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in digital rectal examination negative (ct1c) and positive

(>ct2) patients

Hasan Yilmaz', Murat Ustuner', Seyfettin Ciftci', Ufuk Yavuz', Tayyar Alp Ozkan?, Ozdal Dillioglugil®

"University of Kocaeli , School of Medicine, Urology Department, Kocaeli, Turkey; 2Derince Training and

Research Hospital, Urology Department, Kocaeli, Turkey

ABSTRACT

Introduction: We aimed to assess the relationship between prostate volume (PV) and high
grade prostate carcinoma (HGPCa) in patients with benign and suspicious digital rectal exami-
nation (DRE) in our prostate biopsy cohort.

Materials and methods: Between 2009-2012, 759 consecutive initial transrectal systematic 12
cores prostate biopsies were included. PVs were calculated with transrectal ultrasound. Only
prostate adenocarcinomas (PCa) were included into the study. For standardization, patients
with missing data, and who have been exposed to any form of hormonal or radiation therapy
were excluded. Patients were categorized with DRE (negative or positive) and Gleason sum
[<7: low grade PCa(LGPCa), >7: HGPCal].

Results: Median PV was significantly lower in patients with HGPCa. There was a significantly
increased risk of HGPCa with PV according to all groups in univariate logistic regression (LR).
The significant relationship continued in multivariate LR with PSA and age. From the ROC
curve analyses, again a significantly statistical concordance was found between the detec-
tion of HGPCa and PV (AUC:0.63, p<0.001), as well as between HGPCa and tPSA (AUC:0.73,
p<0.001). tPSA and PV were also significantly concordant with HGPCa both in DRE negative
and positive patients.

Conclusions: There is a significant relationship between HGPCa and decreasing PV. The conti-
nued significant relationship both in DRE negative and positive patients reinforces this relation.
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Prostate volume (PV) is still a hot topic in
the studies for prostate cancer (PCa). Recently the
importance of PV was evaluated for risk calcu-
lators of Prostate Cancer Prevention Trial (PCPT)
and European Randomised Study of Screening for
Prostate Cancer (1,2). The relationship between
smaller prostate volume (PV) and high grade pros-
tate carcinoma (HGPCa) has been an interesting
issue after the publication of PCPT (3). The inverse
relationship between PV and HGPCa has been first

shown by Kulkarni et al. in their prostate biopsy
cohort (4). Thereafter, this inverse relationship was
supported with radical prostatectomy (RP) cohorts
in subsequent studies (5-7).

Recently, two different studies were sub-
mitted by the same institute for the assessment
of the relationship between PV and HGPCa (5,8).
They initially showed in their RP cohort that the-
re was a significant relationship between PV and
HGPCa in patients with clinical stage T1c prostate
cancer but not in >T2 (5). Secondly, they suppor-
ted identical findings (significant relationship in
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T1c, but not in >T2) in their prostate biopsy cohort
(8). We aimed to assess the relationship between
PV and HGPCa in patients with benign and suspi-
cious digital rectal examination (DRE) in our pros-
tate biopsy cohort.

MATERIALS AND METHODS

Between 2009-2012, 1381 consecutive ini-
tial (repeat biopsies were not included) transrec-
tal ultrasound (TRUS) guided systematic 12 cores
prostate biopsies (12 Bx) were evaluated retros-
pectively. Age, total PSA (tPSA) before biopsy,
DRE, TRUS calculated PVs with the ellipse me-
thod (length X depth X width X =n/6) were no-
ted. Benign pathologies were categorized as non-
-cancer (benign) and prostate adenocarcinomas
were categorized as cancer (malignant). Patients
with high grade prostatic intraepithelial neopla-
sia and atypical small acinary proliferations were
excluded for the sake of clarity of the results. For
standardization, patients with missing data, can-
cer diagnosis other than prostate adenocarcinoma,
total number of cores less or more than 12, and
patients who had previous anti-androgen, 5-alfa
reductase inhibitory treatment or prostatic radia-
tion therapy were also excluded. The remaining
759 patients that met the inclusion criteria were
included to study.

