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KEYWORDS Abstract  Objective: To investigate the role of an abnormal prostate-specific anti-

sl vlimase. gen (PSA) level and abnormal findings on a digital rectal examination (DRE) in

nography: the detection of prostate cancer in men in Qatar.

Biopsy: Patients and methods: Between June 2008 and September 2012, 651 patients had a

Prostate cancer; transrectal ultrasonography-guided biopsy of the prostate (TRUSBP) at our centre.

PSA The indications for a biopsy were a high PSA level (>4 ng/mL), or an abnormal
DRE result. Patients were assessed by a thorough history, clinical examination

ABBREVIATIONS and routine laboratory investigations. Data, including age, DRE findings, TRUS

findings, total PSA level, prostate volume and the pathology results, were evaluated.

TRUSBP, TRUS- Results: The mean (SD) age of the 651 patients was 64.1 (7.4) years. Prostate cancer

guided prostate bio.psy; was detected in 181 men (27.8%), benign prostatic hyperplasia in 275 (42.2%) and
PPV’ positive predic- prostatitis in 236 (36.4%). The sensitivity and specificity for detecting prostate cancer
tive value; were 93.9% and 8.5% for an abnormal PSA level (>4 ng/mL), 46.1% and 84.7% for
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NPV, negative predic-
tive value;

ROC, receiver operat-
ing characteristics
(curve)

abnormal DRE findings, and 95% and 30.2% for the two combined. Using a receiver
operating characteristics curve, a PSA threshold of 7.9 ng/mL had a sensitivity of
56.6% and specificity of 52.8%. When a PSA threshold of 7.9 ng/mL was used in com-
bination with abnormal DRE findings, the overall accuracy was 76.9%.

Conclusion: The PSA threshold level of 7.9 ng/mL, determined by this analysis, has

a higher likelihood of detecting prostate cancer in men in Qatar. However, it failed to
detect cancer in substantially many men with statistically significant disease.

© 2013 Production and hosting by Elsevier B.V. on behalf of Arab Association of

Urology.

Introduction

Prostate cancer is the most common solid neoplasm in
men in Europe and the USA, outnumbering lung and
colorectal cancers [1,2]. The factors that determine the
risk of developing clinical prostate cancer are not well
known, although three well-established risk factors have
been identified, i.e., increasing age, ethnicity, and heredity
[2]. The disease affects elderly men more often and there-
fore is a greater health concern in developed countries be-
cause of the longer life span [2]. There are large regional
differences in the incidence rate of prostate cancer.

The frequency of autopsy-detected prostate cancers is
roughly the same in different parts of the world [3.4].
This finding is in sharp contrast with the incidence of
clinical cancer, which differs widely among different
geographical areas, being high in the USA and Northern
Europe and low in south-east Asia [5]. However, in Jap-
anese men living in the USA, their risk of prostate can-
cer increases and approaches that of American men [6].

These findings indicate that exogenous factors affect
the risk of progression from so-called latent disease to clin-
ical cancer. Factors such as food consumption, patterns of
sexual behaviour, alcohol consumption, exposure to ultra-
violet radiation and occupational exposure have all been
discussed as being of actiological importance [4,7].

TRUS-guided biopsy of the prostate (TRUSBP) is
the standard method for diagnosing prostate cancer; it
is usually indicated if there is an abnormal level of
PSA, abnormal findings on a DRE, or abnormal finding
on TRUS when used to assess prostatic enlargement in
patients presenting with LUTS.

The predictive value of an abnormal PSA level and/
or abnormal DRE findings in the accurate detection of
prostate cancer is mainly based on data from the USA
and Europe, and might not be relevant to other geo-
graphical areas or ethnic groups [8,9]. The aim of the
present study was to investigate the role of abnormal
PSA levels and abnormal DRE findings in the detection
of prostate cancer in men in Qatar.

