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ffect of Percentage of
ositive Prostate Biopsy Cores on
iochemical Outcome in Low-risk PCa
reated With Brachytherapy or 3D-CRT
ark L. Pe, Edouard J. Trabulsi, Ramalinga Kedika, Edward Pequignot, Adam P. Dicker,

eonard G. Gomella, and Richard K. Valicenti

BJECTIVES To investigate the significance of the percentage of positive biopsy cores (PPBCs) in predicting
the biochemical outcome in patients with low-risk prostate cancer undergoing brachytherapy or
three-dimensional conformal external beam radiotherapy (3D-CRT).

ETHODS We retrospectively reviewed 360 patients with low-risk prostate cancer who had undergone low
dose-rate brachytherapy (125I) or 3D-CRT from 1993 to 2006. Of the 360 patients, 189 had
undergone 3D-CRT and 171 had undergone brachytherapy. The patients were stratified accord-
ing to treatment modality and PPBCs (�34%, 34%-50%, �50%). Biochemical failure was
defined by the 2006 Radiation Therapy Oncology Group-American Society for Therapeutic
Radiology and Oncology, Phoenix Consensus Conference definition.

ESULTS The median follow-up in the 3D-CRT and brachytherapy groups was 51 and 37 months,
respectively. The number of patients who had a PPBCs of �34%, 34%-50%, and �50% in the
3D-CRT and brachytherapy cohorts was 154, 26, and 9 and 133, 25, and 15, respectively. The
5-year freedom from biochemical failure rate for 3D-CRT and brachytherapy was 95% and 96%,
respectively; the corresponding median prostate-specific antigen nadirs were 0.7 and 0.3 ng/mL
(P � .001). No significant differences were found in age, stage, Gleason score, or PPBCs between
the 2 cohorts. Cox regression analysis showed that the pretreatment prostate-specific antigen
level, stage, PPBCs, and treatment modality did not predict for the time to biochemical failure.
When stratified by PPBCs, no significant difference in FFBF for either modality was seen.

ONCLUSIONS In patients with low-risk prostate cancer, brachytherapy and 3D-CRT remain excellent treat-
ment choices, regardless of the tumor volume as estimated by the PPBCs. Longer follow-up and
the recruitment of men with a greater volume of disease (�50% PPBCs) are needed to confirm

these preliminary findings. UROLOGY 73: 1328–1335, 2009. © 2009 Elsevier Inc.
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t is estimated that over 186 000 men were diagnosed
with prostate cancer in 2008, accounting for nearly
25% of newly diagnosed cancer in the male popula-

ion.1 In the era of prostate-specific antigen (PSA)
creening, prostate cancer has undergone a significant
ownward stage and risk migration.2 Since 1989, the
roportion of low-risk prostate cancer, defined as clinical
tage T1 or T2a, Gleason score �6, and pretreatment
SA level �10 ng/mL, has increased.3,4 Particularly for
his patient population, several treatment options are
vailable that yield similar biochemical and clinical out-
omes. However, an increasing trend to use brachyther-
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py or external beam radiotherapy as the treatment mo-
ality for low-risk prostate cancer is occurring.3

A general consensus has been reached in defining
linical T stage, serum PSA level, and biopsy Gleason
core as independent predictors of biochemical progres-
ion-free survival after radical prostatectomy, external
eam radiotherapy, or brachytherapy.4 In addition, stud-
es have shown that the percentage of positive biopsy
ores (PPBCs) in clinically organ-confined prostate can-
er might have prognostic significance in predicting post-
reatment biochemical failure and adverse pathologic fea-
ures, as well as prostate cancer-specific mortality, for
atients treated with either surgery or radiotherapy.5-11

lthough the PPBCs have particular predictive value in
he intermediate-risk group, few studies establishing its
alue in patients with low-risk prostate cancer exist.
urthermore, reports describing the prognostic role of the

PBCs after brachytherapy are also limited.8-10
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Given the increasing incidence of low-risk prostate
ancer and increased use of brachytherapy and external
eam radiotherapy in this patient population, awareness
s growing of the need for better prognostic variables to
redict clinical outcome in this population. In this study,
e investigated the significance of PPBCs in predicting
iochemical outcome in patients with low-risk prostate
ancer, comparing the treatment modalities of brachy-
herapy and three-dimensional conformal beam radio-
herapy (3D-CRT).

