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Abstract 
Purpose: Salvage treatments for localized radiorecurrent prostate cancer can be performed safely when a focal and 

image guided approach is used. Due to the low toxicity, the opportunity exists to investigate a second salvage treat-
ment when a second locally recurrent prostate cancer occurs. Here, we describe a second salvage treatment procedure 
of 4 patients. 

Material and methods: Four patients with a pathologically proven second local recurrence were treated in an 
outpatient magnetic resonance imaging (MRI)-guided setting with a single fraction of 19 Gy focal high-dose-rate 
brachytherapy (HDR-BT). Delineation was performed using choline-PET-CT or a 68Ga-PSMA PET in combination with 
multiparametric 3 Tesla MRI in all four patients. Toxicity was measured using common toxicity criteria for adverse 
events (CTCAE) version 4.0. 

Results: With a median follow-up of 12 months (range, 6-15), there were 2 patients with biochemical recurrence as 
defined by the Phoenix-definition. There were no patients with grade 3 or more toxicity. In all second salvage HDR-BT 
treatments, the constraints for rectum, bladder, and urethra were met. Median treatment volume (GTV) was 4.8 cc (range, 
1.9-6.6 cc). A median of 8 catheters (range, 6-9) were used, and the median dose to the treatment volume (GTV) was a D95: 
19.3 Gy (SD 15.5-19.4 Gy). 

Conclusions: Second focal salvage MRI-guided HDR-BT for a select group of patients with a second locally recur-
rent prostate cancer is feasible. There was no grade 3 or more acute toxicity for these four patients. 
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Purpose 
Local recurrent prostate cancer after primary radio-

therapy is a significant clinical problem. Approximately, 
half of all patients with high-risk prostate cancer expe-
rience a recurrence within 10 years post treatment [1,2]. 
Androgen deprivation is the most common treatment for 
biochemical recurrence post radiotherapy [3], as whole 
gland salvage treatments are associated with significant 
side effects resulting in a negative impact on the quality 
of life [4,5]. 

New imaging techniques, like 18F choline positron 
emission tomography (PET) and 68Ga-prostate specific 
membrane antigen (PSMA) PET-computed tomography 
(CT) [6,7], enable early detection of true local prostate 
cancer recurrences [8]. When registering this information 

with multiparametric (mp) magnetic resonance imaging 
(MRI) [9], which has a higher resolution compared to 
PET, safe local salvage treatment is possible [8,10,11]. 

As primary salvage low-dose-rate brachytherapy 
(LDR-BT) has shown to be safe and feasible [10], one can 
consider to perform a second salvage treatment in a select-
ed group of patients (> 3-year interval between treatment, 
prostate-specific antigen [PSA] doubling time > 1 year 
and acceptable toxicity after 1st salvage treatment) [4,12]. 
With the added damage from the primary and salvage 
treatment to the normal tissue, a third treatment obvious-
ly has an increased risk of side effects. 

The aim of this study is to describe a 2nd focal salvage 
19 Gy single fraction HDR-BT in 4 patients, together with 
data on toxicity and biochemical outcome. 
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Material and methods 
Patients 

Institutional review board approval for this analysis 
was obtained. Between May 2015 and January 2016, four 
patients with a second locally recurrent prostate cancer 
were treated in an outpatient setting with an MRI-guided 
focal HDR-BT technique. Patient characteristics are de-
picted in Table 1. All four patients received 145 Gy using 
125I as first salvage treatment. The treatment volume was 
approximately hemi-gland in all four patients. 

Prior to the second salvage HDR-BT treatment, no pa-
tient received any hormonal therapy. All patients under-
went choline PET-CT or 68Ga-PSMA-PET-CT, to exclude 
regional and/or distant metastasis and a cross section-
al mp-MRI. The diagnostic mp-MRI protocol included 
a T1-weighted fast gradient echo sequence (THRIVE), 
T2-weighted turbo spin echo sequence (TSE), balanced 
turbo gradient echo sequence with spectral fat suppres-
sion (bTFE SPAIR), diffusion weighted imaging (DWI), 
and a dynamic contrast enhanced (DCE) sequence. All 
primary and secondary recurrences were pathologically 
proven through biopsies (systematic TRUS-guided biop-
sies for primary recurrences and guided biopsies through 
fusion of diagnostic mp-MRI and ultrasound images for 
secondary recurrences). At the time of salvage treatment, 
PSA was below 10 ng/ml, PSA doubling time was one 
year or more, and the interval between 1st and 2nd salvage 
treatment was 3 years or more. All patients showed gas-
trointestinal (GI) or genitourinary (GU) toxicity rates of  
≤ 2 (CTCAE version 4.0) from the previous treatments. 

