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Abstract
Aims: To report 5 year prostate-speciﬁc antigen outcomes in men undergoing prostate brachytherapy with caesium 131 at a single institution.
Materials and methods: All patients who underwent prostate brachytherapy with caesium 131 at our institution and had at least 24 months of follow-up were
included in this study. The results are reported by risk group (low, intermediate and high) as well as by treatment received (monotherapy, combination therapy
or trimodal therapy). The Phoenix deﬁnition (absolute nadir plus 2 ng/ml) was used to deﬁne biochemical freedom from disease (BFD).
Results: Four hundred and eighty-ﬁve patients underwent prostate brachytherapy with caesium 131 at our institution and 367 patients had at least 24 months
of follow-up and were included in this analysis. Using the Phoenix criteria, 5 year actuarial BFD was 96.0% for patients in the low-risk category, 92.7% for patients
in the intermediate-risk category and 82.9% for patients in the high-risk category. By treatment category, 95.7% of men treated with monotherapy had BFD,
84.9% of men treated with combination therapy had BFD and 92.0% of men treated with trimodal therapy had BFD.
Conclusions: The present study showed that prostate brachytherapy with caesium 131 achieves excellent oncological outcomes at 5 years.
Ó 2014 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction
Prostate brachytherapy is now accepted as an effective
treatment for men diagnosed with clinically localised
prostate cancer [1]. Several centres carrying out large
numbers of these procedures have published outcomes with
long-term follow-up showing excellent cancer control
[2e4]. Prostate brachytherapy has been shown to have equal
outcomes in terms of cancer control when compared with
radical prostatectomy and external beam radiotherapy [5,6].
Given the equivalent cancer control of these treatments,
issues such as quality of life, time devoted to treatment and
recovery time become important factors in the decision
process of patients diagnosed with clinically localised
prostate cancer. Patients who choose prostate brachytherapy are attracted in part to the minimally invasive nature of
Author for correspondence: R.M. Benoit, Department of Urology, University of Pittsburgh School of Medicine, 1350 Locust Street, Pittsburgh PA
15219, USA. Tel./Fax: þ1-412-232-5850.
E-mail address: benoitrm@upmc.edu (R.M. Benoit).

the procedure, the quick return to full activity and the low
risk of urinary incontinence.
However, virtually all men who undergo prostate
brachytherapy will experience some degree of bothersome
irritative and/or obstructive voiding symptoms. Most men
who undergo prostate brachytherapy with implantation
with the iodine 125 (125I) isotope do not resume their
baseline voiding pattern for at least 1 year after their procedure [7]. Although prostate brachytherapy is indeed
minimally invasive and patients can usually return to full
activity very quickly after their procedure, these lower
urinary tract symptoms can become quite bothersome and
can markedly affect quality of life [8e11].
A newer isotope, caesium 131 (131Cs), is now being used
in prostate brachytherapy [12]. A major potential beneﬁt of
131
Cs is the possibility of a shorter duration of the bothersome voiding symptoms that accompany prostate brachytherapy [13,14]. For this reason our centre is now using this
isotope in our prostate brachytherapy programme and our
initial outcomes do support this contention [15]. Obviously,
the primary goal when treating clinically localised prostate
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cancer is eradication of the disease. If 131Cs does indeed
provide for a shorter duration of the urinary morbidity
associated with prostate brachytherapy, this improvement
in morbidity is insigniﬁcant if it comes at the cost of inferior
cancer control.
Given the general long natural history of clinically
localised prostate cancer, long-term follow-up is required to
deﬁnitively evaluate the oncological capability of any new
treatment for this disease. However, as we await long-term
results, it is important to provide short- and intermediateterm outcomes of new treatments to ensure that these
treatments are on course to provide at least equivalent
outcomes when compared with existing treatment options.
Towards that end, the present study reports 5 year actuarial
prostate-speciﬁc antigen (PSA) outcomes after 131Cs prostate brachytherapy.