Standard 12 Bx (both lateral and medial
biopsies from the base, medial and apex on the
right and left side of the prostatic peripheral zone)
was performed for all prostate volumes, ages or
tPSA levels. No transitional zone or finger guided
biopsies were performed. DREs were only perfor-
med by a skilled urologist or by a last year urolo-
gy resident.

Patients were categorized with DRE (be-
nign or negative versus suspicious or positive)
and Gleason sum [<7: low grade PCa(LGPCa), >7:
HGPCa]. While statistical analyses were perfor-
med, PV variable was recoded as PV/10 that was
an ordinal variable and it corresponded to each 10
cc decrease of PV variable. All biopsies were eva-
luated by the same pathologist (BM) based on the
2005 International Society of Urological Patholo-
gy Consensus Conference on Gleason Grading of
Prostatic Carcinoma (9).

Statistical analysis

DRE and Gleason sum categories were mo-
deled as a dichotomous variable (yes/no). All data
was analysed with Statistical Package for Social
Science database program. The Independent Sam-
ple t test was used for continuous variables when
variables were normally distributed and equal va-
riations were assumed. The Mann-Whitney U test
was used for categoric variables or for continuous
variables when variables were not distributed
normally or equal variations were not assumed.
Chi-square test was used to find the relationship
between two independent categoric variables.
Univariate and multivariate logistic regression
analyses were performed.

By using the categoric data for the presen-
ce of HGPCa (yes or no), the PVs were separated
according to their true positive and false positi-
ve rates. The true positive rates (sensitivity) and
the false positive rates (1-specificity) were used
to plot a receiver operating characteristic (ROC)
curve. ROC curve analyses were performed with
the MedCalc v12.7.8 trial version. The area under
the ROC curve (AUC) summarized discriminative
ability, with pairwise testing by the DeLong test.

RESULTS

Prostate biopsy was performed in 1381 pa-
tients. Four hundered fourteen patients with in-
complete data, 71 patients with HGPIN and ASAP,
5 patients with cancer diagnosis other than pros-
tate adenocarcinoma, 53 patients with total num-
ber of cores less or more than 12 cores biopsy and
79 patients with previous prostate therapy were
excluded from analysis. Thus, data on 759 pa-
tients were evaluated.

Median patient age, tPSA, and PV were 65
years (Inter quartile range (IQR) 60-72), 8.1 ng/ml
(IQR 5.45-13.90) and 45.6 cc (IQR 32.3-71.20), res-
pectively. DRE was negative in 65.6% (498/759)
of the patients. PCa, LGPCa and HGPCa were pre-
sent in 37.9% (288/759), 7.4% (56/759), and 30.6%
(232/759) of the whole cohort, in 58.2% (152/261),
6.9% (18/261) and 51.3% (134/261) of the DRE posi-
tive patients, and in 27.3% (136/498), 7.6% (38/498)
and 19.7% (98/498) of the DRE negative patients,
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respectively. As stated above, HGPCa was found
significantly higher than LGPCa both in DRE
positive (p<0.0001) and DRE negative (p<0.001)
patients.

Median PV was significantly lower in pa-
tients with HGPCa in all DRE status compared to
patients without HGPCa (Table-1). Additionally,
tPSA was significantly higher in HGPCa patients
(Table-1).

In order to evaluate whether detection of
HGPCa was affected by PV, a logistic regression
analysis was performed. Except for age in DRE
positive patients, there was a significantly incre-
ased risk of HGPCa with each 10 cc decrease of
PV (PV/10), age and logPSA in DRE negative and
DRE positive patients, and in the whole cohort
in univariate logistic regression (LR). In multiva-
riate LR analysis, the significant relationship be-
tween HGPCa and PV/10 continued in the who-
le group, and in DRE positive and DRE negative
groups, although the most powerful significant
relationship was between HGPCa and logPSA.
There was no significant relationship between
LGPCa and PV/10 (Table-2).

