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Purpose: Retrospective, single-institution analysis of clinical outcomes and treatment-related toxicity in
patients treated with salvage I-125 low-dose rate (LDR) brachytherapy (BT) for locally-recurrent prostate
cancer after radiotherapy.

Materials and methods: Between 2008 and 2018, 30 patients with biopsy-confirmed prostate cancer recur-
rence underwent salvage treatment with I-125 LDR-BT. Of these 30 patients, 14 were previously treated
with primary external beam radiotherapy (EBRT; median dose, 73 Gy) and 16 with primary I-125 LDR-BT

{ffg ;At’:trgsc:ancer (145 Gy and 160Gy in 14 and 2 cases, respectively). At seed implantation, the mean age was 75.8 years,
Salvage brachytherapy with a median Gleason score of 7 and pre-salvage PSA of <10 ng/mL. Six patients received androgen

deprivation therapy for six months after relapse diagnosis. The prescribed salvage 1-125 BT dose to the
gland was 120—130 Gy, with dose restrictions of Dmax <135% (urethra) and <100% (rectum). Toxicity was
evaluated according to the CTCAE scale (v4.0).

Results: At a median follow-up of 45 months, the biochemical recurrence-free survival rates at 1, 3 and 5
years were 86.7%, 56.7% and 53.3%, respectively. Overall survival at 5 years was 87%. On the multivariate
analysis, two variables were significant predictors of recurrence: PSA at relapse and nadir PSA post-
salvage. Grade 3 genitourinary toxicity was observed in 5 patients (radiation-induced cystitis in 3 cases
and urethral stenosis in 2) and G3 gastrointestinal toxicity in 3 patients (rectal bleeding).

Conclusion: Salvage therapy with I-125 brachytherapy is a safe and effective treatment option for locally-
recurrent prostate cancer in previously-irradiated patients. High pre-salvage PSA and post-salvage nadir
PSA values were significantly associated with a worse disease control after salvage I-125 LDR-BT. In well-
selected patients, [-125 LDR-BT is comparable to other salvage therapies in terms of disease control and
toxicity. However, more research is needed to determine the optimal management of locally-recurrent
prostate cancer.

Permanent seed [-125 implant

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

1. Introduction

In those patients who develop recurrent disease following
primary radiation therapy for prostate cancer (PCa), there are
three main clinical scenarios: local, regional and/or distance
recurrence.!2 The challenge for the clinicians is to determine
whether the PSA-level elevation originates from local disease
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(recurrence) of cancer or from regional/metastases or both. Of
these, only locally-recurrent PCa is suitable for a second local treat-
ment. In these patients, salvage treatment may even be curative,
or at least delay the need for systemic therapy (and treatment-
related side effects), which may cause additional comorbidities and
negatively impact the quality of life.3> Several options are avail-
able for salvage therapy in these patients,* including low-dose rate
brachytherapy (LDR-BT), which is considered an effective option
for patients with organ-confined disease.’-%

There is evidence—though not level 1—supporting LDR-BT as a
safe and potentially curative treatment in well-selected patients.”-8
However, more data are needed to better characterize the role of
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Table 2
Dosimetric parameters for the targets.

Table 1
Clinical characteristics of the patients.
Initial treatment Salvage BT
Median age (range), years 79 (62—-89) 80 (75-89)
Median PSA at diagnosis  8.15ng/mL (6.85-13.95) <10ng/mL
EBRT 3.37(3.06-3.85)
LDR-BT 3.74 (2.86-5.74)
Clinical stage
Tlc 11
T2a 7
T2b 5 16
T2c 3
T3a 2
T3b 1
Unknown 1
Gleason
<6 13
7 15 19
>7 1
Unknown 1 3
DAmico risk group
Low risk 13
Intermediate risk 12
High risk 6
Treatment received
EBRT 14
<72Gy
>72 Gy 6
LDR-BT 16 30
120Gy 21
125Gy 1
130Gy 8
145Gy 14
160Gy 2
PSA nadir
EBRT 0.27 ng/mL (0-1.8) 0.14ng/mL (0.06-0.75)
LDR-BT 0.4ng/mL (0.1-1.2) 0.45ng/mL (0.01-1.31)
ADT 19/30 6/30

