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ABSTRACT

To evaluate the prognostic value of prostate-specific antigen

(PA) for detection of tumor growth after definitive therapy, 602
sera from 70 patients with stages B2 to D! prostate cancer (26
of whom recurred) were analyzed in a blind study. Using Cox's

proportional-hazards model, a highly significant association was
found between serially measured PA and disease-free survival
time (p = 0.0002). A positive predictive value of 100% was found
for some markedly elevated PA levels and confirmed recurrence
of disease. In fact, this study suggested that once a PA level of
88 ng/ml was reached, there was an average time of less than
2 months before a recurrence was clinically confirmed. Tumor
growth in patients who recurred was indicated by a PA elevation
before recurrence in 92% (24 of 26) as opposed to 20% (9 of
44) in disease-free patients. Additionally, in these 24 of 26
patients, levels of PA were elevated 12 months (mean lead time)
before a confirmed disease recurrence. In patients who were still
disease free, serial PA appeared to increase concurrently with
putative tumor growth as shown by the initial surgical stage.
Generally, the greater the PA level the more advanced was the
stage of disease (B2 to D,). These data suggest that PA may be
a useful adjuvant marker for monitoring tumor growth in patients
with regionally confined prostate cancer.

INTRODUCTION

Prostatic carcinoma is the second most common cancer and
the third most prevalent cause of cancer deaths of men in the
United States (27). Survival and therapeutic response are better
in patients with early stage disease than in those with metastatic
cancers (24). Unfortunately, advanced disease with disseminated
metastasis is presented in the majority of patients upon diagnosis
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(9). Consequently, reliable biological markers for diagnosis and
prognosis in these patients have been sought for over 5 decades
(1-3, 5, 7, 10, 13, 14, 25, 31, 33). A new candidate for follow-

up and assessment of therapeutic efficacy in prostate cancer
patients is PA4 recently identified by Wang ef al. (28-30) of our

group.
A primary reason that suggests PA as a useful marker of

prostate cancer is that PA is cell-type and organ-site specific.
Previous studies within our group as well as from other investi
gators have shown that PA is localized only within epithelia of
prostatic ductal cells (19, 21, 28). PA has been demonstrated by
Nadji et al. (19) and Papsidero et al. (20) to be a useful histological
probe for the detection and differential diagnosis of metastatic
cancer when combined with specific antibody directed against
PA. Several studies by our group in conjunction with the National
Prostatic Cancer Project (NPCP) have also shown PA to be
useful for monitoring treatment response for prostatic cancer
patients (17). Kuriyama ef al. (16) using a sensitive enzyme-linked
immunosorbent assay have produced data from advanced stage
(D2) patients that strongly suggest a prognostic relationship
between pretreatment levels of serum PA and patients' survival.

Pontes ef al. (23) using serial PA levels from Stages B2 to Di
patients also found an excellent correlation between an elevated
serum PA and the development of metastatic disease in the
prostatectomized group.

This study was initiated to evaluate, in a blind manner, the
prognostic effectiveness of PA for detection of tumor growth
after definitive therapy in patients with regionally confined pros
tate cancer. The end point of tumor growth was a clinically
detectable recurrence of disease in clinically disease-free pa
tients. The prognostic importance of PA for monitoring these
patients was statistically analyzed using Cox's (6) proportional

hazards model. Using serially measured PA levels, the signifi
cance of low PA levels relative to high PA levels in terms of a
longer disease-free survival time in patients was evaluated. This

analysis also adjusted for the effects of stage and therapy on
disease-free survival time. Additionally, the usefulness of PA for

monitoring these patients is illustrated using some common
parameters for tumor marker evaluation, such as predictive
value, time to recurrence, mean lead time before recurrence, and
longitudinal patient evaluation.

MATERIALS AND METHODS

Specimens. Six hundred two serial specimens were collected over a
6-year period from 70 patients with regionally confined prostate cancer.

