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Purpose:  To  retrospectively  evaluate  biochemical  control  and  toxicity  in  patients  who  underwent  125I
seed  brachytherapy  (BT)  for intermediate-risk  prostate  cancer  (PCa).
Materials  and  Methods:  Between  January  2004-December  2014,  395  patients  with  intermediate-risk  PCa
underwent  125I  BT. Of  these,  117  underwent  preoperative  planning  (PP;  145  Gy)  and  278  real-time  intra-
operative  preplanning  (IoP;  160 Gy).  All  patients  were  followed  for  ≥ 6 months  (>  5 years  in  48%  of patients
and  >  7  years  in 13%).  Median  follow-up  was  59  months.
Results:  Biochemical  relapse-free  survival  (BRFS)  rates  at 5 and  8 years  were,  respectively,  91.7%  and
82.1%.  By  treatment  group,  the  corresponding  BRFS  rates  were  93.5%  and  90%  for  IoP and  89%  and  76.8%
for PP.  The  maximum  dose  to  the  urethra  remained  unchanged  (217 Gy)  despite  the  dose  escalation  (from
145  to  160  Gy),  without  any  significant  increase  in treatment-related  toxicity  (p  =  0.13).  Overall  toxicity

outcomes  in  the  series  were excellent,  with  only  3  cases  (0.76%)  of  grade  3 genitourinary  toxicity.
Conclusion:  The  real-time  intraoperative  planning  technique  at 160  Gy yields  better  biochemical  controls
than the preoperative  planning  technique  at 145  Gy.  Dose  escalation  did not  increase  urinary  toxicity.
The  excellent  results  obtained  with  the  IoP  BT technique  support  its  use  as  the first  treatment  option  in
this  patient  population.

©  2020  Greater  Poland  Cancer  Centre.  Published  by  Elsevier  B.V.  All  rights  reserved.
. Introduction

Approximately 60 %–70 % of patients with prostate cancer (PCa)
re diagnosed with organ-confined disease.1,2 A wide range of
reatments3 are available for localized PCa. Studies have shown
hat permanent seed implant brachytherapy BT, prostatectomy,
nd external beam radiotherapy (EBRT) all yield similar survival
utcomes in this population.4

Permanent seed, low-dose rate (LDR) BT is a well-established
reatment option in patients with low-risk PCa.3 However, in

ntermediate-risk disease, the role of BT monotherapy is less
lear. The results of the NGR Oncology/RTOG-0232 trial5,6 in
018 showed that progression-free survival (PFS) in patients with

∗ Corresponding author.
E-mail address: olgapons73@hotmail.com (O. Pons-Llanas).

ttps://doi.org/10.1016/j.rpor.2020.04.014
507-1367/© 2020 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights res
intermediate-risk PCa treated with permanent seed BT alone were
comparable to those obtained with EBRT combined with BT, but
with less toxicity. The Seattle group7 described their experience
with BT alone in intermediate-risk patients, reporting a biochem-
ical relapse-free survival (BRFS) of 79.9% at 15 years, a result that
is in line with the 5-year BRFS (94%) reported by Zelefsky et al.8

Although the evidence supporting the use of permanent seed BT
as monotherapy in intermediate-risk PCa continues to grow, more
data would be valuable.

In the present study, we evaluated treatment outcomes and
toxicity in patients with intermediate-risk PCa who  underwent per-
manent seed BT as monotherapy. We  also compared the results
based on the implantation technique and dose used, either preop-
erative planning (PP) at 145 Gy or real-time intraoperative planning

(IoP) at 160 Gy.

erved.

https://doi.org/10.1016/j.rpor.2020.04.014
http://www.sciencedirect.com/science/journal/15071367
http://www.elsevier.com/locate/rpor
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rpor.2020.04.014&domain=pdf
mailto:olgapons73@hotmail.com
https://doi.org/10.1016/j.rpor.2020.04.014
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. Methods and materials

.1. Patients

We  retrospectively evaluated 395 patients who had undergone
ermanent implant 125I seed BT as monotherapy between January
004 and December 2014. All patients were intermediate-risk PCa
ccording to the criteria of the National Comprehensive Cancer Net-
ork (NCCN).3 All patients received luteinizing hormone-releasing
ormone (LHRH) analogues for 6 months. The patient characteris-
ics are detailed in Table 1.

