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Abstract

Purpose: High-dose-rate (HDR) brachytherapy as primary therapy (monotherapy) is a standard National Compre-
hensive Cancer Network (NCCN) endorsed treatment option for patients with localized prostate cancer. Thus far, most
data are limited to single-institution experiences. Accordingly, we sought to systematically review rates of biochemical
recurrence-free survival (bRFS) and toxicity associated with fractionated HDR monotherapy.

Material and methods: A systematic review was performed using PubMed and Embase databases for relevant
articles published between January 1999 and December 2019, according to preferred reporting items for systematic
review and meta-analyses (PRISMA) guidelines. Included studies were limited to fractionated HDR monotherapy
publications in full manuscript form with at least 5-year median follow-up, at least 80 patients included, and adequate
reporting of bRFS and toxicity data. Meta-analyses were performed with random-effect modeling. Extent of heteroge-
neity between studies was determined using I?and Cochran’s Q tests.

Results: Seven unique studies were identified, including 2,123 patients. NCCN low-, intermediate-, and high-risk
patients comprised 40%, 40%, and 20% of patients, respectively. Median follow-up at the study group level was
74 months (range, 60-131 months). The 5-year bRFS rate was 95% (95% confidence interval [CI]: 93-96%), and after
adjusting to control for publication bias, it was 96% (95% CI: 94-99%). Estimated adjusted late grade > 3 genitourinary

and gastrointestinal toxicity rates were 2% (95% CI: 1-4%) and 0.3% (95% CI: 0-1.1%), respectively.
Conclusions: Fractionated HDR monotherapy is associated with high rates of disease control and low rates of tox-
icity. Future studies are needed to better define the value of this treatment modality relative to other options.
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Purpose

Brachytherapy as monotherapy is supported by Na-
tional Comprehensive Cancer Network (NCCN) guide-
lines for low- and favorable intermediate-risk patients.
It can be performed with either low-dose-rate (LDR)
or high-dose-rate (HDR) brachytherapy. The National
Cancer Database (NCDB) analysis suggests that LDR is
performed more frequently than HDR monotherapy [1].
There are no major prospective randomized trials com-
paring LDR with HDR to guide whether one should be
performed over another, but small studies suggest possi-
ble improvement of urinary quality of life with HDR [2].

Until randomized data becomes available, efforts to
better understand the efficacy and toxicity of each modal-
ity are important. Given that HDR is a newer modality

compared with LDR, there is a smaller overall body of
published literature. Most data come from single-institu-
tion series, and there are limited prospective studies with
median follow-up greater than five years. Consequently,
we performed a systematic review and meta-analysis of
fractionated HDR monotherapy series with greater than
5 years median follow-up in an effort to better under-
stand disease control rates and toxicity outcomes with
this technique. While a recent meta-analysis on HDR
monotherapy was published, it included single-fraction
HDR monotherapy, which is known to have inferior
outcomes compared with multi-fraction regimen [3]. On
a meta-regression analysis in this prior study, the num-
ber of fractions was associated with biochemical fail-
ure, but a separate analysis of only patients treated with
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multi-fractionated HDR monotherapy regimens was
not performed. Assuming that multi-fractionated HDR
monotherapy is the current standard of care, we focused
our systematic review and meta-analysis on patients
treated with multi-fractionated HDR monotherapy only.

Material and methods
Search strategy and study selection

This systematic review and meta-analysis was per-
formed in accordance with the preferred reporting items
for systematic review and meta-analyses (PRISMA)
guidelines [4]. We searched PubMed and Embase data-
bases for published English language titles between Janu-
ary 1, 1999 and December 31, 2019. Search terms included
variants of “prostate” and “cancer” and “brachytherapy
or radiation or radiotherapy”. A full list of search cri-
teria is presented in Supplement 1. We included only
published original research manuscripts, and excluded
conference proceedings, task force reports, professional
organization statements, and conference abstracts.

