
Abstract Serum prostate markers, in particular prostate-
specific antigen (PSA), have truly revolutionised all as-
pects of the management of men with prostatic carcino-
ma (PCa), the most important application being related
to its early detection and screening. Several studies have
shown the clinical utility of PSA levels for staging pa-
tients with PCa, especially when associated with other
parameters, such as tumour grade, digital rectal examina-
tion and transrectal ultrasound findings, to establish the
likelihood of disease extension outside the gland and of
positive lymph nodes. Also, serum PSA levels are useful
in monitoring patients either after the initial diagnosis of
PCa or following therapy.

Key words Serum prostate-specific antigen · Prostate
carcinoma · Prostatic intraepithelial neoplasia · Benign
prostatic hyperplasia

Introduction

The prostate-specific antigen (PSA) gene (hKLK3) is lo-
cated on chromosome 19 [57]. Its androgen-regulated
transcription results in the biosynthesis of a 261-amino-
acid PSA precursor. This precursor is believed to be acti-

vated by the proteolytic liberation of a small amino-
terminal fragment. PSA is secreted into the seminal fluid
by the luminal epithelial cells of the prostatic ducts and
acini. In seminal fluid, about 70% of PSA is enzymati-
cally active. Its physiological role is to liquefy the semi-
nal gel by lysing seminogelin I and II into soluble frag-
ments. Normally, PSA is present in semen in a concen-
tration that is 1 million times that in serum. It has been
speculated that the basement membrane of the prostatic
ducts and acini and their basal cells, as well as the pros-
tatic stromal cells, act as a barrier to the entry of PSA in-
to the circulation [46].

Tissue PSA

PSA can be detected immunohistochemically in frozen
sections, paraffin-embedded sections, cell smears and
cytological preparations of normal and neoplastic epithe-
lium of the prostate. Microwave antigen retrieval is usu-
ally not necessary, even in tissues that have been stored
in formalin for several years. Formalin fixation is opti-
mal for localisation of PSA, and variations in the intensi-
ty of staining are not due to fixation and embedding ef-
fects. Immunoreactivity is still present in specimens after
decalcification.

Strong immunoreactivity with antibodies to PSA is
present in the secretory cells of the normal prostatic
ducts and acini as well as those of benign prostatic hy-
perplasia (BPH) [37, 46]. Basal cells have not been
shown to stain with PSA. Normal squamous and transi-
tional epithelium does not stain with PSA. There is less
intense expression of PSA in prostatic intraepithelial
neoplasia (PIN) than in normal epithelium [16, 46].
McNeal et al. noted a progressive decrease in antibody
binding as the grade of dysplasia increased, suggesting
progressive cellular de-differentiation [37]. There is a
concurrent decrease in immunoreactivity of foci of pros-
tate carcinoma (PCa) found in the same pathological
specimens, suggesting a similarity in de-differentiation
between PIN and invasive carcinoma [16]. There appears
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to be at least a tendency to an inverse correlation of
staining intensity and tumour grade.

Some extraprostatic tissues and tumours may show
patchy, weak, or equivocal immunoreactivity of PSA.
For instance, occasional staining of urachal remnants,
cystitis cystica, cystitis glandularis and periurethral
glands (including Cowper’s glands) has been reported.
Rare PSA-positive neoplastic cells are seen in bladder
adenocarcinoma. Salivary gland and breast tumours have
also been shown to stain with PSA. Most of the para-
urethral (Skene’s) glands, the female homologue of the
prostate, have been shown to stain positively with PSA
[58]. Many carcinomas of Skene’s gland origin have also
been reported to be positive for PSA (Table 1).

PSA in PCa

A serum PSA value equal to 4 ng/ml is a widely accept-
ed trigger point for biopsying [13], but is unsupported by
any rigorous science. The negative predictive value of
PSA <4 ng/ml is not known and does not denote the ab-
sence of cancer. It is estimated that PCa will be detected
during the initial systematic biopsy in 28–45% of men
whose digital rectal examination (DRE) results are nor-
mal but whose serum PSA values range from 4.1 and
10.0 ng/ml (e.g., intermediate PSA values or iPSA; see
Table 2). It has been found that PSA correlates well with

advancing age in relation to the progressive increase in
prostate size [3, 22, 24, 25, 43, 45, 49]. Based on the
95th percentile values in a regression model, white men
under 50 years of age had PSA values below 2.5 ng/ml,
those under age 60 had PSA values below 3.5 ng/ml,
those under age 70 had PSA values below 4.5 ng/ml, and
for those under age 80 PSA levels were below 6.5 ng/ml.
It has been suggested that these age-related values be
used as the upper limit of normal in PSA-related diag-
nostic strategies. The benefit of age-specific PSA refer-
ence ranges has been seen in some studies; in others,
while the predictive value has been greater with age-
specific PSA the detection rate of PCa has been signifi-
cantly lower [3, 22, 24, 25, 40, 43, 45, 49].