.2. Procedures

All treatments were performed in accordance with ABS9 and
EC-ESTRO recommendations.10 Due to changes in clinical practice
ver the 11-year study period, two different BT techniques were
sed. Between 2004–2007, the preoperative planning technique
ith 145 Gy was used. In October 2007, we switched to the real-

ime IoP technique with 160 Gy. Due to this change, we grouped
nd compared the patients according to the treatment technique
nd dose used (PP at 145 Gy vs. IoP at 160 Gy).

In accordance with ABS and GEC-ESTRO recommendations, the
rethral dose constraint was 150% of the prescribed dose, which

s typically 145 Gy (217 Gy). However, when a higher prescription
ose was used (160 Gy), the urethral dose was maintained at 217 Gy
135% of the prescribed dose). In normal treatment planning, the
im is to ensure that the maximum dose to the urethra is as low as
ossible without compromising CTV coverage, but always below
he maximum recommended dose (217 Gy, 135%). In most cases,
he final dose administered is less than 135% of the maximum dose,
lthough the specific value varies in each case. In summary, the goal
s to deliver at least the minimum dose to the urethra, but this must
lways be less than 135% of the prescribed dose, which is often
30% but can be as low as 120% in patients with more favourable
natomy.

.3. Preoperative planning

This study starting in January 2004 and continued until
eptember 30, 2007 (n = 117) underwent PP. Ultrasound (US)-
uided dosimetry was performed 2 weeks before implantation
n all but 35 (30%) cases, in which the dosimetric evaluation

as performed immediately prior to the intervention, thus result-
ng in more accurate patient positioning. Dosimetry was planned
sing the SIMUPLAN planning system. The total dose was 145 Gy.
tranded seeds (IsoCord from Bebig, Germany) were inserted.

.4. Real-time intraoperative planning

Starting in October 2007, we switched to real-time IoP at
60 Gy. A total of 278 patients were treated. Stranded seeds
IsoCord from Bebig, Germany) were used in 81% of cases, with
oose seeds in the finale 54 patients (19%) treated. The Spot
Elekta/Nucletron) and SeedSelectron treatment planning systems
TPS) were used.

In both techniques, volume definition was performed
ccording to ICRU Report 58 criteria and ESTRO/EAU/EORTC
ecommendations.11 Since the GTV can only be defined for tumors
igher than stage T1c, we did not contour the GTV in these cases;
ather, we used the clinical target volumen (CTV), which includes
he entire gland. Since the planning target volume (PTV) is a geo-
etric concept designed to compensate for set-up errors (which
re not relevant in BT), we assumed that the CTV = PTV.

Post-implant computed tomography (CT) scan on Day 0 was  per-
ormed to early identification of dosimetric problems. At one month
gy and Radiotherapy 25 (2020) 463–469

after implantation, the patients underwent thoracoabdominal x-
ray (seed migration), CT, and T2-MRI (post-planning). In contrast to
the majority studies, we  maintained the dose constraint (<217 Gy)
to the urethra after transitioning to the higher-dose IoP technique.
This implies a more restrictive dose constraint for IoP (135% of
160 Gy vs. 150% of 145 Gy).

2.5. Follow-up

All patients were treated with alpha blockers for ≥ one month
after permanent implant. Follow-up was  in our center. According
to protocol, PSA and testosterone values were measured. Phoenix
definition of biochemical relapse was used. To confirm the type
of recurrence,12 the appropriate clinical tests were administered:
biochemical (serum PSA), local (biopsy/MRI), nodal (CT), or distant
(CT/bone scan/position-emission tomography [PET]).

