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Purpose: There is growing concern that single-fraction HDR monotherapy to a dose of 19 Gy is subopti-
mal for the treatment of localized prostate cancer. We report the results of a phase II prospective trial of
single-fraction 19 Gy HDR monotherapy with MRI-guided simultaneous focal boost.
Methods: Eligible patients had low or intermediate risk prostate cancer and an identified lesion on MRI.
TRUS based single-fraction HDR monotherapy with MRI fusion was delivered. The dose prescribed was
19 Gy to the prostate and �23 Gy to the dominant intraprostatic lesion (DIL). ADT was not used. The pur-
pose is to report early efficacy results.
Results: 60 patients were enrolled, with a median follow-up of 39 months. With MRI T-stage incorpo-
rated into the risk-group criteria, 8% had low-risk, 35% had favorable intermediate-risk and 57% had unfa-
vorable intermediate-risk disease. The median dose to 90% of the DIL (D90) was 27.2 Gy, and the median
prostate V100% was 96.9%. No acute or late grade �3 bowel or urinary toxicity was observed. The cumu-
lative BF probability was 15.2% at 36 months and 31.6% at 48 months. All patients that were fully inves-
tigated had local failure only, and 88% of the local failures were at the site of original DIL. The median PSA
nadir was 0.79 ng/ml, with a median time to nadir of 32 months.
Conclusions: Focal boost to the MRI-specified gross tumor was well tolerated, but did not adequately
improve local control. Single-fraction HDR monotherapy to 19 Gy for prostate cancer provides subopti-
mal local control, and should not be offered outside of clinical trials.

� 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 141 (2019) 144–148
There is now clear evidence of improved biochemical disease
free survival (bDFS) with radiotherapy dose-escalation in all pros-
tate cancer (PCa) risk groups [1,2]. Despite the advent of new tech-
niques, external beam radiotherapy (EBRT) is limited in dose
escalation due to the continuous change in the position, shape
and volume of the target volume as well as the organs at risk
(OARs). High-dose-rate brachytherapy (HDR) is a recommended
treatment of eligible patients with prostate cancer as a method
of dose escalation in conjunction with external beam radiation
therapy according to the American Society of Clinical Oncology &
Cancer Care Ontario guidelines [3]. Several studies reported the
outcomes of HDR monotherapy in prostate cancer using anywhere
between 2 to 6 fractions [4–12].
More recently, there is increasing interest in single-fraction
HDR monotherapy which eliminates the need for multiple
implants or protracted bedrest with interstitial needles placed in
the prostate. A few studies recently reported the outcomes of
single-fraction HDR monotherapy, highlighting the concern that
19 Gy in a single fraction is a suboptimal dose [13–18]. One logical
solution is to further escalate the dose to the whole gland beyond
19 Gy, which can be limited by a potential increase in gastroin-
testinal (GI) and genitourinary (GU) toxicity. An alternative is to
define a dominant intraprostatic lesion (DIL) for focal dose escala-
tion. With the advent of multiparametric MRI (mpMRI), it is possi-
ble to combine information from standard T1-and T2-weighted
imaging with diffusion-weighted imaging to reflect cell density
and dynamic contrast–enhancement (DCE) to image the perme-
ability of the microvasculature and blood flow [19]. This character-
ization of the functional parameters of the prostatic tissue allow us
to identify areas of increased tumor cell density, especially lesions
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of higher grade [20–22]. We hypothesized that focal dose escala-
tion to the DIL would potentially increase the effectiveness of
HDR monotherapy with a minimal impact on toxicity. Therefore,
our group conducted a phase II prospective trial of single-fraction
HDR monotherapy treatment incorporating mpMRI-guided simul-
taneous DIL boost.

Patients and methods

The trial was approved by the Sunnybrook research ethics board
and registered on clinical trials.gov (NCT02623933). Written,
informed consent was obtained in all participants.
Table 1
Demographics, dosimetric parameters, and basic tumor characteristics.

Total (N = 60)

Age (years)
Median (range) 65.6 (52.9, 77.6)

MRI T stage
T2a 30 (50%)
T2b 14 (23.3%)
T2c 16 (26.6%)
Patient selection and treatment details

Eligible patients had histologically confirmed diagnosis of ade-
nocarcinoma of the prostate, low- or intermediate-risk disease
(clinical stage T1-2b, Gleason Score �7, and PSA �20 ng/mL), pros-
tate volume <60 cc, and an identified DIL on mpMRI (PIRADs 3–5).
All imaging was performed on a 3 Tesla MRI system with a 32-
channel surface coil (no endorectal coil). Axial, sagittal, and coronal
T2-weighted, diffusion-weighted and DCE imaging was used to
identify a predominant PIRADS 3–5 intraprostatic nodule, and
either cognitive fusion (first 30 patients) or an in-house deform-
able, co-registration algorithm was used to co-register the mpMRI
dataset to the TRUS at the time of implant [23]. Real-time, TRUS
based single fraction HDR monotherapy was delivered as an outpa-
tient procedure under general anesthesia using the Oncentra plan-
ning system (Elekta, Stockholm). The prescription dose was 19 Gy
to the PTV with the following planning objectives: DIL D90%
�23 Gy, prostate V100% >95%, V150% <35%, V200% <12%, urethra
D10cc <118%, and rectum V80% <0.5 cc. Androgen deprivation
therapy was not allowed. All patients were routinely prescribed
an alpha-blocker after the implant for 4 weeks.
Clinical T stage
T1c 41 (68.3%)
T2a 13 (21.7%)
T2b 4 (6.6%)
T2c 2 (3.3%)