PSA density

PSA density (PSAD) is the ratio of the serum PSA con-
centration to the volume of the prostate measured by
transrectal ultrasound (TRUS). The PSAD values are di-
vided into three categories: normal (values equal or low-
er than 0.050 ng/ml per cm3), intermediate (from 0.051
to 0.099 ng/ml per cm3) and pathological (equal to or
greater than 0.1 ng/ml per cm3). The production of PSA
per volume of prostatic tissue is related to the presence
of BPH and PCa and to the proportion of epithelial cells
and the histological grade of the carcinoma [31]. Some
studies found that PSAD was superior to total PSA in
differentiating between benign and malignant prostate le-
sions in the iPSA range, while others pointed out that
PSAD does not enhance the ability of serum PSA to pre-
dict the presence of PCa and is therefore no more useful
than total PSA [5, 7, 15, 47, 61] (Table 3). These dis-
crepancies probably relate to differences in TRUS tech-
niques, the methods and/or techniques of prostate biopsy,
or differences in patient populations [59].

Lepor et al. [31] found that the serum PSA level is
most strongly correlated with the volume of epithelium
in the transition zone and thought that the adjustment of
serum PSA levels according to transition zone epithelial
and/or the transition zone volume would probably en-
hance the sensitivity and specificity of this serum marker
for detecting prostate carcinoma. These authors suggest-
ed the PSA epithelial density (PSAED, equal to serum
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Table 1 Immunoreactivity of prostate-specific antigen (PSA) in
extraprostatic tissues and tumours

Extraprostatic tissues
Urethra, periurethral glands (male and female)
Bladder, cystitis cystica and glandularis
Urachal remnants
Neutrophils
Anus, anal glands (male only)

Extraprostatic tumours
Mature teratoma
Urethra, periurethral gland adenocarcinoma (female)
Bladder, villous adenoma and adenocarcinoma
Penis, extramammary Paget’s disease
Salivary gland, pleomorphic adenoma (male only)
Salivary gland, carcinoma (male only)
Breast carcinoma

Table 2 Performance of serum
PSA Series PSA >4.0 ng/ml PSA >10.0 ng/ml

Brawer et al. Cooner et al. Brawer et al. Cooner et al.
[14] [23] [14] [23]

Number of patients 188 96 188 96
Number of patients 77 28 77 28
With cancer (41.0%) (29.2%) (41.0%) (29.2%)
Sensitivitya 67.5 75.0 41.6 35.7
Specificitya 60.3 70.6 82.0 94.1
False positivea 39.6 29.4 18.9 5.9
False negativea 32.5 25.0 58.4 64.3
Positive predictive valuea 54.2 51.2 60.4 71.4
Negative predictive valuea 72.8 87.3 66.7 78.1

a Percent values



PSA divided by prostate epithelial volume as determined
morphometrically in biopsies) should be superior to
PSAD. However, the amount of PSA produced by indi-
vidual epithelial cells is variable and serum levels of
PSA may be related to additional factors such as hor-
monal milieu, vascularity, presence of inflammation, and
other, unrecognised, phenomena [61, 63].

Hammerer et al. [28] showed that most PSA leakage
from the prostate into the serum comes from the transi-
tion zone. Lloyd et al. [34] pointed out that this prostatic
zone is the main determinant of serum PSA levels in pa-
tients with BPH. After transurethral resection of the
prostate (TURP), mean PSA levels are reduced by 70%
[4]. Therefore, it seems logical that the volume of the
transition zone rather than total volume should be used
in attempts to interpret elevated levels of serum PSA.
The ability of PSA density of the transition zone (PSA
TZD) to enhance prostate carcinoma detection in pa-
tients with intermediate PSA levels was investigated by
Zlotta et al. [63], who measured the volume of the transi-
tion zone by TURS. They suggested that PSA TZD was
more accurate in predicting PCa than PSA density for
PSA levels of less than 10 ng/ml.