Toxicity scales were provided by the Radiotherapy Oncology
Group (RTOG)13 and the Common Terminology Criteria for Adverse
Effects (CTCAE, v. 3.0).14

2.6. Statistical analysis

To know and define the characteristics of prostate cancer
patients, the variables of interest were summarized by means
(standard deviation; SD) or medians (interquartile range; IQR) for
continuous variables, and absolute and relative frequencies for cat-
egorical variables. The results are presented in tables and figures
obtained from the statistical software R (v. 3.2.3).15

For the between-group comparisons, statistical significance was
set at p = 0.05. Kaplan Meier curves were compared using the log-
rank test. The Chi-square test was used to compare qualitative
variables.

3. Results

3.1. Disease Control

At a median follow-up of 59 (38,96) months, no PCa-specific
deaths were observed. Overall survival (OS) in the whole series
(n = 395) at 5, 8 and 10 years was 93.1% 83.2% and 78.5%, respec-
tively. The corresponding BRFS rates were 91.7%, 82.1% and 67%.
Among the 40 patients (10.2%) in whom biochemical recurrence
was detected, 19 cases (4.8% of the sample) were due to local
relapse in year 1 (confirmed by biopsy or MRI). In 6 other cases
(1.5%), the biopsy was negative and thus the relapse was  consid-
ered biochemical only. Seven patients (1.8%) were diagnosed with
recurrent disease based on PSA determination, but CT and bone
scans were also performed to rule out nodal and metastatic disease;
however, biopsy was not performed in these patients due to their
age (>80 years). The remaining 8 recurrences (Table 2) included 6
cases (1.5%) of regional failure and 2 cases (0.5%) of metastatic dis-
ease. Table 2 shows the distribution of the recurrences according to
treatment technique. Biochemical and local recurrences were sig-
nificantly (p < 0.05) more common in the PP group. No significant
between-group differences were observed with regard to nodal
and metastatic recurrences, probably due to the relatively rarity
of these recurrences in our cohort. The median time to recurrence
was longer in the IoP group (65 vs. 37 months). The median initial
PSA in the patients who  developed recurrent disease was  9.16 [IQR:
7.03–11.48].

Finally, of the aforementioned 19 cases with locally-recurrent
disease, 10 were salvaged by a second brachytherapy implant, with

disease control achieved in 6 of these 10 salvage cases; the other 4
cases developed a progressive disease.

The median PSA nadir was 0.10 (range, <0.04−0.36), reached at
a median of 28.7 months. A Cox regression model was performed to
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Table  1
Patient characteristics.

Factors Total pre-planning
145 Gy

Intraoperative planning
160 Gy

Patients, n 395 117(29.6 %) 278(70.4 %)
Mean  age, years

<55
55−65
>65

67
14(3.5%)
143(36.2%)
238(60.2%)

68
2(1.7%)
36(30.8%)
79(67.5%)

67
12(4.3%)
107(38.5%)
159(57.2%)

T stage
T1−2a
T2b
T2c

185(45.8%)
138(34.9%)
72(18.2%)

90(76.9%)
19(16.2%)
8(6.8%)

95(34.1%)
119(42.8%)
64(23%)

median PSA
(1 st - 3rd quartiles)

8.5(6–11.6) 10.2(6.5–11.7) 8(6–10.8)

Gleason score
≤6
7
3 + 4
4 + 3

259(69%)
116(31%)
83(71.5)
30(25.8)

65(55.6%)
52(44.4%)
33(63.4%)
17(32.6)

214(77%)
64(23%)
50(78%)
13(20%)

Prior transurethral
resection

25(6.4%) 5(4.3%) 20(7.2%)

Median pre-treatment IPSS 3 3 3
Median prostate volume

(1 st - 3rd quartiles)
34(26−45) 35(24−46) 34(27−45)

Median number of seeds
(1 st - 3rd quartiles)

58(50–72) 68(55–86) 57(49–66)

Follow up
Median
(months) (1 st - 3rd quartiles)

59 (33–82) 85(64–112) 46(28–70)

Abbreviations. PSA indicates prostate-specific antigen; IPSS, International Prostate Symptom Score.

Table 2
Recurrences.