Patients and methods

In this prospective study, between October 2008 and
September 2012, biopsies were taken from 651 men at

our centre. The indications for a biopsy were a PSA level
of >4 ng/mL (normal, 0—4 ng/mL), or an abnormality
on a DRE. All patients were assessed by a thorough his-
tory, clinical examination and routine laboratory inves-
tigations. None of the patients had current UTIs,
clinical prostatitis or a history of previous prostate sur-
gery (TURP or open prostatectomy).

The study was conducted in accordance with the Dec-
laration of Helsinki. All patients signed a fully informed
written consent and the study was approved by the local
ethics committee.

Data including age, DRE findings, TRUS findings,
total PSA level, prostate volume, and pathology results
were evaluated. Patients diagnosed as having prostate
cancer were further investigated and managed
appropriately.

For TRUSBP the patient was placed in the left lateral
decubitus position, and after a DRE, local anaesthesia
applied using lidocaine hydrochloride 2% sterile gel
anaesthetic ointment. A 7.5 MHz transducer was gently
advanced into the rectum and 10 mL of lidocaine 1% in-
jected locally at both prostate edges. After obtaining the
measurements, an 18-G needle loaded in a spring-action
biopsy device was used to obtain the specimens. A 12-
core biopsy is the standard at our institution.

At our institute PSA is measured using the Architect
12000SR analyser (Abbott Manufacturing Inc., Texas,
USA). The total PSA assay is a two-step immunoassay
to determine the presence of total PSA (both free PSA
and PSA complexed to al-antichymotrypsin) in human
serum, using a chemiluminescent microparticle immuno-
assay with flexible assay protocols. This method of mea-
surement was easy to use, accurate, precise and suitable
for a routine clinical laboratory [10].

The 12-core TRUSBP specimens were assessed for
adequacy and individually stored in different containers,
each labelled with the patient’s identification and with a
number mapped according to their designated site. The
containers were assessed in the histopathology depart-
ment and examined by a qualified pathologist who re-
ported the findings according to the College of
American Pathologists guidelines [11]. If adenocarci-
noma was diagnosed, the report usually included the
length of each biopsy and the percentage of cancer
involvement in each biopsy, the Gleason grade(s) and
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the extent of any high-grade (Gleason 4 or 5) compo-
nent, the number of biopsy cores positive for cancer,
and their location.

The data are presented as the mean (SD) for contin-
uous variables, and the frequency and percentage for
ordinal and nominal variables. The correlation between
age and prostate cancer was assessed by a simple linear
regression analysis. ANOVA was used to compare contin-
uous values. The diagnostic accuracy of total PSA level,
DRE results and the combination of both in the diagno-
sis of prostate cancer was calculated. Considering
TRUSBP as the reference standard for the diagnosis,
the calculations included sensitivity, specificity, overall
accuracy, positive predictive value (PPV) and negative
predictive value (NPV). The optimal threshold value
of PSA for detecting cancer was determined from the re-
ceiver operating characteristic (ROC) curve.

Results

The study included 651 patients with a mean (SD) age of
64.1 (7.4) years. Table 1 shows the age distribution of
the patients stratified into decades of life. The character-
istics of the patients are also summarised in Table 1. The
major complications (sepsis, shock and gross haematuri-
a) were reported in eight patients (1.3%), whilst there
were minor complications in 34 (5.3%; Table 1).

Prostate cancer was detected in 180 patients (27.6%),
BPH in 275 (42.2%) and prostatitis in 236 (36.4%). Ta-
ble 2 summarises mean age, prostate volume and PSA
level in patients with the three pathologies detected. Pa-
tients with cancer had a significantly higher PSA level
and were older (P = 0.012). The prostate was signifi-
cantly larger among patients with prostatitis
(P = 0.026).