Only studies reporting findings on patients receiving
fractionated HDR brachytherapy as monotherapy, treat-
ed in definitive setting for prostate adenocarcinoma, with
apparent clinical outcome and toxicity data, were includ-
ed. Studies reporting findings on patients who received
single-fraction HDR monotherapy were excluded given
reported inferior outcomes, which was not considered
a standard approach [3]. In addition, only studies includ-
ing at least 80 patients with median follow-up greater
than or equal to 5 years were included. Studies were ex-
cluded if patients received HDR for salvage therapy, had
prior pelvic radiation treatment, or were noted to have
a unique aspect to the cohort, such as patients having
inflammatory bowel disorder. A prospective study that
was published beyond the cutoff date for inclusion in the
formal database search was also included in the analysis
[3]. The PRISMA flow chart with records from each step
were independently reviewed by M.K. and E.A. (Supple-
mental Figure 1).

A total of 916 and 522 records were identified in the
Embase and PubMed databases, respectively. Among
these 1,438 records, 910 were found to be duplicates,
yielding 521 unique records. Of 521 records screened,
36 review articles, letters to the editor, and editorials
were excluded. The remaining 485 apparent original
journal articles were assessed for eligibility by M.K. and
E.A., and 420 were excluded based upon treatment and
patients’ characteristics not meeting our criteria for inclu-
sion. Additionally, we excluded 51 studies reporting less
than 5-year median follow-up, and/ or studies apparently
reporting on the same cohort of patients. If cohorts ap-
peared to have been previously reported, only the most
recent publication was included in this analysis. For ex-
ample, a single study by Demanes et al. [5] was exclud-
ed, as it was felt that the patients from this study were
likely included (at least in part) in a subsequent report
by Hauswald et al. [6]. Two other studies, Yoshida et al.
[7] and Yoshioka et al. [8] also appeared to overlap with
the report by Yamazaki et al. [9], with less well-described

outcomes’ data, and these two studies were according-
ly excluded. This left a total of seven studies for further
analysis.

Data extraction

Two authors (M.K. and E.A.) independently extract-
ed data from the seven studies [3, 6, 9-13]. Variables ex-
tracted included sample size, dose per fraction, fraction
number, median follow-up, median patient age, clinical
tumor stage, median pre-treatment prostate-specific anti-
gen (PSA), Gleason score, NCCN risk group, receipt of
androgen-deprivation therapy (ADT), biochemical recur-
rence-free survival (bRFS), and physician-reported toxic-
ity. Individual patients” data were not used. Biochemical
failure (BF) was defined according to Phoenix consensus
definition [14] in all included studies. bRFS was defined
by BF events, only in 5 of 7 included studies. In the other
two studies, bRFS was a combined endpoint, with both
BF and initiation of salvage hormonal therapy. None of
the included studies specified whether death was cen-
sored or considered an event.