4The abbreviations used are: PA, human prostate-specific antigen; NPCP,

National Prostatic Cancer Project; UNL, upper normal limit; xUNL, upper normal
limit of assay x PA concentration; RIA, radioimmunoassay; PAP, prostatic acid
phosphatase.
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PROGNOSTIC VALUE OF PA

Patients were surgically staged on the basis of lymph node dissection
and other evaluations (11, 32). Eleven of the patients were Stage B2,14
were Stage C, and 45 were Stage DL Patients having initially received
either radical prostatectomy, cryosurgery, or radiation therapy were
receiving long-term adjuvant chemotherapy of Cytoxan or Estracyt or no
additional treatment during the evaluation period. Follow-up was per
formed at 6-week intervals. Twenty-six of the 70 patients presented
clinical recurrence of disease during follow-up as confirmed by radi

ographie and radionuclide examinations as well as by other clinical tests
and subsequently received additional therapy in advanced disease pro
tocols (26). Basis for patient selection was sera availability. Sera from
patients with a minimum of 5 serial specimens available were used for
PA analysis by one of us (N. Yang). No prior knowledge of the clinical
status of patients or sera was communicated. PA analyses by a double-

antibody RIA were completed within 3 days after receipt of specimens.
PA Analysis. Purification of PA, production of anti-PA sera, and

specificity of the antisera have been reported previously (30). These
reagents were used for PA analysis. The quantitation of serum PA was
performed using a standard double-antibody RIA method (18). Briefly,
labeled PA, PA standards, and PA in serum competed for rabbit anti-PA

in test tubes. Tubes were incubated for 24 hr at room temperature. Goat
anti-rabbit serum was added, and after a 1-hr incubation at room tem

perature, the test tubes were centrifugea and radioactivities in the
precipitate were counted. A standard PA curve was linear between 0.5
to 50.0 ng/ml using the logit-log plot of percentage bound divided by

percentage bound at 0 concentration versus PA concentration. Coeffi
cients of variation for 20 analyses each of 2, 5, and 8 ng/ml in interassay
quality control were 9.0,6.3, and 5.9%, respectively; for Â¡ntrassayquality
control, the same 3 levels of PA were 8.6, 5.3, and 4.2%, respectively.
A mean and S.D. of 0.75 and 0.71 ng/ml, respectively, were obtained
from 127 apparently healthy males. In 38 sera from normal females, all
"PA" levels were less than 0.5 ng/ml, i.e., the sensitivity level of the

assay. Using a mean + 2 S.D., a normal range for PA by the RIA method
described, was 0 to 2.2 ng/ml. This value was similar to the reported
normal range of our enzyme immunoassay, 0 to 1.8 ng/ml (15, 17).
Serum PA level (mean + 2 S.D.) from 12 patients with benign prostatic
hyperplasia was 12.74 ng/ml, higher than 7.5 ng/ml as obtained previ
ously by enzyme immunoassay. Since patients with benign prostatic
hyperplasia were not the subject of this study, UNL for PA was accepted
as 2.2 ng/ml, as all patients had been diagnosed with prostate cancer,
had received definitive therapy, and were being evaluated during the
follow-up intervals.

Methods of Prognostic Evaluation. The prognostic value of serially
measured levels of PA for predicting a clinically detectable recurrence of
disease during long-term follow-up in patients with regionally confined

prostate cancer was evaluated by the following methods.
Cox's proportional-hazards model with time-dependent covariates

was used to analyze the relationship between the serially measured PA
levels and disease-free survival time, defined as the time from definitive

therapy to clinically detectable recurrence of disease. For this method,
the PA level was assumed to remain unchanged between serially Ã©valu
able measurements. Forty-three patients, of whom 15 have recurred,

were used for these analyses. These were patients with at least one PA
measurement within 12 weeks after definitive therapy and who received
sufficient therapy and presented no protocol violations.

Positive predictive value (8) of a single elevated PA level for disease
recurrence was estimated, irrespective of therapy and time of follow-up,

using the most elevated PA level in serial measurements from each of
26 patients with confirmed disease recurrence and 44 disease-free

patients. The percentage of patients who recurred with PA values at a
specific level of PA to the total number of patients with these values at
the PA level was used to determine the positive predictive value. In
addition, the time to recurrence was compared with the magnitude of a
single elevated PA value. The highest PA value in serial specimens from
individual patients that recurred was used to determine the time from
that PA result to recurrence. A mean lead time to recurrence versus

magnitude of PA was calculated.
Serial levels of PA were plotted for patients with a clinically detectable

disease recurrence and for patients who were clinically disease free. The
scattergram included all PA levels within a 1-year period prior to recur
rence in patients who had recurred, and all PA levels within a 1-year

period prior to the last measured PA level in patients who were still
disease free.

