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Table 1 - Patient characteristics.

Factors Total Pre-planning 145 Gy Intraoperative planning 160 Gy
Patients, n 408 187 (43.3%) 221 (56.7%)
Mean age, years 66 67 65

<55 25 (6.1%) 6 (3.2%) 19 (8.6%)

55-65 161 (39.5%) 69 (36.9%) 92 (41.6%)

>65 222 (54.4%) 112 (59.9%) 110 (49.8%)

T stage

Tic 237 (58.2%) 122 (65.6%) 115 (52%)

T2a 170 (41.8%) 64 (34.4%) 106 (48%)
Median PSA (1st-3rd quartiles) 6.4 (5.4-7.7) 6.21 (5.2-7.5) 6.51 (5.6-7.81)
Gleason score

<4 79 (19.4%) 50 (26.7%) 29 (13.1%)

5 82 (20.1) 40 (21.4%) 42 (19%)

6 247 (60.5) 97 (51.9%) 150 (67.9%)
Prior TUR 23 (5.7%) 15 (8.2%) 8 (3.5%)
Median pre-treatment IPSS 3 3 3
Median prostate volume (1st-3rd quartiles) 37 (30-46) 37 (30-46.5) 37 (30-46)
Median number of seeds (1st-3rd quartiles) 64 (54-67) 73 (60-88.5) 59 (50.25-69)
Follow upMedian(months) (1 st-3rd quartiles) 64 (38-94) 93 (69-111) 46 (30-46)

PSA = prostate-specific antigen; TUR = transurethral resection; IPSS = International Prostate Symptom Score.

1. Background and Aim

Prostate cancer (PCa) is the third most common cancer among
males in Spain, and, as in other European countries, the inci-
dence is growing. According to the latest International Agency
for Research in Cancer (IARC) report,’ 44,100 patients in Spain
were diagnosed with PCa between the years 2005 and 2009.
In Spain, 22,000 new cases of PCa are diagnosed each year,
with early-stage disease accounting for 90% of cases; only
4% of cases present with metastatic disease.” Worldwide,
most patients (60-70%) are diagnosed with organ-confined
disease. Treatment options? for patients with organ-confined
disease include radical prostatectomy, external beam radio-
therapy (EBRT), interstitial brachytherapy, hormonotherapy,
and/or “watchful waiting”.

In patients with localized disease, permanent seed implant
brachytherapy delivers outcomes that are comparable to
prostatectomy and EBRT.* However, seed brachytherapy offers
numerous practical advantages. For these reasons, the num-
ber of patients treated with this technique continues to
increase.

The two most common permanent seed implantation
techniques are preoperative planning (PP) with 145Gy and
real-time intraoperative planning (IoP) with 160 Gy. Although
IoP haslargely replaced PP at many centres in recent years, few
studies have directly compared these two techniques. Given
this context, the aim of the present retrospective study was
to compare toxicity and survival outcomes in a group of low-
risk PCa patients treated with either the preoperative planning
technique (145 Gy) or the real-time IoP technique (160 Gy).

2. Material and methods
2.1. Patients

Between October 2003 and December 2014, a total of 786 PCa
patients were treated with permanent seed iodine 125 (125-I)

brachytherapy at the Department of Radiation Oncology at our
hospital (Hospital La Fe, Valencia, Spain). The treatment was
delivered as monotherapy. In the present work, we retrospec-
tively evaluated all patients diagnosed with low-risk disease
(408 of the 786 patients) according to the National Compre-
hensive Cancer Network (NCCN) guidelines.?

Inclusion criteria for treatment with this technique were
as follows: positive biopsy for prostate adenocarcinoma; Glea-
son score <6; pre-treatment prostate-specific antigen (PSA)
value <10; clinical stage <T2a; prostate volume <60 cc.; Inter-
national Prostate Symptoms Score (IPSS) <15; Qmax >12 mL/s;
life expectancy >5 years; and prior transurethral resection (if
any) performed >6 months prior to brachytherapy.

In most cases, patients with a prostate volume >50cc (91
patients; 22.3%) received neoadjuvant cytoreductive hormone
therapy.

2.2. Procedure

The treatment was performed in accordance with the rec-
ommendations of the American Brachytherapy Society (ABS)°
and the GEC-ESTRO.® During the 11 year study period, the
brachytherapy technique used at our institution changed from
preoperative planning (145 Gy) to real-time IoP. As a result, 187
patients underwent PP through September 2007 after which all
subsequent patients (221 patients) received IoP with a higher
dose (160 Gy). The characteristics of both groups are shown in
Table 1.

