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Abstract

Purpose: To investigate the differences in prostate-specific antigen (PSA) bounce (PB) after high-dose-rate (HDR-BT)
or low-dose-rate (LDR-BT) brachytherapy alone in prostate cancer patients.

Materials and methods: Ninety-four patients with localized prostate cancer (T1-T2cN0), age ranged 50-81 years,
were treated with brachytherapy alone between 2008 and 2010. Patients were diagnosed with adenocarcinoma, Glea-
son score < 7. The LDR-BT total dose was 144-145 Gy, in HDR-BT - 3 fractions of 10.5 or 15 Gy. The initial PSA level
(iPSA) was assessed before treatment, then PSA was rated every 3 months over the first 2 years, and every 6 months
during the next 3 years. Median follow-up was 3.0 years.

Results: Mean iPSA was 7.8 ng/ml. In 58 cases, PSA decreased gradually without PB or biochemical failure (BF).
In 24% of patients, PB was observed. In 23 cases (24%), PB was observed using 0.2 ng/ml definition; in 10 cases (11%),
BF was diagnosed using nadir + 2 ng/ml definition. The HDR-BT and LDR-BT techniques were not associated with
higher level of PB (26 vs. 22%, p = 0.497). Time to the first PSA rise finished with PB was significantly shorter after
HDR-BT then after LDR-BT (median, 10.5 vs. 18.0 months) during follow-up. Predictors for PB were observed only
after HDR-BT. Androgen deprivation therapy (ADT) and higher Gleason score decreased the risk of PB (HR = 0.11,
p = 0.03; HR = 0.51, p = 0.01). The higher PSA nadir and longer time to PSA nadir increased the risk of PB (HR 3.46,

p =0.02; HR 1.04, p = 0.04). There was no predictors for PB after LDR-BT.

Conclusions: HDR-BT and LDR-BT for low and intermediate risk prostate cancer had similar PB rate. The PB oc-
curred earlier after HDR-BT than after LDR-BT. ADT and higher Gleason score decreased, and higher PSA nadir and
longer time to PSA nadir increased the risk of PB after HDR-BT.

J Contemp Brachytherapy 2018; 10, I: 1-9
DOI: https://doi.org/10.5114/jc0.2018.73/86

Key words: bounce, brachytherapy, HDR, LDR, monotherapy, prostate cancer, PSA.

Purpose

Prostate brachytherapy (BT) is one of recommended
treatment methods in early-stage prostate cancer [1,2,3,
4,5]. Biochemical control is defined as a stable low pros-
tate-specific antigen (PSA) level after BT. Biochemical fail-
ure (BF) after radiotherapy is defined as a PSA nadir value +
2 ng/ml (Phoenix) or as three consecutive increases in PSA
(ASTRO) [6]. However, PSA levels may fluctuate during
post-radiotherapy follow-up, without any clinical signs
of cancer recurrence [7,8]. These benign PSA fluctuations
are known as PSA bounces (PB), and are often observed
after BT and/or external beam radiotherapy (EBRT). This
phenomenon was first described in 1997 by Wallner [9].
Such variations are rarely observed after other treatment
modalities, such as surgery, high intensity focused ultra-
sound, or cryotherapy [10]. The reported frequency of PB
> 0,2 ml/ng after low-dose-rate brachytherapy (LDR-BT)

varies between 30% and 40% over the first 2 years [7,11,
12,13,14]. A few studies have described PB after high-
dose-rate brachytherapy (HDR-BT) as monotherapy, and
reported frequency of PB in such instances was over > 40%
[15,16]. A high and long lasting PB could easily be misin-
terpreted as disease progression, potentially leading to the
unnecessary therapy. Therefore, distinguishing PB from
BF is crucial in follow-up of prostate cancer patients.