Using a PSA threshold of >4 ng/mL alone for diag-
nosing cancer gave a sensitivity of 93.9% and a specific-
ity of 8.5%, an overall accuracy of 32.2%, a PPV of
28.3% and a NPV of 78.4% (Table 3). Using the
ROC curve (Fig. 1), a PSA threshold of 7.9 ng/mL gave
the best results (Table 3). The results for other tests and
their combinations are also given in Table 3. The combi-
nation of a PSA level of >7.9 ng/mL with an abnormal
DRE gave the highest specificity (87.7%), PPV (67.4%)
and overall accuracy (76.9%). The Gleason grading of
the cancer specimens was correlated with the proposed
PSA threshold (Table 4). Of the 102 patients who had
a PSA level of >7.9 ng/mL, 54 (52%) had clinically sig-
nificant cancer (Gleason grade >7). However, 21 (26%)
of 78 patients who had a PSA level of <7.9 ng/mL also
had clinically significant cancer.

Discussion

In the present study the mean (SD) age of the patients
diagnosed with cancer was 65.8 (7.8) years, a value that

Table 1 Age distribution, characteristics and complications
after TRUSBP of the patients.

Variable Value

n (%) in age range (years)

<50 12 (1.9)
50-59 170 (26.1)
60-69 311 (47.8)
>70 158 (24.3)
Mean (SD) age (years) 64.1 (7.4)
Indication for TRUSPB, n

Abnormal PSA 507
Abnormal DRE 19
Combined 125

Mean (SD)

Prostate volume (mL) 65.0 (36.0)
Number of cores 12.1 (1.15)
Repeat biopsy, n 58
Complications after TRUSBP, n (%)

Major 8 (1.20)
Septicaemia 3 (0.46)
Shock 2 (0.30)
Haematuria 3 (0.46)
Minor 34 (5.2)
Fever 26 (3.99)
Haematospermia 3 (0.46)
Rectal bleeding 5 (0.76)

is consistent with internationally reported ages, showing
a median of 68 years in the USA [12] and 69 years in
Australia [13]. In the present study, statistical analysis
showed that using a PSA threshold of 4 ng/mL resulted
in a sensitivity and specificity for diagnosing prostate
cancer of 93.9% and 8.5%. However, from the ROC
curve, a PSA threshold of 7.9 ng/mL was associated
with the highest specificity (47.3%), with a sensitivity
of 56.9%.

The incidence of prostate cancer varies throughout
the world, with the highest rates reported in North
America and Europe, and the lowest rates reported in
south—east and central Asia [14]. Several potential risk
factors have been identified for the development of pros-
tate cancer. A higher risk was associated with obesity
[15], and with the consumption of diets rich in saturated
fat [16] and red meat [17]. Smoking was associated with
more aggressive disease and with higher prostate cancer-
related mortality rates [18]. Although prostate cancer
can occur sporadically, it has a strong familial and
hereditary predisposition. Zeegers et al. [18] showed that
the relative risk increases according to the number of af-
fected family members, their degree of relatedness, and
the age at which they were affected.

Since its first description by Weaver et al. in 1991 [19],
TRUSBP has become a standard technique for diagnos-
ing prostate cancer. The diagnostic yield of TRUSBP
has been studied thoroughly, and its sensitivity in cancer
detection depends on the population being studied, at
20-35% with sextant biopsies [20], with an increase of
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Table 2 A comparison of prostate cancer, BPH and prostatitis against means of age, PSA level and prostate volume.