Statistical analysis

Primary outcomes comprised 5-year bRFS, physi-
cian-reported late grade 2 3 genitourinary (GU), and gas-
trointestinal (GI) toxicity rates. Toxicity grading was in
accordance with physician’s report, and corresponded
to common terminology criteria for adverse events (CT-
CAE) version reported per individual publication. As we
considered multiple independent study groups from the
same publication, a multi-level structure of data (study
group as level-2 unit and publication as level-3 unit)
was examined by adding two random effects at both the
second- and third-level to the model with a three-level
structure [15]. Since the third-level (publication) variance
and intra-class correlation coefficient (ICC, correlation
between study groups within publications) were insig-
nificantly small [15], meta-analyses were performed us-
ing a standard random-effects model with a two-level
structure to estimate pooled outcome rates, given the ex-
tent of heterogeneity across study groups assessed with
Cochran’s Q test and I? value [16]. Study weight was es-
timated based on the inverse of the variance. Meta-anal-
yses were also carried out using a random-effects model
to estimate pooled bRFS rates at 4-, 5-, 6-, and 7-years
status post-HDR brachytherapy treatment. Meta-regres-
sion was further conducted to examine whether 5-year
bRFS rate, and late grade > 3 GU and GI toxicity rates
were associated with biologically equivalent dose (BED)
and NCCN risk group. Of note, data from Hauswald et al.
included in meta-analyses were for 6-year bRFS rather
than 5-year bRFS, as was reported for all other studies. It
was acknowledged that inclusion of this 6-year bRFS data
point from Hauswald et al. may lead to an overestimation
of failure rates in this study compared to other studies
included in meta-analysis, which reported 5-year bRFS.
BED was calculated assuming an o/ p ratio of 1.5 (BED; 5).
Publication bias was examined using funnel plots and
Egger’s test [17]. Adjusted outcome rates were estimated
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using Duval and Tweedie’s trim-and-fill method to con-
trol publication bias [18]. All analyses were performed
using R package version 3.5.3 with two-sided tests, at
a significant level of 0.05.

Results

A total of 2,123 patients were included from the seven
studies considered for analysis. Additionally, three stud-
ies (Hoskin et al., Yamazaki ef al., and Zamboglou et al.)
contained various dose/fraction schemes, and each of
these was treated as a separate group, thereby making
a total of 11 study groups. Patients” baseline demograph-
ic, treatment, and tumor characteristics are presented in
Table 1. The median age of a patient at diagnosis was
66 years (range, 62-71 years). Most patients presented with
clinical T1 (52%) or T2 (39%) disease. The median PSA
was reported in 7 of 11 study groups, corresponding to
an overall median PSA of 7.5 ng/ml (range, 6-17.4 ng/ml)
across study groups. Most patients had either Gleason 6
or lower (56%) or Gleason 7 (38%) disease. Although
most patients had NCCN low- (40%) or intermediate-
(40%) risk disease, 20% of patients had high-risk disease.
A total of 671 patients (32%) received ADT as a part of
their initial definitive treatment course. The median
ADT duration was reported in 9 of 11 study groups, and
was at least 7 months in 5 of 9 study groups reported.
The median number of radiation treatment fractions
was 5 (range, 2-9 fractions), and the median dose per
fraction was 8.8 Gy (range, 6-13.5 Gy). The median fol-
low-up at the study group level was 74 months (range,
60-131 months).

The pooled estimate of 5-year bRFS rate was 0.95%
(95% CI: 0.93-0.97%, p-value < 0.001) using random-ef-
fects model (Figure 1). Estimated effects against corre-
sponding standard errors evaluated by Egger’s test indi-
cated publication bias (p-value < 0.001), and the adjusted
pooled 5-year bRFS rate after controlling for publication
bias was 0.96% (95% CI: 0.94-0.99%, p-value < 0.001) (Sup-
plemental Figure 2). Additionally, study groups with
higher percentages of patients with high-risk disease
were generally found to have higher rates of biochemical
failure (Figure 1). Meta-regression confirmed this finding
by revealing that an increasing percentage of patients
with high-risk disease within each study cohort was as-
sociated with decreasing rates of 5-year bRFS (p-value =
0.004) (Supplemental Figure 3). Meta-analysis of bRFS
reported at 4-, 5-, 6-, and 7-years follow-up across study
groups revealed an expected downward trend of bRFS
with increasing follow-up duration (Figure 2).