ATERIAL AND METHODS

atient Selection
rom 1993 to 2006, a total of 360 patients with low-risk
rostate cancer (PSA �10 ng/mL, Gleason score �6, and
linical Stage T1c or T2a) evaluated at the Kimmel Cancer
enter Genitourinary Multidisciplinary cancer clinic at Thomas

efferson University were retrospectively identified. Of these
60 patients, 189 had undergone 3D-CRT and 171 had under-
one brachytherapy. Patients undergoing androgen suppression
herapy were excluded. Table 1 lists the pretreatment demo-

Table 1. Patient demographics and characteristics

Variable 3D-CRT Brachytherapy

Age (y)
Median 70 65
Range 49-83 42-78

Ethnicity
African American 36 (18.3) 18 (9.3)
White 153 (77.7) 164 (85.0)
Other/not specified 8 (4.1) 10 (5.2)

Clinical stage
T1a 1 (0.5) 0 (0)
T1b 1 (0.5) 2 (1.0)
T1c 151 (76.6) 154 (79.8)
T2a 44 (22.3) 37 (19.2)

PSA (ng/mL)
Median 6.5 5.7
Range 0.6-9.9 0.8-9.8

PPBCs
�34% 154 (81) 133 (78)
34%-50% 26 (14) 25 (15)
�50% 9 (5) 13 (8)

PSA nadir (ng/mL)
Median (P � .01) 0.7 0.3
Range 0.01-4.79 0.01-4.40
PPBC �34% (P �

.001)
0.6 0.3

PPBC 34%-50%
(P � .017)

0.7 0.3

PPBC �50% (P �
.06)

1.4 0.3

5-y FFBF (%) 95 96
Follow-up (mo)

Median 51 37
Range 1-148 1-114

Total patients (n) 189 (52.5) 171 (47.5)

3D-CRT � three-dimensional conformal radiotherapy; PSA � pros-
tate-specific antigen; PPBCs � percentage of positive biopsy
cores; PSA � prostate-specific antigen; FFBF � freedom from
biochemical failure.
raphics of the patient population. s

ROLOGY 73 (6), 2009
taging and Treatment
he patient evaluation included the initial history and physical
xamination, digital rectal examination, and serum PSA deter-
ination. Staging bone scans and computed tomography scans

f the abdomen and pelvis were performed in all patients. A
ransrectal ultrasound-guided biopsy of the prostate was per-
ormed before evaluation and treatment. Transrectal ultrasound
iopsies were conducted in a sextant fashion, with a minimum
f 6 cores sampled. The PPBCs was obtained by dividing the
otal number of cores with prostate cancer by the total number
f cores obtained. Clinical staging was performed using the
002 American Joint Committee on Cancer staging system.12

SA measurements were obtained using standard assays at sev-
ral different laboratories, according to patient location and
nsurance requirements.

Prostate-only radiotherapy, through either brachytherapy or
D-CRT, was the only treatment option used for this patient
opulation. The men treated with low-dose-rate brachytherapy
ere implanted with 125I seeds planned to give a minimal dose
f 145 Gy with a margin of 3-5 mm. The postimplant percent-
ge of prostate volume receiving 100% of the prescribed min-
mal peripheral dose and minimal dose received by 90% of
arget volume was 96% � 4% and 193 � 27 Gy, respectively.
he 3D-CRT doses were prescribed to the 95% isodose line,
ith a median dose of 73.8 Gy. Intensity-modulated radiother-
py was established as the preferred modality for external beam
adiotherapy at our institution in 2003.

ollow-up
he median follow-up for the 3D-CRT group was 51 months

range 1-148). The median follow-up for the brachytherapy
roup was 37 months (range 1-114). PSA failure was defined by
he Radiation Therapy Oncology Group-American Society for
herapeutic Radiology and Oncology, Phoenix Consensus
onference definition: an increase by �2 ng/mL greater than

he nadir PSA level.13 The patients were followed up routinely
ith regular PSA measurements and physical examinations
very 3-6 months.

tatistical Analysis
Cox regression multivariate analysis was performed to

ssess the ability of the pretreatment PSA level, clinical
tage, PPBCs (continuous), and treatment modality to pre-
ict the time to post-treatment failure. No variables signif-
cantly predicted for biochemical failure (Table 2). The
reakpoints of PPBC of �34%, 34%-50%, and �50% were
sed for the present study. Biochemical progression-free sur-
ival was estimated using the actuarial method of Kaplan and
eier (Statistical Analysis Systems, version 9.1.3, SAS In-