Mean (SD) variable Cancer BPH Prostatitis P
Age (years) 65.8 (7.5) 63.3 (7.4) 63.2 (7.13) 0.700
PSA (ng/mL) 14.1 (12.8) 9.2 (7.90) 11.2 (7.30) 0.012
Prostate volume (mL) 56.7 (34.3) 66.7 (35.6) 76.0 (37.0) 0.026
Table 3 Diagnostic accuracy of PSA levels and DRE findings, separately and combined.
Category Biopsy, n Total %
Positive Negative Sensitivity Specificity PPV NPV Accuracy
PSA level (ng/mL)
>4 169 431 600 93.9 8.5 28.3 78.4 32.2
<4 11 40 51
PSA threshold of 7.9 ng/mL
=79 102 249 351 56.9 47.2 29.3 74.0 49.7
<7.9 78 222 300
DRE
Abnormal 83 72 155 46.1 84.7 53.5 80.4 74.0
Normal 97 399 496
Combined (156 patients)
PSA >4 ng/mL + abnormal DRE 76 53 129 95.0 30.2 58.9 85.1 63.4
PSA < 4 ng/mL + normal DRE 4 23 27
Combined, PSA > 7.9 ng/mL (326 patients)
>7.9 + abnormal DRE 56 27 83 53.8 87.8 67.4 80.2 76.9
<7.9 + normal DRE 48 195 243
ROC Curve . .
10 Table 4 Relationship between Gleason score and PSA level
(threshold 7.9 ng/mL).
4 Gleason score n with PSA level (ng/mL)
08 <79 =79
2-6 57 48
7 16 20
8-10 5 34
R Total 78 102
_; P <0.001
‘@
c
5 Vet
w 04 7 //'7 . . . . . . .
// not without risks, as it is an invasive procedure that is
[ associated with several minor and major complications
/ [23]. In the present study the reported major complica-
429 tions were septicaemia, septic shock and gross haematu-
ria, in 1.2%, and minor complications such as fever,
haematospermia and minimal rectal bleeding in 5.2%
00 . . I T of men undergoing TRUSBP. Therefore, the search
0o 02 1“5 ifl IOB o8 1o for a marker with the highest sensitivity and specificity
“ENCHIIy to indicate TRUSBP is warranted.
Figure 1 ROC curve for total PSA level against the incidence of The diagnostic accuracy of an abnormal PSA level

prostate cancer. The area under the curve was 0.638.

up to 35% when 10 or 12 cores are taken [21,22]. The
present study showed that cancer was detected in
27.6% of the men with a 12-core biopsy, a rate consis-
tent with internationally reported values. TRUSBP is

and of the DRE in screening for prostate cancer were
evaluated in a meta-analysis by Mistry et al. [24]. The
sensitivity of the PSA level, taking >4 ng/mL as an
abnormal value, in detecting prostate carcinoma was
72.1% (66.7-100%) and the specificity was 93.2%
(63.1-100%). The sensitivity of a DRE for detecting
prostate carcinoma was 53.2% (49-69.2%) and the
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specificity was 83.6% (18-99.5%). An abnormal PSA le-
vel (>4 ng/mL) in the present men was more sensitive
(93.9%) but less specific (8.5%) for detecting cancer
than in previous published series, whilst the values for
an abnormal DRE were almost consistent with the pub-
lished results, with a sensitivity of 46.1% and a specific-
ity of 84.7%. Combining the PSA level and DRE was
more effective in screening for cancer than either alone
[25,26]. The sensitivity and specificity of PSA level, a
DRE, and PSA + DRE, as reported by Crawford
et al. [26] were 34.1% and 63.1%, 27.1% and 20.8%,
and 38% and 87.1%, respectively. Catalona et al. [25]
found a cancer detection rate of 3.2% for the DRE,
4.6% for PSA level and 5.8% for the two methods com-
bined. The present results also showed an improvement
in the sensitivity when both tests were combined (95%),
with a specificity of 30.2%. However, when a PSA
threshold of 7.9 ng/mL was used, the combination of
an abnormal PSA level and abnormal DRE yielded
the highest results in terms of specificity (87.7%), PPV
(67.4%) and overall accuracy (76.9%).

The reasons underlying the higher threshold PSA va-
lue in the present study are not clear but they might be
attributable to histological prostatitis or to racial influ-
ences. It is well known that PSA is prostate-specific
but not cancer-specific, with conditions like prostatitis
affecting the level. In the present study, the incidence
of histological prostatitis was 36.4%, a considerable rate
although not the highest reported. Evidence of chronic
histological inflammation was reported in >78% of
men who underwent TRUSBP in the REDUCE trial
[27]. However, previous studies have shown racial differ-
ences in the mean PSA level, with that by Abdulla et al.
[28] reporting a higher mean serum PSA level in African-
American men (21.6 ng/mL) than in white men (mean
10.96 ng/mL) and Hispanic men (mean 8.25 ng/mL).

