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Review

Prostate cancer: diagnosis and staging
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Abstract

Prostate cancer represents an increasing health burden. The past 20 years, with the introduction of prostate-specific
antigen (PSA), has seen prostate cancer move increasingly from a condition that presented with locally advanced disease
or metastases to one that is found upon screening. More is also known about the pathology of pre-malignant lesions. Di-
agnosis relies on trans-rectal ultrasound (TRUS) to obtain biopsies from throughout the prostate, but TRUS is not useful
for staging. Imaging for staging, such as magnetic resonance imaging or computed tomography, still has a low accuracy
compared with pathological specimens. Current techniques are also inaccurate in identifying lymph node and bony me-
tastases. Nomograms have been developed from the PSA, Gleason score and clinical grading to help quantify the risk of
extra-capsular extension in radical prostatectomy specimens. Improved clinical staging modalities are required for more

reliable prediction of pathological stage and for monitoring of response to treatments.
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1 Introduction

The most remarkable and challenging aspect of pros-
tate cancer diagnosis and staging in the past 20 years or
so has been the change from a disease that presented late
with locally advanced and metastatic disease to one that is
found upon screening or incidentally.

The rise in the number of cases of early-stage disease
has brought with it questions regarding the best way to
treat these cases.

The biggest drivers of change have been the use of
prostate-specific antigen (PSA) as a screening tool and
trans-rectal ultrasound (TRUS)-guided biopsy for diag-
nosis. Now, most cases of prostate cancer are detected
by abnormal serum PSA, leading to trans-rectal biopsy.
Some cases may still be identified unexpectedly after
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trans-urethral resection or retropubic prostatectomy for
lower urinary tract symptoms. Unfortunately, many cases
present with symptomatic locally advanced disease or
distant metastases, particularly in men who have not had
regular PSA testing. PSA testing may be used as a screen-
ing tool in asymptomatic men, as part of the investigation
of lower urinary tract symptoms or for the investigation of
an abnormal prostatic nodule on digital rectal examination
(DRE).

The fact that PSA has become the first widely used
screening test for prostate cancer has altered the observed
incidence and distribution of the disecase. In the early
1990s, countries that used PSA for diagnosis, particularly
the United States, noted a steady rise in the incidence of
prostate cancer. This has led to concerns over the lead-
time bias of detecting cancer earlier in its asymptomatic
course and the consequent increase in apparent survival
after treatment even without an effect on the natural his-
tory of the disease. In addition, there is length-time bias,
whereby screening detects preferentially slow-growing tu-
mours, including those of little or no clinical significance .

Although PSA has become, by default, the test for
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detecting early-stage prostate cancer, there remain many
questions as to its use as a screening tool and the wider
benefit or harm that a prostate cancer screening pro-
gramme might bring. The Wilson and Junger criteria are
used by the World Health Organization (WHO) to judge
the merits and effectiveness of the proposed screening
programmes and to judge whether general screening of a
population should be put in place. These criteria assess the
disease, the screening tests, and the impact of the disease’s
treatments.

According to these criteria, prostate cancer represents an
important disease target because it has a large and substantial
impact on men’s health. However, despite much investiga-
tion, the natural history of the disease cannot be reliably
predicted in the individual patient and, particularly in elderly
men, it may have an innocuous and asymptomatic course.

The PSA test itself is simple, safe and widely accept-
able, but it is not efficient because of its high false-positive
rate. With regard to the available treatments for early-stage
prostate cancer, there is no agreed consensus on the opti-
mal modality and its true efficacy. Current therapies have
significant potential side effects and that alone may make
any particular treatment unacceptable under individual cir-
cumstances. The additional concerns introduced by detect-
ing disease through screening have been mentioned earlier.
Several randomized controlled trials of prostate cancer
screening are currently underway, and their findings are
eagerly awaited, particularly with respect to the impact of
screening on mortality and morbidity outcomes.

2 Diagnosis of prostate cancer

2.1 Digital rectal examination

DRE remains the primary test for the initial clinical
assessment of the prostate. DRE was the first screen-
ing test to be evaluated and is still routinely used along
with PSA testing. It has the benefit of detecting non-PSA-
secreting tumours. In the many studies performed since
the first investigation of its accuracy in 1956 [1], the posi-
tive predictive value of DRE has been around 50% [2].
However, the DRE is a test with only fair reproducibility,
even in the hands of experienced examiners. It ‘misses’ a
substantial number of cancers and, compared with PSA, it
detects cancers at a more advanced pathological stage [3].
Indeed, in the pre-PSA era, 75% of men diagnosed with
prostate cancer by DRE ultimately died of their disease [4].