Time to PSA rise has been shown to be useful to differ-
entiate between PB and BF after LDR-BT. Merrick et al. ob-
served that 83% of the PB occurred in the first 30 months
of follow-up [17]. Ciezki et al. have observed that BF oc-
curred after a median of 22 months, whereas PB occurred
after a median of 15.1 months (p = 0.013) [18]. Analogous-
ly, Crook et al. have reported PB at 15.2 months and BF at
30.9 months (p = 0.02) [7]. The study from France reported
by Mazeron et al. confirmed the validity of this observa-
tions (17 vs. 27.8 months, p < 0.0001) [13].
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Table 1. Patient characteristics
Factor N N (%) Average Median
+SD
Age [years] 94 100 66 +7.6 66.0
BT
HDR-BT 53 56 = =
LDR-BT 41 44 = =
TNM
Tlc 52 55 = =
T2a 28 30 = =
T2b 4 4 - -
T2c 9 10 = =
n.d. 1 1 - -
Gleason score
<6 77 82 = =
7 14 15 = =
n.d. 3* 3 = =
iPSA 94 100 7.8+3.1 7.3
Risk group
Low 61 65 = =
Intermediate 33 35 - -
ADT
Yes 33 35 = =
No 61 65 = =
Prostate volume 94 100 33.5+12 35.0
[cm’]
PTV [cm?3] 94 100 322 +11 31.0
Do (BED) 94 100 274+120 2430
Follow-up 94 100 3.0+£0.7 3.0
[years]
Nadir PSA 94 100 03+0.7 0.1
[ng/ml]
Time to nadir 94 100 21+ 14 21.0
[months]
PSA events
No PB 58 62 = =
PB 23 24 = =
BF 10 11 - -
CF 3 3 = =

N —number of patients, BT — brachytherapy, HDR-BT — high-dose-rate brachyther-
apy, LDR-BT — low-dose-rate brachytherapy, TNM — tumor nodal staging UICC
7" ed. 2010, iPSA — initial prostate antigen level, ADT — androgen deprivation
therapy, Vol — volume, PTV — planning target volume, Dy, — dose in 90% of
PTV, BED — biological effective dose, PB — PSA bounce, BF — biochemical failure,
CF —clinical failure

*— patients were classified as low-risk group because of other factors

In our study, we reported differences between time of
PSA rise before PB following HDR-BT and LDR-BT, both
with and without androgen deprivation therapy (ADT).
Other goal of this study was to identify the predictive
factors of PB occurrence. The data can be implemented
in daily practice to analyze patient’s PSA changes. It can
help to diagnose PB faster and with greater certainty after
different BT modalities.

Material and methods
Patient characteristics

The analyzed group included 101 patients (aged 50-81
years) with clinically localized prostate cancer (T1-T2cNO),
treated with BT alone from June 2008 to December 2010
in our hospital. All patients underwent BT with curative
intent: LDR-BT (LDR-BT Group) or HDR-BT (HDR-BT
Group). Three patients from the LDR-BT Group and four
from the HDR-BT Group were not observed in our hos-
pital and were excluded from the analysis. The median
post-treatment follow-up lasted 3.0 years. All patients had
biopsy proven adenocarcinoma with a Gleason score <7,
except 3 cases where Gleason scale data were unavailable
(diagnosis made outside our hospital). The average iPSA
value was 7.8 ng/ml (SD % 3.1 ng/ml). Thirty-three pa-
tients were classified as an intermediate-risk group, and
61 patients as the low-risk group. Prostate volume before
treatment was assessed using transrectal ultrasonography
(TRUS). The average prostate volume before treatment
was 35 ml (SD + 12.3 ml). Computed tomography (CT)
or magnetic resonance imaging (MRI) were used in indi-
vidual cases. The patients’ characteristics are presented in
Table 1. Ethical approval for this retrospective study was
sought and obtained from the Ethics Committee of region-
al University of Medical Sciences. All patients consented
to the use of their data for scientific work.

Treatment

Under general anesthetic, patients receiving LDR-BT
were treated with 1] isotope (Eckert & Ziegler BEBIG®
stranded seeds Isocord®, Belgium) using ultrasound
guidance (BK Medical Pro Focus 2202, UK) and the SPOT
planning system (Sonographic Planning of Oncology
Treatment - SPOT Pro 3.1, Nucletron, an Elekta company,
Elekta AB, Stockholm, Sweden). CT was conducted for do-
simetry in 1 day, 1 month, and 3 months after treatment.

Also under general anesthesia, patients in the HDR-BT
Group received the prescribed treatment in three separate
implants (with breaks of 7-14 days between implants),
using HDR Ir BT afterloader (microSelectron® HDR,
Nucletron, an Elekta company, Elekta AB, Stockholm,
Sweden), ultrasonographic guidance (BK Medical Pro Fo-
cus 2202, UK), and the Oncentra Prostate Planning system
version 3.2 (Nucletron, Elekta AB, Stockholm, Sweden).

In both treatment modalities, the clinical target volume
was defined included the prostate capsule. According to
the consensus of Nucletron Users Meeting, November
2009, Budapest, Hungary, the total dose (TD) for LDR-BT
and HDR-BT was changed from 144 to 145 Gy and from
3 fractions of 15 Gy to 3 fractions of 10.5 Gy, respectively.
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Neoadjuvant or adjuvant ADT was used for volume
decrease of large glands (> 60 ml). In some cases, the deci-
sion of ADT use required a recommendation of urologist.
ADT was used in 13 cases from the LDR-BT Group, and in
20 cases from the HDR-BT Group (Table 1).