PSA forms in serum

Different molecular forms of PSA exist in serum [19, 32,
33, 53]. These result from complex formation between
free PSA and two major extracellular protease inhibitors
that are synthesised in the liver. This is because, being
PSA a serine protease, its normal mode of existence in
the serum is in complexation with α-1-anti-chymotrypsin
(ACT), a 67-kDa single-chain glycoprotein, and α-2-
macroglobulin (AMG), a 720-kDa glycoprotein. PSA is
also bound, in trace amounts, to two other proteins: α-1-
antitrypsin and inter-a trypsin inhibitor. These forms of
PSA are not believed to have clinical relevance. Only a
small percentage of the PSA found in the serum is con-
sistent with its native form. Because this free form does

not bind to ACT or AMG, it is thought to be either the
enzymatically inactive precursor (i.e., zymogen) for PSA
or an inactive nicked or damaged form of the native mol-
ecule.

Measurement of free PSA is of clinical value in distin-
guishing men with PCa from those with benign prostatic
conditions when used in conjunction with total PSA. The
free form of PSA occurs to a greater proportion in men
without carcinoma [60] and, by contrast, the α-1-chymo-
trypsin complex PSA comprises a greater proportion of
the total PSA in men with malignancy. This has been
linked to the fact that α-1-chymotrypsin may be present
to a greater degree in neoplastic epithelium than in epi-
thelium in BPH. Complexation could conceivably occur
within the prostate itself [8, 9, 21, 33, 53, 54, 62].

The utility of measurement of free and total PSA was
reported by Catalona et al. [20]. As for cut-off values, a
recent work by Stephan et al. [54] showed that the medi-
an values of total PSA and of the free-to-total PSA ratio
were 7.8 ng/ml and 10.5% in PCa patients, 4.3 ng/ml and
20.8% in patients with BPH, and 1.4 ng/ml and 23.6% in
the control group, thus lending further support to the
concept that patients with PCa have a lower proportion
of free PSA than those with BPH and healthy men. The
same group [54] found that there was a significant differ-
ence in free-to-total PSA ratio between PCa and BPH
patients with prostate volumes smaller than 40 cm3, but
not between patients in these two groups with prostate
volumes exceeding 40 cm3. A similar result was ob-
tained by Haese et al. in a study in which a threshold of
60 cm3 was adopted [27].

Free PSA and PSAD are independent predictors of
carcinoma after controlling for age, total PSA and rectal
examination results. The use of free-to-total PSA ratio is
considered more cost effective than PSAD for the early
detection of carcinoma, because it does not require the
performance of ultrasonography in all patients. Initial re-
sults have shown that the complex PSA value offers bet-
ter specificity than total PSA and the free-to-total PSA
ratio [18] (Tables 4, 5).
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Table 3 PSA density results

Reference Biopsy No. of patients PSA (ng/ml)a Prostate volume (cc)a PSA density (ng/ml per cm3)a

[6] Positive 98 7.0 (1.7)* 28.9 (14.6)* 0.30 (0.15)*
Negative 191 6.8 (1.8) 40.1 (20.2) 0.21 (0.11)

[52] Positive 115 6.87 (1.70) 29.2 (14.2)* 0.285 (0.147)*
Negative 311 6.77 (1.71) 42.2 (21.8) 0.199 (0.108)

[17] Positive 68 10.7 (11.4)* 40.5 (16.6) 0.29 (0.41)
Negative 159 5.2 (5.0) 42.6 (25.6) 0.14 (0.14)

[5] Positive 217 21.4 (29.6)* 37.6 (21.4)* 0.63 (0.86)*
Negative 317 9.1 (8.1) 51.6 (27.3) 0.21 (0.25)

[50] Positive 612 15.5 (21.6)* 42.7 (27.2)* 0.47 (0.11)*
Negative 1394 4.9 (4.7) 47.0 (31.6) 0.105 (0.09)

[38] Positive 171 12.0 (16.0)* 38.9 (16.4) 0.35 (0.5)*
Negative 650 2.1 (2.3) 33.5 (14.2) 0.08 (0.09)

