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Abstract
Purpose: To evaluate toxicity, prostate-specific antigen (PSA) kinetics, and cancer control of high-dose-rate 

brachytherapy (HDR-BT) as a salvage modality for men with locally recurrent prostate cancer, after primary HDR-BT 
failure. 

Material and methods: Twelve patients with biochemical failure and a  local relapse after 19 Gy single-fraction 
high-dose-rate brachytherapy (HDR-BT 19 Gy) were salvaged using two HDR-BT fractions. Salvage treatment con-
sisted of two HDR-BT applications, one week apart, delivering 12 Gy to the prostate per application (HDR-BT 12 × 2). 

Results: Median age and initial PSA prior to rescue treatment were 74 years (range, 65-80) and 5.29 ng/ml (range, 
2.37-16.40), respectively. Forty-two percent had a low-risk and 58% presented with intermediate-risk prostate cancer. 
Median follow-up period was 26 months (range, 10-42). Median time to PSA nadir was 12 months, with a median value 
of 0.21 ng/ml. Most of the patients (11 of 12) achieved a PSA decline ≥ 90%. Acute grade 2 genitourinary (GU) toxicity 
occurred in 4 patients (33.3%) and none presented with acute gastrointestinal (GI) toxicity. Two patients (16.7%) suf-
fered from late GU grade 2 toxicity. No grade 3 toxicity were recorded. To date, 2 patients (16.7%) have experienced 
biochemical failure after salvage treatment.

Conclusions: Salvage HDR-BT 12 × 2 is a feasible and well-tolerated treatment, with acceptable toxicity rates for 
men with locally recurrent prostate cancer, who failed after HDR-BT with 19 Gy. Moreover, PSA kinetics and cancer 
control after salvage treatment suggest that this strategy might be efficacious in this clinical setting. 
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Purpose 
High-dose-rate brachytherapy (HDR-BT) has been in-

creasingly used as monotherapy for treatment of patients 
with prostate cancer. Several studies have demonstrated 
favorable toxicity rates and excellent results in the impact 
on quality of life after 19 Gy single-fraction high-dose-
rate brachytherapy (HDR-BT 19 Gy) [1,2,3,4,5]. However, 
in the last few years, some trials have reported higher bio-
chemical and local failure rates than expected with this 
dose schedule [5,6,7,8,9]. 

On the other hand, salvage brachytherapy has shown 
promising outcomes in terms of toxicity and biochemical 

control in the local recurrence setting after primary ra-
diation therapy in several prospective and retrospective 
series [10,11,12,13,14]. 

Patients with a local failure after HDR-BT 19 Gy, who 
were considered good candidates for salvage treatment 
were treated in our department with HDR-BT adminis-
tered in two fractions of 12 Gy (HDR-BT 12 × 2). 

The purpose of this retrospective study was to mea-
sure the safety and tolerance of HDR-BT 12 × 2 as a sal-
vage treatment after HDR-BT 19 Gy, to evaluate pros-
tate-specific antigen (PSA) kinetics with this schedule, 
and to describe biochemical and local control rates after 
a salvage treatment. 
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Material and methods 
In 2014, a phase II trial evaluating the safety and feasi-

bility of HDR-BT 19 Gy for low- and intermediate-risk lo-
calized prostate cancer was initiated in our radiation oncol-
ogy department. After a median follow-up of 48 months, 
32% of patients developed a biochemical failure [7]. 

Patients with biochemical failure after HDR-BT 19 Gy, 
defined with a serum PSA 2 ng/ml above the PSA nadir, 
underwent re-staging multiparametric magnetic reso-
nance imaging (mpMRI) and choline positron  emission 
tomography-computed tomography (PET-CT). Patients 
with local relapse underwent MRI-transrectal ultrasound 
(TRUS) fusion biopsy to confirm local relapse. All sub-
jects with a positive pre-treatment mpMRI were noted to 
have a recurrent nodule in the same location as the ini-
tial site of disease. Sixteen patients had a confirmation of 
a local relapse, and 4 did not receive a salvage treatment. 
One patient presented a  negative transperineal biopsy, 
one died of non-oncological issue, one had advanced age 
and was not fit for a salvage treatment, and one refused 
to undergo staging studies after local failure. 