Table 2. Cox multivariate analysis predicting time to
biochemical failure

Variable Hazard Ratio P Value

PPBC (continuous) 0.99 0.44
T stage (T2 vs T1) 1.1 0.51
PSA (continuous) 1.2 0.18
Treatment (brachytherapy

vs 3D-CRT)
0.85 0.78

Abbreviations as in Table 1.
titute, Cary, NC) and was stratified among the PPBC break-
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oints of �34%, 34%-50%, and �50%, as well as by brachy-
herapy vs 3D-CRT.14

ESULTS
he patient treatment demographics are listed in Table
. Of the 360 patients included in this study, 189 had
ndergone 3D-CRT and 171 had undergone brachyther-
py. The median age of the 3D-CRT group was 70 years
range 49-83), and the median age for the brachytherapy
roup was 65 years (range 42-78). Most patients in both
roups had Stage cT1c disease (77% 3D-CRT and 80%
rachytherapy). The median follow-up was 52 months
range 1-148) for the 3D-CRT group and was 36 months
range 1-114) for the brachytherapy group. The number
f patients who had a PPBC score of �34%, 34%-50%,
nd �50% in the 3D-CRT and brachytherapy popula-
ions was 154 (75%), 26% (15%), and 9 (10%) and 133
78%), 25 (15%), and 13 (8%), respectively.

The difference in the median PSA nadir between the
D-CRT and brachytherapy groups was statistically sig-
ificant: 0.7 ng/mL (range 0.01-4.79) and 0.3 ng/mL
range 0.01-4.40), respectively (P � .001). A statistically
ignificant difference was also seen when the 2 treatment
odalities were stratified by the PPBCs.
Figure 1 shows the Kaplan-Meier biochemical failure-

ree survival as a function of treatment modality. The
-year freedom from biochemical failure (FFBF) rate was
6% for the brachytherapy group and 95% for the 3D-
RT group. When stratified by the PPBC groups of
34%, 34%-50%, and 50%, the 5-year FFBF rate for the

rachytherapy group was 94%, 100%, and 100%, respec-

Figure 1. Biochemical failure-free su
ively (Fig. 2). Similarly, when stratified by the PPBC d

330
roups of �34%, 34%-50%, and �50%, the 5-year FFBF
ate for the 3D-CRT group was 96%, 94%, and 75%,
espectively (Fig. 3). The brachytherapy (Fig. 4) and
D-CRT (Fig. 5) cohorts were also stratified by PPBCs of
34% and �34%, with a 5-year FFBF rate of 95% and

00% for the brachytherapy cohort and 96% and 89% for
he 3D-CRT cohort, respectively. No significant differ-
nces were found in the 5-year FFBF rate when stratified
y PPBCs or treatment modality. In this low-risk prostate
ancer population, brachytherapy and 3D-CRT provided
imilar outcomes, regardless of tumor volume as esti-
ated by PPBC.

OMMENT
he pretreatment risk groups established by D’Amico et
l.4 identified a correlation between clinical T stage,
retreatment PSA level, and biopsy Gleason score with
reedom from PSA recurrence. Efforts have been made to
etermine other prognostic variables to aid in predicting
he clinical and pathologic outcomes, as well as to pro-
ide optimal patient counseling regarding treatment mo-
alities. The PPBCs has already been associated with
umor volume,15 adverse pathologic features such as ex-
racapsular extension and seminal vesicle invasion,16 and
arlier disease recurrence after radical prostatectomy.16,17

n addition, increasing evidence has revealed that the
PBCs is an independent prognostic indicator for PSA
ecurrence.

Several reports examining the PPBCs in patients un-
ergoing either radical prostatectomy or radiotherapy
ave shown PPBC to be independent predictor of free-

l stratified by treatment modalities.
om from biochemical relapse.5-7 These studies have

UROLOGY 73 (6), 2009
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hown a particularly strong prognostic significance
mong patients stratified to the intermediate-risk group,
lthough a positive correlation was seen throughout all
isk groups.