[44] Positive 110 9.3 (0.3–1320)b 28.1 (15.1–228.7)b 0.21 (0.009–39.3)b

Negative 134 4.8 (0.2–64.1)b 47.3 (13.3–332.6) b 0.09 (0.007–1.82)b

* P<0.05
a Data reported as mean (standard deviation)

b Data reported as median (range), P<0.05



PSA in atypical small acinar proliferation

In the absence of absolute diagnostic criteria for PCa,
the phrase “atypical small acinar proliferation (ASAP)
suspicious for but not diagnostic for malignancy” is
used by some pathologists. In most cases, the suspicion
is qualified with “favour benign” or “highly suspi-
cious”. The term does not define lesions that are quali-
tatively different from PCa, but is recommended for
prostate glands that “fall short” of cancer. The use of
ASAP has been criticised by Murphy [42]. ASAP is
identified in 1.5–5% of needle biopsies, as opposed to
2–16.5% of cases of high-grade PIN and 28–45% of
cancer cases . On short-term follow-up, 41–60% of pa-
tients with ASAP are found to have PCa on repeat bi-
opsy. In particular, a diagnosis of ASAP, favour benign,
results in a cancer frequency of 22–23% on follow-up,
whereas a diagnosis of ASAP, favour malignant, results
in a cancer frequency rate of 60–61% on follow-up. Pa-
tients with subsequent cancer on repeat biopsy have
higher mean initial PSA concentrations (14.6 ng/ml)
than those whose repeat biopsy results are negative 
(5.4 ng/ml).

PSA in PIN

High-grade PIN is regarded as the direct precursor lesion
of prostate carcinoma [10, 11, 36]. High-grade PIN,
when found alone in a prostate biopsy, is associated with
a 50% risk of detection of PCa of the peripheral zone in
a subsequent biopsy [12]. This is because high-grade
PIN usually arises in the peripheral zone of the prostate,
the area in which the majority (70%) of prostatic cancers
occur, and both are frequently multifocal, indicating a

“field” effect. The effect of PIN on serum PSA has been
investigated in a certain number of studies.

The earliest investigations found that patients with
high-grade PIN displayed total PSA values greater than
those associated with benign prostates and lower than
those indicative of carcinoma. Brawer et al. [16] per-
formed a study on patients with symptoms of bladder
outlet obstruction undergoing simple prostatectomy.
They found that a total of 26 patients with benign hy-
perplasia and chronic prostatitis were noted to have a
mean PSA value of 2.1 ng/ml. In contrast, 25 men diag-
nosed with PIN showed a mean PSA level of 5.6 ng/ml,
whereas 14 others had invasive carcinoma and a mean
PSA value of 35.1 ng/ml. Similar results were reported
by Bostwick et al. [12] in a study on the incidence of
high-grade PIN in needle biopsies. They found that the
median serum PSA concentration in PIN was interme-
diate (i.e., 5.9 ng/ml) between those in benign condi-
tions (4.0 ng/ml) and in carcinoma (7.2 ng/ml). Howev-
er, it was also seen that there was a substantial overlap
in serum PSA values between the various pathologies,
precluding the use of PSA to discriminate between be-
nign, inflamed, dysplastic or malignant prostate tissue.
In addition, a sizable number of patients with the initial
diagnosis of PIN associated with elevated PSA were
found to have carcinoma in the repeat biopsy; this
pointed out that the elevation in the PSA concentration
might not have been due to PIN itself but to the exis-
tence of concomitant carcinoma not sampled in the
simple prostatectomy or biopsy specimens. Because
PIN occurs in pre-existing ducts and acini, secretory
products such as PSA would be expected to empty into
the lumens rather than the stroma and blood vessels, so
that a strong correlation of PSA and PIN would be sur-
prising [39].
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Table 4 Specificity of the cut-off values of the different prostate specific antigen assays at selected sensitivities [18]

Sensitivity Total PSA Complex PSA Free/total PSA
(%)

Cut-off (ng/ml) Specificity (%) Cut-off (ng/ml) Specificity (%) Cut-off (ng/ml) Specificity (%)

80 4.11 35.6 3.98 51.6 19 46.2
85 3.86 31.1 3.34 38.7 22 32.4
90 3.4 25.3 2.94 33.8 24 26.2
95 3.06 21.8 2.52 26.7 28 15.6
97.5 2.28 12.9 1.67 14.7 32 8.9

100 1.0 3.1 0.89 6.2 67 0

Table 5 Performance of total
PSA (tPSA), complex PSA
(cPSA) and free-to-total PSA
ratio (f/t PSA) in multiple sites
[15]

