serum containing from 1 to 7 amino
acids. “Benign” PSA (BPSA) contains 2 internal peptide bond cleavages. The remainder of the inactive PSA in
serum (iPSA) appears to be composed largely of intact, denatured PSA, although it may contain lesser amounts
of internal or N-terminus cleavages. BPH, benign prostatic hyperplasia. Adapted, with permission, from

Mikolajczyk SD et al. Urology. 2002;59:797-802."

patients with prostate cancer,” can
be measured by an assay available
from Roche Diagnostics (Mannheim,
Germany). The Bayer Diagnostics
(Tarrytown, NY) cPSA assay meas-
ures both PSA-ACT and PSA-APL
Both markers have been studied in
the setting of prostate cancer screen-
ing, and the results are similar to those
of 0%fPSA when either of the follow-
ing ratios are used: cPSA/tPSA or
PSA-ACT/tPSA."* However, no study
has shown a clear advantage to meas-
uring the PSA-ACT level alone or
calculating the PSA-ACT/tPSA ratio
compared with %fPSA to enhance
the specificity of prostate cancer
detection.*

Molecular Forms of fPSA:

BPSA and ProPSA Isoforms

In response to the quandary that
0ofPSA measurement was a clinically
useful test without a clear under-
standing of its biologic basis, a series
of prostate tissue studies were con-
ducted aimed at better understanding
the molecular forms of PSA found in
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normal peripheral zone, cancerous
peripheral zone, and BPH-associated
transition zone tissues.”* These stud-
ies culminated in the discovery of
BPSA (“benign” PSA), a novel form
of fPSA associated with nodular
hyperplasia of the transition zone.*”
The studies also demonstrated a clear
association of truncated molecular
forms of proPSA with the prostate
peripheral zone, including prostate
cancer.* More recent studies using
serum assays specific for these vari-
ous molecular forms of fPSA have
demonstrated that the majority of
fPSA in the blood is made up of
BPSA, truncated forms of proPSA,
and an additional form of intact, yet
inactive, PSA (Figure 5).

BPSA, which is elevated in the tran-
sition zone epithelium of prostates
with nodular BPH, is predominantly
clipped at amino-acid residues lysine
145-146 and lysine 182-183.* Recent
studies have shown that BPSA is
also present in seminal plasma.” A
dual-monoclonal antibody assay for
BPSA (detection limit of 0.06 ng/mL)

has been evaluated in men with
symptomatic BPH and those without
clinical BPH, as well as in healthy
men.” The median BPSA level in
patients with symptomatic BPH was
significantly higher than that in
patients without BPH symptoms. In
the healthy control group, BPSA was
almost undetectable.*

In a preliminary study involving
a limited cohort of men with and
without prostate cancer, Shariat and
colleagues” found that the serum
BPSA level was highly correlated with
transition zone and total prostate vol-
ume and increased with age (Figure 6).
However, because men with prostate
cancer may also have enlarged
prostates and coexisting BPH, BPSA
level alone would not be expected
to distinguish accurately between
prostate cancer and BPH.

Ratios of BPSA to fPSA or BPSA to
tPSA may prove to be useful prostate
cancer staging tools, although they
have not yet been studied as such;
however, these measurements current-
ly appear most promising as more
specific serum markers for BPH.

Like most secreted peptide enzymes,
PSA is produced initially as an inac-
tive proPSA molecule that includes a
7-amino acid leader peptide sequence.
Human kallikrein 2 (hK2) activates
this proPSA molecule by clipping
off the 7-amino acid leader peptide
sequence. Prostate cancer tissues
have been shown to contain levels
of a truncated version of proPSA,
containing either 2 ([—2]pPSA) or
4 ([—4]pPSA) unclipped amino acids
from its leader sequence, higher than
those in BPH-associated transition
zone epithelium.* The proPSA/fPSA
ratio has demonstrated improved
performance in differentiating prostate
cancer from BPH in men with mod-
estly elevated PSA levels.” Studies
have yet to be conducted to test the
ability of any of the fPSA molecular
forms to aid in the staging of prostate
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cancer. Nevertheless, the wvarious
molecular forms of fPSA and their
respective ratios hold great promise
as biochemical markers for prostate
cancer diagnosis, staging, prediction,
and monitoring.