ADT indicates androgen-deprivation therapy; PSA, prostate-specific antigen; EBRT,
external beam radiation therapy; BT, brachytherapy.

salvage LDR-BT in locally-recurrent PCa. In this context, the aim
of the present study was to describe our single institution experi-
ence with salvage LDR-BT to provide further data on the effects of
this treatment, in terms of local control and toxicity, in previously-
irradiated patients with recurrent organ-confined disease. Also, we
identified potential predictors of biochemical failure after salvage
BT.

2. Methods and materials
2.1. Patient characteristics

Between 2008 and 2018, 30 patients at our institution under-
went salvage LDR-BT with 1-125 seeds to treat biochemical
recurrence (BCR). The diagnosis of local recurrence was based on
the Phoenix criteria® and histologically-confirmed by transrec-
tal biopsy saturation (confirmed by pathologists with experience
in biopsy of previously-irradiated tissue). All patients underwent
choline positron-emission computed tomography (PET-CT) and
multiparametric MRI (mpMRI) scans to rule out regional and/or
distant involvement. Table 1 shows the patients’ clinical charac-
teristics prior to the first treatment and after recurrence. All 30
patients had previously undergone primary radiotherapy: 14 with
external beam radiotherapy (EBRT; median dose 73 Gy) and 16
with LDR-BT (145 Gy and 160Gy in 14 and 2 cases, respectively).
Pre-salvage PSA was <10 ng/mL in all cases. None of the patients
had genitourinary (GU) or gastrointestinal (GI) toxicity > grade (G)2
after primary radiotherapy. Six patients had received androgen
deprivation therapy (ADT).

Obtained dosimetric
parameters (median
value and range)

Dose-volume
parameters
objetives

Volumens of interest

104.9% 79.68-118.51
93.06% 76.12—-97.96
47.07% 30.10-67.04
21.2%12.90-32.13

Prostate gland D90% > 100%
V100% > 90%
V150% < 60%

V200%

The decision to offer patients salvage LDR-BT was made after
careful deliberation by the Urological Tumor Board at our hos-
pital. The patients were fully informed of all available treatment
options, the potential adverse effects of each, and the reported
efficacy based on published data before agreeing to undergo this
procedure.

2.2. Salvage brachytherapy

[-125 seed implant is performed using a real-time, transrec-
tal ultrasound-guided (TRUS) intraoperative technique. The total
prescribed dose to the prostate gland ranges from 120-130Gy
depending on whether patients have previously been treated with
BT 145 vs, 160 Gy or EBRT <or > 72 Gy. The patients who had been
treated with 145 Gy or <72 Gy were reirradiated with 130Gy and
the patients who had been treated with 160 Gy or >72 Gy were res-
cued with 120Gy. In some of the patients that we rescue with
120Gy, sometimes we administer this dose to the whole gland
and a boost of 10Gy in the volume where the saturation biopsy
confirms (we do not perform a fusion with MRI) that there is a
relapse. Stranded seeds were implanted and distributed spatially in
a peripheral manner, with modifications made based on the lesion
localization and the prostate volume. The SPOT treatment planning
system (TPS; Elekta/Nucletron) was used, together with the Seed-
Selectron charging device. Target volumes were defined according
to ESTRO/UAE/EORTC recommendations.'® The prescription was
done to the prostate gland.

On day 0 (just after implantation), a CT scan was performed to
ensure implant quality. At one month after implantation, a tho-
racoabdominal x-ray was performed to check for possible seed
migration. CT and T2 MRI were also performed.

The mean prescribed D90 to the prostate was 100 Gy. Since the
sample consisted of previously-irradiated patients, the dosimet-
ric plan was designed to limit the coverage of the prescription
dose to the risk volume—defined according to imaging and biopsy
data—rather than to the whole gland. For the organs at risk (OAR),
the limits were as follows: rectum D2cc <120Gy, and urethra
D30<156 Gy and D10 < 180 Gy. The implant dosimetric parameters
are shown in Table 2.