Radiation treatment dose and fractionation varied
significantly across study groups. The total number of pa-
tients, dose per fraction in Gy, number of fractions, and
BED, 5 reported by study group are presented in Table 2.
Of note, for the Zamboglou et al. study, the difference
between study cohorts was the timing of radiation treat-
ment as patients in group 1 were treated twice daily over
two days using a single-implant, while patients in group 2
were treated with two implants, two weeks apart, and
two fractions delivered over 12 hours with each implant.
BED; 5 ranged between 243 and 279 Gy across the studies,

Table 1. Patients’ baseline demographics,
treatment, and tumor characteristics. Patients’
level data were reported with the total number
across studies and corresponding percentages.
Mean values across studies were weighted by
the number of patients per trial and reported
with corresponding ranges. Median prostate
specific antigen (PSA) values were available in
seven study groups reported. Median duration of
androgen deprivation therapy (ADT) treatment
was available in nine study groups reported

Variable

Patient level

n (%) or mean* (range)

Total number of patients across 2,123
the studies
Number of fractions 5(2,9)
Dose per fraction (Gy) 8.8 (6,13.5)
Median age (years) 66 (62, 71)
Clinical stage
T1 1,109 (52.2)
12 822 (38.7)
T3/T4 188 (8.9)
Unknown 4(0.2)
Median PSA (ng/ml)! 7.5(6.3,17.4)
Gleason score
<6 1,197 (56.4)
7 742 (38.0)
>8 120 (5.6)
NCCN risk group
Low 860 (40.5)
Intermediate 843 (39.7)
High 420 (19.8)
ADT receipt 671 (31.6)
Median ADT duration < 7 months? 1,503 (81.2)

*Mean values are weighted by the number of patients per trial, 'seven study
groups reported, “nine study groups reported, Gy — Gray, n — sample size, NCCN
— National Comprehensive Cancer Network

with the vast majority of patients receiving between 250-
280 Gy BED; 5. In meta-regression, 5-year bRFS was as-
sociated directly with BED; 5 (p-value = 0.047) (Figure 3).

Figure 4 shows rates of late grade >3 GU and GI tox-
icity with corresponding confidence intervals by study
group as well as combined estimates using random-
effects modeling. The pooled estimate of late grade >3 GU
toxicity rate was 0.03% (95% CI: 0.02-0.05%, p-value
< 0.001) using a random-effect model. Estimated ef-
fects against corresponding standard errors evaluated
by Egger’s testing indicated publication bias (p-value
< 0.001), and the adjusted pooled late grade > 3 GU tox-
icity rate after controlling for publication bias was 0.02%
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Study Sample size NCCN risk group (%) 5-year bRFS rate (95% CI)
Low Intermediate High
Hauswald et al.* 448 64 36 0 HH, 0.99 (0.98, 1.00)
Jawad et al. 319 73 27 0 i ; 0.97 (0.95, 0.99)
Patel et al. 190 0 100 0 l—I—lI 0.97 (0.95, 0.99)
Morton et al. 83 14 86 0 '—'—‘E 0.95 (0.90, 1.00)
Zamboglou et al. (1)** 141 73 16 11 l—I—lé 0.97 (0.94, 1.00)
Zamboglou et al. (2)*** 351 56 23 21 —— i 0.94 (0.92, 0.96)
Yamazaki et al. (1) 86 0 56 44 P 0.88 (0.81, 0.95)
Yamazaki et al. (2) 149 17 35 48 '—.—i 0.97 (0.95, 1.00)
Yamazaki et al. (3) 112 2 35 63 A 0.92 (0.87,0.97)
Hoskin et al. (1) 138 0 50 50 e 0.90 (0.85, 0.95)
Hoskin et al. (2) 106 0 46 54 e 0.90 (0.84, 0.96)

12 hours with each implant

Overall
Q =22.96 (p-value = 0.006)
?=66.17%

* 6-year bRFS, ** treated twice daily over 2 days using a single implant, *** 2 implants, 2 weeks apart, and 2 fractions delivered over

< 0.95 (0.93, 0.97)