The third form of fPSA found in
the blood appears to be composed
largely of nonclipped fPSA, called
intact PSA, that is similar to native
PSA except that it is enzymatically
inactive.”*? Nurmikko and colleagues**
recently reported on a newly devel-
oped assay that measures intact PSA
and proPSA but not BPSA (detection
limit, 0.035 ng/mL). Although the
absolute levels of the marker detect-
ed by this monoclonal assay did not
differentiate between the presence
or absence of cancer in 383 patients,
the ratio of this marker to fPSA
was significantly higher in patients
with cancer.*

In summary, the area of fPSA
molecular isoforms holds the prom-
ise to provide powerful new tools for
detection, staging, prediction of prog-
nosis, and monitoring of prostate can-
cer. In addition, BPSA level alone or
in combination with fPSA or tPSA
level may be useful in studying the
development and clinical progression
of BPH, as well as response to therapy.

Human Glandular Kallikrein

The human kallikrein family of
proteases consists of 15 members, 12
of which have been characterized
only recently.” Structurally, hK2
and PSA (hK3) share the highest
homology, with 78% and 80%
sequence identity at the amino acid
and DNA levels, respectively. Like
PSA, hK2 is expressed in various
tissues, but its highest level of
expression is found in the prostate.”
However, hK2 and PSA differ in their
enzymatic activity, with hK2 mani-
festing trypsin-like substrate speci-
ficity. hK2 can activate the zymogen
form of urokinase and can generate
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Figure 6. Correlation of prostate-specific antigen (PSA) forms with transition zone volume in 63 men (27 men
with and 36 men without prostate cancer) (unpublished data). BPSA, “benign” PSA.

enzymatically active PSA from the
full-length [—7]pPSA.*

In seminal plasma, hK2 cleaves the
gel-forming proteins semenogelin I,
semenogelin II, and fibronectin.” hK2
protein levels in both seminal plasma
and serum are less than 3% of that of
tPSA; however, at the mRNA level,
hK2 expression is only about half that
of PSA expression.® Like PSA, hK2
forms complexes with various plasma
protease inhibitors, such as o;-anti-

chymotrypsin, a,-antiplasmin, anti-
thrombin III, plasminogen activator
inhibitor-1, o,-macroglobulin, and
protease inhibitor 6. However, unlike
PSA, most of the hK2 in serum is
found in the free, unbound form.
hK2 bound to «;-antichymotrypsin
represents only 4% to 19% of the
total hK2.”

The ratio of serum levels of hK2 to
fPSA has been shown to enhance
prostate cancer detection in patients
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with serum tPSA concentrations of
2 ng/mL to 4 ng/mL, as well as
4 ng/mL to 10 ng/mL.* This has been
confirmed in studies conducted by
Magklara and colleagues® showing
that circulating levels of hK2 enhance
the biochemical detection of prostate
cancer when combined with fPSA
and tPSA measurements. The utility
of hK2 level in the preoperative stag-
ing of clinically localized prostate
cancer remains controversial. In a
multi-institutional study, Haese and
colleagues® found that the AUC for
the algorithm of (hK2) X (tPSA/fPSA)
was significantly superior to that of
PSA, which was not different from
that of hK2 alone. Whereas mean
tPSA and fPSA levels did not differ
between patients with stage pT2a/b
cancer and those with stage pT3a or
greater, both mean hK2 levels and
the mean of the results of the algo-
rithm did.

Insulin-Like Growth

Factor Family

The local expression of insulin-like
growth factors (IGFs) and IGF-bind-
ing proteins (IGFBPs) has been asso-
ciated with tumor grade, pathologic
stage, and disease progression in
patients with prostate cancer.®®
Epidemiologic studies have found
high circulating IGF-I levels and, in
some studies, low IGFBP-3 levels to
be associated with an increased risk
of prostate cancer.®*

Using serum from a case-control
cohort in the Baltimore Longitudinal
Study on Aging population, Harman
and colleagues* found a marginally
significantly increased risk of prostate
cancer associated with higher serum
IGF-I levels. However, tPSA was a far
more powerful predictor of prostate
cancer than IGF-I, and IGF-I meas-
urement did not add significantly
to the diagnostic accuracy of tPSA
measurement. Numerous studies have
found no difference in IGF-I levels
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assuming he does not die of another cause first.