Gleason score
6 8 (13.3%)
7 52 (86.6%)

PSA at baseline (ng/ml)
Median (range) 6.24 (2.2, 16.4)

Risk group
Low 5 (8.3%)
Favorable intermediate 21 (35%)
Unfavorable intermediate 34 (56.7%)

Prostate volume (cc)
Median (range) 36 (17, 55)

DIL volume (cc)
Study endpoints and follow-up

Patients were assessed at baseline, week 6, and at 3 and
6 months. In the late period (>6 months), patients were followed
every 6 months for 5 years. Acute toxicities, late toxicities and
quality of life (QOL) data was collected using Common Terminol-
ogy Criteria for adverse events version 4.0 (CTCAE v4.0) and
expanded prostate cancer index composite (EPIC) questionnaires,
respectively up to 5 years [24,25]. The primary endpoint was Acute
GU and GI toxicities. Secondary endpoints included QOL using the
EPIC questionnaire, late GU and GI toxicities, biochemical disease-
free survival, and the rate of salvage therapy (ADT, surgery or
brachytherapy). Biochemical failure (BF) was defined as per the
American Society for Therapeutic Radiology and Oncology Phoenix
definition (nadir + 2.0 ng/ml) [26].
Median (range) 3.1 (0.7, 8.9)

IPSS score at baseline
Median (range) 4 (0, 15)

DIL location
Anterior medial 10 (16.7%)
Anterior lateral 8 (13.3%)
Posterior medial 22 (36.7%)
Posterior lateral 20 (33.3%)

Dosimetric variables
Prostate median V100% (range) 96.9% (93.8, 99.7)
Prostate median V150% (range) 35.2% (28.3, 46.1)
Prostate median V200% (range) 12% (7, 18.8)
Urethra median lDmax (range) 123% (82.9, 136.7)
Urethral median D10cc (range) 116.5% (61.3, 117.7)
Rectal median Dmax (range) 4 (0, 15)
Rectal median V80% (range) 0.03 cc (0, 0.47)
DIL median D90% (range) 27.2 Gy (20.9, 35.7)
Statistical analysis

Demographic and tumor characteristics were summarized
using mean, standard deviation (SD), median and range for contin-
uous variables, and proportions for categorical variables. BF was
calculated from the time of first radiation treatment to failure, last
follow-up or death. The cumulative incidence of BF was estimated
using Nelson-Aalen curves. PSA nadir was set to be the lowest PSA
value following treatment completion. Three domains of EPIC
scores and sub-scores were analyzed: urinary (function/bother),
bowel (function/bother) and sexual (function/bother). The patient
responses to questions were transformed to a scale from 0 to
100, with higher scales indicating better function and less bother.
A minimally clinical important change (MCIC) was scored if the
average EPIC QOL score (months 6–60) was >0.5 standard devia-
tion (SD) of baseline scores for each domain score or sub-score in
all patients. Overall survival was estimated using the Kaplan-
Meier curve. All analyses were conducted using Statistical Analysis
Software (SAS version 9.4 for Windows) and R package (version
3.4.2). P-values <0.05 were considered statistically significant.
Results

Demographic factors, implant dosimetry, and basic tumor char-
acteristics are summarized in Table 1. 60 patients were enrolled,
with a median follow-up of 39 months. With MRI T-stage incorpo-
rated into the risk-group criteria, 8% of patients had low-risk, 35%
had favorable intermediate-risk and 57% had unfavorable
intermediate-risk PCa [27]. The median DIL volume was 3.1 cc,
and the median dose to 90% of the DIL (D90) was 27.2 Gy. The dosi-
metric parameters achieved are listed in Table 1.

Eleven patients (18.3%) had biochemical failure. The cumulative
BF probability was 15.2% at 36 months (95% CI 4.6%–25.6%) and
31.6% at 48 months (95% CI 10.1%–53%) (Fig. 1). Of the 11 patients
with BF, 8 had biopsy proven local failure only and 3 were awaiting
further investigations at the time of this analysis. Seven of the 8
local failures were at the site of the original DIL. Of the 8 local fail-
ures, 7 had salvage focal HDR as part of a clinical trial and 1 had



Fig. 1. Nelson-Aalen cumulative biochemical failure probability curve with 95% confidence intervals.
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salvage EBRT. The median PSA nadir was 0.79 ng/ml, with a median
time to nadir of 32 months (Fig. 2). No patient died from any cause
or developed metastatic disease.