0.80 085 090 095 1.00

Fig. 1. Forest plot for 5-year biochemical recurrence-free survival (bRFS) rates with corresponding 95% confidence intervals in
11 individual study groups, and the combined estimate using a random-effects modeling. Study group patient sample size as
well as percentage of patients within each NCCN risk group were also reported. The pooled estimate of 5-year bRFS rate was
0.95% (95% CI: 0.93-0.97%, p-value = 0.0001). Of note, the data from Hauswald et al. included in this figure were for 6-year bRFS
rather than 5-year bRFS, as was reported for all other studies. In the first study cohort published by Zomboglou et al., the patients

were treated twice daily over 2 days using a single-implant, while patients in the second group were treated with 2 implants, two

weeks apart, and two fractions delivered in a single-day each time (12 hours elapsed between twice daily treatments)

100
90
80

89.7%
70 78.9%

60
50
40
30
20
10

Biochemical recurrence-free survival
probability

Number of study group 2 10 3 2

0
0 1 2 3 4 5 6 7
Years

Fig. 2. Meta-analysis of biochemical recurrence-free
survival (bRFS) rate in multiple studies at 4-, 5-, 6-, and
7-years follow-up. Estimated values and corresponding
95% confidence intervals are connected for illustrative

purpose only

(95% CI: 0.01-0.04%, p-value = 0.008) (Supplemental Fig-
ure 4). In meta-regression, late grade > 3 GU toxicity rates
were not associated with biologically equivalent dose
(p-value = 0.679) (Supplemental Figure 6).

The pooled estimate of late grade > 3 GI toxicity rate
was 0.0002% (95% CI: -0.001-0.001%, p-value = 0.743)
using a random-effect model (Figure 4). Estimated ef-
fects against corresponding standard errors evaluated
by Egger’s testing indicated publication bias (p-value =
0.005), and the adjusted pooled late grade > 3 GI toxici-
ty rate after controlling for publication bias was 0.003%
(95% CI: -0.006-0.011%, p-value = 0.539) (Supplemental
Figure 5). In meta-regression, late grade > 3 GI toxici-
ty rates were not associated with BED (p-value = 0.687)
(Supplemental Figure 7).

Discussion

This meta-analysis summarizes clinical outcomes and
toxicities associated with definitive fractionated HDR
monotherapy. The 5-year pooled estimate bRFS rate was
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Table 2. Total number of patients, dose per fraction in Gray (Gy), number of fractions, and biologically equ-
ivalent dose assuming o/ ratio of 1.5 (BED, 5) by study group. Study groups were defined by patients who
received the same radiation dose and fractionation within a given study, and some studies therefore had
multiple corresponding cohorts. Although all patients in the Zamboglou et al. study were treated with the
same dose and fractionation, some patients were treated twice daily over two days using a single-implant,

while others were treated with two implants, two weeks apart, and two fractions delivered over 12 hours with

each implant
Study group Number of patients Dose per fraction (Gy) Number of fractions BED, 5 (Gy)
Morton et al. 83 13.5 2 270
Zamboglou et al. (1) * 141 9.5 4 279
Zamboglou et al. (2) ** 351 9.5 4 279
Yamazaki et al. (1) 86 6.5 7 243
Yamazaki et al. (2) 149 7.0 7 278
Yamazaki et al. (3) 112 6.0 9 270
Patel et al. 190 7.25 6 254
Jawad et al. 319 9.5 4 279
Hoskin et al. (1) 138 13.0 2 251
Hoskin et al. (2) 106 10.5 3 252
Hauswald et al. 448 7.25 6 254

* Patients were treated twice daily over two days using a single-implant, ** patients were treated with two implants, two weeks apart, and two fractions delivered

over 12 hours with each implant

95%, adjusted to 96% after controlling for publication
bias. The estimated 6- and 7-year bRFS rates were 89.7%
and 78.9%, respectively. These are encouraging results,
particularly given that approximately 20% of the patients
were NCCN high-risk patients. The fact that rates of bRFS
decreased with an increasing proportion of high-risk pa-
tients is also consistent with the literature [19]. These
bRFS rates are also similar to other standard treatments,
including LDR [20], stereotactic body radiotherapy
(SBRT) [19], and hypofractionated external beam radia-
tion [21]. Additional follow-up time is needed to better
understand whether clinically significant differences in
bRFS between these modalities develop with time, es-
pecially that many prostate cancer-specific events occur
between 5 to 10 years of follow-up.

