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Introduction: We review the current evidence for the role of low-
dose rate brachytherapy (PB) in patients with low- or intermediate-
risk prostate cancer using a systematic review of the literature.
Methods: We searched MEDLINE and EMBASE (from January 1996
to October 2011), the Cochrane Library, relevant guideline web-
sites, and websites for meetings specific for genitourinary diseases.
Results: Ten systematic reviews and 55 single-study papers met the
pre-planned study selection criteria. In the end, 36 articles were
abstracted and analyzed for this systematic review. There is no
evidence for a difference in efficacy between PB and external beam
radiation therapy (EBRT), or between PB and radical prostatectomy
(RP). During the 6 months to 3 years after treatment, PB was asso-
ciated with less urinary incontinence and sexual impotency than
RP, and RP was associated with less urinary irritation and rectal
morbidity than PB. However, these differences diminished over
time. PB conferred less risk of impotency and rectal morbidity in the
three years after treatment than EBRT. lodine-125 and alladium-103
did not differ with respect to biochemical relapse-free survival and
patient-reported outcomes.

Conclusions: PB alone is a treatment option with equal efficacy
to EBRT or RP alone in patients with newly diagnosed low- or
intermediate-risk prostate cancer who require or choose active
treatment.

Introduction

Prostate cancer is a common cause of cancer-related mor-
tality in North America and Europe.’? In Canada in 2013,
23 600 new prostate cancer cases were predicted, as are
approximately 4000 deaths related to prostate cancer.! In
2001, the Cancer Care Ontario (CCO) Genitourinary Cancer
Disease Site Group (DSG) and the Program in Evidence-
Based Care (PEBC) developed a guideline on PB for patients

with low-risk prostate cancer (literature search from 1988

to 1999).° Since studies with stronger quality of evidence

(e.g., randomized controlled trials [RCTs]) on investigating

low- and even intermediate-risk patient populations have

been published during the last decade, it is necessary to
update this systematic review.

Based on the clinical practice guidelines of the
Genitourinary Radiation Oncologists of Canada* and the
National Comprehensive Cancer Network (NCCN),> prostate
cancer patients are classified into 3 groups: low-risk (defined
as having a prostate-specific antigen [PSA] <10 ng/mL and
clinical stage T1c-T2a and Gleason score <7), intermediate-
risk (PSA =10 ng/mL, but <20 ng/mL or clinical stage T2b-
T2c¢ or Gleason score =7), and high-risk (PSA =220 ng/mL or
clinical stage >T2c or Gleason score >7). To date, 3 isotopes
have been available for PB in patients with prostate cancer:
iodine-125 (1-125), palladium-103 (Pd-103), and cesium-131
(Cs-131), each of which has a different half-life (59.4 days,
17.0 days, and 9.7 days, respectively®). It is unclear which
isotope maximizes clinical outcomes.

Our goal in this updated systematic review is to answer
the following 3 questions in patients with newly diagnosed
low- or intermediate-risk prostate cancer who are eligible
for treatment with PB:

1. What is the efficacy of PB alone for clinical outcomes
(specifically: prostate cancer specific mortality [PCSM],
overall survival [OS], biochemical relapse-free survival
[bRFS], negative biopsy rate, salvage treatment rate, tox-
icity, and patient-reported outcomes, including quality
of life [QOLI), when compared with EBRT alone, or
RP alone?

2. What is the efficacy of PB and EBRT in combination,
for the above clinical outcomes, when compared with
PB alone, EBRT alone, or RP alone?

3. Among the 3 isotopes used for PB, which one maxi-
mizes clinical outcomes?
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Literature search strategy

A literature search with a priori defined study selection cri-
teria was performed using MEDLINE and EMBASE through
the Ovid search engine; also, the Cochrane Clinical Trial
Register was searched for the period of January 1, 1996
to October 27, 2011. Alternative terms for brachytherapy
including 1-125, Pd-103, or Cs-131; alternative terms for
prostate cancer were used to search literatures respectively,
and then “AND” was used to combine results of these 2.7
The relevant guideline websites (e.g., National Guideline
Clearinghouse), websites for meetings specific for gen-
itourinary diseases (e.g., American Society for Radiation
Oncology), and the Standards and Guidelines Evidence
Inventory of Cancer Guidelines® were checked for existing
relevant systematic reviews and guidelines.

Study selection criteria

Inclusion criteria

1. Systematic reviews, RCTs, and prospective comparative
studies with analyzed sample size =30 for each com-
parative subgroup, or retrospective comparative studies
with total sample size =500.

