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Abstract

Purpose: To report the use of high-dose-rate (HDR) interventional radiotherapy (brachytherapy, IRT) as a salvage
treatment for macroscopic histologically confirmed local relapse of prostatic cancer after prostatectomy and subse-
quent external irradiation.

Material and methods: A retrospective study of patients with prostate adenocarcinoma, treated with HDR-IRT for
an isolated local relapse after prostatectomy and external irradiation at our institution (2010-2020). Treatment results
and treatment related-toxicity were recorded. Clinical outcomes were analyzed.

Results: Ten patients were identified. The median age was 63 years (range, 59-74 years), and the median follow-up
time was 34 months (range, 10-68 months). Four patients had a biochemical relapse, and the mean time to prostate spe-
cific antigen (PSA) increase was 13 months. One-year biochemical failure-free survival (bFFS), 3-year bFFS, and 4-year
bFFS were 80%, 60%, and 60%, respectively. Most of the treatment-related toxicities were grade 1-2. Two patients

experienced grade 3 late genitourinary toxicity.

Conclusions: HDR-IRT seems to be an effective treatment option showing acceptable toxicity for prostate cancer
patients with isolated macroscopic histologically confirmed local relapse after prostatectomy and subsequent external

irradiation.

J Contemp Brachytherapy 2023; 15, 3: 159-165
DOI: https://doi.org/10.5114/jc0.2023128845

Key words: interventional radiotherapy, high-dose-rate brachytherapy, prostate cancer, biochemical failure.

Purpose

Following radical prostatectomy (RP), approximately
one-third of patients present with a local recurrence (LR)
within ten years [1]. Positive surgical margins and ex-
tra-prostatic tumor extension are risk-factors for LR. In
such patients, adjuvant external beam radiation treatment
(EBRT) improves biochemical progression-free survival
(bPFS) [2-4]. However, more recent data suggest that adju-
vant and early salvage irradiation have similar outcomes
[5-8]. The optimal radiation dose for such patients has not
been optimally defined, but 66 Gy dose is considered ade-
quate, with higher doses possibly required for macroscop-
ic disease [1]. Significant late genitourinary toxicities are
frequent after adjuvant or salvage EBRT. However, rates
of genitourinary toxicities are lower with salvage irradia-
tion in comparison with adjuvant irradiation [5, 7].

There are very few reports in the literature on the
use of interventional radiotherapy (IRT) with interstitial
high-dose-rate (HDR) brachytherapy in salvage irradia-
tion for LR after RP without distant metastases. In major-
ity of patients, this method was used as a boost combined
with EBRT, except for one recent study [9-12]. On the
contrary, salvage low-dose-rate (LDR) seeds were mostly
used without EBRT [13-18]. Following RP and EBRT as
adjuvant or salvage treatment, it is challenging to choose
a further local treatment. Most patients would be of-
fered hormonal treatment (HT) on palliative basis [1, 19].
Few small studies included patients who were treated
with LDR brachytherapy seeds after EBRT [13, 17, 18].
These studies reported modest control rates and remark-
ably, there were no additional toxicities after using LDR
brachytherapy seeds. In most recent study by Le Roy
that included five patients, there were no late grade 2 or
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more toxicities observed [18]. Data on salvage stereotac-
tic radiotherapy (SBRT) with ultra-hypofractionation to
the prostate bed recurrence after previous EBRT remains
limited despite recent availability of mostly retrospective
reports [20]. The rates of late > grade 2 genitourinary tox-
icities ranged between 11.1-26.3% [21-23]. The reported
biochemical recurrence-free survival rates at 1-year and
2-year were 79% and 56 %, respectively [22].

Cryoablation and high-intensity focused ultrasound
(HIFU) have been proposed as salvage treatment options
after primary irradiation with modest results [24-26].
A small report investigated the role of salvage HIFU for
biopsy-confirmed LR after RP in 4 patients, of whom
3 received EBRT. There were no treatment-related com-
plications [27].

HDR-IRT is a highly conformal technique of irradi-
ation that enables a high-dose escalation with extreme
hypofractionation. The sharp dose gradient ensures spar-
ing of organs at risk (OARs). Therefore, HDR-IRT is con-
sidered a suitable salvage option for radiation recurrent
prostate cancer [28-30].