Technique Recurrence type

Biochemical Local Nodal Metastatic

Pre-planning (145 Gy) 27/117 (23,07%) 13/1
IoP  (160 Gy) 13/278 (4,67%) 6/27
P  value <0.001 <0.0
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Fig. 1. Percentage of patients who  developed recurrent disease.

valuate the association between PSA nadir and time to biochem-
cal relapse, revealing a significant association (p value < 0.001)
etween these two variables: the higher the PSA nadir, the greater
he risk of biochemical recurrence. By contrast, neither prostate
olume nor the number of seeds implanted was significantly asso-
iated with it.

Fig. 1 shows the percentage of patients (with absolute numbers
n parentheses) who developed recurrent disease during each study
ear. As that figure shows, there was an initial peak followed by

 progressive decrease over time, possibly reflecting the learning
urve for the treatment team.
As Fig. 1 shows, the BRFS curve was higher for the IoP technique
ersus the PP technique.

We  were unable to statistically compare the number of recur-
ences associated with stranded vs. loose seeds due to the limited
17(11,1%) 3/117(2,5%) 1/117(0,8%)
8 (2,1%) 3/278 (1,0%) 1/278 (0,3%)
01 0.36 0.50

sample size (n = 54) in the IoP group that received stranded seeds
versus 117 patients (100%) in the PP group.

BRFS was  better in patients with Gleason <7 versus = 7 and in
patients with GS 3 + 4 versus GS 4 + 3. BRFS and OS  were both bet-
ter in the IoP group (versus PP) for both the GS 3 + 4 and GS 4 + 3
groups. Similarly, BRFS was  significantly better (p = 0.05) in patients
with stage T1−2a disease versus stage T2b. Note that, due to the
short follow up period, patients with stage T2c disease were not
evaluable. See Fig. 2.

TOXICITY The toxicity grade (G) in both groups (PP and IoP) in
most patients was  G0-G1. Fig. 3 shows the acute and late toxicity
rates in the two  groups.

In terms of gastrointestinal toxicity (GI), the results of the two
techniques were similar. With regard to genitourinary toxicity
(GU), there were only three cases (0.8%) of G3 chronic toxicity
(dysuria, urethral stenosis and/or hematuria), all in the PP group.
Somehow it must be considered that we  are not including here
patients with acute toxicity who  required urinary catheterization
but resolved within the first month post-implant. The toxicity is col-
lected by different professionals over time and, although following
the recommended scale, there is a part of subjective assessment.

The mean time elapsed from implant until maximum toxicity
was 10.4 months.
Sexual function in patients who  were sexually active prior to
treatment remained unchanged in most (85.3%) cases.

Patients in both groups (PP vs. IoP) with loose or stranded seeds
were compared to check toxicity outcomes. However, the propor-
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ion of patients in both groups who developed toxicity was  similar
or all toxicity grades. This lack of difference does not allow us to
alculate p values. Additionally, the PP group had only 117 patients
ersus 278 in the IoP.

. Discussion
Several studies14–20 have previously confirmed the excellent
linical control obtained with LDR permanent seed BT in patients
ith intermediate-risk PCa. In this regard, an important aim of

he present study was to provide additional data to support
OS curves.

this technique, whose use has declined in the last decade. Our
results confirm the excellent BRFS in our cohort of intermediate-
risk patients, findings that are consistent with previous reports
(Table 3). The present series includes patients treated whit two dif-
ferent BT techniques (IoP at 160 Gy and PP at 145 Gy). At a median
follow-up of 59 months, our data indicate that the IoP technique
appears to yield better BRFS outcomes. However, due to the numer-

ous differences in variables (technique, dose, and seed type), it is
difficult to directly compare these two  techniques. Nevertheless,
our results suggest a trend (p = 0.05) towards better outcomes for
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Fig. 3. Acute and late toxicity.

Table 3
Summary of studies evaluating patients with intermediate-risk prostate cancer treated with LDR brachytherapy.