The data regarding the correlation between the PPBCs

igure 2. Biochemical failure-free survival for brachytherap
roups of �34%, 34-50%, and �50%.

igure 3. Biochemical failure-free survival of three-dimensi
ercentage of positive biopsy core groups of �34%, 34-50
nd brachytherapy have revealed similar findings. In pa- c

ROLOGY 73 (6), 2009
ients undergoing brachytherapy for clinically localized
rostate cancer, Rossi et al.8 also found a correlation of
umor volume, as determined by the PPBCs, with the
ime to PSA failure. They reported that patients with
50% positive biopsy cores had a 5-year estimated bio-

pulation, stratified by percentage of positive biopsy core

conformal external beam radiotherapy group, stratified by
nd �50%.
y po
onal
hemical-free survival rate of 95% and patients with

1331
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50% positive biopsy cores had a 5-year biochemical-
ree survival rate of 63%. Merrick et al.,9 studying 262
atients who had undergone brachytherapy, found a sig-
ificant trend for PSA failure with increasing PPBCs in
he overall population but did not find statistical signif-

igure 4. Biochemical failure-free survival for brachythera
34% and �34%.

igure 5. Biochemical failure-free survival for three-dimens
ercentage of positive biopsy cores of �34% and � 34%.
cance in predicting 5-year biochemical free relapse when a

332
tratified by low-, intermediate-, and high-risk disease
roups. Statistical significance was achieved, however, in

later study that included 7 years of follow-up and
ecruitment of 150 additional patients.10

Although previous studies have established the PPBCs

roup, stratified by percentage of positive biopsy cores of

conformal external beam radiotherapy group, stratified by
py g
ional
s a significant predictor of PSA failure in the interme-

UROLOGY 73 (6), 2009



d
s
h
s
(
d
t
c
c
T
b
p
b
m

n
i
g
i
b
t
r
t
m
w
m
P
m
�
3
m
t
b
w
b

w
t
b
a
t
i
s
t
n
(
l
d
a
m
a
�
i
t
c
a

C
L
s
t
r
m
b
p
m
p
b
t

R

1

1

1

1

1

U

iate-risk group, limited data are available regarding its
ignificance in patients with low-risk disease. Recently,
owever, D’Amico et al.11 found that the PPBCs was a
ignificant predictor of prostate cancer-specific mortality
PCSM) in 421 patients with low or favorable interme-
iate-risk disease who underwent 3D-CRT. In particular,
hey showed that for patients with �50% positive biopsy
ores, the relative risk of PCSM was 6-12-fold greater
ompared with men with �50% positive biopsy cores.
hey hypothesized that because the PPBCs is known to
e directly associated with tumor volume and adverse
athologic features, patients undergoing 3D-CRT might
e harboring occult or local micrometastatic disease and
ight ay be inadequately treated using 3D-CRT alone.
Although several studies have documented the prog-

ostic significance of the PPBCs in predicting biochem-
cal failure after treatment, scant data are available re-
arding the PPBCs as an independent risk factor of failure
n the low-risk prostate cancer population treated with
rachytherapy or external beam radiotherapy. Brachy-
herapy and external beam radiotherapy have similar
esults regarding the time to biochemical relapse in pa-
ients with low-risk disease.18-20 However, tumor volume
ight play a role in biochemical relapse and PCSM,
hich could lead to a change in treatment regimens. As
entioned, D’Amico et al.11 stated that an increase in
CSM was seen in patients with low-to favorable inter-
ediate-risk disease treated with 3D-CRT who had
50% PPBC. For these patients, they recommended

D-CRT dose-escalation techniques or adjuvant hor-
onal therapy. Although they did not stratify for pre-

reatment risk groups, Rossi et al.8 also found adverse
iochemical outcomes in their brachytherapy patients
ith a PPBCs �50%, leading them to no longer offer
rachytherapy as an option to this patient population.

In our study, we retrospectively reviewed 360 patients
ith low-risk prostate cancer and evaluated the prognos-

ic significance of the PPBCs in predicting the time to
iochemical relapse for patients receiving either brachyther-
py or 3D-CRT. The pretreatment PSA level, PPBCs, or
reatment modality did not predict the time to biochem-
cal failure. This might have been influenced by both the
low rate of biochemical recurrence in the low-risk pros-
ate cancer population, as well as the relatively few
umber of patients presenting with high-volume disease
PPBCs �50%). Additional studies with longer fol-
ow-up and recruitment of patients with high-volume
isease are needed to confirm our preliminary findings. In
ddition, we found no difference between the 2 treat-
ent modalities when the PPBCs were factored into our

nalysis. When stratifying between PPBC groups of
34%, 34%-50%, and �50%, the PPBCs did not signif-

cantly predict the time to biochemical relapse in either
he 3D-CRT or brachytherapy group, a finding that is
onsistent with the previous studies by D’Amico et al.5
nd Merrick et al.9,10