We also found a relationship between bRFS and BED,
which is consistent with a previously published meta-
analysis on HDR monotherapy. Validation of this find-
ing, when limiting the results to only multi-fractionated
HDR monotherapy regimens, is helpful as multi-frac-
tionated approaches are the current standard of care.
While there is no standard fractionation scheme for HDR
monotherapy, there is a general trend to decrease the to-
tal number of fractions, and the two regimens suggested
by current NCCN guidelines are 13.5 Gy x 2 fractions or
9.5 Gy x 4 fractions, which correspond to BED of 270 and
279, respectively. There are data demonstrating correla-
tions between HDR boost in combination with external
beam showing a higher chance of achieving a 5-year
PSA < 0.2 ng/ml with a total BED > 260 Gy [22] and im-
provements in 10-year biochemical control with BED
> 268 [23]. Both of NCCN suggested HDR regimens have

BED dose levels above these thresholds seen for improved
outcomes. They are also closer to the higher end of BED
range among studies included in this meta-analysis (BED
range, 240-280). We were unable to determine whether
improvements in bRFS with increasing BED are limited
to specific NCCN risk groups. This is an important unan-
swered question to be addressed in future studies.

5-year bRFS rate (%)

98

96

94

92

90

88 . o7

86

p-value = 0.047

240 250 260 270 280

Biologically equivalent dose (Gy)

Fig. 3. 5-year biochemical recurrence-free survival (bRFS)
rates with corresponding 95% confidence intervals. 5-year
bRFS rates were associated directly, with biologically
equivalent dose assuming o/ ratio of 1.5 in meta-regres-
sion (p-value =0.047). Of note, the data from Hauswald et al.
included in this figure were for 6-year bRFS rather than
5-year bRFS, as was reported for all other studies
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Late grade 23 Genitourinary toxicity Gastrointestinal toxicity
Study Rate (95% CI) Rate (95% CI)
Jawad et al. :}l-l 0.01 (-0.00, 0.02) + 0.00 (-0.00, 0.00)
Morton et al. D—:-I—l 0.01 (-0.01, 0.03) i 0.00 (-0.00, 0.00)
Patel et al. : —— 0.04 (0.01, 0.06) i 0.00 (-0.00, 0.00)
Yamazaki et al. (1) - 0.00 (-0.00, 0.00) - 0.00 (-0.00, 0.00)
Yamazaki et al. (2) , —-— 0.05 (0.02, 0.08) l 0.00 (-0.00, 0.00)
Yamazaki et al. (3) !—I—i 0.03- (0.00, 0.06) l-f-'—i 0.01 (-0.01, 0.03)
Hauswald et al. E = 0.05 (0.03, 0.07) + 0.00 (-0.00, 0.00)
Hoskin et al. (1) l:—I—l 0.02 (-0.00, 0.04) i 0.00 (-0.00, 0.00)
Hoskin et al. (2) ' p———  0.11(0.05,0.17) I-L-—l 0.01 (-0.01,0.03)
Zamboglou et al. (1) A 0.07 (0.03, 0.11) | —— 0.04 (0.01, 0.08)
Zamboglou et al. (2) : i 0.04 (0.02, 0.05) :'-'—‘ 0.01 (0.00, 0.03)
Overall E <> 0.03 (0.02, 0.05) E 0.00 (-0.00, 0.00)

' Q =85.00 (p < 0.0001) ' Q =13.73 (p-value = 0.186)