Finally, 12 patients were treated with salvage HDR-
BT 12 × 2 between February 1, 2017 and October 2, 2019. 
This retrospective study was approved by the Cruces 
University Hospital research ethics board. 

All patients were treated with a  real-time MRI-guid-
ed HDR-BT technique, which has been previously re-
ported elsewhere [15,16]. Moreover, in fifty percent of 
patients, a  rectal spacer was used during the procedure 
[17,18]. Planning target volume (PTV) was defined as the 
entire prostate gland without margins. The prescription 
dose was 24 Gy in two fractions of 12 Gy each, one week 
apart. The dose was prescribed to the PTV as a minimum 
peripheral dose. Eight patients with visible dominant in-
tra-prostatic lesion on mpMRI were treated with a simul-
taneous integrated boost prescribed to 13.5 Gy. Dwell time 
optimization was performed using inverse dose-volume 
histogram-based optimization (DVHO). Homogeneity of 
parameters used for dose optimization for the prostate in-
cluded V100 > 95%, V150 of < 35%, and V200 < 8%, where  
Vn is the fractional volume of the organ that receives n% of 

the prescribed dose; maximum point dose inside the ure-
thral volume (urethral Dmax) < 110%, and the dose to 1 cc of 
rectal wall (RD1cc) is limited to < 60% of the prescribed dose. 

The patients were monitored prospectively for tox-
icity. Toxicity was assessed using common terminology 
criteria for adverse events (CTCAE), version 4.0, and was 
measured at 1, 3, and 6 months after treatment comple-
tion and 6 months thereafter. Biochemical recurrence was 
defined based on Phoenix criteria.

Statistical analysis 

Descriptive analysis of the toxicity included absolute 
and relative frequencies for categorical variables. The do-
simetric parameters were reported by median and range. 
These analyses were conducted using Statistical Package 
for the Social Sciences (SPSS v. 23.0) for Windows. 

We evaluated data of PSA statistically and graphical-
ly with Microsoft Office Excel 2002. 

Results 
From February 2017 to October 2019, 12 consecutive 

patients with low- and intermediate-risk prostate can-
cer with local failure after HDR-BT 19 Gy, were treated 
with salvage HDR-BT 12 × 2 in our department. Median 
time from HDR-BT 19 Gy to local failure was 29 months 
(range, 19-41), and median PSA nadir after the initial 
treatment was 1.68 ng/ml (range, 0.33-3.76). 

Table 1 summarizes the clinical and tumor character-
istics at diagnosis and at relapse. Table 2 shows the dosi-
metric parameters of salvage HDR-BT 12 × 2. 

After a median follow-up of 26 months (range, 10-42),  
none of the patients developed acute urinary retention.  
The maximal acute and late toxicity reported was of grade 2. 

In general, acute grade 2 genitourinary (GU) toxicity 
occurred only during the first month after the treatment 
in 3 patients (25%). No patient presented with acute or 
late gastrointestinal (GI) toxicity. The acute grade 2 tox-
icities observed included dysuria (2 patients), urinary 
frequency (1 patient), and nocturia (1 patient). Four pa-
tients (33.3%) presented late GU grade 2 toxicities, such 
as dysuria (1 patient), augmentation of urinary frequency 