Treatment procedures 

The pre-treatment mp 3T MRI (sequences described 
above) was used to delineate the prostate, gross tumor 
volume (GTV), and surrounding organs at risk (OAR). 
As opposed to the first salvage prostate brachytherapy, 
no margins around the GTV were applied to reduce the 
risk of inducing toxicity. A pre-plan was made to esti-
mate whether the salvage procedure would be feasible 
with regards to the risk of severe toxicity. The pre-plan 
was considered feasible if dose of OAR was below the 
prescription (D1cc rectum/bladder < 12 Gy, D10% urethra 
< 17.7 Gy), independent of any overlap with the first or 
second treatment. 

All patients were treated with a single fraction of 19 Gy  
in a shielded room, equipped with a 1.5 T MR scanner 
that was suited for salvage MRI-guided HDR-BT. 

On the day of treatment, patients received spinal an-
esthesia on the MRI table and a urinary catheter was in-
serted to optimize urethra visualization. With the patient 
in lithotomy position, the regions of interest of the diag-
nostic 3T mp-MRI were registered (using rigid fusion) 
with the intraoperative ultrasound. This procedure helps 
to better visualize the GTV on the ultrasound images. 
Next, brachytherapy catheters were inserted into the tar-
get area (GTV) under ultrasound guidance with a trans-
perineal approach. 

Subsequently, the ultrasound equipment was re-
moved and an intra-operative 1.5 T MRI was made for 

treatment planning. The intra-operative MRI consisted of 
a transversal T2-weighted turbo spin echo (TSE) images 
and 2 series of 3D balanced turbo gradient echo images, 
one with SPAIR (spectral attenuated inversion recovery) 
and one with SPIR (spectral presaturation with inversion 
recovery). Delineation adjustments for prostate and OAR 
movement were made. Next, an intra-operative simula-
tion of dose distribution to the GTV and OAR was made. 
If constraints for the OAR were met, patients received 
a single fraction of 19 Gy to > 95% of the GTV. How-
ever, if the dose constraints for the OAR were exceeded, 
the dose to the GTV was reduced. As no literature on 
second salvage dose prescription is available, dose con-
straints based on Holly et al. were used [13], for rectum 
and bladder a D1cc < 12 Gy, for urethra a D10% < 17.7 Gy. 
Also, post-implant MRI sequences (same sequences as 
the intra-operative MRI) were performed to assess dose 
differences caused by intra-operative catheter shifts. 

Endpoints and follow-up 

Primary endpoint was the occurrence of severe tox-
icity (≥ grade 3). Toxicity was reported according to the 
Common Toxicity Criteria of Adverse Events (CTCAE) 
version 4. Clinical outcome was monitored using PSA 
measurements. 

Follow-up, toxicity assessment, and PSA measure-
ments were performed at 1 month and every 3 months 
during the first year after treatment, every 6 months during 
the second year after treatment, and annually thereafter. 

Results 
Baseline characteristics 

The median follow-up time for patients treated with 
a second focal salvage HDR-BT was 12 months (range, 
6-15 months) (Table 1). No patient was lost to follow-up. 
The age of the treated patients ranged from 63 to 72 years. 
At time of primary treatment, two patients had a T1c, one 
patient a T2, and one patient a T3a disease. Three patients 
received 125I brachytherapy, and one patient external beam 
radiation therapy (EBRT) as primary treatment. The me-
dian time to the first relapse was 7 years, with a range of  
5-8 years. At time of first salvage treatment, all patients  
had local recurrences within the prostate. For the first 
salvage treatment, all patients were treated with focal 
salvage 125I brachytherapy [10]. Median time to second 
salvage was 4 years (range, 3-6 years). At the time of sec-
ondary salvage treatment, all 4 patients had locally recur-
rent prostatic cancer. However, for one patient there was 
seminal vesicle extension (iT3b). At time of secondary 
salvage treatment, median PSA was 3.75 ng/ml (range, 
3.0-5.3 ng/ml). 

Dosimetry 

Prostate volumes ranged from 25.7-47.0 cc, GTV 
ranged from 1.9 to 6.6 cc. For 3 of the 4 patients, the pre-
scribed D95 GTV of 19 Gy was reached. In one patient, 
the D95 GTV was lower (15.5 Gy) because the GTV was in 
close proximity to the rectal wall. This structure had al-
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ready received a high cumulative dose from earlier radia-
tion treatments. The constraints for rectum, bladder, and 
urethra were met for all four patients. Dosimetry results 
are shown in Table 2. 

