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Introduction Extended transrectal ultrasound-guided prostate biopsy is a state-of-the-art tool for prostate
cancer detection. Nevertheless, approximately 1/3 of cancers are missed when using this method and
repeat biopsy sessions are often required. The aim of this study was to investigate how sampling density
(a compound variable reflecting the number of biopsy cores and prostate volume) impacts on detection
rate in multiple repeat TRUS-biopsies.

Material and methods A total of 1007 consecutive patients undergoing their 1%, 2", 3™ and any further
repeat prostate biopsies were included. The relationship between sampling density and other clinical
variables (age, prostate-specific antigen level, free/total PSA ratio, digital rectal examination, number

of previous biopsies) and cancer detection rate were assessed by interaction analysis.

Results There were 562 primary re-biopsies, 267 second re-biopsies and 178 third and further re-biopsies
included in the study. Detection rate was 25.4%, 25.8% and 25.3%, respectively. Interaction of sampling
density with age was demonstrated in patients undergoing their first repeat biopsy (but not further re-
biopsies). No interaction was observed with other variables investigated.

Conclusions A more extensive prostate sampling leads to a higher cancer detection rate on repeat prostate
biopsies, as shown previously. However, this effect seems to be particularly pronounced in men younger
than 65 years undergoing their first repeat prostate biopsy.

INTRODUCTION

In 2012, a total of 416,700 men were diagnosed with
prostate cancer (PC) in Europe [1] and 241,700
in the USA [2], making PC the second and first,
respectively, most frequent malignancy in the male
population. Transrectal ultrasound-guided (TRUS)
biopsy of the prostate has been a state-of-the-art
tool for PC detection since the 1990 s, but it still
fails to detect approximately one third of cancers ac-
tually present and repeat biopsy sessions are often
necessary [3].

The shift from a sextant biopsy scheme to the cur-
rently used extended biopsy templates of 10-12
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cores was prompted by evidence that increasing
the number of biopsy cores leads to a higher can-
cer detection rate (DR) [4]. Adjusting the number
of cores according to prostate size was the idea be-
hind the Vienna nomogram that suggested the op-
timal number of cores based on a patient’s age
and prostate volume [5]. One prospective randomized
study has, however, questioned the nomogram “s util-
ity [6] and in the extended biopsy era, it is no longer
in use. Authors of current nomograms for the predic-
tion of a positive TRUS-biopsy result have reported
that sampling density (SD) — a compound variable
taking into account prostate volume and the num-
ber of cores sampled at biopsy — was an independent
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predictor of cancer on biopsy [7]. In their multi-
variate model, SD outperformed prostate volume
in terms of cancer prediction, underlining the as-
sumption that the extent of sampling impacts on the
biopsy outcome when it is related to prostate size.
However, the optimal SD value has not been defined
and little is known about its performance in differ-
ent patient subgroups.

The aim of this study was to investigate the relation-
ship between SD and prostate cancer DR in repeat
prostate biopsies.

MATERIAL AND METHODS

The present study is based on 1007 consecutive re-
peat prostate biopsies performed in two tertiary
care academic institutions (Department of Urology,
1%t Faculty of Medicine and General Teaching Hospi-
tal and Department of Urology, 2" Faculty of Medi-
cine and Motol University Hospital, both in Prague,
Czech Republic) between November 2008 and Sep-
tember 2014. Relevant patient data was extracted
from a prospectively maintained, institutional re-
view board-approved database and included patient
date of birth, date of TRUS-biopsy, number of pre-

vious biopsy sessions, pre-biopsy prostate specific
antigen (PSA) level, percent free PSA (fPSA), pres-
ence of a suspect lesion on digital rectal examination
(DRE) or TRUS, prostate volume and the number
of cores sampled. Age and other variables of interest
were calculated based on these data.

For the calculation of SD, the original formula
used by Chun et al. in their reference article [7]
was retained. SD was therefore calculated as pros-
tate volume in millilitres divided by the number
of biopsy cores.

All TRUS-biopsies included in the study were per-
formed after at least one negative TRUS-biopsy
in an effort to diagnose suspected PC. Indications
were persistently elevated or rising PSA level and/
or a suspect DRE. Repeat biopsies under PC active
surveillance protocols were excluded from analysis.
PSA values were adjusted for patients treated with
5a-reductase inhibitors for a period of six months
or more. All biopsies were performed under local
anaesthetic with 10 mL of 1% trimecaine and un-
der antibiotic prophylaxis, using a bi-planar TRUS
probe and sampling a minimum of 10-12 cores.
The biopsy template always included the peripheral
zone, apex and DRE positive or TRUS positive le-