ROLOGY 73 (6), 2009
ONCLUSIONS
ow-risk prostate cancer has become the predominant pre-
entation of disease in clinical practice today.2 In addition,
here is an increasing trend for patients in this group to
eceive radiotherapy or brachytherapy as curative treat-
ent.3 When considering the tumor volume, as measured

y the PPBCs, we found no significant difference between
atients receiving brachytherapy or 3D-CRT for the treat-
ent of low-risk disease. On the basis of these findings, in

atients with low-risk prostate cancer, we believe that
rachytherapy and external beam radiotherapy remain good
reatment options, even with a high volume of disease.
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DITORIAL COMMENT
he quest for a better prediction of the prognosis of the indi-
idual patient with prostate has made no quantum leaps during
he past 10 years. Although the correlation between the tumor
olume and outcome was demonstrated quite some time ago,1

ethods for measuring the tumor volume from the biopsy
esults have not been consistently established. D’Amico et al.2

ound that the percentage of positive biopsy cores (PPBCs)
redicted prostate cancer-specific mortality in patients with low
r favorable intermediate-risk disease who underwent three-
imensional conformal radiotherapy. However, Williams et
l.,3 in a recent publication, found this parameter to add only
inimal ability to predict for biochemical failure in a similar

ohort of patients.
In the present study, the authors found no correlation be-

ween the PPBCs and biochemical failure in patients who
nderwent low-dose-rate brachytherapy or external beam radio-
herapy (EBRT). EBRT showed a trend toward more biochem-
cal recurrence in patients with a greater PPBCs (25% vs 4% in
he low PPBC group), although no such trend was seen in the
rachytherapy cohort. However, because of the small number of
atients in the PPBC �50% group, the power of this retrospec-
ive study might have been too low to detect a true difference
n the EBRT group. Thus, these results are hypothesis generat-
ng at best: because low-dose-rate brachytherapy is a form of
ose escalation, the results might not have been as sensitive
gainst the tumor volume as those of EBRT. This theory has
een confirmed by the findings of Williams et al.3: the influence
f PPBCs varied significantly with the radiation dose (P � .02),
ith doses �66 Gy and palpable tumors showing the strongest

elationship between the PPBCs and biochemical failure.
To further evaluate this issue, a better parameter than the

PBCs should be used. Freedland et al.4 compared the PPBCs
ith the percentage of total biopsy tissue with cancer and found

he second parameter to be more predictive for advanced patho-
ogic features and prostate-specific antigen recurrence after rad-
cal prostatectomy. In a recent systematic review on the sub-
ect,5 this was confirmed, as was the general predictive power of
his parameter. However, the marked variability in study design,

onduct, and reporting currently precludes a meta-analysis of t

334
he evaluated studies.5 More prospective work is necessary to
efinitely establish the information from the biopsies as a solid
rognostic parameter for the various local treatments of prostate
ancer.

urt Miller, M.D., Department of Urology, Charité
indenburgdamm, Berlin, Germany
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EPLY
n the prostate-specific antigen (PSA) era, much effort has been
ade to search for variables defining clinically significant can-

er from indolent disease. This quest for the “Holy Grail” has
ed to a number of prognostic indicators that serve as guidelines
or clinicians to stratify risk and direct patient care.1

In our study, we did not find any statistically significant
orrelation between the percentage of positive biopsy cores
PPBCs) and the treatment modality. We acknowledge the
ain limitations of our report, in particular, the small cohort

ize of patients with a high tumor volume (PPBCs �50%) and
he length of follow-up. This is of particular importance, espe-
ially because the patients included were defined as having
low-risk” disease. We await long-term data allowing for the
ecruitment of more subjects and longer follow-up. However,
e are confident that for the low-risk patient population, the
PBCs should not prevent physicians from recommending ex-
ernal beam radiotherapy or brachytherapy as treatment op-
ions.

We agree that the perfect prognostic indicators for prostate
ancer have yet to be determined. The PPBCs and the percent-
ge of cancer on biopsy are 2 proposed methods of estimating
he tumor volume. Multiple studies have shown that the PPBCs
erves as an independent predictor of biochemical recurrence
nd prostate cancer-specific mortality, regardless of treatment
odality.2–5 The prognostic significance of the percentage of

ancer on biopsy has also been demonstrated.6 In the recent
eview by Harnden et al.,7 many of the larger studies showing

he significance of the PPBCs in predicting for biochemical
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