Toxicity 

At baseline (before second salvage treatment), 2 pa-
tients had GI grade 1 toxicity, and 2 patients had GI  
grade 0 toxicity. One patient had grade 1 GU toxicity, 
and 3 patients grade 0 GU toxicity. Regarding erectile 
dysfunction (ED), one patient had grade 0, one grade 1, 
one grade 2, and one grade 3 toxicity. All baseline toxic-
ity scores prior to second focal salvage HDR-BT did not 
worsen during follow-up, except for one patient who 
developed grade 1 ED after treatment. For both GU and 
GI toxicity, the toxicity score decreased from grade 1 to 
grade 0 in one patient. None of the patients developed  
≥ grade 2 GU or GI toxicity after treatment. 

Biochemical outcomes 

Prostate-specific antigen curves of all 4 patients are 
shown in Figure 1. For 3 patients, the PSA increased 
during follow-up. Two patients had a biochemical recur-
rence as per the Phoenix definition (PSA rise of 2 ng/ml 
above nadir). In one of these patients, a lymph node me-
tastasis was detected during follow-up using 68Ga-PSMA. 
In the other two patients, so far no local recurrences or 
distant metastasis have been detected. In the one patient 
who did not receive the prescribed GTV dose of 19 Gy, no 
local recurrence has been detected up till now. 

Discussion
This study shows that a second salvage treatment is 

feasible with regards to acute toxicity. However, median 
follow-up is limited to 12 months and late toxicity may be 
underestimated. To our knowledge, there is no literature 
regarding secondary salvage treatments performed by 
other treatment modalities. 

68Ga-PSMA scans or choline PET scans are considered 
to have a high sensitivity to detect a local recurrence [6,7]. 
The mp-MRI has optimal soft tissue contrast, and also has 
a high negative and positive predictive value for clinical-
ly significant prostate cancer [9,14]. Beside these aspects, 
the mp-MRI has superior resolution when compared to 
the 68Ga-PSMA scan. A high resolution is of great im-
portance when delineating the target area (GTV) and 
the OAR in preparation for focal salvage HDR-BT. Fur-
thermore, there is high conformity between the area of 
recurrence and the treated primary index lesion [15]. By 
reducing the rectum and bladder dose through focal sal-
vage brachytherapy, it can be expected that toxicity will 
decrease when compared to whole gland salvage treat-
ments [5,10]. Focal salvage LDR-BT showed very limited 
toxicity and good biochemical outcomes [10]. 

As results for salvage modalities for both tumor con-
trol and toxicity are promising, a second salvage treat-
ment can be considered in a highly selected group of 
patients with locally recurrent prostate cancer [16]. In 
the same light as the first salvage treatment, the goal of 
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a second salvage treatment is to further postpone andro-
gen deprivation therapy, with its known deterioration 
on the quality of life [4,17,18]. The current availability 
of 68Ga-PSMA scans also plays a key role in the selec-
tion of true locally recurrent prostate cancer in patients 
with a low PSA [8]. This allows for earlier treatment of 
these patients with possible smaller chance of metastasis 
from the index lesion. Prognostic factors are known for 
outcome after first (whole-gland) salvage treatment [19]. 
In multivariable analysis, disease-free survival interval 
(DFSI) after primary therapy and pre-salvage PSA-dou-
bling time were predictors of biochemical failure [19]. 
These factors may be used for second salvage treatment, 
since the literature does not describe predictors for out-
comes in this scenario. 

In this study, no margin was applied to the GTV, as 
rectum and bladder already received radiation twice. 
It is not known whether there was microscopic spread 
around the GTV, but such a microscopic spread seems 
likely [2]. With a margin of 0 mm, we still expect some 
dose to be delivered to the first few mms around the 
GTV. As the area of microscopic spread will need less 
dose compared to the GTV due to a lower tumor densi-
ty, we agreed on reducing the CTV and PTV margin to  
0 mm around the GTV. Longer follow-up is necessary to 
determine if prostate cancer will recur adjacent, or per-
haps even within the GTV after second salvage treatment. 