Table 1. Demographic and clinical variables of the study population

. Total 1% re-biopsy 2" re-biopsy 3"+ re-biopsy
Variable n = 1007 n =562 n =267 n=178 P
Age (years), mean +StD 66.1+7.24 65.7£7.72 65.5 £6.58 68.3 £6.14 <0.01
median 66.3 65.8 65.7 68.2
265.0 430 (42.7%) 260 (46.3%) 120 (44.9%) 50 (28.1%)
>65.0 577 (57.3%) 302 (53.7%) 147 (55.1%) 128 (71.9%)
PSA (ng/mL), mean #StD 9.56 £6.84 8.49 £5.80 9.16 £5.68 13.57+9.53 <0.01
median 7.65 7.05 7.70 9.95
<4.0 102 (10.1%) 75 (13.4%) 19 (7.1%) 8 (4.5%)
4.1-10.0 617 (61.3%) 361 (64.2%) 175 (65.6%) 81 (45.5%)
>10.0 288 (28.6%) 126 (22.4%) 73 (27.3%) 89 (50.0%)
f/t PSA (%), mean +StD 15.6 +6.7 16.1+6.9 15.3+6.4 14.6 +6.4 0.04
median 15.0 154 14.9 135
DRE positivity 209 (20.8%) 127 (22.6%) 48 (18.0%) 34 (19.1%) 0.26
Prostate volume (mL), meant StD 51.7 £27.4 50.4 £27.5 52.1+26.4 55.5+28.0 0.02
median 47 45 48 51
<30 231 (22.9%) 136 (24.3%) 59 (22.1%) 36 (20.2%)
31-60 487 (48.4%) 271 (48.2%) 134 (50.2%) 82 (46.1%)
61-100 230 (22.8%) 123 (21.9%) 58 (21.7%) 49 (27.5%)
>100 57 (5.7%) 30 (5.4%) 16 (6.0%) 11 (6.2%)
PSA density (ng), mean +StD 0.23+£0.24 0.21+£0.24 0.22 £0.18 0.31+0.29 <0.01
median 0.17 0.15 0.17 0.20
TRUS positivity 275 (27.3%) 153 (27.3%) 74 (27.8%) 48 (27.1%) 0.98
No. of cores (median. IQR) 12 (10-24) 10 (10-12) 21 (12-24) 23 (12-24) <0.01
Sampling density mean +StD 3.7+2.4 42124 32422 3.2+2.1 <0.01
median 3.2 3.6 2.7 2.8
Detection rate 256 (25.4%) 145 (25.8%) 66 (24.7%) 45 (25.3%) 0.94

StD — standard deviation, IQR — interquartile range, PSA — prostate specific antigen, F/T — free/total PSA ratio, DRE — digital rectal examination, TRUS — transrectal ultrasound
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sions. Sampling of the transition zone was at the at-
tending physician's with a hyphen (OC, JH, IM, RS)
discretion, as well as the total number of cores.

Statistical analysis

All biopsies were categorised into one of three groups:
1st re-biopsy after an initial negative prostate biopsy
(group A); 2" re-biopsy (group B); and group C, en-
compassing the third and any further re-biopsies.
For demographic and clinical data, mean * stan-
dard deviation or median and inter-quartile range
were computed for continuous variables; frequency
and percentage for categorical variables. Univariate
analyses were performed within each group using
t-test or Mann-Whitney test for continuous variables
and chi-square test for categorical variables. Univar-
iate and multivariate logistic models were created
in order to identify predictive factors for prostate
cancer detection. Clinically relevant factors, signifi-
cance of factors explored in the univariate analysis
and potential interactions were considered in the
multivariate models. Effect estimates, significance
levels and odds ratios (OR) were calculated, where
applicable. Probability properties of the models were
presented graphically.

Multivariate logistic regression model was construct-
ed on variables commonly available before each bi-
opsy (age, PSA, free/total PSA ratio, DRE) or deter-
mined by the attending urologist during the biopsy
session (SD). Collinearity of all variables was explored
and found to be negligible in multivariate analysis.
For group A (1*' re-biopsy), each variable was in-
cluded in the model as a main effect and its interac-
tion with SD. Only significant or borderline effects
were kept in the final model. The resulting model
structure was employed for groups B and C in order
to facilitate comparison among the analysed models.
All tests were considered significant at the level
of a = 0.05.

RESULTS

A total of 1007 repeat biopsies were included in the
study. Of those, 562 were primary re-biopsies after
an initial negative prostate biopsy; 267 were sec-
ond re-biopsies and 178 were performed as third
(n = 115), fourth (n = 33), fifth (n = 18) or further
(n = 12) re-biopsy. The third and any further re-bi-
opsies were considered as one group for the purpose
of our analysis.