Materials and Methods
All patients who underwent prostate brachytherapy with
implantation of the 131Cs isotope at our institution and had a
minimum of 24 months of follow-up were included in the
present study. Patients were stratiﬁed by risk category and
treatment delivered. Low-risk patients were deﬁned as
having both a Gleason sum 6, a PSA of <10 ng/ml and a
clinical stage of T1eT2. Intermediate risk was deﬁned as
Gleason sum 7 or a PSA 10 ng/ml with clinical stage T1-T2;
high risk was deﬁned as Gleason sum 8 or a PSA 20 ng/ml
or clinical stage T3-T4. Patients were characterised as
receiving monotherapy if they underwent either prostate
brachytherapy alone or prostate brachytherapy combined
with androgen deprivation therapy (ADT). Patients who
received ADT þ prostate brachytherapy were placed on ADT
either before referral to our centre, to downsize the prostate
before undergoing prostate brachytherapy or due to the
presence of high-risk disease but with contraindications to
radical prostatectomy and external beam radiotherapy.
Combined radiotherapy consisted of external beam radiotherapy followed by prostate brachytherapy about 4 weeks
after patients completed their external beam radiotherapy.
Patients undergoing external beam radiotherapy received
45 Gy in 25 fractions to prostate and seminal
vesicles  pelvic nodes. Patients undergoing trimodal therapy received ADT þ external beam radiotherapy þ prostate
brachytherapy. In general, patients with low-risk disease
were treated with prostate brachytherapy as monotherapy
and patients with high-risk disease were treated with trimodal therapy. Patients with intermediate-risk disease and
a Gleason score of 3 þ 4 ¼ 7 underwent prostate brachytherapy as monotherapy, whereas patients with
intermediate-risk disease with a Gleason score 4 þ 3 ¼ 7
received combination therapy. However, patient preference
occasionally led to deviation from these recommendations.
The technique of implantation at our centre has been
previously described [15]. Patients undergoing prostate
brachytherapy as monotherapy were treated with a prescribed dose of 115 Gy, whereas patients undergoing combination therapy were treated with a prescribed dose of
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85 Gy. Targets for dosimetry were: D90 > 110%, V100 > 90%,
V150 < 50% and V200 < 20%. Computed tomography-based
dosimetry was obtained on day 0.
Patients were asked to obtain a serum PSA every 3
months for the ﬁrst year after the procedure; and then at 6
monthly intervals until year 5 and then annually. All patients included in this study had a minimum of 24 months
of follow-up. Patients who died for reasons other than
prostate cancer before 24 months after their procedure and
had not failed were not included in the analysis. The
Phoenix deﬁnition (absolute nadir plus 2 ng/ml dated at the
event) was used to deﬁne biochemical freedom from disease (BFD) [16].

Statistical Analysis
IBM SPSS statistical software version 21 was used for the
analysis. For BFD, the KaplaneMeier method was used with
the Log-rank test for evaluating the difference in BFD for
different risk categories.

Results
Four hundred and eighty-ﬁve patients had undergone
prostate brachytherapy with 131Cs at our institution at the
time this manuscript was prepared. Three hundred and
sixty-seven patients had at least 24 months of follow-up
and were, therefore, included in this study. One hundred
and forty-ﬁve patients had low-risk disease, 193 patients
had intermediate-risk disease and 29 patients had high-risk
disease. Two hundred and sixty-one patients were treated
with prostate brachytherapy as monotherapy, including 19
(7.3%) patients who received ADT in combination with their
brachytherapy. Seventy-one patients received combination
therapy and 35 patients received trimodal therapy. The
clinical characteristics of the cohort can be found in Table 1.
The mean follow-up was 56.2 months (range 24e84).
Sixteen patients in the cohort have died, making overall
survival 95.6%. Two patients died of prostate cancer, which
corresponds to a disease-speciﬁc survival of 99.5%. Patients
in the monotherapy cohort who received ADT had a mean
duration of ADT of 6.8 months. Men undergoing trimodal
therapy received ADT for a mean duration of 18.1 months.
No patients in the cohort remained on ADT 24 months after
their procedure and therefore were not on ADT at the time
of their ﬁrst PSA obtained for this study. Dosimetry outcomes for the cohort can be found in Table 2. The mean D90
and mean V100 for the entire cohort were 106.6 and 93.0%,
respectively. The target for D90 was 110%, but this target
was achieved intraoperatively via ultrasound planning.
Formal dosimetry was obtained by computed tomography,
which probably explains the discrepancy between the D90
target and the D90 achieved. Although many patients in the
cohort experienced a PSA bounce, no patients had a PSA
increase of more than 2.0 ng/ml from their nadir and subsequently had their PSA decrease without treatment.
Using the Phoenix criteria, the KaplaneMeier analysis
demonstrated that BFD rates were 96.0% for the low-risk
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Table 1
Clinical characteristics

Total cohort
Low risk
Intermediate risk
High risk
Monotherapy
Combination therapy
Trimodal therapy

n

Mean age (range)

Mean pretreatment prostate-speciﬁc
antigen (ng/ml; range)

Median Gleason
sum

Percentage of patients
with clinical stage T1C

367
145
193
29
261
71
35

65.9
65.4
66.0
68.0
65.8
65.0
68.3

6.6
5.3
7.0
11.1
5.9
6.7
11.7

7
6
7
8
6
7
8

74.9
88.3
71.0
34.5
81.6
69.0
37.1

(50e83)
(50e80)
(50e83)
(50e83)
(50e83)
(50e78)
(51e79)