Importantly, unlike most published studies, we maintained
the dose constraint limitation (<217 Gy) to the urethra even
after switching to the higher-dose IoP approach. This dose
constraint represents 150% of the total dose (145Gy) in the
PP technique and 135% of the IoP dose (160 Gy).

2.2.1. Preoperative planning

From October 2003 to September 2007, 187 patients under-
went ultrasound (US)-guided dosimetry pre-planning. In most
cases (130 patients), this was performed 2 weeks before the


https://doi.org/10.1016/j.rpor.2018.06.009

292

REPORTS OF PRACTICAL ONCOLOGY AND RADIOTHERAPY 23 ( 201 8) 290-297

Table 2 - Dosimetric data.

Parameter Total Total
dose, dose,
145 Gy 160 Gy
D90 >145 Gy >160 Gy
V100 >95% >95%
V150 <50% <50%

Dmax urethra/DO0.5 cc
Dmax rectum/D0.5 cc

<217 Gy (150%)
<145 Gy (100%)

<217 Gy (135%)
<145 Gy (90%)

V100 and V150 indicate the percentage of the prostate volume
receiving 100% and 150%, respectively, of the prescribed dose; D90,
the minimum dose received by 90% of the prostate; Dmax ure-
thra/D0.5cc indicate, respectively, the maximum dose received
by the urethra/maximum dose allowed to 0.5cc of the urethra;
Dmax rectum/DO0.5cc, the maximum dose received by the rec-
tum/maximum dose allowed to 0.5 cc of the rectum.

implant; however, in 57 patients, the US was performed in the
operating room immediately prior to the implant in order to
improve patient positioning. Patients were placed in the litho-
tomy position for the transrectal ultrasound. All images were
acquired with 5-mm slices. The SIMUPLAN planning systems
was used for dosimetric planning. The total prescribed dose
was 145 Gy. Stranded seeds were inserted through US-guided
(endorectal approach) needles.

2.2.2.  Real-time intraoperative planning

In October 2007, we switched to the IoP technique. From
October 2007 through December 2014, a total of 221 patients
were treated with this technique. All patients treated during
this period received a dose of 160Gy. Stranded seeds were
used in all cases, except for the last 45 patients in whom
loose seeds were used. We used the SPOT PRO software from
Elekta/Nucletron.

In both treatment techniques, volume definition was
performed in accordance with ICRU Report 58 and the rec-
ommendations of the ESTRO/EAU/EORTC. Since the GTV can
only be defined for tumors higher than stage T1lc, we did not
contour the GTV in these low risk cases; rather, we used the
clinical target volume (CTV), which includes the entire gland.
Because set up errors are not significant in brachytherapy, we
assumed that the CTV was the same as the planning target
volume (PTV). The source distribution was performed in a
modified peripheral pattern.

On the treatment day (day 0), a computed tomography (CT)
scan was performed to verify implant quality. At one month
post-treatment, the following imaging tests were performed:
chest and abdominal X-ray (to assess possible seed migration),
CT, and t2 MRI (for post-planning) (Table 2).

2.3. Follow up

All patients were prescribed alpha-blockers for at least one
month after implant.

The patients were monitored by clinical interview and
serum PSA testing every 3-4 months during the first year, then
every 6 months until the fifth year, and annually thereafter.
Biochemical relapse was defined according to the Phoenix cri-
teria (nadir + 2 ng/mL).® When necessary, the pertinent clinical
tests were performed to confirm the type of relapse.

The Radiotherapy Oncology Group (RTOG) toxicity scales’
and the Common Terminology Criteria for Adverse Effects
(CTCAE v3.0)'° were used to assess toxicity.

2.4.  Data analysis

The variables of interest are reported as means (standard devi-
ation) or medians (interquartile range; IQR) for continuous
variables and as absolute and relative frequencies for cate-
gorical variables. The level of statistical significance was set
at p=0.05. The log-rank test was used to compare the Kaplan
Meier curves. The “RStatistical software program (v. 3.2.3) was
used for the statistical analysis and to prepare the figures.™

3. Results
3.1. Disease control

At a median follow up of 90 months, overall survival (408
patients) was as follows: 5 years, 95.2%; 8 years, 89.1%; and 10
years, 84.2%. None of the patients died of prostate cancer. The
5-, 8- and 10-year BRFS rates were, respectively, 92.7%, 85.0%,
and 82.2%. There were 36 (8.8%) recurrences, of which 25 (6.1%)
were local recurrence confirmed by biopsy or MRI; additionally,
there were 6 regional and 3 metastatic recurrences (Table 3).