2. Papers on studies comparing PB with EBRT or RP alone;
PB plus EBRT with PB, EBRT, or RP alone; different doses
of PB alone or PB plus EBRT; or any 2 of the 3 isotopes.

3. Papers reporting on at least one of the target clinical
outcomes.

4. Papers published in English.

Exclusion criteria

1. Studies reporting outcomes on mixed risk group popula-
tions where >20% of the patients were from the high-
risk category or studies in which outcomes were not
stratified by risk group.

2. Studies in which treatments were selected according to
known risk factors (e.g., patients with PSA <10 ng/mL
received PB and patients with PSA =10 ng/mL received
EBRT).

Synthesizing the evidence

The evidence from included papers was reviewed by 4 clin-
ician members of the genitourinary cancer Disease Site Group
(DSG), and 1 methodologist from the Program in Evidence-
Based Care (PEBC). All data were audited by a second,

independent auditor. Data for any subgroup with less than
30 patients were not used given the large confidence inter-
vals implicit in the analysis of small numbers of patients.
Significance testing was reported as per the source study.

Assessing quality of the studies

The quality of the RCTs included in this review was assessed
using the modified Cochrane Collaboration’s tool.? The qual-
ity of non-randomized studies was assessed using the modi-
fied Newcastle-Ottawa Scale.?

Results

Literature search results

After searching the MEDLINE, EMBASE, and the Cochrane
Clinical Trial Register, 5444 citations were identified (Fig.
1). Ultimately, a total of 10 systematic reviews''?° and 55
unique studies?'”®> met the study selection criteria. After care-
ful consideration (Fig. 1), we finally chose 36 articles for this
systematic review. Among them, 29 articles related to the first
research question,N-23,25-27,29-31,33,34,37,38,41-46,49,51,52,56,61,65,66,72-74 6
related to the second question,?*36°8636972 and 3 related to
the third research question.3%3947

We identified the non-RCTs that met our pre-planned
study selection criteria; we tallied them and included them
for completeness (Table 1, http:/journals.sfu.ca/cuaj/index.
php/journal/article/view/1482/1457). They were not inter-
preted owing to the potential likelihood of significant bias
influencing the study findings: studies that did not control
for differences in baseline patient characteristics by using
multivariate analysis; studies where overall survival (OS)/
prostate cancer specific mortality (PCSM) were <10 years
given that the relative 10-year and 15-year prostate-can-
cer survival rates are 98% and 91%, respectively, for all
prostate cancer patients with any treatment (it is unlikely
that between-group differences in survival due to treatment
selection would manifest at <10 years);”® studies not report-
ing biochemical relapse-free survival (bRFS) rates =5 years
(since “benign PSA bounce”””7® can occur within 5 years
following treatment with PB or EBRT); and studies including
unclear proportion of high-risk patients.

Assessment of study quality

Among the 36 articles, 6 reported targeted outcomes from
3 RCTs.3637.3947.5869 Only 1 of the 5 papers* from the RCTs
by Merrick and colleagues and Wallner and colleagues
reached the minimal patient requirement to achieve a study
power of 80% at an alpha of 0.05 for survival outcomes.
These 5 papers reported the selected outcomes without
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5444 Initial search results in MEDLINE,
EMBASE, and Cochrane Clinical Trial
Register from January 1 1996 to
October 27 2011

Abstracts from ASCO, ASTRO, ESTRO,
AUA, EUA, ABS, and CARO Annual
Meeting Abstracts from January 2009 to
October 2011

5129 were excluded after title
and abstract reviews

A

Y

315 potentially relevant
studies for full text reviews

None met the

< study selection
criteria

252 papers did not meet study
selection criteria

2 eligible studies were found
after checking references from
the eligible articles and
systematic reviews

7 studies did not provide
comparative data;

7 studies mixed PB+EBRT and
PB alone treatments together;
5 studies were overlapped with
others;

10 systematic reviews did not
answer all of the 3 research
questions, but their included <t
studies were checked and no
relevant papers were missed
in the current review

55 full texts and 10 systematic
reviews met the pre-planned
—> study selection criteria

36 original studies were
abstracted in this systematic
review

Fig. 1. Flow of studies considered for this systematic review. ASCO: American Society of Clinical Oncology; ASTRO: American Society for Radiation Oncology;
ESTRO: European Society for Radiotherapy and Oncology; AUA: American Urological Association; EAU: European Association of Urology; ABS: American
Brachytherapy Society; CARO: Canadian Association of Radiation Oncologists; PB: brachytherapy; EBRT: external beam radiation therapy.

pre-planned interim analysis. The randomization method
and allocation concealment were clearly reported and by
necessity, patients and clinicians were unblinded in both
RCTs. The 2009 Giberti and colleagues’ trial was the sixth
RCT and demonstrated good quality on the randomization
method and allocation concealment;*” outcome assessors
were blinded to patient treatment; the follow-up rate was

87% over 5 years. However, there was no expected effect
size or sample size calculation, no intention-to-treat analy-
sis, and no information about funding resources. Overall,
the quality of evidence from these RCTs was considered to
be poor to moderate.