(1.0e78.0)
(1.0e9.7)
(2.0e20.0)
(1.7e78.0)
(1.0e16.9)
(1.7e15.2)
(1.8e78.0)

category, 92.7% for men in the intermediate-risk category
and 82.9% for men in the high-risk category (P < 0.01)
(Figure 1a). By treatment category; 5 year BFD rates were
95.7% for the men treated with monotherapy, 84.9% for men
treated with combination therapy and 92.0% for men
treated with trimodal therapy (Figure 1b). At the time of the
last PSA obtained, 40.2% of patients had an undetectable
PSA, 57.8% patients had a PSA of 0.1 ng/ml, 72.2% of patients had a PSA of 0.2 ng/ml, 85.2% of patients had a PSA
of 0.5 ng/ml, 92.6% of patients had a PSA of 1.0 ng/ml and
96.0% patients had a PSA of 1.5 ng/ml. The mean PSA at 24
months was 0.46 ng/ml, 0.2 ng/ml at 36 months, 0.1 ng/ml
at 48 months and <0.1 ng/ml at 60, 72 and 84 months.

Discussion
Given the general slow growth of prostate cancer and its
usual chronic nature, long-term follow-up in the range of 15
years is thought necessary to deﬁnitively determine the
oncological success of any treatment for clinically localised
prostate cancer. However, until any modality has this length
of follow-up, short-term and intermediate-term results
should be reported to ensure that newer interventions are

on course to provide similar or perhaps improved cancer
control when compared with existing treatment outcomes.
If any new modality for the treatment of clinically localised
prostate cancer cannot be utilised until 15 years of followup is obtained, very little progress will be made in
improving the treatment of this disease. Although 131Cs is
the newest isotope being utilised for prostate brachytherapy, this isotope has now been in use since 2004 and it is
important to know whether with at least intermediateterm follow-up 131Cs is on course to provide cancer control on par with prostate brachytherapy using the established isotopes 125I or palladium 103 (103Pd).
The primary potential beneﬁt of 131Cs prostate brachytherapy is the possibility of a shorter duration of the urinary
morbidity associated with prostate brachytherapy. However, any improvement in the duration of urinary morbidity
will be of minimal importance if oncological outcomes do
not meet those achieved with 125I or 103Pd brachytherapy.
The present study reported 5 year PSA outcomes in patients
undergoing 131Cs prostate brachytherapy at our institution.
This longitudinal, single institution study showed that
oncological outcomes are quite acceptable in patients undergoing prostate brachytherapy with 131Cs as BFD rates
were 96.0, 92.7 and 82.9% for low-risk, intermediate-risk

Table 2
Dosimetry outcomes, seeds placed and total activity delivered
D90 (%)

Total cohort
Low risk
Intermediate risk
High risk
Monotherapy
Combination therapy
Trimodal therapy

V100 (%)

Mean

Median

Range

Mean

Median

Range

106.6
104.6
107.0
110.8
105.1
109.6
111.1

105.1
103.7
106.2
109.6
103.8
107.6
109.6

88.0e133.4
89.7e126.8
88.0e133.4
96.9e130.7
88.0e126.8
96.9e133.4
97.9e130.7

93.0
92.1
93.3
94.8
92.4
94.2
94.8

93.7
92.7
93.8
95.1
93.0
94.4
95.1

75.9e99.1
76.7e98.8
75.9e99.1
88.0e98.7
75.9e98.8
88.0e99.1
89.1e98.7

Number of seeds placed

Total cohort
Low risk
Intermediate risk
High risk
Monotherapy
Combination therapy
Trimodal therapy

Total activity

Mean

Median

Range

Mean

Median

Range

91.3
99.9
88.2
69.1
98.8
75.0
68.6

90
100
86
64
98
74
66

47e159
62e159
47e154
48e118
61e159
51e129
47e118

168.6
189.5
160.5
118.3
186.6
128.5
115.8

165.6
182.0
156.6
117.0
181.0
123.2
108.0

32.04e316.41
32.0e316.4
75.2e308.0
76.8e212.4
32.0e316.4
81.6e217.2
75.2e212.4
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Fig 1. KaplaneMeier biochemical freedom from disease (BFD) survival curves by (a) risk group; (b) therapy group.