Evaluation of PSA levels

All PSA analyses were carried out in the diagnostic
laboratory of our hospital. An initial PSA (iPSA) assess-
ment was made in every case prior to treatment. All pa-
tients were seen every 3 months for 2 years and subse-
quently, every 6 months for further 3 years. During each
visit, a clinical examination was carried out and PSA as-
says were performed. BF was defined using the Phoenix
definition of PSA nadir + 2 ng/ml. Clinical failure was
defined as a rising PSA level and a positive TRUS, MR,
CT, or bone scan with X-ray correlation. PSA bounce (PB)
was defined as an increase of > 0.2 ng/ml in PSA level,
followed by a spontaneous decrease to the pre-bounce
level or lower. The amplitude of the PSA rise was the
highest level of PSA classified as PB or BF. The time to
the PSA rise was the period of time in months from the
last day of treatment to the first day of rising PSA that
was classified as PB or BF. Time to nadir was the period
of time in months from the last day of treatment to PSA
nadir.

Physical factors

In this study, data was collected from LDR-BT and
HDR-BT dose volume histograms. No direct comparison
of Dy in Gy (dose in 90% of the target volume) was possi-
ble, due to radiobiological reasons. The Dgyggp (biological
effective dose) for HDR-BT or LDR-BT was calculated us-
ing the following equation: Dgygpp = Doy*BED.

BED for HDR was calculated using derivation from
a linear-quadratic model:

BEDyyp = TD (1 +d/a/p) [19],

where: TD - total dose, d - fraction dose, o/ - 1.5 Gy [20].
BED for LDR BT was calculated using the following equa-
tion:

BED; pg = (RO/2) (1 + [RO/(n +2) (or/ B)]) [21],

where: RO - initial dose rate of implant RO = Dgy*A, A - ra-
dioactive decay constant A = 0.693/T; ,, 1 - repair rate con-
stant, where p = 0.693/T, ,; Ty, - radioactive half-life of
isotope = 60 days, T, , - tissue repair half-time = 1 hour,
o/ - alpha/beta ratio = 1.5 Gy [20].

The median D90g, for LDR-BT and HDR-BT was
274 Gy.

Statistics

Data was collected in a spreadsheet (MS Excel). Sta-
tistical analysis was performed using Statistica 8.0 (Stat-
Soft, Inc. Tulsa, USA). The students unpaired ¢-test was
applied to determine the significance of differences for
continuous variables between the two sample means.

The Mann-Whitney test was used for ordinal and contin-
uous variables without normal distribution. The y? test
was used for categorical variables. PB free survival was
calculated using the Kaplan-Meier method, and compar-
isons between groups were made using the log-rank test.
Univariate Cox regression was used to describe predic-
tive factors for PB. Statistical significance was considered
if p-value was lower than 0.05.

Results

A total of 94 patients were observed in our hospital.
In the entire population studied, 24% of patients experi-
enced PB (Table 1). None of the patients with PB experi-
enced BF during follow-up. The average planning treat-
ment volume (PTV) was 31 ml, and was smaller than an
average prostate volume prior to treatment in 33 cases.
In the follow-up, a median PSA nadir of 0.1 ng/ml was
achieved after a median time of 21 months. In 58 cases,
PSA decreased gradually without further event. In 23 cas-
es (24%), PB was observed using a definition of 0.2 ng/
ml (Table 1). In 10 cases (11%), BF was diagnosed. There
was no significant difference in BF after LDR-BT (1 = 6)
and HDR-BT (n = 4) after a median 3 years of follow-up
(p = 0.49, Table 2). Clinical failure (CF) was observed
in three patients, out of which, one patient from the
LDR-BT intermediate risk group, developed bone me-
tastasis after one year. Two patients from the HDR-BT
Group displayed CF. These were patients from the low-
risk group. One of these two patients was subsequently
diagnosed with bone metastasis, while in the second,
arecurrence was presumed in the prostate owing to find-
ings of positive magnetic resonance and significant eleva-
tion of the PSA level. This latter fact was not verified by
pathology.