The median maximum nadir was 0.10 (range, <0.04-0.36)
with a median of 35.6 months until reaching the nadir. The
relation between PSA nadir and time until biochemical relapse
was evaluated with the Cox regression model, which showed
that the higher the PSA nadir, the greater the risk of biochem-
ical relapse (p <0.001).

Fig. 1 shows the percentage of patients with a recurrence in
each year (absolute numbers per year are shown in parenthe-
ses). As the figure shows, there was an initial spike followed by
a progressive decrease in recurrences. The two intermediate
peaks in 2006 and 2009 may be associated with the learning
curve for our team.

Table 3 - Recurrences.

Recurrence Biochemical Local Nodal Metastatic
No Yes No Yes No Yes No Yes

Pre-planning (145 Gy) 161 26 168 19 182 5 185 2

IoP (160 Gy) 211 10 215 6 220 1 220 1

p value 0.0016 0.0035 0.14 0.88

IoP =real-time, intraoperative brachytherapy.
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Fig. 2 - BRF.

Figs. 2 and 3 show that the IoP technique (160 Gy) resulted
in better BRFS curves than the PP (145 Gy) technique.

In the IoP group, the 45 patients treated with loose seeds
had no recurrences, whereas there were 10 recurrences in the
176 patients treated with stranded seeds.

3.2.  Toxicity

Acute and chronic toxicity was grade (G) 0 or 1 in most
(95%) patients in the sample. Toxicity was <G2 in 96% of
patients in the PP group versus 93% in the IoP group. Fig. 4
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Fig. 3 - Overall survival.
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Fig. 4 - Toxicity outcomes (percentage of patients affected) according to implant technique.

shows the toxicity outcomes according to implant tech-
nique.

3.2.1 Genitourinary (GU) toxicity

3.2.1.1 Pre-planning. In the PP group, 8 patients (4%) devel-
oped G2 toxicity (hematuria and dysuria) and two developed
G3 toxicity (urethral stenosis). Chronic G2 GU toxicity was
observed in two cases and G3 in two others (who required
at least 3 transurethral resections with toxicity still present
>5years post-treatment).

3.2.1.2 IoP. In the IoP group, 19 patients (8%) developed acute
G2 GU toxicity (hematuria and dysuria) and 14 (6%) chronic G2
GU toxicity.

3.2.2 Gastrointestinal (GI) toxicity

In the PP group, one patient developed acute G2 GI toxicity
(diarrhea and rectal bleeding) while two patients in the IoP
group developed chronic G2 GI toxicity.

None of the patients in the IoP group developed G3 GI or
GU toxicity (see Fig. 4).

Most patients (88%) in both groups who were sexually
active prior to treatment maintained sexual function after
seed implantation.

4, Discussion

The main aim of the present study was to compare the results
obtained in a group of low-risk PCa patients treated with either
the preoperative planning technique (145 Gy) or the real-time
intraoperative planning approach (160 Gy). Overall, BRFS rates
were excellent: 92.7%, 85% and 82% at 5-, 8- and 10-years,
respectively. These findings are in line with 5-year outcomes
reported in the largest series, including that of Zelefsky et al.?
(2012), who reported a 98% rate in 840 patients and Dickinson
etal.’® (2013), who reported a 94% BRFS at 5-years in a series of
1038 patients (4% with stage T2b disease). Similarly, our results
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Table 4 - Summary of results of recent studies that compared dose and/or implant technique.