Instructions for Physician: Locate the patient’s PSA on the PSA axis. Draw a line straight upwards to the Points axis to determine how many points toward
recurrence the patient receives for his PSA. Repeat this process for the remaining axes, each time drawing straight upward to the Points axis. Sum the points achieved
for each predictor and locate this sum on the Total Points axis. Draw a line straight down to find the patient’s probability of remaining recurrence free for 60 months

Instruction to Patient: “Mr. X, if we had 100 men exactly like you, we would expect (predicted probability from nomogram X 100) to remain free of their disease
at 5 years following radical prostatectomy, and recurrence after 5 years is very rare.”

Figure 7. Improved preoperative nomogram including 2 molecular biomarkers—interleukin-6 soluble receptor (IL-6sR)
and transforming growth factor B, (TGF-8,)—to a core group of clinical variables for predicting prostate-specific
antigen (PSA) recurrence after radical prostatectomy based on 713 patients. Bx, biopsy; GG, Gleason grade.
Adapted, with permission, from Kattan M et al. J Clin Oncol. 2003;21:3573-3579.”

between men with prostate cancer
and cancer-free controls.'®* Further-
more, circulating levels of IGF-I were
not associated with established mark-
ers of biologically aggressive disease,
disease progression, or metastasis
in patients with clinically localized
prostate cancer.'*®

In contrast, circulating levels of
IGFBP-2, the main IGFBP produced
by prostate epithelial cells, are sig-
nificantly elevated in patients with
prostate cancer.®®” However, in men
with clinically localized prostate can-
cer, IGFBP-2 levels were inversely
associated with prostatic tumor vol-
ume and with features of advanced
disease (eg, higher final Gleason
score, extraprostatic extension, and
seminal vesicle involvement) but
remained higher than in men with-
out prostate cancer.®

Circulating levels of IGFBP-3, the
primary carrier for IGF-I in the
blood, have been shown to be lowest
in patients with bony metastases but
no different in men with non-metasta-

tic prostate cancer versus healthy
men.®*” Lower preoperative [GFBP-2
and IGFBP-3 levels were associated
with a higher risk of disease progres-
sion when adjusted for the effects
of preoperative PSA level, biopsy-
determined Gleason score, and clin-
ical stage in consecutive patients
undergoing radical prostatectomy for
clinically localized prostate cancer.*®

In summary, whereas the major
significance of IGF-I appears to be
restricted to its association with can-
cer development during subclinical
disease stages, the IGF binding pro-
teins appear to play a more direct
role in prostate cancer detection and
prognosis. Specifically, IGFBP-2 lev-
els appear to be directly associated
with the presence of prostate cancer
and inversely associated with the
progression from early to more
advanced stages of disease. IGFBP-3
levels appear to be inversely associat-
ed with the establishment and pro-
gression of prostate cancer skeletal
metastases.
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Transforming Growth Factor B

Increased local expression of TGF-B,
has been associated with higher tumor
grade, tumor invasion, and metastatic
progression in patients with prostate
cancer.”” Higher circulating TGF-8,
levels have been associated with
established markers of biologically
aggressive cancer (ie, higher preop-
erative PSA, extracapsular extension,
seminal vesicle involvement, and
lymph node involvement),"’*” clini-
cally evident metastases'””* and

validated pretreatment nomogram.*

The new nomogram was a better
predictor of the risk of disease pro-
gression 5 years after radical prostate-
ctomy for clinically localized prostate
cancer (Figure 7). Addition of pre-
treatment TGF-B; and IL-6 soluble
receptors to the nomogram improved
the prediction of biochemical recur-
rence by a statistically and prognos-
tically substantial margin over our
previously published nomogram,”
increasing the bootstrap-corrected

Circulating levels of IL-6 and soluble IL-6R appear to be associated
with the potential of prostate cancer to metastasize but not with the

metastases themselves.

occult metastases,"*”* and biochemical
progression.””* However, circulating
levels of TGF-B; did not differ
between healthy persons and prostate
cancer patients.”

Elevated plasma levels of TGF-8,
in patients with clinically evident or
occult metastatic prostate cancer
seem to result either from direct pro-
duction from foci of metastatic
tumors or from the host’s response to
cancer invasion and dissemination,
and not necessarily as the result of
production by the primary tumor.
Taken together, these data suggest
that preoperative and early postoper-
ative plasma TGF-B; measurements
could be used in combination with
standard preoperative and postopera-
tive parameters to improve the accu-
racy of nomograms designed to pre-
dict pathologic stage and disease pro-
gression after primary therapy for
prostate cancer. Therefore, we devel-
oped and internally validated a prog-
nostic model that adds plasma TGF-
B; and IL-6 soluble receptor (see
below) to standard clinical predictors
to determine whether we could
improve on the level of accuracy
achieved by our standard, externally

concordance index from 0.75 to 0.84.
After successful external validation,
this nomogram could become a valu-
able tool for counseling patients
who are considering radical prosta-
tectomy. The incorporation of these
molecular markers may improve
prognostic tools for other prostate
cancer treatment modalities as well.