2.2 PS4

PSA is a serine protease that was first described in
1979 [5]. It is produced by the prostatic epithelium and
periurethral glands and is present in large amounts in pro-
static secretions. As a biomarker, it is organ specific, but
not cancer specific, and more recently it has acquired some

utility as a marker of benign epithelial masses [6]. The
first normal reference range for serum PSA was set rather
arbitrarily as less than 4 ng mL"', with a “diagnostic grey
area” between 4 and 10 ng mL™". As PSA production from
benign epithelium increases with age, age-specific cutoff
points were developed to improve the test’s specificity [7].
Age-specific cutoffs reduce the number of biopsies that
are performed by 44%, but also result in a 47% increase
in organ-confined disease being missed [8]. While age-
specific levels may increase the sensitivity of PSA for de-
tecting cancer in younger men, they reduce test sensitivity,
particularly for early-stage and curable disease, in older
men.

For improved test specificity, the utility of PSA den-
sity (PSAD = PSA [ng mL"'] divided by prostate volume
[mL]) has been evaluated. A PSAD of > 0.15 increased
the specificity of detection of prostate cancer compared
with total serum PSA, although the optimal cutoff is de-
bated [9]. One study showed that a cutoff of 0.15 ng mL"
would miss 47% of cancers [10]. Other difficulties include
the need to calculate prostate volume, the consistency of
measurements and the accuracy of individual volume de-
terminations.

The rate of change of PSA over time (measured as PSA
velocity) has been proposed as a means of improving the
positive predictive value (PPV) of PSA. An early study
reported that an absolute increase of 0. 75 ng mL™ per year
or greater increased the test specificity to over 90% [11].
However, assessment of an increasing PSA requires at least
three measurements and an interval between tests of 1.7-2.0
years. The concern is that this may allow for disease pro-
gression while the tests are being carried out.

In the blood stream, 70%-90% of circulating PSA
is complexed, mostly to al-antichymotrypsin or a2-
macroglobulin; the remaining PSA is referred to as free
PSA (fPSA) [12]. Using a cutoff of 25% for the free/total
ratio, a test sensitivity of 95% may be achieved with 20%
fewer biopsies (i.e., for only 5% of cancers missed) [13].
The free/total PSA ratio may be particularly useful after
previous negative biopsies on a prostate < 40 mL when a
further biopsy is being considered.

fPSA is now known to circulate in different forms,
one of which is benign prostatic hyperplasia (BPH) as-
sociated PSA (BPSA). BPSA is associated particularly
with BPH and the transition zone [14]. A precursor form
of PSA, proPSA, is more associated with cancer. ProPSA,
when measured in the range of 2.0-4.0 ng mL-1, has sig-
nificantly greater cancer detection than either fPSA or total
PSA. Test specificity, which is 23% for total PSA alone,
is increased to 44% when the combination of total PSA,
fPSA and proPSA is used [15].

The urinary marker uPM3 detects non-coding mRNA
derived from the PCA3 gene that is expressed only in

http://www.asiaandro.com; aja@sibs.ac.cn | Asian Journal of Andrology



@

Current practice and its limitations
Nigel Borley and Mark R. Feneley

76

prostate tissue and is 60- to 100-fold overexpressed in can-
cer. It is excreted in the urine and measured in a sample
collected after a thorough DRE. uPM3 offers superior
specificity and accuracy compared with total PSA and
fPSA and has been evaluated mainly for predicting cancer
on re-biopsy rather than on primary diagnosis. The result
indicates the probability of cancer for the individual pa-
tient and is usually interpreted against a cutoff of 35, but,
importantly, it should be used along with other diagnostic
tests for prostate cancer.

2.3 Transrectal ultrasonography and biopsies

The most common diagnostic modality for prostate
cancer is currently TRUS. TRUS provides imaging of the
prostate and seminal vesicles using a 7.5-mHz biplane
intra-rectal probe measuring 2.5 cm in diameter. TRUS
was historically used as a diagnostic test to identify hypo-
echoic lesions that may signify cancer. However, < 20%
of hypo-echoic lesions proved to be cancer upon biopsy [16]
and 50% of non-palpable cancers were missed [17]. TRUS
is therefore not recommended for the detection of early-stage
prostate cancer. It can, however, image the outline of the
prostate, identify cysts, abscesses and calcifications within
the prostate, and be used to determine prostate volume.