and high-risk disease, respectively. Patients undergoing
prostate brachytherapy with 125I and 103Pd have been reported to have long-term BFD rates of 88e97% if they presented with low-risk disease, 78e96% if they presented
with intermediate-risk disease and 53e72% if they presented with high-risk disease [7].
Several centres have published their 5 year outcomes in
men with clinically localised prostate cancer. Kubicek et al.
[16] reported actuarial BFD rates of 85.4, 83.2 and 79.6% in
men with low-, intermediate- and high-risk disease,
respectively; although 71.3% of these patients received ADT.
Dickinson et al. [17] reported 5 year actuarial PSA outcomes
from three centres in the UK for men with low-risk disease
of 94.2%. ADT was given to 22% of patients in this cohort.
Vassil et al. [18] reported a 5 year actuarial BFD of 89.5% in
men with intermediate-risk disease undergoing prostate
brachytherapy. Zelefsky et al. [19] reported 5 year actuarial
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BFD outcomes of 96% in men with low-risk disease and 89%
in men with intermediate-risk disease.
Five years is certainly too early to deﬁnitively determine
the efﬁcacy of treatment for localised prostate cancer. Recurrences can occur many years after initial treatment,
particularly local recurrences, which tend to present later
than distant failures [17]. Additionally, PSA outcomes are only
a surrogate outcome for the more important end points of
metastases-free survival and prostate cancer-speciﬁc survival.
However, 5 year outcomes do carry prognostic value [20].
If a single, ﬁxed cut-off is set below which cure was
highly likely and above which failure is likely to eventually
occur, an earlier assessment of treatment efﬁcacy will have
been realised and an early interim analysis can be reliably
carried out. Lo et al. [21] reported that men with a PSA
0.4 ng/ml 4 years after treatment had a <1% risk of disease
relapse at 8 years, whereas all patients in their study who
had a PSA >1.0 ng/ml 4 years after treatment relapsed. In
our patients who had not failed, 97.9% of patients with lowrisk disease, 96.7% of patients with intermediate-risk disease and 100% of high-risk disease had a PSA 0.4 ng/ml 4
years after their procedure.
Critz et al. [22] reported that in men who reached a PSA
nadir of 0.2 mg/ml, 92% had a non-rising PSA 10 years after
treatment. To date, 72.1% of men in our cohort have achieved
a PSA nadir 0.2 ng/ml. The percentage of men reaching a
nadir 0.2 ng/ml in the present study at 2, 3, 4, 5, 6 and 7
years is 43.5, 74.3, 98.3, 100, 100, and 100, respectively.
Although 131Cs is a relatively new isotope for prostate
brachytherapy and therefore long-term outcomes are not
known, as long as the proper dose of radiation is delivered
to the target volume one would expect oncological outcomes to be similar to those achieved with 125I and 103Pd.
No difference in oncological outcomes has been shown
between 125I and 103Pd despite their different dose rates
[23]. It is therefore likely that as long as the dosimetry
achieved is acceptable, oncological outcomes will be similar
when comparing 131Cs, 103Pd and 125I. Our dosimetry results
are very acceptable and should portend excellent long-term
cancer control [24]. It had long been postulated that the
higher dose rate of 103Pd could lead to better cancer control
when compared with 125I, but a difference in cancer control
has never been shown between these two isotopes. It has
also been theorised that with the combination of a dose rate
similar to 103Pd and an energy level similar to 125I, 131Cs will
achieve cancer control better than 103Pd and 125I [25].
However, only longer term outcomes will address this
question and this issue cannot be deﬁnitively determined
without a prospective, randomised, controlled trial.
This study had limitations. Most importantly, the followup was not adequate to deﬁnitively determine the oncological control associated with 131Cs. The intermediate-term
follow-up of these patients is more likely to overestimate
outcomes in men with low-risk disease when compared
with patients with intermediate- and high-risk disease.
Patients with low-risk disease are very likely to have clinically localised disease and at least some of the patients in
the cohort were not followed for long enough for failure to
occur [26]. By contrast, men with high-risk disease are more
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likely to have microscopic metastatic disease at the time of
diagnosis and PSA recurrence will probably occur earlier in
these men compared with patients with low-risk disease.
An exception is in men with high-risk disease treated with
androgen deprivation. If these patients remain on ADT for
2e3 years, shorter-term follow-up may overestimate disease control as these patients’ PSA may still be suppressed
by their hormonal therapy.
Additionally, enthusiasm for new treatments for prostate
cancer may not be warranted based on early PSA outcomes.
This cohort will continue to be closely followed and outcomes will be reported as follow-up of the cohort matures.
It must also be noted that these results are from a single
centre and therefore their transferability is uncertain. Results from other institutions may vary depending on patient
selection and the treatment techniques used.

Conclusion
Patients undergoing prostate brachytherapy with 131Cs
have excellent oncological outcomes at 5 years. Although
more years of follow-up are required to assess the true
cancer control ability of prostate brachytherapy with 131Cs,
these intermediate-term outcomes show that there is no
reason at this time to suspect that 131Cs will not provide
oncological outcomes at least on par with those of 125I and
103
Pd. As follow-up of this patient cohort matures, we will
continue to publish our results to show the long-term
oncological outcome of 131Cs prostate brachytherapy.
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