2.3. Follow up

The initial post-salvage follow-up (clinical interview and PSA
determination) was performed at one month post-implant. After-
wards, follow-up was performed every 3 months for the first two
years, every 6 months until the fifth year, and annually there-
after. BCR was defined according to the Phoenix nadir +2 ng/mL
criterion.’ Treatment-related toxicity was evaluated with the
Radiation Therapy Oncology Group (RTOG)!! and the Common Ter-
minology Criteria for Adverse Effects (CTCAE v4.0) scales.'?

2.4. Data collection and statistical analysis
Since 2004, our institution has routinely collected data from all

prostate cancer patients treated with I-125 seed implants, both for
primary treatment of localized cancer and for salvage in cases of
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Table 3

Multivariate and univariate analysis using logistic-regression model of factors that may influence recurrence.

Univariate Cox Regression

Multivariate Cox Regression

Hazard ratio

95% CI p-value Hazard ratio 95% ClI p-value
PSA relapse 1.82 [1.33, 2.49] <0.001 2.02 (1.24,3.29) 0.005
Time to relapse 0.88 [0.72,1.11] 0.27 1.15 (0.81,1.64) 0.44
Nadir PSA post- salvage 1.63 [1.14, 2.35] 0.008 1.84 (1.09, 3.13) 0.023
Age 1.01 [0.93,1.11] 0.76 0.95 (0.84,1.07) 0.40

local relapse. The data were retrospectively collected from clinical
records and reviewed for the current study.

The study variables are presented as means (standard devia-
tion) or medians (1 st and 3rd quartile) for continuous variables,
and as absolute and relative frequencies for categorical variables.
Survival curves were estimated for each group using the Kaplan-
Meier method and compared statistically using the log rank test,
also known as Mantel-Haenszel test. The Chi-square test was used
to compare differences in proportions of qualitative variables. The
Wilcoxon test was used to compare differences in the point esti-
mated of the continuous quantitative variables. Ordinal regression
models were used to determine the association between the follow-
ing variables—previous treatment with EBRT or BT, urethral Dmax,
and time between the two treatments—with GI and GU toxicity.
Multivariate Cox regression models were used to assess for predic-
tors of recurrence and survival outcomes. The statistical software
R (v. 3.6.2) was used for all statistical analyses.!> The cut-off for
statistical significance was set at p < 0.05.

3. Results
3.1. Outcomes

Median follow-up after salvage therapy was 48 months (range
25-64). The median (range) time elapsed between primary and sal-
vage therapy was 71 (27-134) months. Median (range) prostate
volume at salvage was 24.5 cc (12-62). The median (range) num-
ber of seeds implanted was 38.5 (25-77), with a median (range)
activity at the time of the implant level of 0.48 mCi (0.319-0.66).

Biochemical recurrence-free survival (BRFS) rates at years 1, 3
and 5 were 86.7%, 56.7% and 53.3%, respectively. Overall survival
at five years was 87%. Six patients died due to other causes during
the follow-up period. The mean (range) time between salvage I-125
seed implant and a new treatment (ADT, second generation HT or
chemotherapy) was 40.4 months (14.7-89), with a median (Q1-Q3)
of 28.44 (25.2,51.12) (Fig. 1).

Fifteen out of the 30 patients (50%) developed another recur-
rence after salvage therapy. Of these fifteen, four occurred during
the first year, with choline PET-CT confirming regional relapse
(multiple lymph node involvement in 3 cases and a single node in
the remaining case). Of these four relapses, the time elapsed from
the primary treatment until the second relapse was 1.5 years (2
cases) while in the other two patients, the time elapsed was > 4
years. As we observed in our study, the mean (SD) time between
salvage [-125 seed implant and a new treatment was 40.4 months
(2.29) and in the studies that we had reviewed,>>3° the FFbF is
greater than 70% at 5 years in most cases. Based on this and our
own experience we consider that with the rescue with BT we can
delay a new treatment for almost 4 years.