HDR-BT vs. LDR-BT

The median follow-up time was longer in the LDR-
BT Group than in the HDR-BT Group (3.1 vs. 2.8 years).
LDR-BT patients were younger than HDR patients (64 vs.
67 years, p < 0.016). Younger age and longer follow-up
time did not increase the PB occurrence in patients after
LDR-BT. The occurrence of PB after LDR-BT was simi-
lar to that observed in HDR cases (26% vs. 22%, p = 0.49,
Table 2). Clinical stage, Gleason score, iPSA, risk group,
and prostate volume were similar in each group. ADT
was used with the same frequency in both groups (LDR-
BT =13 vs. HDR-BT = 20, p = 0.697). HDR-BT delivered
higher Dgggpp than LDR-BT (345 vs. 178 Gy, p < 0.001).
Higher Dgggpp after HDR-BT was not associated with
lower BF, CF, or with differences in PB in the analysis.
PSA nadir and time to nadir were also similar in both the
LDR-BT and HDR-BT groups (0.2 vs. 0.1 ng/ml, p = 0.094,
and 24 vs. 18 months, p = 0.166, respectively). No differ-
ences were observed in the occurrence of BF between
treatment modalities, but follow-up time was too short to
assess the data properly. CF was diagnosed in only three
cases and resulted in exclusion of these patients from fur-
ther analysis for statistical reasons. All data are presented
in Table 2.
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Table 2. A comparison of patients after low-dose-rate or high-dose-rate brachytherapy using the Mann-Whit-
ney test

Factor LDR-BT HDR-BT p value
N N (%) Average + SD Median N N (%) Average + SD  Median
Age [years] 41 100 64.0+7.9 64 53 100 67.8+7.0 69 0.02*
TNM 1
Tlc 22 54 = = 30 57 = =
T2a 13 32 = = 15 28 = =
T2b 2 5 = = 2 4 = =
T2c 3 7 = = 6 11 = =
n.d. 1 2 - - - -
Gleason score 0.17
<6 31 76 = = 46 87 = =
7 9 22 = = 5 9 = =
n.d. 1 2 = = 2 4 = =
iPSA [ng/ml] 41 100 83+33 8 53 100 74+29 7.1 0.15
Risk group 0.36**
Low 24 59 = = 37 70 = =
Intermediate 17 41 = = 16 30 = =
ADT 0.69**
Yes 13 32 = = 20 38 = =
No 28 68 = = 33 62 = =
Prostate vol [cm?] 41 100 33.5 +£10.6 35 53 100 33.6 +13.5 33 0.98*
Follow-up [years] 41 100 31+0.7 3 53 100 2.8+0.8 2.8 0.04*
PTV [cm?] 41 100 31.8+10.3 31 53 100 32.6 £11.7 314 0.73*
D90gp [GY] 41 100 178.4 +£12.5 180 53 100 345.5+£115.9 255.8 <0.01
Nadir PSA [ng/ml] 41 100 0.5+1.1 53 100 0.2+04 0.1 0.09
Time to nadir [months] 41 100 23.7+14.1 24 53 100 19.5+14.9 18 0.17
PSA events
No PB 23 56.1 = = 35 66.0 = = 0.49
PB 11 26.8 = = 12 22.6 = =
BF 6 14.6 = = 4 7.5 = =
CF 1 2.4 = = 2 3.8 = = =

N — number of patients, SD — standard deviation, HDR-BT — high-dose-rate brachytherapy, LDR-BT — low-dose-rate brachytherapy, TNM — tumor nodal staging
UICC 7™ ed. 2010, iPSA — initial prostate antigen level, ADT — androgen deprivation therapy, Vol — volume, PTV — planning tumor volume, Dy, — dose in 90% of PTV,

BED — biological effective dose, PB — PSA bounce, BF — biochemical failure, CF —
*Students unpaired t test, **y? test, ***y? test with Yates correction, ****

The univariate Cox proportional hazards regression
demonstrates that variables predictive for PB were only after
HDR-BT (Table 3). The use of ADT decreased around 9 times
the risk of PB. One Gleason score more reduced almost
2 times the risk of PB after HDR-BT (HR = 0.51, CI: 0.3-0.87,

clinical failure

excluded form analysis. Significant p values are underlined

p = 0.01). PSA nadir and time to nadir influenced the risk of
PB in HDR-BT Group as well. 1 ng/ml higher PSA nadir in-
creased more than 3 times the risk of PB (HR = 3.46, CI: 1.119-
10.03, p = 0.02) and nadir reached 1 month later, increased the
risk by around 4% (HR = 1.04, CI: 1.00-1.04, p = 0.04, Table 3).
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Table 3. Cox regression analysis of clinical and pathologic characteristics associated with prostate-specific
antigen bounce after low-dose-rate (LDR) or high-dose-rate (HDR) brachytherapy