Author (year) Patients, N Dose, Gy Technique BRFS
Matzkin et al. (2013)?° 128 145 PP 77% (5yr) 70% (7 yr)
905 IoP 97% (5 y1) 95% (7 yr)
Guinot et al. (2015)?! 250 145 PP 91% (5yr)
250 IoP 97% (5 y1)
Ishiyama et al. (2015)?? 27 145/160 PP 100% (8yr)
86 Pre-plan 90% (8yr)
192 IoP 97% (8yr)
IoP
Current study (Pons et al.) (2016) 187 145 PP 90% (5 yr) 83.9%(7 yr)
221 160 IoP 94.8% 86% (7 yr)

(5y1)

are comparable to the findings reported by Martinez et al.'*
(although it is worth noting that 9% of their sample consisted
of intermediate risk patients) and to those described by Prada
et al.'® and Silvester et al.’®

In terms of toxicity, the vast majority (95%) of patients
in our sample presented only mild toxicity (G0-G1), a find-
ing that is consistent with other published series.’>~1° The
most common adverse effects were those related to uri-
nary irritation-obstruction. The mean time elapsed from the
implant until the emergence of the maximum toxicity grade
was 9.5 months (all of our patients, even those treated towards
the end of the study period, presented a minimum follow
up >10 months). Four patients developed G3 GU toxicity (two
were acute and resolved within 6 months while the other
two were chronic). Given that only a few patients presented
G3 toxicity, it is difficult to reach any definite conclusions,
except to emphasize that treatment was well-tolerated by
most patients. Note that the 4 patients with G3 toxicity all had
large prostates and were all treated with the PP technique.

To our knowledge, few studies have directly compared two
different permanentimplant techniques and doses as we have
done with this study. However, Table 4 summarizes the results
of recent studies that also compared dose and/or implant tech-
nique.

Matzkin et al.?’® compared IoP to PP in low risk patients,
finding that although IoP achieved better outcomes than PP,
the results were not comparable due to the lack of homo-
geneity between groups. However, the authors performed a
secondary analysis to assess two subgroups (132 patients in
each subgroup) with similar characteristics. In the subgroup
analysis, they found that the outcomes in the IoP group were
superior to those in the PP group, with 5- and 7-year BRFS rates
of 77% and 70% in the IoP group versus only 96% and 94% in
the PP group. However, these differences were not statistically
significant.

Guinot et al.?! compared two groups of 250 patients each,
but, unlike our study, patients treated with EBRT were also
included. Although they obtained better results for the IoP
group (Table 4), the differences were not statistically signif-
icant. Ishiyama et al.?? compared three different groups: PP,
intraoperative (without vector correction), and real-time IoP
with vector correction. The intraoperative technique yielded
the poorest results among the three techniques, whereas both
the real time IoP and the PP technique achieved similarly

good results, without any statistically significant differences
between them.

In our series, BRFS rates were (non-significantly) better both
at 5 and 10 years for the real-time IoP group (versus PP) at
the end of follow up (median, 90 months). However, we can-
not definitively attribute this improvement to the technique,
although the results suggest that IoP was superior. Due to
the short follow up and excellent results in both groups, no
definitive conclusions can be made. Nonetheless, our results
confirm the conclusions reached by other authors: the IoP
technique appears to yield better results, but without statisti-
cal confirmation.

In terms of reported toxicity, in most cases and regard-
less of the specific technique, rectal and urinary complications
were low-grade (GO or G1), a finding that is consistent with pre-
vious reports.’®?? Overall, the IoP technique produced slightly
more toxicity (5.8% vs. 4.8%), a finding that is in line with other
studies.?%?? Despite this statistical increase in toxicity, it is
important to note that this was within acceptable levels in
our study and in studies described above. In our study, the
symptom with the highest toxicity grade was urinary reten-
tion, which required catheter insertion and a transurethral
resection in 2 patients. No cases of G4 toxicity were observed in
any of the patients in our sample, regardless of the technique.
Only slightly more than 2% of PP patients experienced G3 tox-
icity versus 0% in the IoP group, a remarkable finding given
that other studies reported both G3 and G4 toxicity with the
intraoperative technique.?"?? Importantly, in the IoP group, we
found no difference in toxicity regardless of whether stranded
or loose seeds were used.