To determine whether that PA may elevate prior to a confirmed disease
recurrence, the time between the first of a series of PA values greater
than the UNL or a single elevated value greater than 5 times the UNL
was determined for the patients who had recurred.

Serial levels of PA were longitudinally evaluated with disease status
for monitoring effectiveness in patients with and without confirmed
disease recurrence. PA was studied in terms of (a) elevation before
disease recurrence, (b) normalization after recurrence when additional
therapy was received by a patient who was placed in advanced disease
protocols of NPCP, (c) normalization of PA levels in patients without
disease recurrence, and (d) relationship of serial PA levels with initial
stage of disease.

RESULTS

PA and Disease-free Survival Time. Statistical evaluation
using Cox's proportional hazards model showed a highly signif

icant relationship between serially measured PA and disease-
free survival time (p = 0.0002, Table 1). The coefficient estimates

and p listed in Table 1 reveal the following: if a coefficient is
significantly different from zero, then the covariate corresponding
to that coefficient is an important prognostic variable. The signif
icantly positive coefficient for PA levels indicates a longer dis
ease-free survival time for patients with low PA levels than for

patients with high levels. The coefficients corresponding to the
covariates "Stage C" and "Stage D/' indicate the risk of recur

rence for patients with Stages C and Di, respectively, relative to
patients with Stage B2. The covariate "Radiotherapy" is an

indicator variable for initial treatment; the coefficient for this
covariate indicates the risk of recurrence for patients who re
ceived radiotherapy, relative to patients who received prostat
ectomy or cryosurgery. Similarly, the coefficient for the covariate
"Estracyt" indicates the risk of recurrence for patients receiving

Estracyt adjuvant therapy relative to patients not receiving Es
tracyt. These covariates were included in the model to adjust for
the effect of stage and treatment on disease-free survival time.

As indicated in Table 1, no significant differences were found for
covariates other than PA.

Positive Predictive Value of a Single Elevated PA Result. A
single elevated level of PA was evaluated for prediction of
disease recurrence. The positive predictive values shown in
Chart 1 were determined using the most elevated PA level in
serial specimens of each patient with and without a confirmed

Table 1
Association between disease-free survival time and PA

Covariates in
model*Stage

C
Stage D,
Radiotherapy
EstracytPA"Coefficient

estimates-1.107

0.228
0.763

-0.550

2.392P0.22

0.42
0.13
0.25
0.0002

' Cox's proportional hazards model.
" Marker measurements were transformed to togÂ«(10+ measurement) for the

analysis.
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6/6

40

PA Level Times Upper Normal Limit
Chart 1. Positive predictive value of PA for disease recurrence. Positivepredic

tive valueequals the percentageof patients who recurred with most elevatedserial
PA value greater than indicated PA level to total number of patients with most
elevated serial PA value greater than indicated PA level. Positive predictive value
increaseddirectly with increasedlevel of PA.

31 40

PA Level Times Upper Normal Limit
Chart 2. PAversus time to recurrence.The highest PAvalue in serialspecimens

from individualpatients that recurred was used to determine the time from that PA
measurement to a confirmed recurrence. Shown are number of months to recur
rence [mean Â±S.D. (oars)) for patients who recurred at a level of PA between 0
and 1, >1 and 5, >5 and 20, >20 and 31, >31 and 40, and above. Months to
clinicallydetectable recurrence decreased inverselywith increased level of PA.

disease recurrence. The percentage of patients who recurred
and presented PA values at or above the specific level shown to
the total number of patients that presented PA values at these
levels was evaluated as the positive predictive value of PA for
disease recurrence at the specific level of elevation. As shown
in Chart 1, positive predictive values of PA for disease recurrence
increased concurrently with increased levels of PA. A positive
predictive value of 100% was obtained for disease recurrence in
patients presenting an elevated PA level of 40 xUNL. Interest
ingly, even an elevation of PA at the 5 xUNL level (11.0 ng/ml)
correctly predicted a disease recurrence in 72% of patients.