The present study reported on the technical feasibil-
ity, safety, and efficacy of HDR-IRT as a salvage local
treatment after RP and subsequent EBRT.

Material and methods
Patients

All medical records of prostate cancer patients who
were treated with salvage HDR-IRT from January 2010
to December 2020 were reviewed. Only patients with
a history of prostatectomy and EBRT were included. All
patients were evaluated through physical examination,
magnetic resonance imaging (MRI) of the pelvis, and ei-
ther an isotopic bone scan plus contrast-enhanced chest
pelviabdominal computed tomography (CT, in 7 pa-
tients), or positron emission tomography/CT scan using
choline (in 4 patients) or later prostate-specific membrane
antigen (PSMA, in 3 patients). LR was histologically con-
firmed through a trans-rectal ultrasound (TRUS)-guid-
ed biopsy. Treatment decision for each patient was dis-
cussed by a multidisciplinary tumor board.

Fig. 1. Representative samples of dose distribution: A) transversal, B) sagittal, C) coronal, and D) three-dimensional reconstruc-
tions. Cyan - clinical target volume, green - urinary bladder, blue - rectum, yellow - urethra
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Before HDR-IRT, a compatibility check was per-
formed. Contraindications included international pros-
tate symptom score of more than 12, maximum urinary
flow rate (Q,,,) below 10 ml/s, pubic arch interfer-
ence, infiltration of the rectum and/ or the bladder, and
non-ability to sustain lithotomy position or anesthesia.

Interventional radiotherapy (brachytherapy)

Under general anesthesia, the patient was placed in
a lithotomy position. A Foley catheter was introduced
and filled with aerated gel. The needles were inserted un-
der TRUS guidance through a perineal template. A TRUS
image-series with 1 mm slice thickness was captured
and transferred to treatment planning system (Oncentra,
Elekta-Brachytherapy, The Netherlands). Clinical target
volume (CTV) and OARs, including rectum, bladder,
and urethra were delineated. CTV comprised tumor vol-
ume as recognized on TRUS images with a safety margin
(range, 2-5 mm), excluding OARs. Each patient received
30 Gy in two fractions of HDR-IRT, separated by 2 weeks.
Figure 1 shows an example of 3D dose distribution.

Follow-up

Follow-up visits were scheduled every 3 months for
3 years, and then every 6 months. Biochemical failure (bF)
following HDR-IRT was defined as a rise of 2 ng/ml or
more above prostate specific antigen (PSA) nadir. In case
of bF, further imaging studies (pelvic MRI/PET-CT scan)
were performed to assess the cause of bF. Treatment-re-
lated toxicities were graded according to common termi-
nology criteria for adverse events version 5.0.

Statistical analysis

Results were reported as absolute value, median with
range, or as mean with standard deviation. The duration
of biochemical failure-free survival (bFFS) after HDR-IRT
was measured from the date of biopsy-confirmed recur-
rence after EBRT until bF. Probability estimates of bFFS
were calculated using Kaplan-Meier analysis. Statistical
analyses were performed with SPSS version 20. (IBM
Corp., USA).

Ethics committee and informed consent

The institutional ethics committee approved the study
before data collection and analyses.

Results
Patient and tumor characteristics

Ten patients received two fractions of 15 Gy as a sal-
vage treatment for a local prostate cancer relapse after RP
and subsequent EBRT. Table 1 summarizes initial patient
and disease characteristics. All patients received EBRT as
an adjuvant treatment (6/10), or as a salvage treatment for
LR (4/10). The median interval between EBRT and HDR-
IRT was 42 months (range, 15-117 months). The median
age at HDR-IRT was 63 years (range, 59-74 years), and the
median PSA value was 2.5 ng/ml (range, 0.4-2.7 ng/ml).

The location of LR was perianastomotic in four patients,
left seminal vesicle bed in four patients, and right seminal
vesicle bed in two patients. Gleason score was upgraded
in 2 patients. At the time of HDR-IRT, four patients were
undergoing androgen deprivation therapy with luteiniz-
ing hormone-releasing hormone (LHRH) agonist.