TRUS has established its place in the detection of can-
cer by its ability to accurately guide needle biopsies and
map them to specific regions of the prostate. Patients may
find the procedure uncomfortable or occasionally painful,
but traditional discomfort has been reduced reliably by the
now routine use of local anaesthetic, particularly with the
larger number of cores now taken. Local anaesthetic solu-
tion is injected adjacent to the posterolateral neurovascular
bundles using ultrasound guidance. The procedure is per-
formed on an outpatient basis, with the patient in the lat-
eral decubitus or dorsal lithotomy position. It takes 5-10
min, allowing for 10—12 needle core biopsies to be taken.

The indications for TRUS-guided biopsies include
abnormal DRE, an elevated PSA or increasing PSA, and
previous biopsies showing isolated prostatic intra-epithe-
lial neoplasia (PIN) or atypical small acinar proliferation
(ASAP). Exceptions include elderly or frail men with mas-
sively elevated PSA and abnormal DRE, or those in whom
a TURP is indicated for BOO with severe LUTS/retention
where tissue will be obtained for histological examination.
Other indications include the assessment of viable prostate
cancer after primary treatment if further treatment is being
considered.

The usual biopsy protocol takes 10—12 needle core
biopsies (18 Fr gauge) for systematic mapping of the pros-
tate, including any palpable or radiological target lesions.
The historical sextant protocol (a parasagittal base, mid-
gland and apex from each side) has been superseded by
the technique of performing 8, 10 or 12 biopsies, adding
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samples from the far lateral peripheral zones. Studies have
shown that these extra biopsies detect up to 15% more
cancers. Additional biopsies of the transition zone may be
taken if a transition zone cancer is suspected or if a patient
is undergoing repeat biopsies because of an increasing
PSA. Seminal vesicle biopsies are performed occasionally,
particularly for cancer staging when the vesicles appear
abnormal on DRE, TRUS or magnetic resonance imaging
(MRI), but such staging can be unreliable and therefore
has limited clinical utility.

Complications of prostatic biopsy include urinary
tract infection, requirement for appropriate antibiotics and
occasional septicaemia (< 1%) necessitating hospital ad-
mission. Bleeding (rectal, urinary and/or haemospermia)
is usually self-limiting, but very occasionally may be
severe and require hospital admission and/or transfusion.
Haemospermia may persist for up to 6 weeks. Discomfort
or pain may warrant analgesia, but, if severe or persistent,
may indicate a significant complication. Biopsy may pre-
cipitate voiding difficulty or urinary retention.

It should be noted that it is not safe to biopsy patients
when they are on warfarin or have coagulopathies. Aspi-
rin is not generally considered a contraindication, but can
be judiciously stopped in anticipation of the procedure,
whereas other anti-platelet medications (e.g., clopidogrel)
should be stopped 10 days before biopsy.

It is important for the patient to appreciate that nega-
tive biopsies do not exclude the possibility of prostate can-
cer and that a positive result will not necessarily result in
the recommendation of immediate treatment.

2.4 Repeat and saturation biopsies

Repeat biopsies are indicated after high-grade PIN or
ASAP is found, when previous biopsies are normal but the
PSA continues to rise, when DRE is suspicious for cancer,
or to confirm the presence of viable cancer after treatment
if further treatment would be considered.

In one series in which cancer was detected in 57% of
men having prostate biopsy but clinical suspicion of can-
cer remained after biopsy, in those having repeat biopsies
the cancer detection rate fell to 23% at the second biopsy
and 21% at the third [18]. Although the number of cancer
cases detected by repeat biopsy was significant, these tu-
mours were of smaller volume and lower grade.

When clinical suspicion for cancer remains high af-
ter initial biopsy, ‘saturation’ biopsies may sometimes be
taken, requiring 20 or more cores. These may be taken
throughout the gland or targeted to suspicious areas of the
gland that have been seen upon imaging. Compared with
the standard biopsy technique, the saturation biopsy tech-
nique increases the rate of diagnosis in repeat procedures
in patients with previously negative biopsies, but it does
not give a significantly greater rate of diagnosis when car-
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ried out as an initial test [19].

2.5 Ultrasound-guided trans-perineal and template-
guided biopsies

This technique must be performed with the patient in
the dorsal lithotomy position. It is reserved for patients
who do not have a rectum or require saturation biopsies.
It is also used in template-guided biopsies to accurately
map the distribution if targeted therapy is proposed for a
locaized lesion [20].

Template biopsy requires more extensive analgesia
and may be done under general anaesthesia. The areas of
the prostate are systemically sampled using a template
placed against the perineal skin with a 5-mm grid pat-
tern attached to the TRUS probe. The anterior portion of
the gland may be sampled, and separate base and apex
samples may be taken. This approach may potentially
produce a higher detection rate and more accurate grading
[21]. Further advantages of trans-perineal biopsy are that
the skin can be better sanitized compared with the rectal
mucosa and that the rate of urinary retention is lower [22].