Factor LDR HDR
95% Cl HR p value 95% Cl HR p value

Tumour stage 0.54-1.54 0.92 0.74 0.58-1.37 0.9 0.63
Gleason score 0.53-1.19 0.79 0.25 0.3-0.87 0.51 0.01

iPSA 0.84-1.27 1.03 0.75 0.96-1.35 1.14 0.13
Risk group 0.08-1.74 0.38 0.21 0.21-2.91 0.79 0.72
ADT 0.13-1.81 0.48 0.28 0.1-0.85 0.1 0.03
Prostate volume (cm?3) 0.99-1.00 1 0.76 0.93-1.02 0.97 0.28
Dy (BED) 0.93-1.02 0.98 0.27 0.99-1.00 1 0.89
Nadir PSA (ng/ml) 0.83-11.90 3.14 0.09 1.19-10.03 3.46 0.02
Time to nadir (months) 0.97-1.06 1.01 0.49 1.00-1.08 1.04 0.04

HDR — high-dose-rate, LDR — low-dose-rate, IPSA — initial prostate specific antigen, ADT — androgen deprivation therapy, Dqo — dose in 90% of PTV, BED — biological
effective dose, Cl — confidence interval, HR — hazard ratio

Table 4. Comparison of patients with prostate-specific antigen bounce in low-dose-rate and high-dose-rate
brachytherapy groups using the Mann-Whitney test

Factor LDR-BT PSA bounce HDR-BT PSA bounce p value
N N (%) Average + SD Median N N (%) Average + SD Median
Age [years] 11 100 62.2+49 62 12 100 65.7+ 6.7 66.5 0.16™
TNM 0.79
Tlc 7 63.6 = = 9 75.0 = =
T2a 3 273 = = 1 8.3 = =
T2b 1 9.1 = = = = = =
T2c = = = 2 16.7 = =
Gleason score 0.34
<6 10 90.9 = = 12 100 = =
7 1 9.1 = = = = = =
iPSA [ng/ml] 11 100 79+34 7.7 12 100 85+3.7 7.9 0.62
Risk group 0.91**
Low 9 81.8 = = 9 75.0 = =
Intermediate 2 18.2 = = 3 25.0 = =
ADT 0.93**
Yes 9 81.8 = = 11 91.7 = =
No 2 18.2 = = 1 8.3 = =
Prostate vol [cm?] 11 100 37.3+95 38 12 100 289+12.1 28 0.08*
PTV [cm?3] 11 100 30.8+7.3 30.2 12 100 311+9.5 28.9 0.94*
D90gep [GY] 11 100 170.4 +24.9 175.7 12 100 346.2 £ 124 254.9 <0.01
Follow-up [years] 11 100 32+0.6 3.1 12 100 31+0.9 2.9 0.23
Nadir PSA [ng/ml] 11 100 04+04 0.4 12 100 04+04 0.3 0.54
Time to nadir [months] 11 100 26.1+13.9 30 12 100 28.5+13 33 0.69*
Amplitude of PSA chang- 11 100 0.7+11 0.4 12 100 0.8+0.5 0.7 0.14
es[ng/ml]
Time to PSA rise 11 100 189+ 6.4 18 12 100 10.7 £ 4.8 10.5 <0.01*

N — number of patients, SD — standard deviation, HDR-BT — high-dose-rate brachytherapy, LDR-BT — low-dose-rate brachytherapy, TNM — tumor nodal staging
UICC 7" ed. 2010, iPSA - initial prostate antigen level, ADT — androgen deprivation therapy, Vol — volume, PTV — planning target volume, Dg, — dose in 90% of PTV,
BED — biological effective dose

*Students unpaired t test, **y? test. Significant p values are underlined
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PSA bounce after LDR-BT or HDR-BT

There was no difference in age between PB patients
of the LDR-BT and HDR-BT Group. The patients had
average ages of 62 and 66 years, respectively, p = 0.165
(Table 4). Clinical stage, Gleason score, and risk group
were all found to be statistically insignificant in PB pa-
tients. ADT was also used with similar frequency in
patients with PB (81.8 vs. 91.7%, p = 0.935). The volume
of prostate and PTV for treatment were similar in both
groups (average 37 cm® and 30.8 cm? for LDR-BT, and 29
cm® and 31 cm® for HDR-BT, respectively). HDR-BT de-
livered higher mean Dyyprp (346 Gy) than was observed
in LDR-BT (170 Gy), p < 0.01. Higher Dgyggp after HDR-
BT did not influence PB rate, and was not associated with
alower BF rate in the analysis. The PSA nadir and time to
nadir were similar in both HDR-BT and LDR-BT Groups,
(median 0.3 vs. 0.4 ng/ml, p = 0.538, average 26 vs. 28
months, p = 0.691, respectively).