HDR-IRT treatment characteristics

The mean volume of CTV was 21.2 cc (7.9), the medi-
an number of needles was 8 (range, 7-12 needles), and the
mean CTV Dy, was 93.7% (£2.4%). The complete dosim-
etry parameters of HDR-IRT are summarized in Table 2.

Treatment outcome and related toxicities

The median follow-up time was 34 months (range,
10-68 months). The PSA nadir value following HDR-IRT
was reached within six months, with a median value of
0.2 ng/ml (range, 0.04-1.2 ng/ml). Following HDR-IRT,
bF was encountered in four patients, in whom 3 patients
showed a further progression of the local relapse and
1 patient experienced distant metastases. The mean time
to PSA increase in these 4 patients was 13 months.

The median bFFS for all patients was not reached.
One-year bFFS, 3-year bFFS, 4-year bFFS were 80%, 60%,

Table 1. Patient and disease characteristics

Characteristic Value
Initial PSA value (ng/ml), median (range) 8 (3.9-15.6)
Initial T-stage

T2b

T3a

T3b
Initial Gleason score

7a 2

7b 2

9 6
Initial D’Amico-risk group

Intermediate-risk 2

High-risk 8
Surgery

Open radical prostatectomy

Robot-assisted radical prostatectomy 4
Margins

Negative 2

Positive 8
EBRT timing

Adjuvant 6

Salvage 4
EBRT dose (Gy), median (range) 64 (50-66)

PSA nadir after EBRT (ng/ml), median (range) 0.03 (0.01-0.09)

PSA — prostate specific antigen, EBRT — external beam radiation treatment,
Gy — Gray, ng/ml — nanogram per milliliter
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Table 2. Dosimetry parameters of HDR-IRT

Dosimetry parameter Mean (SD)

Clinical target volume

Volume 21.2 cc (¢7.9)
Doos 28.1 Gy* (+0.7)
Vioo% 84.9% (+2.7)
Visow 26.2% (¥18.2)
Va00% 13.9% (+9.7)
Rectum
Vase 0.2 cc (+0.1)
Dicc 55.3 Gy EQD, (+2.2)
Dacc 42.2 Gy EQD, (+2.1)
Bladder
Vase 0.6 cc (x0.1)
Dicc 31.8 Gy EQD, (+1.9)
Dacc 24.1 Gy EQD; (+1.7)
Urethra
Docc 86.2 Gy EQD, (5.6)
Viosa 0.0%

*sum of two fractions, SD - standard deviation, EQD, - equivalent dose at 2 Gy

and 60%, respectively (Figure 2). Two patients died from
consequences of metastatic disease; the mean time of
death was 66.4 months.

The recorded treatment-related acute toxicities were
exclusively grade 1-2. Six patients had acute genitouri-
nary toxicity, and two patients acute gastrointestinal tox-
icity. Late genitourinary toxicities > grade 2 were docu-
mented in four patients, of whom two patients had grade
2 toxicity and two patients had grade 3 toxicity (non-in-
fective cystitis). Two patients had late > grade 2 gastroin-
testinal toxicities.

Discussion

The use of salvage HDR-IRT following RP and sub-
sequent EBRT is a potentially curative option for pa-
tients with a gross LR without distant metastases. In
different international treatment recommendations, this
sub-group of patients usually receives HT with a non-cu-
rative intent [1,19]. Although after adjuvant or salvage
EBRT, up to 28% of the patients would suffer from late
genitourinary adverse events of grade 2 or more [7], and
many patients would still pass the compatibility check
before HDR-IRT. The high rates of late genitourinary tox-
icities following EBRT are probably due to the inclusion
of the bladder-neck and the vesico-urethral anastomosis
in treatment volumes.