Site (Entire tPSA range)

Sensitivity (%) Specificity (%)

n tPSAa cPSAb f/t PSAc n tPSAa cPSAb f/t PSAc

Seattle 75 85 83 77 225 37 48 48
Johns Hopkins 167 90 85 87 128 20 29 27
Bayer Screening Trial 78 87 81 81 124 26 36 52
Combined 320 88 83 84 477 30 40 37

a Cut-off=4.0 ng/ml
b Cut-off=3.75 ng/ml
c Cut-off=25% when total PSA
>4.0 ng/ml



PSA density

Ronnett et al. [51] performed a study to determine
whether there was an association between high-grade
PIN and serum PSA elevations. To account for all patho-
logical processes that might contribute to PSA elevations
they used radical prostatectomy specimens as the source
of material. To minimise the contribution of BPH and
PCa to PSA levels they chose relatively small glands
with minimal tumour volumes. The results of this study
showed that there was a poor correlation between high-
grade PIN volume and serum PSA values. The correla-
tion of high-grade PIN to PSAD, whose values ranged
from 0.03 to 0.14 ng/ml per cm3, was no better. There-
fore, it was concluded that high-grade PIN in and of it-
self does not account for elevated serum PSA levels,
even when PSAD is evaluated. Alexander et al. [2]
reached a similar conclusion in a study performed on
whole-mounted radical prostatectomy specimens re-
moved for clinically localised PCa. When cases with
small cancers (less than 6.0 cc) were considered, PIN
volume did not correlate with serum PSA concentration
or PSAD. This means that PSAD does not provide infor-
mation additional to that give by total PSA [48].

PSA velocity

Studies specifically investigating PSA velocity in PIN
have not yet been published. However, serial PSA levels
were evaluated by Aboseif et al. [1] over a period of 
2 years in patients with evidence of PIN on initial biop-
sy. These authors found that 18 out of 21 patients
showed PSA levels that had progressively increased
from a mean of 8.4 to 11.6 ng/ml when carcinoma was
diagnosed on the repeat biopsy. Fifteen patients contin-
ued to demonstrate PIN alone on repeat biopsy. The
mean initial PSA in this group of patients was 5.1 ng/ml,
and in five patients the PSA level increased from a mean
of 4.8 to 5.9 ng/ml; in the remaining 10, the PSA level
decreased from a mean of 5.1 to 4.6 ng/ml. According to
Aboseif et al. [1], an increase in serial PSA levels in pa-
tients with high-grade PIN has a high predictive value
for carcinoma. These findings were not confirmed in a
study by Krishnamurthi et al. [30].

Free PSA

The effect of high-grade PIN on total and percent free
PSA (or free-to-total PSA ratio) has been explored in re-
cent papers. Tarle and Kraljic [57] published an investi-
gation on the value of the serum free-to-total PSA ratio
as a clinical tool for discriminating latent from manifest
prostatic carcinoma. This study also included PIN le-
sions of different grades, whose diagnosis was said to be
made on cytological material. Even though this is an un-
usual and suspect way of diagnosing PIN, the authors re-
ported that low-grade PIN and BPH had a mean free-

to-total PSA ratio of 27.9%, similar to that found in BPH
(29.6%). Patients with high-grade PIN had a mean value
very similar to that observed in carcinoma, i.e., 14.7%
and 14.1%, respectively. Another study was performed
by Kilic et al. [29]. This group confirmed that the ratio
of free to total PSA is better for discriminating between
patients with PCa (mean value 14%) and those with BPH
(mean value 31%). In high-grade PIN, the data related to
total PSA were comparable to those reported by Brawer
et al. [16], i.e., total PSA values in high-grade PIN inter-
mediate between those of BPH and those of PCa. For the
ratio of free to total PSA values, two subgroups were
seen, one with a ratio close to that of carcinoma and the
other close to that of BPH. Basically only the former
subgroup was shown to have carcinoma in the subse-
quent biopsy. They concluded that the decreased free-to-
total PSA ratio obtained at the time of initial diagnosis of
PIN without concurrent carcinoma could be used as a
predictive factor to distinguish patients in whom carcino-
ma will be found in the subsequent biopsy and those
with PIN not associated with carcinoma in repeat biopsy.
Morote et al. [41] performed a study in which radical
prostatectomy specimens from patients with T1c carci-
noma and PIN were analysed. They affirmed that the
changes on total and free serum PSA were not attribut-
able to PIN.