At salvage, six of the 30 patients (20%) had received ADT.
Although the relapse (and BRFS) rate was higher in the ADT versus
non-ADT group (66.67% vs. 41.7%), the differences were not statis-
tically significant. The median PSA nadir was also higher in the ADT
group (0.4 vs. 0.17), but not with a significant p value.

On the univariate analysis, two variables were significantly asso-
ciated with recurrence: PSA at relapse and post-salvage PSA nadir,
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Fig. 1. Biochemical recurrence-free survival curve. The dashed lines represent the
95% confidence interval of the Kaplar Meier curve.

Table 4
Regression model analysis of toxicity.
Ordinal regression model GI toxicity OR 95% CI p-value
Years from first to second treatment 0.82 [0.44,1.32] 0.45
Dmax urethra, Gy 0.99 [0.94, 1.04] 0.81
Initial treatment-seeds 0.28 [0.01, 2.47] 0.29
Ordinal regression model GU toxicity OR 95% CI p-value
Years from first to second treatment 0.82 [0.49, 1.24] 0.38
Dmax urethra, Gy 0.99 [0.96, 1.02] 0.61
Initial treatment-seeds 2.23 [0.36, 18.26] 0.40
Ordinal regression model toxicity GI OR 95% CI p-value
Volume*Seeds 1.003 [0.998, 1.009] 0.27
D90 1.05 [0.92,1.29] 0.58
V100 1.01 [0.85,1.30] 0.91
V150 0.93 [0.80, 1.07] 0.33
V200 0.92 [0.68, 1.20] 0.54
Ordinal regression model GU toxicity OR 95% CI p-value
Volume*Seeds 1.004 [0.999, 1.011] 0.12
D90 1.01 [0.91,1.17] 0.84
V100 0.997 [0.86, 1.20] 0.97
V150 0.98 [0.87,1.10] 0.77
V200 0.88 [0.67,1.12] 0.32

CI, confidence interval; OR, odds ratio; GI, gastrointestinal; GU, genitourinary.
*Volume and seeds have been considered at the same time.

with higher values associated with a correspondingly greater risk
of relapse post-salvage. These variables remained significant on the
multivariate analysis.

Other potential predictors of recurrence—risk group, Gleason
score, TNM (based on MRI)—showed no significant association on
the univariate and multivariate analyses (Tables 3-5).

3.2. Toxicity

In terms of GU toxicity, 23 developed GO-G1 toxicity, two had G2
toxicity (polyuria and hematuria), and five presented G3 toxicity. In
the 5 patients with G3 toxicity, two required permanent catheteri-
zation and the other 3 developed radiation-induced cystitis, which
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Table 5
Summary of salvage BT series after local failure of radiation therapy.

757

Author (year) Technique and dose Patients, N Follow Up (months) Freedom from biochemical
failure (FFbF)
Burri et al (2010)%° LDR I-125 135 Gy Pd-103 110 Gy 37 86 65 % 5y
54% 10y
Vargas et al (2014)%° LDR Pd-103 69 60 74% 5y
Peters et al (2016)%’ LDR 144 Gy 20 36 70% 5y
Henriquez et al (2019)%8 LDR 145Gy 119 52 71% 5y
HDR 30 Gy
Wojcieszek et al (2016)?° HDR 30 Gy 83 41 76% 3y
67% 5y
Murgic et al (2018)*° HDR 27 Gy 15 36 61% 3y
Kollmeier et al (2017)*! LDR 125 Gy 98 31 60% 3y
HDR 32 Gy
Current study LDR 120-130Gy 30 45 53.3% 5y

was treated with hyperbaric oxygen. In terms of GI toxicity, two
patients developed G2 proctitis (mucosanguineous secretion) and
one patient had G3 toxicity (rectal bleeding).

There were no statistically significant differences in toxicity
between patients previously treated with EBRT versus BT. Similarly,
no significant association was found between the time elapsed
between treatments and toxicity, nor between the urethral Dmax
value and toxicity.