In addition to analyzing the data, a ROC
curve was constructed for tPSA and PV variables
for the detection of PCa. From the ROC curve a sig-
nificantly statistical concordance was found be-
tween the detection of HGPCa and PV (AUC:0.63,
p<0.001), as well as between HGPCa and tPSA
(AUC:0.73, p<0.001). However, the concordan-
ce of tPSA was significantly higher compared to
PV in ROC curve analyses (p=0.002) (Figure-1A).
tPSA and PV were also significantly concordant
with HGPCa both in DRE negative (p<0.001 and
p=0.001, respectively) and positive (p<0.001 and
p<0.001, respectively) patients (Figures 1B and
1C). But there was no significant difference be-
tween tPSA and PV for HGPCa in DRE negative
patients (p=0.262)(Figure 1C).

DISCUSSION

Basicly, the relationship between HGPCa and
PV was assessed with two different ways in the lite-
rature: by the results of prostate biopsy or the patho-
logy of RP. Freedland et al established a powerful re-
lationship between smaller prostate and HGPCa in

Table 1 - Patient characteristics according to presence or absence of HGPCa.

HGPCa
P
yes no

DRE Negative 98 400 <0.001
Number of patients (n)

DRE Positive 134 127 0.665

DRE Negative 65.50 (60.75-71.00) 64.00 (57.00-69.00) 0.018
Median age (IQR) year

DRE Positive 68.00 (62.00-77.00) 69.00 (62.00-74.00) <0.001

DRE Negative 9.56 (6.16-13.85) 6.67 (5.04-9.83) <0.001
Median tPSA (1QR) ng/ml

DRE Positive 20.10(10.18-59.23) 8.62(4.85-14.40) <0.001

DRE Negative ~ 41.85 (31.27-63.45) 49.90 (36.65-75.75) 0.002
Median PV (IQR) cc

DRE Positive 36.45 (26.47-53.37) 45.40 (32.0-74.20) <0.001
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Table 2 - Logistic regression analyses of LGPCa and HGPCa in DRE negative and positive patients.

DRE Negative DRE Positive Total
OR (95% Cl) P OR (95% Cl) P OR (95% Cl) p
LGPCa  Univariate PV/10 1.11(0.97-1.26) 0.110  1.01(0.85-1.19)  0.909 1.07(0.97-1.18) 0.168
- Age 1.00(0.96-1.04) 0.720 0.97(0.92-1.02)  0.326 0.99(0.96-1.02) 0.710
logPSA*  0.31(0.12-0.80)  0.015  0.20(0.07-0.58)  0.003 0.26(0.13-0.52) <0.001
HGPCa  Univariate PV/10 1.12(1.03-1.22)  0.008 1.18(1.07-1.29)  <0.0001 1.16 (1.09-1.24) <0.001
- Age 1.03(1.00-1.06)  0.022  1.02(0.99-1.05)  0.071 1.04 (1.02-1.06) <0.001
logPSA  4.83(2.49-9.39) <0.001 6.30(3.42-11.57) <0.001  7.94(5.10-12.36)  <0.001
Multivariate ~ PV/10 1.22(1.10-1.34)  <0.001 1.33(1.18-1.49)  <0.001 1.30 (1.20-1.40) <0.001
- Age 1.03 (1.00-1.06)  0.041 - - 1.03 (1.01- 1.06) 0.010
logPSA  5.99(2.91-12.3)  <0.001 10.02(5.06- <0.001  9.62(5.91-15.66)  <0.001
19.87)

*logPSA, the logarythm of tPSA

Figure 1 - ROC curves. True positive and false positive rates of PV and tPSA values according to presence of HGPCa. A) The
comparison between PV and tPSA in all patients. B) In DRE positive patients. C) In DRE negative patients.