Interleukin-6 and Its Receptor

In vitro and in vivo studies have
shown that human prostate cancer
expresses both IL-6 and its receptor
(IL-6R), allowing for establishment
of an autocrine/paracrine loop.”s”
Furthermore, IL-6 protein concentra-
tions are approximately 18 times
higher in clinically localized prostate
cancers than in normal prostate tis-
sue.” The concentration of IL-6R is
also higher in prostate cancer than in
normal prostate tissue.” Elevated cir-
culating levels of IL-6 and soluble
IL-6R have been associated with fea-
tures of aggressive prostate cancer
(higher PSA levels, greater prostatic
tumor volume, and higher final
Gleason sum),””” advanced disease
stage,””*® presence of distant metas-
tases and metastasis-related morbidi-

ty,””** overall and aggressive disease
progression,” and decreased survival.*®

Similarly to TGF-B,, circulating
levels of IL-6 and soluble IL-6R did
not differ between healthy men and
prostate cancer patients.” Unlike
preoperative circulating levels of
TGF-B;, which were associated with
features of locally invasive disease,
preoperative circulating levels of
IL-6 and soluble IL-6R were associated
with pathologic grade of disease
but not with extraprostatic extension
or seminal vesicle invasion. This, in
aggregate with other findings,” sug-
gests that, in patients with cancer,
the elevated circulating levels of IL-6
and soluble IL-6R are produced pri-
marily by tumor cells in the primary
prostate cancer. Furthermore, circu-
lating levels of IL-6 and soluble
IL-6R appear to be associated with
the potential of prostate cancer to
metastasize but not with the metas-
tases themselves.

As mentioned above, Kattan and
colleagues® developed and internally
validated a preoperative nomogram
that allows accurate prediction of the
probability of cancer recurrence after
radical prostatectomy for localized
prostate cancer using clinical stage,
Gleason grade, serum PSA level, and
plasma levels of soluble IL-6R and
TGE-B;.

Urokinase System of
Plasminogen Activation
Urokinase plasminogen activator
(uPA) and its inhibitor PAI-1 are the
only novel prognostic biomarkers
validated at the highest level of evi-
dence (both prospective randomized
trial and pooled analysis) with regard
to their clinical utility in breast
cancer. Levels of circulating uPA and
its receptor were shown to be higher
in prostate cancer patients than in
healthy persons, and the highest cir-
culating levels of uPA and its receptor
were found in patients with metas-
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tases to bones but not regional
Ilymph nodes.”®* When evaluated in
preoperative blood of patients under-
going radical prostatectomy, levels
of uPA and its receptor were associ-
ated with extraprostatic disease, sem-
inal vesicle involvement, prostatic
tumor volume and, most important,
disease progression.*** The associa-
tion with PSA progression presum-
ably was the result of an association
with occult prostate cancer metastases
to bone already present at the time of
radical prostatectomy.

Conclusions

Over the past 15 years, PSA meas-
urement has revolutionized the diag-
nosis and management of prostate
cancer. However, the changing demo-
graphics of prostate cancer make it
more likely that testing for markers
other than tPSA will be necessary to
manage prostate cancer most effec-
tively. Several new markers have
shown promise in phase 1 biomarker
studies (eg, BPSA, proPSA, uPA and
its receptor, and VEGF). Phase 2 bio-
marker studies (eg, studies of com-
plexed PSA, hK2, TGF-8,, and soluble
IL-6R) and phase 3 studies are planned
to confirm their performance.

There is an urgent need to estab-
lish national multidisciplinary initia-
tives for coordinating the activities
of prostate cancer biomarker research,
developing laboratory quality-control
programs for the analysis of cancer
biomarkers, and producing guidelines
for appropriate clinical employment
of each biomarker. The adoption of
a systematic, phased, and nomogram-
based model is a rational way to
manage the evaluation of the pletho-
ra of newly proposed biomarkers for
prostate cancer, especially as this list
continues to grow. [ |
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