In addition, time to recurrence was compared with magnitude
of a single elevation of PA. An inverse relationship was shown
between an amount of time before a disease recurrence was
clinically detectable and a level of PA. As shown in Chart 2, an
average time of less than 2 months was obtained for a PA level
of 40 x UNL with 100% (6 of 6) of patients at this PA level having
presented a confirmed disease recurrence, whereas in 6 patients
with a PA level within a range of 1 to 5 xUNL, an average time
of 7 months was found before a disease recurrence was clinically
detectable. Time to recurrence (mean Â±S.D.) at a specific level
of PA was estimated using the highest PA values in serial
specimens from individual patients and determining the time

required from that PA result to a confirmed disease recurrence
of the patient.

Elevation of PA prior to Disease Recurrence. PA levels in
patients with disease recurrence and who were disease free are
illustrated in Chart 3. The data points shown in the figure denote
all serial levels of PA within 12 months prior to a clinically
detectable disease in patients who had recurred and all serial
levels 12 months before and including the last PA measurement
in patients that were clinically disease free. Twenty-four of 26

patients that developed disease recurrence presented PA values
greater than the upper normal limit, as opposed to 9 of 44 among
disease-free patients. Also, in 15 of 26 patients with detectable

disease recurrence, all serial levels of PA were presented above
the upper normal limit as compared with 5 of 44 patients in the
disease-free group.

Mean Lead Time of PA Elevation prior to Recurrence. The
mean lead time of elevation in PA level before a detectable
disease recurrence was ascertained for patients with regionally
confined prostate cancer. The time between the first of a series
of elevated PA values, or a single elevated PA level (>5 xUNL),
and a confirmed disease recurrence was used to determine the
mean lead time. The mean lead time for 26 patients ranged from
1 to 23 months (mean = 12 Â±11 (S.D.) months) overall. A single

elevated PA level of >5 xUNL was used as a significant number
in recurring patients with only one PA measurement before
disease recurrence, since 72% of all patients with a PA value at
this level had recurred.

Longitudinal PA and Disease Status of Prostate Cancer
Patients. Serial levels of PA were longitudinallyevaluated with
disease status for monitoring effectiveness in patients with and
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CLINICALLY DISEASE FREE CLINICAL DETECTABLE RECURRENCE

Chart 3. Serial levels of PA in patients with and without a clinical disease
recurrenceafter receivinga curative therapy for regionallyconfinedprostate cancer.
Data points illustrate all serial levels of PA within 12 months prior to a disease
recurrence (recurring group) or all serial values within 12 months before and
including the last serial results (disease-freegroup). In the recurrence group, 24 of
26 patients presented serial levels greater than the upper normal limit ( ) as
opposed to 9 of 44 disease-freepatients.
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without confirmed disease recurrence. Representative patterns
of serial PA levels in patients with clinically detectable recurrence
of disease are shown in Chart 4. In general, and also as indicated
in Table 1 and Charts 2 and 3, the greater the level of PA the
sooner a confirmed disease recurrence was presented in patients
who recurred. Serial levels of PA were generally increasingly
elevated or remained elevated from initiation of study to time of
a clinically detectable disease recurrence. After disease recur
rence, serial PA levels generally normalized or were slightly
elevated when patients were receiving additional therapy in
advanced disease protocols of the NPCP.

Chart 4 illustrates 4 typical patterns shown by 24 of 26 patients
who recurred and presented serial levels of PA that were ele
vated above the normal limit, before or during recurrence. As
depicted, some patients presented patterns showing serial levels
of PA that initially were low (Chart 4, Pattern A) or were near the
upper normal range (Chart 4, Patterns B and C), and then either
became increasingly elevated before a recurrence (Chart 4,
Patterns A and C) or decreased to within the normal range for a
period of time and then became increasingly elevated before a
recurrence (Chart 4, Pattern B). Some patients that initially
showed highly elevated PA levels after definitive therapy were
found to present a confirmed disease recurrence a few months
later (Chart 4, Pattern D). In 13 of 15 patients whose PA values
were available after a disease recurrence, serial levels of PA
decreased to within or slightly above the normal range after
therapies for advanced disease were given (Chart 4, Patterns B,