Demographic and clinical characteristics for each
group are listed in Table 1. Patients presenting
for their 3" or any other re-biopsy were generally
older, had higher PSA levels and larger prostate

glands. PC detection rate was virtually identical
on the 1%, 2" or any further re-biopsy, but this was
at the cost of more aggressive prostate sampling
by both median number of cores and sampling den-
sity in groups B and C compared with group A.

In the univariate model, all analysed parameters
(age group, SD, DRE, F/T, and PSA) were found sig-
nificant predictors of cancer on 1% re-biopsy and all
were considered for multivariate models. In the mul-
tivariate model of cancer detection on 1% re-biopsy,
all main effects remained significant except PSA.
The only significant interaction of SD was found with
age group (younger versus older than 65 years) and
this interaction effect was kept in the final multivari-
ate model. Summary of effect estimates of univariate
and multivariate models are shown in Table 2.
Because OR cannot be interpreted directly in a mul-
tivariate logistic model with interaction terms and
in order to easily understand predictive properties
of various factors, computed probabilities of PC de-
tection in several hypothetical patients were related
to SD and presented graphically (Figure 1A-C).

Table 1. Patient’s characteristics

Group A Group B Group C

Variable  gstimate Estimate Estimate
(OR) P (OR) P (OR) P

Univariate models
0.489 0.136 0.507

Age 65+ (1.63) 0.0137 (1.15) 0.6354 (1.66) 0.2262
-0.139 -0.295 -0.466

SD (0.87) 0.0028 (0.74) 0.0015 (0.63) 0.0006
0.936 1.214 -0.117

DRE (2.55) <0.0001 (3.37) 0.0003 (0.89) 0.794
-0.045 -0.076 -0.061

F/T (0.96) 0.0059 (0.93) 0.0056 (0.94) 0.0702
0.051 0.049 0.031

PSA (1.05) 0.0011 (1.05) 0.0361 (1.03) 0.0705

Multivariate models
-0.839 0.368 -0.788

Age 65+ (NA) 0.0833 (NA) 0.5592 (NA) 0.5407
-0.453 -0.151 -1.317

SD (NA) 0.0001 (NA) 0.3435 (NA) 0.0426

SD* 0.388 -0.054 0.862

Age 65+ (NA) 0.0029 (NA) 0.7805 (NA) 0.1961
0.963 1.124 -0.082

DRE (2.62) 0.0001 (3.08) 0.0028 (0.92) 0.8762
-0.037 -0.043 -0.020

F/T (0.96) 0.0443 (0.96) 0.1615 (0.98) 0.5658
0.041 0.041 0.030

PSA (1.04) 0.0562 (1.04) 0.1612 (1.03) 0.1504

Intercepts not presented
OR — odds ratio, SD — sampling density, DRE — digital rectal examination, F/T —free/
total PSA ratio, PSA — prostate specific antigen, NA — not applicable
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Figure 1A. The effect of sampling density on the probability
of PC detection in the 1* re-biopsy.
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Figure 1B. The effect of change in sampling density

on the probability of PC detection in the 2" re-biopsy.

For explanation, see legend for Figure 1A. Prob — probability
of a positive outcome on prostate biopsy; SD —sampling
density.
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Figure 1C. The effect of change in sampling density on the
probability of PC detection in the 3™ and further re-biopsies.
For explanation, see legend for Figure 1A. Prob — probabil-
ity of a positive outcome on prostate biopsy; SD — sampling
density.
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w= wm=  Age 65+, DRE-, FT =11, PSA=10
———- Age 65+, DRE+, FT =11, PSA=10

—  Age <65, DRE-, FT =15, PSA=7
——— Age <65, DRE+, FT =15, PSA=7
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Hypothetical patients with PSA level of 10 ng/mL and F/T 11%
(blue lines); PSA level of 7 ng/mL and F/T 15% (green lines);
PSA level of 5 ng/mL and F/T 20% (red lines). The difference
in slopes between the full and dotted lines of the same colour
and thickness reflects the effect of age on the detection rate.
Unit change in sampling density will increase/decrease the
likelihood of cancer detection, but more so in a younger man
than in his senior counterpart with otherwise the same char-
acteristics.
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DISCUSSION