A| B]
100 100 F
2 80 > 80
= — PV =
z 40 ’ s 40}
w 20 3 w 20 >
0l | —
0 40 80
100-Specificity 100-Specificity
C]
100 3
> 80 (é?f
£ V4 . tPSA
2 60 P
2 4} & -
o h“.‘
»n

100-Specificity

616

== {PSA
— PV



IBJU | PROSTATE VOLUME PREDICTS HIGH GRADE CANCER

univariate and multivariate LR analyses when they
rewieved their 1602 RP patients (10). Similar sig-
nificant relationship was shown by Briganti et al’s
4277 RP patients (6) and Newton et al’'s 3087 RP
patients (7). Additionally, Briganti et al suggested
that the relationship was pronounced at prostate
volumes less than the cut-off value of 45 cc. On
the other hand, Newton et al suggested that each
2 cc increase in PV, decreases the risk of HGPCa
six times (6,7). Kulkarni et al also found inverse
significant relationship between HGPCa and PV in
369 patients with tPSA<10 ng/ml only in prostate
biopsy patologies, this relationship did not conti-
nue when they reviewed these patients’ RP speci-
mens (4). However, we think that there was an im-
portant bias in their assessment of the relationship
in their RP cohort. Because all of these patients
had PCa at a stage that fits to a definitive therapy
or their data set did not include any benign pa-
tient. Kassouf et al analyzed prostate biopsies of
247 patients (complete data missing on 3 patients)
in their RP cohort (11). When they analyzed these
biopsies, they found that the percentage of HGPCa
below their cut-off value of 50 cc PV was 39.7%
(97/244) (11). However, they found HGPCa in 9.8%
(24/244) at PV above 50 cc. Probably because of
their RP cohort, they had only 53 patients with PV
above 50 cc, although 191 patients were below 50
cc (11). It seems that patients were not distributed
homogeneously in Kassouf et al. study. Borden et
al. found a significant relationship between HGP-
Ca and PV in their prospective prostate biopsy co-
hort although the relationship between DRE and
HGPCa was their primary goal (12).

Also, the relationship between PV and
HGPCa was shown in two different studies from
the same institute (5,8). Initially, Liu et al evalua-
ted their 1404 RP patients (5). They claimed that
the significant relationship between PV and HGP-
Ca was shown only in clinical stage T1c patients
while there was no significant relationship in the
other clinical T stages. They concluded that the
significant relation in T1c patients probably was a
result of an ascertainment bias related to the per-
formance characteristics of PSA (5). Because they
believed that RP series resulted in a selection bias,
Ngo et al thereafter performed an another study in
a prostate biopsy cohort, and evaluated the rela-
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tionship between PV and HGPCa in patients with
positive or negative DRE (8). They found a signi-
ficant relationship in PV and HGPCa in the entire
group and DRE negative patients while they did
not find in DRE positive patients. They conclu-
ded that if there would be a real significant re-
lationship, it should be shown in all groups and
stages (8). In our study, we similarly evaluated
our prostate biopsy cohort and found significant
relationship between decreasing PV and HGPCa
in DRE negative and positive patients, and in the
entire group. If we follow their conclusion, the-
re would be a real relationship between PV and
HGPCa in our study because the relation conti-
nued in all groups. Despite the claims of Ngo et al,
these findings reinforce the relationship between
decreasing PV and HGPCa.

We used also a ROC curve for the rela-
tionship between PV and HGPCa. We added the
tPSA into analyses for clarifying the results. Both
tPSA and PV were significantly concordant with
HGPCa in total, DRE positive and negative patients
according to ROC curve analyses. Not surprisingly,
tPSA was significantly superior compared to PV
in total and DRE positive patients. Thompson et al
showed that the sensitivity and specificity of tPSA
increased with high grade disease (13). They found
the AUC of tPSA for all PCa was 0.68, for Glea-
son 7 and higher was 0.78, and for Gleason 8 and
higher was 0.83. Also Optenberg et al found the
AUC of tPSA for all PCa was 0.78 on the data col-
lected between 1991-1995 years (14). However, the
concordance of tPSA decreased conspicuously in
DRE negative patients whereas PV was just about
similar. Also there was no significant difference be-
tween tPSA and PV in DRE negative patients. This
finding promotes the usefulness of PV in DRE ne-
gative patients.