Fourteen articles reported prospective studies and 16
were retrospective studies. The baseline patient character-
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istics or the proportion of different risk patients among the
treatment groups were reported as significantly different
in 2’] StudieS.Z]'22'26'27'29’30'33'38'43'46'49'51'52'61’63'66'72'74 There was
no statistical comparison of baseline patient characteristics
among intervention groups in 6 studies.?33%3%4256:65 Qnly
the study by Kirschner-Hermann and colleagues reported
a blinded assessment of outcome.*' Although the follow-up
rates in most studies were over 80%, only 10 studies had
at least 1 group with at least 5 years of median or mean
follow-up time 21-23:26:29.43,63,667274 Qyerall, the study quality
from the non-RCTs was poor to moderate.

Outcomes

Patient characteristics, treatment dose, and treatment effect
outcomes are shown in Table 1 (http://journals.sfu.ca/cuaj/
index.php/journal/article/view/1482/1457). Among the eli-
gible papers, when PB was used alone, the dose was 140-
160 Gy for 1-125 or 108-125 Gy for Pd-103; when PB was
combined with EBRT, the dose was 41.4-45 Gy EBRT fol-
lowed by 100-120 Gy I-125, or 20-50.4 Gy EBRT followed
by 90-115 Gy Pd-103.

Meta-analyses of the trial results were considered, but
were deemed not feasible because patient characteristics,
interventions, intervention doses, PSA failure definitions,
toxicity assessment criteria, and assessment tools for patient-
reported outcomes among the included studies were too
heterogeneous.

Outcomes relevant to research question 1: What is
the efficacy of PB alone for clinical outcomes when
compared with EBRT alone, or RP alone?

PCSM, 0, and bRFS

When PB was compared with RP for PCSM or OS, 1 retro-
spective study with 41 395 mixed low-risk and intermediate-
risk patients reported 10-year survival outcomes.® In this
study, there was no statistical difference between PB and
RP groups, regardless of age (Table 1, http:/journals.sfu.ca/
cuaj/index.php/journal/article/view/1482/1457). Four addi-
tional studies compared PB with RP for bRFS. One RCT with
200 low-risk patients*” and 1 retrospective study with 927
low-risk patients®' showed no statistical difference between
the 2 groups; 2 retrospective studies showed that PB led
to a higher bRFS rate than did RP in 674 intermediate-risk
patients®® and in 437 mixed low-, intermediate- and <20%
of high-risk patients,?® respectively.

When PB was compared with EBRT, 3 retrospective stud-

ies with 1529 patients showed there were no significant
differences between the 2 groups with respect to bRFS.201:66

Toxicity

We tallied the studies that reported comparisons of =grade
2 toxicities between treatments (Table 2, http:/journals.sfu.
ca/cuaj/index.php/journal/article/view/1482/1457). With
regard to bladder and bowel function, a retrospective study
with 729 low-risk patients reported that PB led to more late
grade 2 genitourinary and gastrointestinal toxicities, but less
impotence than did EBRT. There were no differences for
the late grade 3 genitourinary and gastrointestinal toxicities
between the 2 groups;’* however, this paper did not give
the time definition of “late toxicity.” For second primary
cancers, another retrospective study reported that PB led
to fewer second primaries up to 5.3 years compared with
EBRT in 58 623 patients (mixed risk categories, but <20% of
high-risk patients),*' but the EBRT group had more patients
=65 years old (82% vs. 63%) and more high-risk patients
(19.6% vs. 5.4%) than those in the PB group.

Patient-reported outcomes

Three RCTs (4 papers3®37:3958) and 16 non-
RCT523,25,27,29,33,34,38,41,44-46,49,51,52,61,73 reported data on patient_
reported outcomes using 20 different instruments, but only
10 articles that had clear categories for low-, and/or inter-
mediate-, and/or mixed =20% of high-risk patients. The data
indicated no statistically significant differences at baseline
for QOL among intervention groups; also, the data did not
adjust for baseline imbalance when reporting QOL out-
comes (Table 3, http://journals.sfu.ca/cuaj/index.php/jour-
nal/article/view/1482/1457). Given the heterogeneity of the
study cohorts and the instruments used, estimates of the
magnitude of impact of treatment on patient-reported out-
comes could not be compared between studies.