Despite the strong evidence for the use of salvage
EBRT in patients with bF after RP, most studies did not dif-
ferentiate microscopic from macroscopic relapses [1, 19].
Patients treated with salvage radiation for biochemically
recurrent prostate cancer after prostatectomy did not ben-
efit from dose-intensified stereotactic radiation treatment
(70 Gy) vs. standard 64 Gy in conventional fractionation

100
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Fig. 2. Kaplan-Meier graph of biochemical failure-free sur-
vival

[31]. However, in a sub-set of patients with macroscop-
ic recurrence, dose escalation might be needed. Proba-
bly, patients with macroscopic recurrence would benefit
from an approach combining both EBRT and HDR-IRT.
As the dose of EBRT could be reduced, focal dose escala-
tion to LR with HDR-IRT sparing the rest of the prostate
bed could maximize disease control, and therefore, better
treatment-related toxicities can be anticipated.

In the literature, only three reports investigated the
use of this approach as a salvage treatment for a macro-
scopic LR after RP were published (Table 3). In the three
reports, HDR-IRT was applied for dose escalation follow-
ing a relatively moderate EBRT dose [9-11]. One recent
study used HDR-IRT as a salvage treatment for macro-
scopic local recurrence after RP and EBRT [12] (Table 3).

The largest series by Niehoff et al. included 35 patients
who received two fractions of 15 Gy HDR-IRT. These
patients were divided into two groups according to the
dose of EBRT: 30 Gy in 21 patients and 40 Gy in 14 pa-
tients. The mean time to PSA increase was 16 months and
10 months, respectively, without statistical significance.
PSA progression-free survival was also similar between
the two groups. No patient experienced grade 3 or 4 treat-
ment-related toxicities [10].

Strom et al. published results of 6 patients treat-
ed with intensity-modulated radiation therapy to
45-50.4 Gy, followed by two fractions of 9.5 Gy HDR-IRT.
At 9 months median follow-up, all patients showed un-
detectable PSA levels, with no severe treatment-related
toxicities reported [11].

Buchser et al. analyzed treatment results of 13 pa-
tients. Eleven patients had a single session of HDR-IRT
(15 Gy), followed by hypofractionated EBRT (37.5 Gy in
15 fractions). In two patients who had previous adjuvant
EBRT, HDR-IRT was applied alone (2 x 12 Gy). After
a median follow-up of 7 months, all patients showed an
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Table 3. Published literature investigating the use of high-dose-rate interventional radiotherapy for the treat-

ment of local relapse after radical prostatectomy

Author(s), n EBRT (Gy) HDR-IRT (Gy) Previous EBRT (Gy) (n) Median follow-up in months
year [Ref.] (n) (n) (range)
Niehoffetal, 35 30 (21/35) 2 x 15 (21/35) None 27 (5-70)
2005 [10] 40 (14/35) 2 x 15 (14/35) None
Strom et al., 6 50.4 (4/6) 2 x9.5 (4/6) None 9 (3-40)
2014 [11] 45 (1/6) 2% 9.5 (4/6) None

None (1/6) 4% 9.5 (1/6) 70 (1/6)
Buchseretal, 13 37.5 (11/13) 1x 15 (11/13) None 7 (4-15)
2016 [9] 2 x 12 (2/13) 66 (2/13)
Aghili et al., 15 None (15/15) 4x9 70 (median; range, 60-70) 48 (12-132)
2022 [12]
QOur series 10 None (10/10) 2 x15 64 (median; range, 50-66) 34 (10-68)

EBRT - external beam radiation treatment, Gy — Gray, n — number of patients, HDR-IRT — high-dose-rate interventional radiotherapy

appropriate biochemical response, with no late grade 3 or
4 treatment-related toxicities observed [9].

In a recent study, the safety and efficacy of HDR-
IRT for prostate bed recurrence after RP and subsequent
EBRT were investigated [12]. Aghili et al. analyzed retro-
spectively 15 patients who underwent retropubic RP and
received 70 Gy EBRT median dose, with 5 years median
interval between HDR-IRT and EBRT. The patients were
treated with 36 Gy in four fractions over two insertions,
with 1 weak interval. At 48 months median follow-up,
13 patients were controlled locally and had no evidence
of PSA increase. Three cases had grade 2 genitourinary
toxicities after HDR-IRT during the first 6 months. Two
patients had grade 3 genitourinary toxicities (urinary
incontinency), and no gastrointestinal toxicities were re-
ported [12].