Author (yr) Patients, n
(% intermediate risk)

BRFS,
intermediate risk patients

Blasko et al. 200016 230(46%) 79% (9 yr)

Zelefsky et al. 200717 2693 (40%) 70% (8 yr)

Taira  et al. 201118 1656 (37%) 97% (12 yr)

Marshall et al. 2001419 2495 (39%) 84% (12 yr)

Funk  et al. 201520 966 (29%) 74% (10 yr)

Kittel  et al. 201521 1989 (30%) 79% (10 yr)

Fellin  et al. 201622 2237 (26%) 78% (7 yr)

p
g

t
o
t
fi

Current series 117 (100%) PP
278 (100%) IoP

atients in the IoP group, despite the shorter follow-up in that
roup.

As our results show, patients with GS 3 + 4 had better BRFS than

hose with GS 4 + 3. In addition, both of these subgroups had better
utcomes with the IoP technique. By tumour stage, BRFS was  bet-
er in patients with stage T1c disease. Considered together, these
ndings suggest the existence of two biologically different types
88% (5 yr), 76% (7 yr)
94% (5 yr), 91% (7 yr)

of intermediate-risk PCa: favourable risk vs. unfavourable risk dis-
ease. Given these differences in risk levels, LDR seed BT may be
more appropriate in patients with favourable prognostic factors

(Gleason 6 or 3 + 4, stage T1c, PSA < 10). When we  decided this treat-
ment option for the intermediate risk group, it was for patients
who could have Gleason 4 + 3 but as the only risk factor. We  did
not count on HDR-BT technique at that moment, so we treated
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his group with either LDR or EBRT + LDR 108 Gy boost. Among the
45 Gy group, we observed that 77.6% were T1−2a (by MRI, not by
iopsy), so one of the other two factors might be of intermediate
isk (PSA / Gleason), that is why there are more patients with one
f these higher factors in this group compared to the 160 Gy group,
here 66% of the cases are T2b-c and present lower PSA and Glea-

on values. Nevertheless, we have to take into account that we  are
acing a retrospective study and we can find this type of bias. Our
ndings regarding the association between PSA nadir and risk of
ecurrence—a higher PSA nadir was associated with greater risk of
ecurrence—should also be considered when selecting the optimal
reatment approach. Unfortunately, it is not possible to establish

 specific cut-off point for PSA nadir due to the continuous nature
f this variable and because recurrence is a multifactorial process
PSA is only one variable among many). Our findings show that, in
ddition to the known predictors of recurrence (Gleason and PSA),
he PSA nadir value is associated with biochemical control, with
ower values associated with better disease control.

In terms of overall toxicity, more than 95% of treatment-
elated toxicities were low grade (G0-G1). The mean time elapsed
rom seed implant until maximum toxicity was > 10 months
range, 4–13), which was shorter than the minimum follow-up in
his series. Three patients—treated with PP at 145 Gy—developed
hronic G3 GU toxicity. Although this limited number of cases of G3
oxicity does not allow us to draw any conclusions as to which tech-
ique is less toxic, the few cases with severe toxicity underscore
hat treatment was well-tolerated in most patients.

Several factors may  explain the better results (BRFS) achieved
ith the higher dose IoP technique. First, due to technological

dvances in recent decades23—particularly the development of
eal-time volumetry—clinicians can better optimize the dosimetric
alues, thus allowing for dose escalation to 160 Gy with the conse-
uent improvement in clinical and biochemical control. In addition,
ollow-up was longer in the PP group, thus increasing the likeli-
ood of more relapses. However, other factors may  have negatively

mpacted the results in the IoP group. Some studies24 have found
hat Gleason scores were undergraded in the early years of the IoP
echnique, and this could have increased the relapse rate in that
atient subgroup. In addition, as occurs with all new techniques,
here is a learning period during which error rates may  be higher,
hich could lead to a greater number of relapses among the cohort

f patients who first underwent the new treatment approach.
Several studies have compared the treatment options for