Table 1. Patients and tumor characteristics at diagnosis and at relapse 

Category Median Range 

Age at diagnosis (years) 71 61-78 

Age at relapse (years) 74 65-80 

PSA before HDR-BT 19 Gy (ng/ml) 8.96 5.60-17.87 

PSA before HDR-BT 12 × 2 (ng/ml) 5.29 2.37-16.40 

n %

ISUP grade at diagnosis 1 5 41.7 

2 7 58.3 

Risk group at diagnosis Low-risk 5 41.7 

Intermediate-risk 7 58.3 

PSA – prostate specific antigen, ISUP – International Society of Urological Pathology 
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(2 patients), nocturia (1 patient), incontinence (1 patient), 
and urgency (2 patients). None presented with urethral 
stenosis. No grade 3 toxicity was reported. The propor-

tion of patients who reported toxicity at each follow-up 
visit is presented in Table 3. The median PSA nadir was 
0.21 ng/ml (range, 0.05-1.12) reached 12 months after  
the treatment. 

When compared to the initial schedule, the PSA nadir 
after HDR-BT 12 × 2 was lower, and higher number of 
patients achieved appropriate nadir values. Nine patients 
(75%) achieved a PSA nadir lower than 0.5 ng/ml, and 
6 patients (50%) reached lower than 0.2 ng/ml, where-
as only two patients (16.7%) achieved a PSA nadir lower 
than 0.5 ng/ml after HDR-BT 19 Gy. PSA kinetics of all 
12 patients after the salvage brachytherapy are shown 
in Figure 1. Maximum percentage of decline of PSA 
achieved after salvage brachytherapy is presented in Fig-
ure 2. Most of the patients (11 of 12 patients) treated with 
HDR-BT 12 × 2 had a PSA decline ≥ 90%. 

After the salvage treatment, 2 patients with interme-
diate-risk prostate cancer (16.67%) experienced biochemi-
cal failure. The mean time from the treatment to biochem-

Table 2. Prostate, urethra, and rectum dosimetric characteristics 

First fraction Second fraction 

Median Range Median Range 

Prostate volume (cc) 29.17 7.63-59.54 28.91 7.8-59.38 

V100 (%)1 97.99 95.65-99.41 98.07 95.5-99.41 

V125 (%)1 57.44 45.29-74.62 61.34 44.24-89.66 

V150 (%)1 22.97 18.82-42.36 24.05 16.65-51.93 

V200 (%)1 5.67 3.79-8.45 5.98 3.61-11.43 

D90 (%)2 108.73 103.87-113.87 108.53 104.65-124.51 

Urethra Dmax (%)3 110.72 94.43-115.0 110.87 88.29-115.0 

Rectum Dmax (%)4 64.07 46.15-80.09 63.77 45.47-83.32 

Rectum D1cc (Gy)5 5.86 4.06-7.62 5.71 4.09-7.54 

1fractional volume of the organ that receives n% of the prescribed dose, 2percentage of the dose prescribed receiving 90% of volume of the organ, 3maximum point 
dose inside the urethral volume, 4maximum point dose inside the rectal volume, 5dose to 2 cc of rectal wall 

Table 3. Toxicity results at each follow-up visit (CTCAE v. 4.0) 

Grade 1 
n (%) 

Grade 2 
n (%) 

Grade 3 
n (%) 

Genitourinary 1 month 2 (16.7) 3 (25) No toxicity 
reported 

3 months 1 (8.3) 0 (0) 

6 months 6 (50) 2 (16.7) 

12 months 4 (33.3) 2 (16.7) 

18 months 2 (16.7) 2 (16.7) 

24 months 0 (0) 2 (16.7) 

30 months 1 (8.3) 1 (8.3) 

36 months 0 (0) 1 (8.3) 

42 months 1 (8.3) 0 (0) 

Gastrointestinal No toxicity reported

CTCAE – common terminology criteria for adverse events version 4.0
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Fig. 1. Median prostate specific antigen (PSA) over time of 
all 12 patients after salvage brachytherapy 
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ical failure was 8.5 months. Re-staging choline PET-CT 
was performed in both patients showing a  regional re-
lapse limited to pelvic lymph nodes. No local relapse was 
demonstrated. One patient was treated with both andro-
gen deprivation therapy (ADT) and stereotactic ablative 
body radiotherapy (SABR), and the second patient with 
ADT only. 