In our study, we found that HGPCa was
seen rarely in larger prostates (in other words
prostates that have more transitional tissue ) com-
pared to small ones. There are some hypoteses to
explain this relation. First, various authors stated
that this was a result of sampling error of prostate
biopsy. If one claimed that there was a sampling
error, this would be corrected by taking more co-
res. Ankerst et al evaluated the PCPT trial in terms
of PV and the number of biopsy cores 6 to 10-12
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(1). They suggested that although more HGPCa was
detected at lower PV, increasing core number from
6 to 10-12 was not associated with an increase in
HGPCa. Elliott et al evaluated their patients (90%
of all with more than 10 cores) and anyone did not
use 5- alfa reductase inhibitors (15). They found
that HGPCa and any prostate cancers were detected
significantly higher as PV decreased. In contrast,
HGPCa was significantly predominant in below 30
cc PV (LGPCa 19%, HGPCa 40%), whereas LGPCa
was predominant (17% vs 149%) above 50 cc and
they showed that the frequency of HGPCa decre-
ased dramatically as PV increased while this was
not seen with LGPCa. However, the reverse relation
with HGPCa and PV was reported in Kassouf et al
study ( at least 10 cores biopsy) (11) and our pre-
sent study (standard 12 cores biopsy). Second, PSA
increases to high levels in patients who have exces-
sive adenoma tissue, therefore PCa is diagnosed at
the early stage of the disease. However, Roehrborn
et al reported that the chances in PCa detection on
PSA-driven biopsies were numerically higher in the
dutasteride arms; though PSA levels (28-29%) were
lower than in the tamsulosin arm (24%) (16). On the
other hand, development of HGPCa over the pro-
gression of preexisting LGPCa or de novo develop-
ment is not clear. Although this obscurity, Epstein
et al concluded that the tumor grade did not evolve
in time (17). Thirdly, various undefined factors that
grows the adenoma tissue may prevent the develo-
pment of HGPCa or patients with benign prostatic
hyperplasia may have genetic factors which protect
against HGPCa. Further investigations may provide
a better understanding to explain these hypotheses.

In contrast, the PV calculated by transrec-
tal ultrasound generally never reflects the true PV.
Definitive PV values can only be calculated with
RP specimens though this leads to a selection bias.
In our study, we think that we eliminated a selec-
tion bias in our prostate biopsy cohort while our
PV measurements may not be the definitive values
and also a Gleason upgrade can be expected at RP
pathology in some patients.

CONCLUSIONS

There is a significant relationship between
HGPCa and decreasing PV/10 in DRE negative and
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positive patients free from the limitation of selec-
tion bias originating from RP cohort. The conti-
nued significant relationship both in DRE negative
and positive groups decreased the probability of
the ascertaintment bias. These findings reinforce
the evidence for the negative relation between
HGPCa and decreasing PV.

ABBREVIATIONS

AUC = Area under the ROC curve

Bx = Prostate biopsy

DRE = Digital rectal examination
HGPCa = High grade prostate carcinoma
IQR = Inter quartile range

LGPCa = Low grade prostate carcinoma
LR = Logistic regression

PCa = Prostate adenocarcinoma

PCPT = Prostate Cancer Prevention Trial
PSA = Prostate spesific antigen

PV = Prostate volume

PV/10 = Each 10 cc decrease of prostate volume
ROCC = Receiver operating charateristic
RP = Radical prostatectomy

t PSA = Total prostate spesific antigen
TRUS = Transrectal ultrasound
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