To check for other possible treatment-related toxicities, we per-
formed ordinal regression models for the variables D90, V100,
V150, V200 and the interaction between prostate volume and
seeds, but toxicity rates were too low to detect any statistically
significant associations (toxicity for most variables was null; thus,
there was no statistical power to detect significant differences).

4. Discussion

Routine assessment of PSA levels is recommended in patients
who undergo radical treatment for organ-confined prostate
cancer.'* In patients with histologically-confirmed recurrent dis-
ease, re-staging is necessary to determine whether the patient is
eligible for a second radical therapy or palliative treatment. Local
relapse in previously irradiated patients is common, affecting from
21 to 26% of patients at 10 years,'> and up to 24% at 15 years.'®
Despite advances in radiotherapy techniques and dose escalation
in the last decade, the relapse rate continues to be non-negligible.!”

The present study was performed to evaluate patients with
locally recurrent disease (within the prostate gland) detectable
on imaging scans.!'8:1° Several treatment options are available for
these patients, including surgery, LDR-BT, HDR-BT, cryotherapy and
high-intensity focused ultrasound (HIFU), all of which present a
non-negligible risk of toxicity.2? Treatment of local recurrences is
important because it decreases the risk of metastasis,?! possibly
by eliminating tumor cell clones that might otherwise migrate to
other parts of the body.!6 Until a few years ago, the most com-
mon treatment for patients with recurrent disease was ADT,22 but
not only is ADT associated with a wide range of adverse effects, it
is rarely curative. ADT is more useful in patients with subclinical
metastasis, rather than as a treatment to achieve local control of
a recurrence.?? In salvage settings, ADT is more important in men
with high-risk disease, such as those with stage pT3b/4 disease.??
However, most men will eventually develop hormone-resistance,
generally within three years after treatment initiation.?*

The BRFS and OS rates in our series are comparable to other
published reports of whole gland salvage BT. We show a table with a
summary of salvage BT series after local failure of radiation therapy.

Several previous studies?°~28 have reported an association
between pre-salvage PSA levels below 10 ng/mL and better post-
treatment local control. In our series, all of the patients selected for
salvage BT had pre-salvage PSA levels <10 ng/mL, with a median

PSA <4 overall, regardless of the primary treatment (EBRT or LDR-
BT). Despite these low PSA values, the risk of relapse increased as
a function of higher pre-salvage PSA values. The post-salvage PSA
nadir is a significant predictor of the risk of a new relapse. Unfor-
tunately, in our study, the sample size was too small to reliably
estimate cut-off points for these two variables (pre-salvage PSA
and post-salvage PSA nadir). Although Kollmeier et al.3! did not
find any significant associations between these two variables and
risk of recurrence, they did find an association with PSA doubling
time (PSADT) < 12 months. Wojcieszek et al.2° found that biochem-
ical control rates increased as a function of the time interval to
post-salvage PSA nadir, with longer times associated with better
biochemical control.

Although we evaluated numerous variables—Gleason score, risk
group, T stage, time to relapse and age—none of these was a signifi-
cant predictor of recurrence in our sample. Of the four patients who
experienced a relapse within one year of salvage therapy, two had a
high PSA three months after salvage, suggesting that these patients
may have not been candidates for local salvage because they prob-
ably already had non-organ confined subclinical disease at the time
of seed implantation. In this regard, more work is needed to identify
other predictors of post-salvage recurrence to better characterize
the best candidates for local salvage with LDR-BT.