For the 1st salvage LDR-BT treatment, dose restrictions 
for bladder, urethra, and rectum have been published to 

minimize the risk of late severe toxicity [20,21], namely 
a bladder D2cc < 70 Gy, a urethral V100 < 0.4 cc and a rec-
tal D0.1cc < 160 Gy. Unfortunately, no such restrictions are 
available for salvage HDR-BT [11]. As an accurate spatial 
dose delivery in salvage treatments is essential, many clin-
ical groups prefer HDR-BT for treatment delivery [22].  
125I seeds have the tendency to migrate from their original 
position and this phenomenon may have a negative effect 
on the intended dose delivery to the GTV. A shift in cath-
eters in focal HDR-BT will also contribute to a suboptimal 
dose to the GTV, especially since in BT there is a steep dose 
gradient. With self-anchoring catheters, there is minimal 
displacement of the catheter tips, and it seems that these 
shifts have a minimal impact on dosimetry [23]. An ad-
vantage of HDR-BT compared to LDR-BT is that the dwell 
positions and times of the source can be regulated. With 
HDR-BT, more homogeneous dose to the GTV can be de-
livered and it is often possible to better modulate the dose 
around the adjacent OAR when compared to LDR-BT. 
There is literature suggesting adding of radiosensitizers, 
e.g. hyperthermia, may be considered [24]. 

There is a need for second salvage HDR-BT dose re-
striction values, since it is questionable whether the first 
salvage dose restriction parameters can be used for a sec-
ond salvage treatment. In the current situation, this will 
be difficult to accomplish, as events (grade ≥ 3 GU and 
GI toxicity) and number of treated patients are low. Fur-
thermore, determination of the cumulative dose may be 
difficult, since a different treatment modality was used 
as primary treatment. We suggest that dose constraints 
based on Holly et al. (for rectum and bladder D1cc < 12 Gy, 
for urethra D10% < 17.7 Gy) may be considered in clinical 
practice for both 1st and 2nd salvage HDR-BT [25]. 

The area of recurrence for the four 2nd salvage pa-
tients described in this study was 1 infield and 3 out of 
field. For each patient, the infield or out of field recurrenc-
es were determined based on the MRI used for planning 
of the first salvage treatment. The infield recurrence after 
the primary salvage treatment may have been caused by 
inadequate spacing of the 125I seeds and/or by an aggres-
sive tumor. The out of field recurrences may be explained 
by the fact that PSMA scans were not yet available at the 
time when patients underwent a primary salvage treat-
ment. Out of field recurrences treated with a 2nd salvage 
HDR-BT will most probably have less impact on the 
OAR, since the accumulated dose for the specific OAR 

Table 2. Treatment characteristics

Patient
number

Prostate volume 
(cc)

GTV  
(cc)

D95 GTV  
(Gy)

Rectum D1cc 
(Gy)

Bladder D1cc 
(Gy)

Urethra D10% 
(Gy)

Catheters 
(number)

1 29.7 1.9 19.4 6.5 4.6 1.7 6

2 32.3 5.5 15.5 7.2 4.9 10.0 9

3 47.0 6.6 19.2 5.4 8.6 5.3 8

4 25.7 4.1 19.3 6.6 3.9 5.8 8

Median 31.0 4.8 19.3 6.6 4.8 5.6 8

Cc – cubic centimeter, Gy – Gray, GTV – gross tumor volume, D95 GTV – dose in 95% of the GTV, D1cc – dose in 1 cc of the bladder/rectum, D10% – dose in 10% of  
the urethra volume
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Fig. 1. Prostate-specific antigen curves of all 4 patients
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will generally be lower than with an infield recurrence. 
Perhaps in or out of field 2nd recurrences can be taken into 
account when contemplating a 2nd salvage HDR-BT, and 
it may be an important selection criteria in future predic-
tive models. 

In 2 of 4 patients, there was a biochemical recurrence 
(Phoenix criteria) during follow-up (Figure 1). Although 
follow-up is still limited, it cannot be concluded wheth-
er patient selection had been appropriate. One patient 
showed a single nodal distant metastasis on a PSMA scan 
after biochemical recurrence, which was not present on 
the pre-treatment PSMA scan. For the other patient, fur-
ther diagnostics will follow. One patient did not receive 
the prescribed dose to the GTV, and also shows PSA in-
crease after treatment, although biochemical recurrence 
according to the Phoenix definition has not been reached. 
The increasing PSA in two of the patients may also be ex-
plained by a PSA bounce, as the median follow-up in this 
study is only 12 months. In the study of Mehta et al. [26], 
PSA bounce was noticed after an average of 9 months. 
There is no literature that describes PSA bounce after 
a 2nd salvage treatment. 

Conclusions 

Concluding, focal second salvage HDR-BT for locally 
recurrent prostate cancer is feasible in a highly selected 
group of patients, with a secondary local recurrence, min-
imal GI and GU toxicity, low PSA values at time of second 
salvage, and an interval of more than 3 years after earlier 
treatments. Confirmation in larger studies is needed. This 
approach may be used in the future to postpone hormon-
al therapy and positively influence the quality of life for 
patients with a 2nd locally recurrent prostate cancer. 
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