Using a higher PSA threshold is not without implica-
tions and should be addressed with caution. The Euro-
pean Association of Urology Guidelines clearly state
that clinically significant prostate cancer can be present
even with low PSA levels [2]. There is a trend for inves-
tigators to use a lower PSA threshold because some men
with levels of <4 ng/mL and a normal DRE are still
found to have cancer [29,30]. In a subset analysis from
the placebo arm of the Prostate Cancer Prevention
Trial, 449 of 2950 men (15.2%) aged 62-91 years, who
had consistently normal PSA levels and a normal
DRE for 7 years of annual screening, had prostate can-
cer present in an end-of-study biopsy, with 67 (2.3%) of
them having high-grade disease (Gleason score >7) [31].
The present data suggest that although a PSA threshold
of 7.9 ng/mL improved the cancer detection rate, 78
(26%) of the 300 patients who had a PSA level of
<7.9 ng/mL had prostate cancer (Table 3). As expected,
there was a higher incidence of a high-grade Gleason
score when the PSA level was >7.9 ng/mL. However,

the data also showed that 26% of patients with a PSA
level of <7.9 ng/mL had a Gleason score of >7.

The present study has the advantage of being pro-
spective, analysing a homogeneous group of patients
from one community. The sample size was sufficient to
be a good representation of the population. Qatar is a
small country, with a population of 1.87 million. Despite
that, they are very diverse in their ethnic and racial
backgrounds. Not taking account of the racial influ-
ences on the PSA level could be considered a limitation
to this study. Another limitation that should be ad-
dressed in future studies is to determine why the opti-
mum PSA threshold is higher in this community.

In conclusion, the ROC curve showed that a PSA
threshold of 7.9 ng/mL was associated with a higher
cancer detection rate in men in Qatar. This value differs
from those reported internationally, which could be
attributable to prostatitis or to racial influences in our
community. Despite that, significantly many patients
who had a PSA level of <7.9 ng/mL still had prostate
cancer. Hence, this study supports the need for other
diagnostic tests to help in solving this dilemma.
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Editorial comment

A study by Rumaihi et al. [1] reported in this issue set
out to investigate how an abnormal PSA level and DRE
findings were used to detect prostate cancer in a group
of 651 men referred to their centre and who had a 12-
core TRUS-guided biopsy of the prostate (TRUSBP),
based on an abnormal PSA level (>4 ng/mL) or an
abnormal DRE. The biopsy findings were cancer in
27.6%, BPH in 42.2% and prostatitis in 36.4%. The
investigators then set out to study the capability of total
PSA level, a DRE and combinations of both for detect-
ing prostate cancer, and calculating the sensitivity, spec-
ificity, positive predictive value, negative predictive
value and overall accuracy for each measurement. They
also analysed the receiver operator characteristic curves
of different PSA levels, finding that a value of 7.9 ng/mL
should prompt a biopsy, rather than the ‘normal’ level
of 4 ng/mL, and gave the ‘best results’ from a statistical
perspective view. Indeed, using the higher rather than
the lower value to justify TRUSBP resulted in almost
50% accuracy compared to 32.2% with a PSA level of
4 ng/mL. Combining an abnormal DRE with the two
PSA thresholds gave an accuracy of 63.4% for a PSA le-
vel of 4 ng/mL, which could be improved to 76.9%
using the higher value. The higher threshold was initially
accepted as statistically superior; consideration that it
might be related to higher levels of prostatitis found in
men referred to them was discussed and then they be-
came aware of failing to detect prostate cancers by using
the higher PSA value to prompt TRUSBP. Certainly, 78
such cases (43% of all their detected cancers) would
have been missed by using a threshold PSA level of
7.9 ng/mL to justify TRUSBP! When these cases were
analysed by Gleason score, it was found that 27% had
scores of >7. Thus, despite the statistical superiority
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