Time to PSA rise before PB was significantly differ-
ent between both groups. After HDR-BT, PSA levels in-
creased after an average of 10.5 months; an increase in the
LDR-BT Group was observed after 18 months, p = 0.003
(Table 2, Figure 1). The difference made a trend in free-
dom from PB assessed with the Kaplan Meier method and
the log-rank test (p = 0.07, Figure 2). The amplitude of PSA
rises was similar in both groups (0.8 vs. 0.7 ng/ml). No pa-
tients with PB experienced BF or clinical failure. All data
are presented in Table 4.

Discussion

PB was first described over twenty years ago, and is
still a challenge for both physicians and patients. PB after
BT has been widely described in patients after LDR-BT
[7,12,22]. To date, only few studies have been published
regarding PB after HDR-BT as a monotherapy. The num-
ber of patients after HDR-BT is rising, and both physicians
and patients, must be aware of the different PSA kinetics,
in comparison to LDR-BT. In this study, we aimed to high-
light the main differences between PSA kinetics after LDR-
BT or HDR-BT, and to describe the predictive factors for PB
in order to reduce the likelihood of unnecessary treatment.

45
4.0 1
3.5 1

1 3 6 9 12 15 18 21 24 30 36 42 48
Follow-up (months)

—-e— HDR —-o— LDR

Fig. 1. The graph presents the average prostate-specific an-

tigen (PSA) level in patients with prostate-specific antigen

bounce after low-dose-rate (LDR) or high-dose-rate (HDR)

brachytherapy

In general, PB after LDR-BT is diagnosed in 28-49%
of cases using a well-established 0.2 ng/ml definition
[7,8,11,13,14]. In around 10% of cases, PB exceeds the
2 ng/ml limit [11]. In our study, PB was diagnosed in
24.5%, and the frequency of PB was similar in groups
after LDR-BT (27%) and after HDR-BT (23%). In the re-
port of Mehta et al., PB rate after HDR-BT (n = 157) alone
was significantly higher (43%) than in our study [16]. Mc-
Grath et al. observed PB frequency after EBRT + HDR-BT
boost (n = 407), LDR-BT (n = 191), and HDR-BT (n = 91),
and found that the PB rate after HDR-BT alone was 46%
in their analysis of patients with and without ADT [15].
In this study, PB rate was significantly higher after HDR-
BT than after others modalities: using a PB definition
of 0.3 ng/ml, the results were HDR-BT = 40%, HDR-BT
boost =29%, and LDR-BT = 25% (p = 0.04) or, when using
a definition of 0.5 ng/ml, the results were HDR-BT =29%,
HDR-BT boost = 18%, and LDR-BT = 16% (p = 0.02). Oth-
er analyzed definitions from 0.1 ng/ml to 4.0 ng/ml were
not found to be significant. The PB rate in our study was
lower than those reported in the literature, even when the
same definition was used, although median follow-up in
our study was only 3 years. The median follow-up peri-
ods in the studies of Mehta et al. and McGrath et al. were
4.6 and 4.0 years, respectively [15,16].

Age was one of the first and most frequently de-
scribed predictive factors for PB. Many studies, looking
at patients aged between 60 and 70 years of age, have
shown that younger patients have a higher probability
of PB [7,8,23,24,25,26]. However, some studies observed
no influence of age on the occurrence of PB rate after
LDR-BT [27]. Only few studies were published describ-
ing the frequency of PB after HDR-BT. Mehta et al. had
defined the age < 55 years as being a predisposing factor
for PB in univariate and multivariate analyses (OR = 2.02,
p < 0.01, and OR = 222, p < 0.01, respectively) [16].
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Fig. 2. The Kaplan-Meier curves of freedom from pros-
tate-specific antigen bounce (PB) in low-dose-rate (LDR)
or high-dose-rate (HDR) brachytherapy group and theirs
comparison using log rank test (p = 0.07).
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Time to PSA rise differentiates the PSA bounce

McGrath et al. did not assess the age as a predictive factor
[15]. It was hypothesized that the etiology of PB could be
explained with younger age. Younger patients had high-
er androgen level and more active glandular cells, and
were more often sexual active what increases PSA level.
However, older patients had bigger glandular zone, what
suggests different effect on higher PSA level. On the other
hand, in work of Crook et al., the age was a factor for PB
and the potency was a predictive factor for PB in univar-
iate analysis [7].