No acute or late grade �3 bowel or urinary toxicity was
observed. The rate of acute grade 2 urinary toxicity was 21.7%, with
one patient requiring a urinary catheter for retention. The cumula-
tive worst toxicity rates are listed in Table 2. The median IPSS
increased from a baseline of 4 up to 8 at 3 months, then decreased
to 5 at 1 year and was stable thereafter. The mean EPIC QOL change
from baseline (average score during the late period – baseline
score) was �1.0 for the bowel domain, �2.1 for the urinary
Fig. 2. Mean and medi
domain, and �8.8 for the sexual domain (Fig. 3). The proportion
of patients with MCIC was 32.2% for the urinary domain, 22.4%
for the bowel domain, and 30.9% for the sexual domain.
Discussion

There is increasing interest in single-fraction HDR monotherapy
for the treatment of localized PCa. A few studies in the literature
reported the outcomes of single-fraction HDR monotherapy using
a dose of 19 to 20.5 Gy with mixed results [13–17]. Given the rising
concern that 19 Gy in a single fraction is suboptimal for local con-
an PSA over time.



Table 2
Cumulative worst acute and late CTCAE toxicities.

CTCAE toxicity grade

Cumulative worst toxicity 0 1 2 3

Acute period (N = 60)
GI 51 (85%) 9 (15%) 0 (0%) 0 (0%)
GU 4 (6.6%) 17 (28.3%) 13 (21.7%) 0 (0%)
Sexual 42 (70%) 16 (26.6%) 2 (3.3%) 0 (0%)

Late period (N = 60)
GI 52 (86.6%) 7 (11.6%) 1 (1.6%) 0 (0%)
GU 18 (30%) 33 (55%) 9 (15%) 0 (0%)
Sexual 18 (30%) 20 (33.3%) 20 (33.3%) 2 (3.3%)
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Fig. 3. EPIC QOL change from baseline in the urinary, bowel, sexual and hormonal domains.
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trol, we hypothesized that adding a simultaneous boost to the DIL
would improve the outcome with minimal toxicity. Here we
reported the results of a phase II prospective trial of single-
fraction 19 Gy HDR monotherapy with MRI-guided simultaneous
DIL boost. With a median follow up under 4 years, our patients
experienced a local failure rate that was higher than expected with
the majority failing at the site of original DIL despite significant
dose-escalation. The treatment was well tolerated, with no grade
�3 toxicity and a minimal change in QOL.

Several groups published the results of single fraction HDR
monotherapy for localized PCa, with doses ranging from 19 to
20.5 Gy to the whole gland. Five series were identified that had a
follow up of �3 years. Of the 5 series, 3 reported suboptimal dis-
ease control. Prada et al. published outcomes of 60 patients with
low- and intermediate-risk disease treated with a single-fraction
of 19 Gy [14]. The biochemical control at 5 years was 66% for
low-risk patients and 60% for patients with Gleason 7 disease.
One criticism was that the implant dosimetry was inadequate,
and their following dose-escalated series of 60 patients (63% with
Gleason 6) showed a better biochemical control of 82% at 6 years
using a dose of 20.5 Gy [15]. Morton et al. recently presented their
updated results of a randomized trial comparing a single 19 Gy
fraction to 27 Gy in 2 fractions [28]. 170 patients with low and
intermediate-risk PCa were randomized, 72% of which had Gleason
7 disease. After a median follow-up of 51 months, the 5-year bio-
chemical control rate was significantly worse for the single fraction
arm at 74.5% compared to 97.3% for 2 fractions. The majority of
failures in the single fraction arm were local, and were almost
always at the site of original disease. Siddiqui et al. also reported
a suboptimal 5-year estimated biochemical control of 77.2% in 68
patients treated with 19 Gy in one fraction [17]. Hoskin et al.
reported the most favorable outcomes to date with single fraction
HDR monotherapy [13]. 49 patients were treated with 19 Gy or
20 Gy in one fraction, with a 4-year biochemical relapse free sur-
vival of 94%. However, 74% of patients received a median of
6.9 months of ADT, and only 4 patients were at risk at 5 years.
Longer follow-up will shed further light on whether the superior
outcomes reported by Hoskin et al. would persist.

In conclusion, our report showed that a focal boost to the MRI-
specified gross tumor did not adequately improve local control
after 19 Gy single-fraction HDR monotherapy. To our knowledge,
this is the first study that reported the impact of a simultaneous
focal boost on outcomes in patients treated with HDR monother-
apy. This report solidifies the available evidence that single-
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fraction HDR monotherapy for prostate cancer provides subopti-
mal local control, and should not be offered outside of clinical
trials.
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