Inviting a patient with previous negative prostate bi-
opsy for a re-biopsy is a difficult yet common dilemma
in urological practice. Failure to detect a potentially
life-threatening tumor must be weighed against the
risk of biopsy-related complications, the rate of which
is increasing [8], patient discomfort and associated
costs within the healthcare system. Therefore, the
search for a variable or a set of variables that would
predict biopsy outcome has gained importance as well
as popularity in the recent decade and several pre-
dicting tools [7, 9] have been developed to estimate
the actual risk of PC in an individual patient before
proceeding to a repeat prostate biopsy. Chun et al.
evaluated sampling density in a multivariate logistic
regression model including age, PSA level, fPSA, DRE
and the number of previous negative biopsies. SD was
found superior to prostate volume in PC prediction,
when either SD or prostate volume was combined
with the abovementioned factors [7]. Chun et al. were
the first to incorporate SD into a predictive model
for repeat TRUS-biopsies. SD defined as prostate vol-
ume divided by the number of cores is opposite to the
common concept of density (amount in a unit volume),
but given the already established concept, we retained
the same definition in our study. However, it is im-
portant to keep in mind that increasing the number
of biopsy cores, translates into decrease in SD nom-
inal value, as defined here. Odds ratios reported
by Chun et al. in their multivariate analysis for age,
PSA, fPSA and SD are very similar to ours, which
suggests both populations were comparable [7].

We have replicated the finding that SD is an inde-
pendent predictor of cancer in multivariate analysis,
although in group B, the trend did not attain sta-
tistical significance. We hypothesized that the per-
formance of SD in the prediction of biopsy outcome
may vary in different situations, i.e. with regard
to patient age, PSA level, number of previous biop-
sies etc. To that purpose, interaction effects of SD
with other clinical variables (age, PSA, F/T and DRE)
were considered in models created for three separate
groups of patients with respect to the number of pre-
vious biopsies (Figure 1A,B,C). Lower values of SD
(indicating higher number of biopsy samples) were
associated with higher cancer DR. This association
varied with respect to patient age and the number
of previous biopsies. In patients younger than
65 years undergoing their first repeat biopsy, in-
crease in the number of biopsy samples was associ-
ated with a more pronounced improvement in DR
than in older men (Figure 1A).

This interaction of SD with age was significant
in group A (1* re-biopsy) only. In practical terms,

this means that more extensive sampling seems
to be worthwhile at the first re-biopsy in younger pa-
tients where it may lead to higher cancer detection.
Coincidentally, these are men most likely to benefit
from radical treatment [13]. Positive DRE and low-
er F/T values were associated with a higher detec-
tion rate, as previously reported [7, 14], but showed
no interaction with SD.

The DR of repeat prostate biopsies in our study
was similar to or higher than previously reported
[10, 11, 12]. It remained identical across groups
A to C despite several previous reports showing that
DR (as well as clinical significance of tumours) de-
crease with every repeated biopsy [15]. Our constant
DR was at the cost of increased sampling in groups
B and C, compared to group A, measured by both
median number of cores and by sampling density.
DR would have likely been less on the second and
further re-biopsy, if the extent of sampling had been
identical as in the first re-biopsy.

Main criticisms of the present study will revolve
around its retrospective nature and the limita-
tions resulting thereof, as well as its belatedness.
Firstly, the lack of a critical appraisal of the initial
biopsy must be noted. It has been shown that DR
of the first repeat biopsy is 39% and 28% when per-
formed after an initial sextant or extended biopsy,
respectively [16]; on our cohort of patients, the
extent of the initial negative biopsy could not be
accounted for. Likewise, it may have been worth-
while to assess the presence of HGPIN or ASAP
in the negative biopsies preceding those included
in this analysis. This information was not available
retrospectively. Relating the number of samples
to the total prostate volume in the concept of SD
may represent a source of bias, as large prostate
glands owe their size to the hyperplastic transition
zone, while most cancers arise in the thinned pe-
ripheral zone. The net result would be diminishing
of the effect size of SD on PC detection, rather than
overestimating it. Further validation of our results
would require an independent analysis performed
in a prospective manner on a different set of data,
something hard to expect at present. A majority
of patients now undergo multi-parametric magnetic
resonance imaging as a prelude to their repeat bi-
opsy and the combination of MRI and ultrasound
targeting has been shown to improve the detection
of clinically significant cancer [17]. However, this
latest technology will not be available immediately
on a large scale and its clinical effectiveness re-
mains to be proven.

Repeat TRUS-biopsies expose patients to the risk
of complications, bring them discomfort and repre-
sent an economic burden on the health care system.
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Studies are under way to improve diagnostic accu-
racy of prostate biopsies using sophisticated imaging
or new tumour markers; however, until these are
validated and possibly result in the change of cur-
rent practice, adequate quality of the initial and first
repeat biopsy cannot be overstated.

CONCLUSIONS

Our study is the first to our knowledge to investigate
the impact of SD in a large population of patients un-
dergoing repeat prostate biopsies. The data confirm
previous knowledge that more extensive prostate

sampling leads to a higher cancer DR on repeat pros-
tate biopsies. However, this effect seems to be par-
ticularly pronounced in men younger than 65 years
undergoing their first repeat prostate biopsy.
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