In our study, the LDR-BT Group was younger than
the HDR-BT Group (64 vs. 67.8 years, p = 0.016, Table 2),
though no increase in the PB rate was observed in the
LDR-BT Group. Regardless of treatment modality, no age
related difference was observed in patients with PB. Pos-
sibly, the effects of age would be more obvious in a larger
study population.

ADT decreases the testosterone and PSA levels. The re-
covery of testosterone as a consequence of the termination
of ADT influences PSA kinetics. Pickels et al. reported in
their analysis of 2,030 men treated for prostate cancer with
EBRT (n = 1581) and LDR-BT (n = 449) with or without
ADT, that PB after LDR-BT was more common in the ADT
group (89% vs. 71%). In their study, any rise in PSA level
that was followed by a fall of any magnitude was defined
as PB. Moreover, Pickels in the subsequent analysis of this
group, observed that ADT prolonged the duration of PB
(6.7 vs. 12.5 month) [28]. McGrath et al. (HDR-BT alone,
n = 93) also reported prolonged PB in the ADT group, us-
ing a definition of 0.1 to 1.0 ng/ml. The PB rate was in-
creased in the ADT group using a definition of absolute
nadir (the lowest PSA in whole follow-up time), but that
difference was not seen when using a definition of current
nadir (the lowest level recorded prior to the current mea-
surements). However, PB in whole group was more often
observed using the current nadir definition [15].

The current nadir definition was used in the studies
of Ciezki et al. They analyzed patients after LDR-BT, and
did not observe any increase in the probability of PB after
ADT (45% ADT vs. 48.4% hormone naive, p = 0.67) [18].
In the study of Toledano et al., ADT had no influence on
either PB rate or on its magnitude [25]. In the study of
Mehta et al., ADT was not associated with an increased
rate of PB in patients after HDR-BT, in neither univari-
ate or multivariate analyses [16]. In our analysis, the ADT
rate in patients with PB was the same in both LDR-BT
and HDR-BT Groups (81.8 vs. 91.7 %, p = 0.935, Table 4),
but only after HDR-BT it reduced 9 times the risk of the
PB (Table 3). In patients after ADT, PSA level falls down
and slowly raises up to stable low level without PB. ADT
naive patients after HDR-BT had higher PSA, could more
easy fulfil the 0.2 ng/ml rise definition. Patients after LDR
who had ADT were still irradiated, what could influence
the prostate tissue and cause the PB more frequent.

Time to the occurrence of PB may help to distinguish
it from BF. It has been reported that PB usually occurs
between 13 to 30 months after LDR-BT [17,26]. Hackett
et al., using a nadir definition of +2 ng/ml, observed 100%
PB during the first 3 years after LDR BT in 530 patients,
and only time to PSA rise independently differentiated

between bounce and failure (p <0.01) [29]. It has also been
stated by Thompson et al. that PB is not observed after
5 years of follow-up, even when using ADT and the 2 ng/
ml definition [30]. According to McGrath ef al., the medi-
an time to PB was 15 months [15]. Similarly, Mehta et al.
observed PB after a median period of 1.3 years [16]. In
our analysis, the time to PB was 10.5 months following
HDR-BT, and 18 months following LDR-BT (p < 0.01,
Table 4). The shorter period leading to PB occurrence
might be explained by the shorter treatment time in the
HDR-BT Group. LDR-BT treatment can last for as much
as 10 half-lives of the isotope, which is almost 2 years for
125] seeds [21]. The later occurrence of PB in the LDR-BT
Group appears to be connected with treatment time in
our study. PB seems to reflect the effects of radiotherapy
on the late responding tissues. Late effects occur earlier
and are more pronounced with higher doses and shorter
treatment times (as is the case with HDR-BT). PB after
HDR-BT was observed earlier in our study than in that of
Mehta et al. (10.5 vs. 15.6 months [1.3 years], respectively)
[16]. We used a higher dose per fraction and a different
schedule, compared to that of the University of California
(3 x10.5 to 15 Gy, 3 implant procedures within 3-4 weeks
vs. 6 x 7 Gy, 2 implant procedures within 1 week).