When PB was compared with EBRT, 2 prospective stud-
ies with 792 patients showed no difference between the 2
groups for urinary domains. PB led to less sexual and rectal
problems than did EBRT in patients with mixed low-, inter-
mediate-, and mixed =20% of high-risk patients.***'

When PB was compared with RP, 3 prospective studies
with 913 patients in mixed low-, intermediate-, and <20%
of high-risk showed that urinary incontinence and sexual
potency favoured PB, while other urinary problems favoured
RP.273851 For rectal morbidity, 1 study favoured RP,* but the
3 other studies found no difference.?*?*>" In an RCT with
200 low-risk patients, results were consistent with the above
observational studies at 1 year, but these differences were
not sustained at 5 years.*”
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Outcomes relevant to research question 2: What is the
efficacy of PB and EBRT in combination, for the above
clinical outcomes, when compared with PB alone, EBRT
alone, or RP alone?

No study compared the combination of EBRT plus PB with
PB, EBRT, or RP alone for treatment benefit outcomes in the
target patients in (Table 1, http:/journals.sfu.ca/cuaj/index.
php/journal/article/view/1482/1457).

One retrospective study of 825 patients investigated gas-
trointestinal toxicity between PB plus EBRT and PB alone
and found no difference between arms at 8 and 12 months in
Table 2 (http://journals.sfu.ca/cuaj/index.php/journal/article/
view/1482/1457).%°

For patient-reported outcomes, when PB plus EBRT was
compared with PB alone, 1 retrospective study”® demon-
strated that PB led to a better urinary function and bother
outcomes. There were no statistical differences for sexual,
bowel function and bother, or overall QOL between 3
groups in 510 patients with mixed low-, intermediate-, and
mixed =20% of high-risk in Table 3 (http:/journals.sfu.ca/
cuaj/index.php/journal/article/view/1482/1457).

Outcomes relevant to research question 3: Among the
three isotopes used for PB, which one maximizes
clinical outcomes?

In Table 1 (http:/journals.sfu.ca/cuaj/index.php/journal/
article/view/1482/1457), 1 RCT with 263 low-risk patients
showed no significant difference for bRFS rate between the
I-125 and Pd-103 groups (96.8% vs. 99.2%, p = 0.149).

Up to the search date, there was no evidence to compare
the toxicity of different isotopes used for PB in the target
patients.

For patient-reported outcomes, when 1-125 was compared
with Pd-103, 1 RCT with 314 low-risk patients reported that
Pd-103 resulted in worse overall QOL than did I-125 at
1 month, and I-125 resulted in worse overall QOL than
did Pd-103 at 6 months. However, there was no difference
between the 2 groups at 1 and 2 years.*

Ongoing trials

The National Cancer Institute Clinical Trials database was
searched on September 12, 2012 and the Radiation Therapy
Oncology Group website was searched on March 20, 2012
for potential trials meeting our selection criteria. Six ongoing
RCTs were found (the summarized details can be obtained
by contacting authors).

Low-dose rate brachytherapy

There are many challenges inherent in conducting an RCT in
prostate cancer patients, including the natural history of the
disease, strong patient treatment preferences, or concerns
regarding receiving non-standard of care approaches.” For
example, an American College of Surgeons Oncology Group
phase Il trial (SPIRIT) comparing RP and PB for patients with
low-risk prostate cancer opened in 2002, but was closed in
2004 due to poor accrual.?

Due to the relative dearth of RCTs, comparative observa-
tional studies were therefore included in this review if they
met the a priori selection criteria. Despite the fact that 36
original studies were abstracted in this review, there remains
insufficient evidence to answer all 3 research questions with
certainty.