PSA in benign prostatic diseases

BPH is a common cause of serum PSA elevation and
probably accounts for approximately 60% of cases with
elevated serum PSA. The degree of elevation is usually
modest and ranging from 4.1 to 10.0 ng/ml. Additional
benign entities that cause an elevated serum PSA include
acute and chronic prostatitis, prostatic ischaemia or in-
farction and acute urinary retention (Table 6).

In needle biopsies, acute inflammation is present in
approximately 60% of men with high serum PSA levels,
as against 27% of men with normal PSA. Chronic in-
flammation is found more often in needle biopsies from
men with elevated serum PSA (close to 100%), but is
also common in prostate biopsies of men with normal
PSA (77%). Prostatic infarcts have also been shown to
elevate serum PSA, although only a few cases have been
reported to date. Prostatic manipulation, including cys-
toscopy, needle biopsy and TURP are known to elevate
PSA levels. In a small percentage of men, DRE (9%),
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Table 6 Possible causes of serum PSA elevation

1. Prostate cancer
2. Benign prostatic hyperplasia
3. Prostatitis
4. Prostatic ischaemia or infarction
5. Acute urinary retention
6. Prostatic biopsy
7. Prostatic massage
8. Urethral manipulation
9. Ejaculation



prostatic massage (6%), and transrectal ultrasound scan-
ning (11%) result in elevation of serum PSA.

When examining a biopsy the pathologist has to bear
in mind that ejaculation also increases total serum PSA
levels by about 0.4–0.8 ng/ml and free PSA, by about 
0.2 ng/ml [19]. Free PSA levels, which are preferentially
increased after ejaculation, return to baseline by 6 h,
while total PSA levels require 24–48 h to return to base-
line. Thus, ejaculation produces a perturbation of the
free-to-total PSA ratio, increasing the ratio for the first 6
h and then decreasing it for the subsequent 42 h. Similar-
ly, free PSA is preferentially released after biopsy or sur-
gery.

PSA after therapy

Men with PCa and treated by radiation therapy or with an-
drogen ablation with LHRH agonists and/or antiandrogens
have low PSA levels. It is not uncommon for prostate nee-
dle biopsies to be performed in men with BPH who are
given the 5-α-reductase inhibitor finasteride for 6 months
or longer. In these patients, serum PSA is lowered as a
consequence of the treatment that induces atrophy and ap-
optosis of the secretory cells in the prostate. This means
that the serum PSA level might not help the pathologist or
the urologist to decide whether or not the patient has car-
cinoma. However, the distribution of serum PSA levels is
affected in a predictable manner [55]. In men with BPH
and no evidence of prostate carcinoma the distribution of
serum PSA is simply shifted down by approximately 50%.
Among men with BPH and prostate carcinoma, the distri-
bution of serum PSA is shifted downward by no greater
than 50%. To interpret serum PSA levels in men with PSA
treated with finasteride for 6 months or longer, the serum
PSA level should be multiplied by 2 and compared with
either age-independent or age-specific upper limits of nor-
mal for serum PSA in untreated men with BPH [26]. The
free-to-total ratio, currently used to help differentiate be-
nign from malignant processes in the prostate, remains
valid during treatment with finasteride; it does not affect
the free-to-total ratio [35].

Concluding remarks

1. There was no absolute science in the establishment of
4.0 ng/ml as the most widely utilised upper limit of
“normal” PSA. However, serum PSA is elevated be-
yond the arbitrary cut-off point of 4.0 ng/ml in the
majority of patients with PCa.

2. PSA may also be greater than 4.0 ng/ml in some be-
nign conditions, such as BPH. Therefore, serum PSA
lacks high sensitivity and specificity for PCa. This
problem has been partially overcome by calculating
several PSA-related indices (such as PSA density,
PSA velocity, percent free PSA) and/or evaluating
other serum markers (not dealt with in this review)
(Table 7).

3. Patients with the initial diagnosis of high-grade PIN
associated with an elevated PSA are found to have
carcinoma in the repeat biopsy; this pointed out that
the elevation in the PSA concentration might be due
to the existence of concomitant carcinoma not sam-
pled in the biopsy.

4. Serum PSA is usually affected by radiation therapy as
well as hormonal manipulation.
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