ntermediate-risk PCa. The RTOG 0232 trial25 compared LDR-BT (I-
25 145 Gy or Pd-103 125 Gy) to EBRT + BT (45 Gy EBRT followed by
-125 145 Gy or Pd-103 100 Gy), finding similar PFS outcomes, but a
reater late toxicity, mostly GU, in the combined treatment group.
mportantly, however, that study did not stratify by risk subgroups
nd most patients had favourable intermediate-risk PCa (89% had
S ≤ 7, and 67% were T1c), which suggests that some patients with

avourable prognostic factors (GS ≤ 7, stage T1c, PSA < 10) may  have
een overdosed. Another trial (RTOG 0019)26 compared: LDR-BT
s. EBRT + BT vs. EBRT. That study found similar biochemical con-
rol rates at 8 years among the three groups, but greater toxicity
n the EBRT + BT group. A comparative study conducted by Smith
t al.27 found better PFS in the LDR-BT group compared to EBRT
lone (p value 0.001) but no differences in OS. Schlussel et al.28

ompared LDR-BT to EBRT + BT, finding no between-group differ-
nces in local or distant control; however, those authors suggested
hat the addition of EBRT to BT could prevent recurrences in higher
isk subgroups. In the same study, patients receiving combination
herapy were more likely to experience higher urinary toxicity. The

xcellent review by Grimm et al.29 found that the combination of
BRT + BT yielded similar PFS outcomes to those achieved with BT,
nd both of these treatment schemes were superior to EBRT and
urgery.
gy and Radiotherapy 25 (2020) 463–469

As the results of the present study demonstrate, permanent seed
LDR-BT provides excellent BRFS and toxicity outcomes in patients
with intermediate-risk PCa. Moreover, LDR-BT has a better toxicity
profile than EBRT, despite the higher dose to the prostate. Com-
pared to prostatectomy, LDR-BT can be performed more quickly, it
is less aggressive, and it has a lower risk of operative complications.
In addition, the IoP technique, which allows for dose escalation to
160 Gy, improves disease control without increasing urethral toxic-
ity as the same dose constraint for the urethra is maintained (Dmax
<217 Gy).

Despite the evidence in favour of LDR-BT, this technique is
slowly falling into disuse, for several different reasons. First, the
development of advanced radiotherapy techniques, such as inten-
sity modulate radiotherapy (IMRT), stereotactic body radiotherapy
(SBRT), and proton therapy, have all partially displaced LDR-BT. Sec-
ond, the emergence of robotic surgery has increased the number of
surgical interventions, to the detriment of BT. Third, brachytherapy
requires well-trained, highly experienced clinicians and the reality
is that this technique is available only at a limited number of hos-
pitals, thus reducing the number of new physicians trained in this
technique. Maybe, more professionals need to be trained in this
technique.

Frank et al.30 compared the costs and clinical outcomes of BT,
IMRT, and proton therapy, concluding that BT is the best option for
localized PCa. Hayes et al.31 performed a cost-effectiveness analysis
to compare observation to initial treatment, including an assess-
ment of quality-adjusted life expectancy (QALE). That study found
that active surveillance (AS) in men  over the age of 65 was  more
effective in terms of QALE than any other treatment (BT, EBRT,
prostatectomy). Those authors also underscored the lower cost of
BT versus AS. While they found that IMRT is comparable to BT in
terms of QALE, it is also more expensive. Prostatectomy was  asso-
ciated with worse QALE and also more expensive than BT. Based
on their findings, the authors concluded that, compared with the
other options, LDR-BT is the most cost-effective initial therapeutic
option.

5. Conclusions

The findings of the present study suggest that 125I seed
brachytherapy delivered with the real-time IoP technique at a
dose of 160 Gy provides better BRFS outcomes than the lower dose
(145 Gy) pre-planning technique.

There were lower rates of chronic toxicity in the patients treated
with IoP. One of the strengths of the IoP technique is that the dose
constraint to the urethra (Dmax <217 Gy) is maintained despite the
increase in dose from 145 to 160 Gy, thus improving disease control
without increasing toxicity.

The excellent results obtained with LDR-BT in localized PCa sup-
port the use of permanent seed BT as the primary treatment option
in these patients.
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