Firstly, each of the eligible studies has substantial poten-
tial for bias and thus considerable uncertainty regarding its
findings. Secondly, it is recognized that bRFS rate is a surro-
gate endpoint of treatment efficacy, and few studies reported
survival outcomes (PCSM or OS). Thirdly, the studies report-
ing bRFS used different definitions for PSA failure, mak-
ing between-study comparisons difficult. Most publications
before 2006 used the 1996 ASTRO definition (3 consecutive
rising PSA values each obtained at least 3 months apart);®°
after 2006, most publications followed the 2006 ASTRO
definition for failure following PB (PSA should be higher
than nadir plus 2 ng/mL) in recognition of the “benign PSA
bounce.”® For RP, definitions for PSA failure included PSA
value =0.2 ng/mL, >0.3 ng/mL, or =0.4 ng/mL. When PB
was compared with RP, using the ASTRO 2006 definition
for PSA failure created a bias favouring PB, but adequate
follow-up reduced this bias.®' Therefore, only bRFS at =5
years was analyzed and interpreted in this review. Fourthly,
about one-half of the included studies used neo-adjuvant
hormone suppressive therapy for some patients, often with
the intent to reduce prostate size before treatments. Again,
without the protection of randomization, it is difficult to
factor this element into between-study comparisons of bRFS
outcomes. Fifthly, recommended doses have changed over
time. Before 2000, most reports on EBRT alone included
doses of 63-70 Gy; after 2000, most publications includes
70-81 Gy. Determining the appropriate dose for EBRT alone
is beyond the scope of this review; however, the use of low-
dose EBRT before 2000 may have underestimated the effect
of EBRT. Likewise, the predominant use of the 1996 ASTRO
definition for PSA failure prior to 2001 may have underesti-
mated the effectiveness of PB, again preventing meaningful
synthesis of the data among studies. Sixthly, it is recognized
that PB and RP quality varies significantly between centres
and may be an additional source of potential bias when
comparing results. However, PB or RP quality was poorly
reported for most studies so comparisons of high quality PB
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versus high quality RP were not possible. In addition, as RP
and PB are widely performed, the authors of this systematic
review wanted to assess the comparative effectiveness of the
different procedures (i.e., what the results are across a large
spectrum of centres).

Although the quality of evidence from included studies
was low-to-moderate in nature within this systematic review,
the evidence across the eligible studies consistently sup-
ports the conclusion that there is no difference in treatment
efficacy between PB, EBRT, and RP in patients with low-,
or intermediate-risk prostate cancer.

It is worthy to note that although the 2010 study by Pickles
and colleagues is a retrospective study and does not meet the
pre-planned study inclusion criteria (i.e., the sample size from
a retrospective study should be >500), it is a relevant piece
of work that fits within the Canadian context of practice.®? In
total, 108 patients with low-risk and 31 with intermediate-risk
prostate cancer in the PB group were matched with patients
in the EBRT group. The median followed-up time was 5.5
years. The 5-year bRFS rates in the PB group and the EBRT
group were 95% versus 85% (p < 0.001) for all patients, 94%
versus 88% (p < 0.0071) for low-risk patients, and 100% versus
78% (p = 0.016) for intermediate-risk patients, respectively.
At 7 years, the bRFS rate was 95% versus 75% (p < 0.001)
for all patients, respectively. Late urinary toxicity was worse
in patients treated with PB, and late rectal toxicity was worse
in patients treated with EBRT. Thus, this study also supports
the conclusion of this systematic review.

After our search for this review, another similar systematic
review had been done by Grimm and colleagues.®* They
came to different conclusions and reported that “brachy-
therapy provides superior outcome in patients with low-risk
disease.” There are several reasons for the difference. Firstly,
this Grimm review included single-arm studies. We consid-
ered it inappropriate to investigate the treatment effect of one
option since without direct comparison between 2 treatment
options as many potential confounders can bias the treat-
ment results. Secondly, the Grimm 2012 review combined
all the comparative studies that met its inclusion criteria in
a single analysis. However, for comparative studies (non-
RCTs), if the patient characteristics were significantly dif-
ferent between 2 treatment groups at baseline, it would be
impossible to know whether their final results for treatment
effect were real or affected by uncontrolled for the potential
confounders at baseline. Actually, many of the 10 systematic
reviews that met the pre-planned selection criteria'"" did
not consider this important point.

Conclusions

To date, consistent evidence exists to support PB alone as
a treatment option with equal efficacy to EBRT alone or RP
alone for patients with newly diagnosed low- or intermedi-

ate-risk prostate cancer who require or choose active treat-
ment; benefits and toxicities must also be balanced. There is
insufficient evidence to recommend the use of combination
of EBRT plus BT in the target patients. [-125 and Pd-103
are not different for bRFS and QOL in target patients. There
is no efficacy evidence for Cs-131. In the absence of large
RCTs and faced with small sample sizes in existing non-
RCT studies, any possible difference that may exist between
the treatment options cannot be conclusively identified.
Hence, large sample-size, well-designed, and good-quality
RCTs and/or prospective comparative studies are required
to investigate novel or targeted approaches in patients with
low- or intermediate-risk prostate cancer.
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