3 Pathology and premalignant lesions

3.1 Grading of prostate cancer adenocarcinoma

The standard grading of prostate cancer is performed
according to the Gleason grading system, which was first
described by Gleason and Mellinger in 1974 [23]. Al-
though recent modifications have been recommended for
consistency and reproducibility among pathologists, this
system remains a valuable predictor of cancer behaviour.

The pattern made by the glands is graded on a score
from 1 (least aggressive) to 5 (most aggressive) on the
largest available histological specimen, either a biopsy
or, after radical prostatectomy, a whole prostate. The two
most common Gleason patterns are added to give a total
score ranging from 2 (1 + 1) to 10 (5 + 5). The primary
and secondary grades are given (e.g., 3 + 4) or, where
there is no secondary grade, the primary grade is desig-
nated as both the primary and the secondary grade (e.g., 3
+ 3). Occasionally, a tertiary score may be given, which is
of higher grade than the primary and secondary grades.

3.2 Pre-malignant lesions and implications
Two histological lesions are currently regarded as ei-
ther pre-malignant or peri-malignant: PIN and ASAP.

3.3 Prostatic intra-epithelial neoplasia

PIN consists of architecturally benign prostatic acini
and ducts lined by cytologically atypical cells and used to
be reported as low-grade (mild) or high-grade (moderate
to severe) forms. Pathologists now report only high-grade
PIN, because low-grade PIN has no prognostic value.

High-grade PIN is thought to be a precursor for intermedi-
ate or high-grade prostate cancer and its finding on biop-
sies indicates a 30%—40% possibility of prostate cancer at
subsequent biopsy.

Currently, it is recommended that repeat or interval
systematic biopsies be performed if isolated high-grade
PIN is reported on needle biopsy or TURP, bearing in
mind the extent of sampling and other clinical factors that
may indicate missed cancer [24].

3.4 Atypical small acinar proliferation

In ASAP, acini are small and lined with cytologically
abnormal epithelial cells with prominent nuclei containing
nucleoli. The basal layer may be focally absent, but the base-
ment membrane is intact. Similar to PIN, studies have shown
that ASAP at needle biopsy predicts cancer at subsequent
biopsy in > 40% of cases [25]. Currently, it is recommended
that repeat systematic biopsies be performed if isolated ASAP
is reported on needle biopsy or TURP.

3.5 Staging of prostate cancer

The 2002 TNM Classification for Adenocarcinoma
of the Prostate is based on T (primary tumour), N (lymph
nodes) and M (metastases) categories. The T category is
based on clinical examination, imaging, endoscopy, biopsy
and biochemical tests. The N category is based on clinical
examination or imaging. The M category is based on clini-
cal examination, imaging, skeletal studies and biochemical
tests [26].

The staging is as follows:

Primary tumour

TX Primary tumour cannot be assessed;

TO No evidence of primary tumour;

T1 Clinically inapparent tumour, neither palpable
nor visible by imaging;

Tla Tumour (non-palpable) as incidental histologi-
cal finding at transurethral resection of prostate in 5% tis-
sue resected;

T1b Tumour (non-palpable) as incidental histologi-
cal finding at transurethral resection of prostate in > 5% of
tissue resected;

Tlc Tumour (non-palpable) identified by needle
biopsy (for elevated serum PSA): includes bilateral non-
palpable tumour on needle biopsy;

T2 Tumour confined within prostate (including
prostatic apex, prostate capsule) that is either palpable or
visible on imaging or (with p-prefix) demonstrated in radi-
cal prostatectomy specimen;

T2a Tumour involving one-half of one lobe or less;

T2b Tumour involving more than one-half of one
lobe but not both lobes;

T2c¢ Tumour involving both lobes;
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T3 Tumour extends through prostatic capsule;

T3a Extra-capsular extension (ECE);

T3b Invasion of seminal vesicle(s);

T4 Tumour fixed or invades adjacent structures:
bladder neck, external sphincter, rectum, levator muscles
and pelvic wall;

Regional lymph nodes
Pelvic lymph nodes are defined as those below bifur-
cation of common iliac arteries.

NX Regional lymph nodes cannot be assessed;

NO No regional lymph node metastases;

N1 Regional lymph node metastases within true
pelvis, below common iliac artery bifurcation, either uni-
lateral or bilateral;

Metastases

MX Distant metastases cannot be assessed;

MO No distant metastases;

MIla Non-regional lymph node metastasis;

M1b Metastasis to bone(s);

MIlc Other site(s) of metastasis.