Various treatment options for local recurrences, including
focal/partial treatment of the prostate gland, have been proposed
to minimize toxicity; in these scenarios, multiparametric MRI plays
a key role.32 Several studies have found that this approach is asso-
ciated with lower toxicity rates. For example, in the study by Hsu
et al.,>3 there were no cases of G3 toxicity in the arm that received
LDR-BT as focal salvage therapy, even though those authors admin-
istered a higher total dose than in our study. Similarly, Sasaky
et al.>* reported no G3 toxicity in patients who received a total
dose of 145Gy. Peters et al.”’ reported a 5-year BRFS of 60%,
with no cases of > G3 toxicity. Likewise, Kunogi and colleagues>>
administered 145 Gy to the PTV, also finding no cases of chronic
G3 toxicity; moreover, in patients with toxicity < G2, this resolved
quickly. The main advantage of focal/partial therapy versus whole
gland treatment is to limit the dose to the OARs, thereby reducing
the likelihood of inducing severe toxicity.

Baumann et al.>® took a different approach to reducing the risk
of severe toxicity. Those authors treated the whole gland but with
arelatively low dose (median LDR prescribed dose 100 Gy; median
HDR dose 30Gy in 6 fractions over 4 weeks), administered with
neoadjuvant ADT (4-6 months) and adjuvant ADT. Local control
rates were acceptable (five and 7-year relapse-free survival were
79% and 67%; and overall survival 94% and 85%, respectively) with
a low toxicity profile.

Other local salvage options are also associated with important
adverse effects. Salvage prostatectomy, which must be performed
in experienced centres, is associated with severe morbidity and,
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thus, rarely performed nowadays.?’-3® The excellent systematic
review by Chade et al.?° found that rectal injury occurred in 0%-28%
of cases, and anastomotic stricture in 7% to 41% of cases; more-
over, in more recent series, most complications are less common
(except for anastomotic stricture). Cryotherapy is associated with
severe incontinence, ranging from 3% to 19%,*0-43 while serious
adverse effects are generally only observed in previously irradiated
patients. In patients who undergo HIFU, reported rates of urethral
stenosis, urinary incontinence, and rectovesical fistula range from
18 to 38%, 7-40% and 0.4-6%, respectively.*4~47 Rectourethral fis-
tula leading to colostomy is a particularly worrisome complication
of HIFU in patients previously treated with EBRT.

In this study, we were unable to identify any significant
predictors—not even previous treatment with EBRT or LDR-BT, nor
any of the dosimetric variables—of post-treatment toxicity. By con-
trast, the RTOG-0526 study*® found that V100 was a predictor of
GU/GI toxicity.

Overall, the findings of our small, retrospective study are con-
sistent with the available literature regarding local control and
toxicity. It is important to emphasize that patients with locally
recurrent disease can potentially be ¢uredby salvage BT, provided
they are carefully selected. Even in patients who cannot be cured,
salvage BT can delay initiation of systemic treatment (and the side
effects thereof) by postponing the start of this treatment by nearly
four years.

In our LDR-BT salvage scheme, we treat the whole gland to a
mean dose of 100 Gy, with a total dose to the tumor ranging from
120 to 130 Gy. By applying dose constraints for the rectum (D2cc
<120 Gy) and urethra (D30% <156 Gy, and D10% <180 Gy), we were
able to achieve disease control and toxicity in line with other stud-
ies, with acceptable toxicity. These data support the use of salvage
LDR-BT in selected patients with locally recurrent disease.

The main aim of this study was to evaluate the role of sal-
vage LDR-BT in locally recurrent prostate cancer. Our findings—at
a median follow-up of 45 months—show that treatment outcomes
with salvage LDR-BT were excellent, with BRFS rates of 86.7%, 56.7%
and 53.3% at years 1, 3 and 5. Overall survival at 5 years was 87%.
Two variables—PSA at relapse and PSA nadir post-salvage—were
significant predictors of recurrence on the multivariate analy-
sis. Overall, toxicity was acceptable and consistent with previous
reports. These findings support the use of LDR-BT in patients with
locally recurrent prostate cancer.

5. Conclusion

BT in locally recurrent PCa is potentially curative and it can delay
initiation of palliative hormone therapy.

The current data suggest that it is possible to achieve lasting dis-
ease control with acceptable toxicity using the LDR-BT approach
and criteria described here, provided that patients are carefully
selected and that key prognostic factors—including PSA at relapse
and PSA nadir post-salvage—are considered.
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