Discussion 
Up to 70% of biochemical recurrences after definitive 

radiation therapy are due to local recurrence [19]. Local 
salvage therapies can provide a curative option in such 
cases. Our study indicated that salvage HDR-BT in pa-
tients with local recurrence of prostate cancer after prima-
ry treatment with HDR-BT 19 Gy, was feasible and safe. 

PSA kinetics has proven to be an important factor to 
predict biochemical control and cure after brachytherapy 
[11,19,20,21,22,23,24]. Helou et al. found that value of PSA 
nadir was strongly correlated with biochemical outcomes 
in patients treated with HDR-BT and external beam ra-
diotherapy (EBRT). In fact, they reported that PSA nadir 
< 0.4 ng/ml at any time point was associated with 5-year 
biochemical disease-free-survival (bDFS) of 100% vs. 72% 
for patients with PSA nadir ≥ 0.4 ng/ml [23]. 

Recently, Crook et al. performed an analysis of pro-
spectively collected data from 7 institutions from over 
14,000 patients with localized prostate cancer treated 
with LDR brachytherapy (LDR-BT) monotherapy, LDR-
BT plus EBRT, LDR-BT plus ADT, or LDR-BT plus EBRT 
and ADT, to identify a  PSA threshold value associated 
with cure. They found that patients who achieved a PSA 
≤ 0.2 ng/ml at 3.5-4.5 years had a probability of being free 
of clinical failure at 10 years with 98.7% and at 15 years 
with 96.1%. Moreover, for patients with PSA > 0.2 but  
≤ 0.5 ng/ml, the probability of being disease-free de-
creased but remained high at 93.5% at 10 years [24]. 

Finally, Wojcieszek et al. reported that the outcome af-
ter salvage brachytherapy depends on the PSA nadir lev-
el and disease-free interval after primary treatment. Par-
ticularly, in this study, they showed a 3-year and 5-year 
bDFS of 76% and 67%, respectively, and a PSA nadir of 
0.35 ng/ml after a median follow-up of 41 months [21]. 

In our previous phase II trial, the median PSA nadir 
was 1.68 ng/ml and only 2 of 12 (16.7%) patients achieved 
a PSA nadir lower than 0.5 ng/ml after HDR-BT 19 Gy. 
However, after HDR-BT 12 × 2, the median PSA nadir 
was 0.21 ng/ml. Nine patients (75%) achieved a  PSA 
nadir lower than 0.5 ng/ml, and six patients (50%) pre-
sented with lower than 0.2 ng/ml. The median time to 
a  relapse after primary treatment was 29 (range, 19-41) 
months, and the median time to a PSA nadir after salvage 
treatment was 12 months. Although these results suggest 
a  greater ablative capacity of the multifractional sched-
ule compared to single-fraction treatment, and these data 
should be considered cautiously. The clinical setting of 
salvage and primary treatments are different in terms of 
PTV volumes definition and PSA kinetics, and therefore, 
it was not possible to compare these two treatments. 

In the present study, the patients had an excellent PSA 
response after HDR-BT 12 × 2 treatment schedule, and 

their PSAs’ dropped to very low levels after the treatment 
(Figure 1). This can suggest that HDR-BT 12 × 2 caused 
enough lethal damage to achieve biochemical control in 
a  patients’ population with a  previous local failure af-
ter HDR-BT 19 Gy. Our data suggest that re-irradiation 
with HDR-BT may be an appropriate salvage approach to 
eradicate tumor cells that have survived a previous treat-
ment with 19 Gy single-fraction. 

Pre-salvage PSA has proven to be another important 
variable in previous studies. Burri et al. reported a  se-
ries of 37 patients with radiorecurrent prostate cancer 
treated with LDR. The authors noted that a pre-salvage 
PSA < 6 ng/ml was a significant predictor of improved 
biochemical outcome in multivariate analysis [11]. Also, 
Henriquez et al. reported pre-salvage PSA > 10 ng/ml as 
a predictor of biochemical failure [20]. In our series, me-
dian pre-salvage PSA was 5.29 ng/ml (range, 2.37-16.40). 