4 Staging

Clinical staging is highly important in assessing the
risk of the disease for an individual patient and therefore
also for treatment recommendations. Clinical T staging
may be done by DRE, but as mentioned previously, it is
subjective, with poor reproducibility.

For clinically localized prostate cancer, pathological
stage remains the single most important prognostic indi-
cator. Nomograms for predicting pathological T staging
based on pre-operative clinical staging, PSA and Gleason
score on biopsy have been well validated [27]. Radiologi-
cal imaging has not been reliable for accurate pathological
staging of the primary tumour and therefore should not be
used alone in making therapeutic recommendations.

Recent advances in MRI protocols guarantee im-
proved accuracy both for diagnosis and for staging. MRI
may have a role in identifying abnormal regions for core
biopsy, either in initial biopsy protocols or on repeat bi-
opsy for patients with previously negative biopsies [28].
Studies using endo-rectal coils have not shown a signifi-
cant advantage [29]. For staging, features that may help
to identify ECE include obliteration of the rectoprostatic
angle and asymmetry of neurovascular bundles [29]. Pre-
operative MRI reports compared with histological speci-
mens at radical prostatectomy have shown a sensitivity
of 42%, a specificity of 95%, a positive predictive value
of 75% and a negative predictive value of 84% [30]. The
value of the radiological prediction of extraprostatic inva-
sion relates to the potential therapeutic advantage that has
to be gained through achieving negative surgical margins
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at radical prostatectomy or through choice of alternative
therapeutic modalities, both highly controversial.

MRI may have some benefit in predicting seminal vesi-
cle invasion (stage pT3b disease), with a positive predictive
value of 78% and a negative predictive value of 94%, and
in predicting regional lymph node metastases [31].

4.1 Lymph node staging

Regional lymph node metastases are strong predictors
of progression [32]. Imaging for lymph node metastases
is necessary for men who are at higher risk of metastases,
particularly those with palpable disease on DRE, marked
elevation of PSA (>20 ng mL™") or poorly differentiated
disease (Gleason grade 4 or 5). The risk of lymph node
metastases can be estimated using nomograms.

Computed tomography (CT) and MRI are both poorly
able to identify involved nodes because 75% of metastatic
deposits are smaller than the 8- to 10-mm size that can be
detected. A meta-analysis has shown that CT and MRI
have a sensitivity of 42% and 39%, respectively, and both
have a specificity of 82% [33]. Techniques using intra-
venous injection of iron oxide nanoparticles may help
improve detection of nodal metastases by characterizing
lymph node architecture. This technique increased the
sensitivity to 91% [34].

The historical practice of fine-needle aspiration is not
sufficiently accurate for clinical decision making. The gold
standard is pelvic lymph node dissection, carried out at
the time of radical prostatectomy or as a primary staging
procedure before definitive treatment recommendation.
An extended lymph node dissection is necessary to detect
isolated metastatic lymph nodes that may be present be-
yond the classical obturator packet [35]. By undertaking
an extended node dissection, men at ‘high risk’ (outlined
above) have a 31% chance of regional metastases.

4.2 Staging for bone metastases

Bone scintigraphy has long been used as the main-
stay modality for detecting distant metastases in the axial
skeleton [36]. At least 25% of bone metastatic deposits
are symptomatic. However, false positives may occur, in
association either with recent trauma or with various other
non-cancerous sources that may not be resolved by plain
radiograph comparison. Fifty percent of bone density must
be replaced by tumour before the metastasis can be de-
tected by standard imaging methods [37].

Single photon emission computed tomography
(SPECT) has a higher accuracy than bone scintigraphy for
vertebral lesions [38] but is not widely used.

MRI is superior to scintigraphy and SPECT in detect-
ing bone metastases in the spine and resolving equivocal
scans of the spine, with 39% more deposits identified [39];
however, non-vertebral skeletal lesions are not usually im-
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Future directions

Although new clinical tests for the diagnosis of pros-

tate cancer continue to be developed, current diagnostic
priorities must focus on the discrimination between those
early-stage tumours that represent a significant threat to
life expectancy and quality of life and those that do not.
Improved clinical staging modalities are required for more
reliable prediction of pathological stage and, more impor-
tantly, discrimination of response to alternative therapeutic
interventions. Prostate cancer remains a significant health
burden, and medical advances must focus on where will
be most effective at reducing the high level of mortality
and morbidity still associated with this disease.
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