The technological advances that led to the change from PP
to IoP were also accompanied by a dose escalation to 160 Gy.
Previous studies have shown that dosimetric calculations indi-
cate that the dose to the prostate gland can be safely increased
without substantially increasing the dose to the rectum or
urethra.?® To avoid increased toxicity in the bladder neck—the
area most commonly associated with urinary toxicity—we
maintained the dose constraint to the urethra (Dmax <217 Gy).
The fact that the peripheral area of the prostate gland is
where most relapses occur (rather than the transition or cen-
tral zones, which are located closer to the urethra) supports
the use of dose escalation to minimize recurrence in that area.
By modifying the dose to the peripheral area, we are able to
deliver an extremely conformal dose distribution. This dose
conformity is further improved by the use of real-time IoP with
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image-guidance, which eliminates glandular motion because
the 125-1 implant is performed within the prostate tissue. As
a result, this allows us to avoid increasing the complication
rate, even with the increased dose. Nevertheless, although the
toxicity graphs appear to suggest that acute toxicity in the ure-
thra was greater with the IoP technique, statistically, urethral
toxicity was the same for both techniques, despite the use
of higher doses with the IoP technique. Nevertheless, other
groups have found that the use of 160 Gy increases compli-
cations, especially urinary toxicity. Matzkin et al.>* analyzed
urinary toxicity in two groups, one treated with the PP tech-
nique at 145Gy and the other with IoP with 160Gy, finding
increased toxicity in the IoP group. The Mount Sinai Medical
Center group” assessed 643 patients treated with D90 doses
of >180 Gy, finding excellent results (5-year BRFS, 97.3%) and
only 10.7% urinary retention rates. Gémez-Iturriaga et al.?®
also obtained good results with 180 Gy: 5-year BRFS of 96.8%
and only 1.5% of cases with late G3 urinary retention. Over-
all, our findings and those of the authors mentioned above
support dose escalation because toxicity does not increase
significantly while G3 toxicity is rare.

There are several reasons that may explain why the IoP
results in improved outcomes versus PP, even though most of
the steps in both techniques are similar. In the PP technique,
planning is performed by US up to several days (with all the
uncertainty that this implies) before the implant. In addition,
the seeds are inserted through 20-cm needles in precise and
pre-defined positions according to the pre-plan. The limitation
of this system is that the vector positions cannot be modi-
fied (that is, the needle position cannot be updated). Moreover,
needle removal must be done very carefully to avoid altering
the position of the strand. Moreover, once seeded, the seeds
cannot be removed. Therefore, if any cold spots remain, new
seeds need to be implanted. Finally, the use of stranded seeds
does not allow for intermediate positioning of the seeds since
these are separated by 1cm in the strand.

Another disadvantage of the PP technique is that the
prostate volume can vary by 30% to 90% from day O until the
edema is resolved, and this variation is not considered in the
PP dose plan.”’?® By contrast, when real-time volumetry is
performed, the dosimetry can be adjusted more reliably to the
actual volume, although it is still not possible to accurately
control for the edema in the prostate that occurs during the
dose release period. The IoP technique allows us to modify
the seed implants to match the real-time prostate volume;
in addition, the use of loose seeds allows more flexibility in
seed positioning but also requires greater surgical skill. Prior
research with I-125 seeds has shown that variability in seed
location ranges from 0.5mm to 10mm in the post-plans; in
addition, results show that uncertainty of 2mm in seed loca-
tion can produce a deviation of up to 5% in the prostate D90
while uncertainty of 10 mm can result in a decrease in the D90
of >30Gy.”

In an attempt to identify predictors of relapse, we evalu-
ated two variables: prostate volume and the number of seeds.
However, neither was associated with a greater risk of relapse
in our study. In the literature, multiple studies have demon-
strated the prognostic importance of Gleason <7 and PSAi
<10, both of which are criteria for low-risk prostate cancer.
We found that the PSA nadir value was associated with bio-

chemical control, such that a lower nadir seems to indicate an
increased likelihood of better biochemical control.

5. Conclusions

In conclusion, the present study demonstrates that real-time
intraoperative planning with 160Gy appears to yield better
biochemical outcomes versus pre-planning with 145 Gy. How-
ever, because several variables (technique, dose, and type
of seed [loose vs. stranded]) were modified, it is not possi-
ble to definitively attribute improved outcomes specifically to
the dose escalation or technique. Of the known predictors of
relapse (Gleason score and PSA value), the only variable sig-
nificantly associated with biochemical disease control in our
study was the nadir PSA value, with lower values resulting in
better control.

Chronic toxicity was also better with IoP, with no G3 toxicity
and only a slight increase in G2 toxicity. A strong point of this
study is that we maintained the dose constraint to the urethra
(Dmax <217 Gy) despite increasing the treatment dose from
145 to 160 Gy.

In conclusion, the use of real-time, intraoperative planning
with dose escalation to 160 Gy results in better disease control
without an increase in toxicity when the dose constraints to
the urethra are maintained.
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