Our patients as well as the patients reported by Aghili
et al. differ from the patients analyzed in the preceding
series, since they previously received a complete course
of EBRT as adjuvant or salvage treatment after RP. This
could explain the reported grade 3 genitourinary toxici-
ties in in the current study as well as in the study by Aghi-
li et al. Additionally, both the studies had considerably
long follow-up periods (34 and 48 months) when com-
pared with the preceding studies, in which the follow-up
duration ranged between 7 and 27 months [9-12].

All patients in the current study showed a proper bio-
chemical response; the median PSA value dropped from
2.5 ng/ml to 0.2 ng/ml within six months after HDR-IRT.
Four patients showed biochemical failure with a mean
time to PSA increase of 13 months. These results are com-
parable to that of Niehoff et al. study [10]. Aghili et al.
reported biochemical failure in 2 of 15 patients at 22 and
26 months of salvage HDR-IRT, respectively [12]. Nev-
ertheless, PSA increase may be due to a nodal or distant
failure, and might not always reflect the status of local
control.

Since all included patients had a prostatectomy,
adopting a proper definition of bF was problematic.
The definition of bF following prostatectomy was not ap-
proved by the interdisciplinary tumor board because the
patients had a macroscopic recurrence treated with radi-

ation treatment. Therefore, the committee’s decision was
to apply the definition of bF following curative radiation
due to the presence of gross prostatic tissues.

In the current study, three patients suffered from
a progression of the LR volume combined with an in-
creased PSA level without evidence of other regional or
distant metastases. These patients were treated systemi-
cally with hormonal treatment. No further local treatment
was offered, since the patients have received a previous
EBRT with a median dose of 66 Gy and additional HDR-
IRT dose of 30 Gy (EQD, > 100 Gy), and further radiation
treatment with LDR brachytherapy seeds or SBRT would
have been highly challenging due to the high potential
risk of radiation-induced complications.

Moreover, offering a further local treatment option for
such patients may also provide an opportunity to omit or
delay HT. Systemic complications of HT can negatively
impact quality of life (QoL), including sexual problems,
fatigue, psychological morbidity, adverse metabolic se-
quelae, and increased cardiovascular and bone fracture
risk [32]. However, after curative brachytherapy for early-
stage disease, there was no difference in cancer-specific
QoL scores at five years of follow-up compared with pre-
treatment scores [33].

In the era of individualized cancer treatment, patients
with an isolated macroscopic LR should be identified
from all patients having bF without distant metastases
following RP. Such patients may benefit from further
dose escalation, possibly through HDR-IRT. The recent
advances in multiparametric MRI (mpMRI) and PSMA
PET-CT/MRI scan could play a crucial role in identifying
the isolated prostate bed recurrence after RP [34, 35]. Al-
though mpMRI has a highly detailed anatomical analysis
of the prostate bed, it has a lower sensitivity in detect-
ing prostate bed recurrences at PSA levels < 0.5 ng/ml
[36]. The sensitivity of mpMRI can be improved by an en-
dorectal coil [37]. In a recent large meta-analysis of near-
ly 5,000 patients, the overall estimate of the positivity of
PSMA PET-CT in the prostate bed was only about 28%
[34]. The detection of LR using PSMA PET-CT is highly af-
fected by its proximity to the urinary bladder [34, 35, 38].
Adding the benefits of both techniques in the form of
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PSMA PET-MRI with a specific mpMRI protocol for the
prostatic bed, has doubled the rate of detected prostate
bed recurrences compared with the standard PSMA PET-
CT [38].

Despite the limitations of the current study, includ-
ing small number of patients and retrospective analyses,
HDR-IRT could offer an opportunity for a salvage local
treatment with potentially curable intent in patients with
an isolated macroscopic LR, following RP and subse-
quent EBRT. Further clinical studies are encouraged to
investigate the role of HDR-IRT in the management of LR
after RP.

Conclusions

HDR-IRT seems to be an effective treatment option
with acceptable toxicity for prostate cancer patients with
isolated macroscopic histologically confirmed local re-
lapse after prostatectomy and subsequent external irra-
diation.
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