Time to PSA nadir and nadir PSA were significant
predictors of PSA bounce after HDR-BT in our study.
However, they were not significant predictors after LDR-
BT. In the study by Merrick et al., PSA nadir was signif-
icant predictor for PB after LDR-BT [24]. The investiga-
tors observed that when stratified into 3 different groups
of PSA nadir, patients with PSA nadir > 1.0-0.5 ng/ml
were more likely to have PB (80%) than those with PSA
nadir of 0.5-0.2 ng/ml (50%) and < 0.2 ng/ml (20%,
p < 0.001) [24]. On the other hand, in study reported by
Aaltomaa et al. from Finland, the PB was more commonly
seen in group patients (LDR-BT, n = 444) with PSA nadir
< 0.5 ng/ml than with the higher PSA nadir [31]. In our
study, in patients after HDR-BT, 1 ng/ml higher PSA na-
dir would increase the risk of PB almost 3 and half times
(HR 3.46, p = 0.02, Table 3), and nadir achieved 1 month
later increased the risk of PB in 4% per month.

Gleason score has not been observed as a predictor
PB after LDR-BT [11]. However, in the study of Mehta
et al. with patients after HDR-BT, lower Gleason score
was a predictor of PB in multivariable analysis (OR = 0.66,
p = 0.045) [16]. In our study, we similarly noted, that Glea-
son score had no impact on PB after LDR-BT, but lower
Gleason score in patients after HDR-BT was associated
with higher risk of PB (Table 3). The explanation of Glea-
son score influence seems to be unclear and need further
investigations.

The impact of other physical factors was also investi-
gated in terms of PB. Almost all published studies have
been performed using '®l permanent implantation.
Merrick et al.,, who analyzed 218 patients after LDR-BT
with I (n = 69) or '®Pd (n = 29) and EBRT + LDR-BT
(n = 120), observed that I caused more instances of PB
than 1%Pd [24]. This finding was confirmed in a random-
ized trial conducted by the group and reported by Bos-
tancic et al. It was observed that hormone-naive ?°I patients
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were more than three times as likely as hormone-naive
105pd patients to develop PB (45.7% vs. 14.0%) [32]. 1%°Pd
has a higher dose rate than 1%, but this tendency to higher
dose rates and lower PB rates was not observed in a com-
parison of HDR-BT and LDR-BT. However, in the work
of McGrath, higher PB rates after HDR-BT using 0.3 and
0.5 ng/ml definitions was observed [15]. In our study,
neither the dose rate nor the choice of isotopes (LDR-BT
vs. HDR-BT) had any influence on PB rate when using the
0.2 ng/ml definition. TD and intra-operative dosimetric
factors have also been studied. Toledano et al. reported that
Dy, > 200 Gy was a predictive for PB [25]. Stock et al. stat-
ed that Dy, > 160 Gy was predictive for PB [26]. However,
Merrick et al. observed that Dgj < 115% or V5, < 55% were
strongly predictive for PB occurrence [24]. In our study, the
Dyopgp varied between the HDR-BT and LDR-BT Groups,
but did not influence the frequency of PB.

The clinical significance of PB remains controversial
after BT. It is known that PB correlates with BF after EBRT.
Horwitz et al. showed that PB after EBRT correlated with
BF in 20% of cases (n = 4,838, definition 0.4 ng/ml) [33].

Conversely, in their study of 975 cases, Hinnen et al.
found that PB (32%) after LDR-BT is a predictive factor for
better outcome. In the PB group, overall survival, disease
free survival, and biochemical free survival after 10 years
were 88%, 99%, and 90%, respectively, whilst the same re-
sults for the non PB group were 82%, 93% and 70%, re-
spectively [12]. A meta-analysis published by Bernstein et
al. included 3,011 patients from over 6 studies treated with
prostate LDR-BT. It revealed that a decreased risk of BF
(HR = 0.42, 95% CI: 0.3-0.59, p < 0.001) was conferred on
patients with PB [22]. On the other hand, in group of Mc-
Grath et al. was observed that PB > 0.4 ng/ml resulted in
a greater probability of BF using the + 2 ng/ml definition
of nadir (12 vs. 20, p = 0.01). In this study, PB < 0.3 ng/
ml had no effect on BF. However, patients from the group
that were treated with BT alone, either LDR-BT or HDR-
BT, accounted for only 41% of cases [15]. In our study, no
patients with PB experienced BF. However, our study had
access to only a short follow-up period of this small group
of patients for the proper assessment of BF.

Conclusions

In our experience, HDR-BT and LDR-BT for low- and
intermediate-risk prostate cancer had the same PB rate
(average, 24%) using a definition of 0.2 ng/ml. The PB
occurred earlier after HDR-BT than after LDR-BT. HDR-
BT delivered a higher D90ggp, but did not influence the
PB rate. ADT and higher Gleason score decreased the risk
of PB, and the higher PSA nadir and longer time to PSA
nadir increased the risk of PB after HDR-BT. Predictors
for PB were not observed after LDR-BT.
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