too

60

Chart 4. Longitudinal follow-up of 4 patterns illustrating the trend of PA ob

served in 26 patients with a confirmed disease recurrence (fl) (a) after definitive
therapy. Serial levels of PA were increasingly elevated before (â€¢ â€¢)or during
recurrent disease detection in 24 of 26 patients. After definitive therapy, several
patients presented Pattern A where serial levels of PA were initially low and gradually
increased to above the upper normal range ( ) before a disease recurrence.
More typically observed patterns shown by patients were serial PA levels presented
initially near the upper normal range and then either became increasingly elevated
before recurrence (C) or decreased to within the normal range for a period of time
and then became increasingly elevated before recurrence (B). Some patients who
presented initial highly elevated levels of PA after definitive therapy were found to
have recurred a few months later (D). In 15 patients, all serial levels of PA were
presented above the normal range. In 13 of 15 patients whose PA values were
available after recurrence (â€¢ â€¢),serial levels of PA decreased to within or
slightly above the normal range when patients were receiving additional therapy in
advanced disease protocols (Patterns B, C, and D). In general, the greater the level
of PA, the shorter the time before clinical detection of a disease recurrence. Bj, C,
D,, stage of disease.

C, and D). In contrast, 27 of 44 disease-free patients presented

all levels of PA that were within the normal range. In 12 of 44
patients, PA levels were slightly elevated after initial definitive
therapy but subsequently were within the normal range or slightly
elevated during follow-up. The remaining 5 disease-free patients

presented all serial levels of PA elevated above the upper normal
limit, at the time of this analysis.

Although not statistically significant, Table 2 shows an asso
ciation between serial levels of PA and the initial surgical stage
of disease in clinically disease-free patients. Ranges of serial PA

as well as means and S.D.s appeared to increase concurrently
as "occult" tumor growth increased. All Stage B2 patients were

within normal limits, as were most Stage C patients, while
approximately 40% of the Stage D, patients were at least initially
above the upper normal limit.

DISCUSSION

PA is a recently identified biological marker for prostate cancer
(30). PA is a chemically and Â¡mmunologically well-defined glyco-

protein and distinct from PAP (28,29). Interestingly, PA has been
found to be more significant than is PAP for monitoring patients
with prostate cancer. Our preliminary statistical results (data not
shown) have revealed that PA and PAP both are of value;
however, PA is shown to be prognostically more useful for patient
follow-up. Although PA has not been found to be efficient for

general screening of prostate cancer, PA has been established
as a marker for human prostatic epithelial cells (19, 21, 22), as
an immunohistological marker for prostate neoplasms (20, 22),
and as a sÃ©rodiagnostic prognosticator for patients with ad
vanced prostatic cancer (15, 23).

A reliable marker, among other requirements, should predict
an increased growth of malignant cells before a tumor has
progressed to clinical symptomology. Immunohistochemical
studies have shown that PA is expressed on both primary and
metastatic prostate tumors (19, 21). Thus, serum PA levels may
increase concurrently with an increased tumor volume. A suitable
model to study the reliability of PA as a marker of tumor growth
is provided in this study by clinically disease-free patients after a
definitive "curative" therapy for regionally confined prostate can

cer. This model should offer useful information about PA and
tumor growth, because these patients, in theory at least, are
without viable prostatic cancer and therefore should be truly
disease free.

Since a cancer is seldom detectable clinically before a minimum
tumor volume of 1 cm diameter has occurred (4), a confirmed
disease recurrence in disease-free patients would indicate tumor

growth. Therefore, in this study, the prognostic value of serial

Table2
Serial levels of serum PA and initial surgical stage

Stage'B,C

D,No.

of
patients/no.measurements9/72

13/117
22/202PA

level(XUNL)Range0.02-0.50

0.11-4.09
0.10-38.18Mean

Â±S.D."0.22

Â±0.17
0.69 Â±1.05
2.43 Â±4.02PcNS"

NS
NS

" Surgical stages in clinicallydisease-freepatients during follow-up.
6 Group mean Â±S.D. of individual mean for serial values in patients.
c Student's f test after transformation of PA measurementto log,0.
d NS, not significant.
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PA levels were statistically evaluated for disease-free survival

times. In addition, the usefulness of PA for detection of tumor
growth before the clinical manifestation of a disease recurrence
was illustrated with commonly used immunodiagnostic parame
ters.

The significant prognostic value of serially measured PA for
disease-free survival time, as evaluated using Cox's proportional-

hazards model, suggests that PA is an important marker in
patients' follow-up (Table 1). One should keep in mind, when

reviewing the results of this analysis, that the PA level was
assumed to remain unchanged between serially Ã©valuablemea
surements. A precise analysis would require a daily measurement
of PA for each patient. Our analysis, however, did incorporate
an adjustment for the effects of disease stage and treatment
received as indicated while evaluating PA with disease-free sur

vival time. Interestingly, PA was found to be a prognostically
important marker (Table 1) even after adjustment for the effect
of Estracyt on disease-free survival time. The lack of apparent

estrogenic effects following Estracyt administration to humans
has been reported previously (12).