: 12 =287.82% : 12=99.97%

0 005 010 015 0 005 010 015

Fig. 4. Forest plots for late grade > 3 genitourinary (GU) and gastrointestinal (GI) toxicity rates with corresponding 95% confi-
dence intervals in 11 individual study groups, and the combined estimate using a random-effects model. The pooled estimate
of late grade > 3 GU toxicity rate was 0.03% (95% CI: 0.02-0.05%, p-value < 0.001). The pooled estimate of late grade > 3 GI
toxicity rate was 0.0002% (95% CI: -0.001-0.001%, p-value = 0.743)

Despite the relatively high BED delivered with HDR
monotherapy, late > G3 GU and GI toxicities were lim-
ited. The pooled late > G3 GU toxicity rate across study
groups was 2-3%, and the pooled GI toxicity rate was less
than 0.5%. A statistically significant association was not
observed between BED and rates of late > G3, or high-
er GU or Gl toxicities. These results are reassuring giv-
en the concerns of increased toxicities seen with LDR
brachytherapy boost in the ASCENDE-RT trial [24].

This meta-analysis includes over 2,000 patients treat-
ed with fractionated HDR monotherapy. Individual stud-
ies, to date, have included a small number of patients,
and prospective trials in HDR monotherapy have been
limited to centers of brachytherapy excellence [3]. This
poses a potential issue for inclusion of HDR monothera-
py on national trials, with a concern for adequate exper-
tise and subsequent feasibility of widespread adoption.
This perception of difficulty with adoption of brachyther-
apy monotherapy is also reflected in the diminishing
percentage of patients treated with either LDR or HDR
monotherapy compared with the increasing number of
patients being treated with SBRT [1, 25]. This is all de-
spite the fact that HDR and LDR monotherapy provide
high-value compared with other standard external beam
approaches [26].

A recent systematic review and meta-analysis was
published and reported similar results, including 5-year
bRFES > 90%, late grade 3 or higher GU/GI toxicity rates
of less than 2%, and a correlation between BED and bRFS
[27]. A limiting factor of this analysis is that it includ-
ed patients” cohorts treated with a single-fraction HDR
brachytherapy, which is associated with inferior outcomes
and is therefore not considered as a standard of care [3].
This previous study also included patients’ cohorts pre-
sented in an abstract form but not published in a peer-re-
viewed manuscript, which can introduce bias. By limit-
ing the analysis to only multi-fractionated regimens and
correcting for publication bias, we believe that the present
analysis provides additional valuable information.

We acknowledge several potential limitations of our
study. This study represents an analysis of mostly ret-
rospective data with all the usual associated limitations.
The results presented also represent findings from a co-
hort-level study rather than a patient-level meta-analysis.
Patients’ treatment characteristics were also reported at
the study group level. As a result, it was not clear, for
example, whether patients with higher risk disease were
the patients within a given cohort who received ADT,
and whether this impacted associated outcomes. It is also
important to note that more than 30% of the patients re-
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ceived ADT as a part of their definitive treatment course,
which may have contributed to the high 5-year bRFS
rates. The studies included also did not consistently pub-
lish on patient-reported outcomes, which may be discor-
dant with physician-reported outcomes reported in this
meta-analysis. Furthermore, most of the included stud-
ies focused on reporting of severe toxicities, so we were
unable to analyze rates of grade 1-2 toxicities. Rates of
erectile dysfunction were also not consistently reported;
therefore, this important long-term outcome could not be
evaluated in the present analysis.

Our findings demonstrate that primary fractionated
HDR brachytherapy as monotherapy is associated with
high rates of disease control and low rates of significant
toxicity. These results compare favorably to those report-
ed for other modalities, including LDR brachytherapy,
hypofractionated external beam radiotherapy, and SBRT.
Longer term follow-up can help to distinguish advantag-
es and disadvantages between various treatment options.
Future clinical trials would benefit from the inclusion of
HDR brachytherapy monotherapy as a treatment arm in
order to assess its potential relative benefits compared to
other treatment modalities.
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