Should a serum PA level increase concurrently with an increase
in tumor load, it is reasonable to expect that at some elevated
level PA would predict a recurrence of disease. Galen and
Gambino (8) showed that the predictive value model is an effec
tive method to evaluate the usefulness of laboratory diagnostic
tests. Therefore, we have evaluated the positive predictive value
of a single elevated level of PA as one of the criteria for disease
recurrence. Although the positive predictive value decreased with
decreasing level of PA, results shown in Charts 1 and 2 indicate,
e.g., that a PA level of 40 xUNL (88 ng/ml) would require an
average time of less than 2 months before a recurrence was
clinically confirmed. The use of time to recurrence for a specific
level of PA was not intended in this study as an absolute period
of time but was used to illustrate an association between PA
level and tumor growth. Our results showed that the greater an
elevation of PA, the higher a positive predictive value for PA was
found and the earlier a progression of disease was confirmed.
However, as the marker is used to predispose a disease pro
gression, an elevated PA must be evaluated against the positive
predictive value of marker similar to other clinical laboratory
results. Of course, one should not suggest the use of a singly
measured value of any biological marker for patient care without
verification of marker level and other laboratory and clinical
evidence for corroboration.

It is important that a tumor marker indicates tumor growth
before clinical detection occurs. Our results showed that PA
levels were elevated between 0 and 23 months (mean, 12
months) before a confirmed disease recurrence. When all serial
values in both patient groups were compared for PA elevation
within a 1-year period prior to either confirmed recurrence or last
PA results (disease-free group), the PA levels were shown to be

markedly elevated in patients who had recurred, as compared
with the levels in patients who had not recurred (Chart 3).
Although 2 patients in the recurrence group failed to present an
elevated level of PA before or at the time of recurrence, 92% of
patients with recurrence did present at least one elevated PA
level as opposed to 20% of the patients who were "still" disease

free. Also, in 58% of the former group, all serial levels of PA
were elevated as compared with 11% of patients in the latter
category. These data, in general, suggest that serial PA levels

increase with tumor growth, as disease-free patients later de

velop a clinical recurrence of disease.
The prognostic value of PA may be appreciated more fully

using longitudinal evaluation of PA levels and disease status of
both patient groups. In patients with recurrence (Chart 4), data
showed that serial levels of PA were elevated before a confirmed
disease recurrence, normalized or decreased to slightly elevated
levels after a recurrence in a majority of patients who were
receiving additional therapy in advanced disease protocols, and
thus were suggestive of favorable response to new therapy. In
the disease-free group, a majority of patients showed serial levels
that remained within the normal limit for long periods of disease-
free response, while some patients presented PA levels that
were initially elevated, then subsequently decreased to within
normal limits. It was not surprising that some (5 of 44) disease-
free patients have presented all serial levels of PA elevated
above the UNL, since PA has been shown to elevate before a
confirmed disease recurrence. One of these patients, however,
presented all serial PA results between 10 to 30 xUNL without
a confirmed disease recurrence. No explanation can be offered
at this time for these highly elevated levels without a disease
recurrence, unless residual viable tumor was present. In fact,
serial levels of both PAP and acid phosphatase also were all
elevated 5 to 6 and 2 to 3 times their UNL, respectively. Unfor
tunately, this patient has withdrawn from study, and no further
evaluation is possible. However, other disease-free patients will

continue to be followed.
In conclusion, the reliability of PA as a marker was evaluated

in a blind study for detection of tumor growth before a confirmed
disease recurrence after definitive therapy in patients with re
gionally confined prostate cancer. Highly elevated PA levels are
strongly suggestive of disease recurrence. Levels of PA may
elevate before confined disease recurrence. Levels of PA may
remain within a normal range during a disease-free period or

after a favorable response to additional therapy. These data
suggest that PA may be a useful adjuvant marker for monitoring
tumor growth in patients with regionally confirmed prostate
cancer, and perhaps with further statistical study, highly elevated
levels of PA may suggest the exclusion of patients believed to
have clinically localized prostate cancer from receiving definitive
therapy.
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