Moreover, we found that HDR-BT 12 × 2 delivered as 
a salvage treatment after primary treatment with HDR-
BT 19 Gy was well-tolerated with low toxicity rates. In 
our study, none of the patients developed acute urinary 
retention. Twenty-five percent and a  33.3% of patients 
suffered from acute and late grade 2 GU toxicity, respec-
tively. No GI toxicity was recorded. 

Our toxicity rates are comparable to those reported by 
Wojcieszek et al. They reported retrospective results of 83 
patients treated with three fractions of 10 Gy of HDR-BT 
after primary treatment with EBRT and HDR-BT boost or 
EBRT alone. Grade 1 and 2 acute GU toxicities were ob-
served in 43 (52%) and 29 (35%) men, respectively. Thir-
ty-two (39%) and eleven (13%) patients were reported as 
grade 2 and 3 late GU toxicity, respectively. Acute GI tox-
icity grade 1 was reported in 5 (6%) patients. Grade 1 late 
GU toxicity was observed in 27 (33%) men [21]. 

A group from the Memorial Sloan Kettering Cancer 
Center described their experience with salvage low-dose-
rate (125I, n = 37) or high-dose-rate brachytherapy (192Ir,  
n = 61). Acute grade 1 or 2 gastrointestinal toxicity oc-
curred in 14 of 98 patients. Two patients developed 
acute grade 3 GI toxicity (HDR, 1, LDR, 1). Grade 3 
late genitourinary toxicity appeared in 9% of patients 
(HDR, 8, LDR, 1) [22]. These numbers are comparable 
with those described in a previously reported phase II  

–50%

–75%

–100%
Fig. 2. Waterfall plot of maximum percentage of decline of 
prostate specific antigen (PSA) level from basal PSA after 
HDR-BT 12 × 2 
HDR-BT 12 × 2 – high-dose-rate brachytherapy with two-fractions of 
12 Gy 
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study of the same group on 42 patients undergoing 
salvage HDR-BT [10]. Both studies are potential indica-
tors of the validity of HDR-BT in the salvage setting to 
provide patients with an additional chance of cure with 
potentially more acceptable toxicity rates compared to 
postponed ADT. 

Recently, an interesting study about health-related 
quality of life (QoL) in patients treated with HDR-BT 
with two fractions has been published. Harris et al. re-
ported retrospective results of 122 patients with low- or 
intermediate-risk prostate cancer treated with HDR-BT as 
monotherapy with 27 Gy in 2 fractions. They compared 
patient-reported health-related QoL and physician-grad-
ed toxicity as a  function of time interval between im-
plants (patients were dichotomized into one-week and 
two-week cohorts). The overall rate of grade 2 GU and 
GI physician-graded toxicity were 67% and 3%, respec-
tively. They found no differences in patient-reported 
health-related QoL scores or in physician-graded toxicity 
rates between the one-week and two-week cohorts. They 
concluded that HDR-BT consisting of two implants is 
a  well-tolerated treatment for men with localized pros-
tate cancer, and that there are no significant differences in 
the rates of patient-reported health-related QoL or physi-
cian-graded toxicity in patients as a function of time be-
tween each treatment [25]. 

The published evidence on salvage HDR-BT has 
shown 5-year bDFS rates ranging from 51% to 69% 
[10,13,21]. In our study, the biochemical control was 
83.3%; however, longer follow-up is needed as well as 
further studies to validate and accurately demonstrate 
the true benefit and value of salvage HDR-BT 12 × 2 in 
terms of cancer control. 

We acknowledge several limitations of our study. 
The number of patients was small (n = 12), and follow-up 
was limited to the median of 26 months; therefore, longer 
follow-up is required to assess late toxicity or biochem-
ical control. Also, the retrospective nature of this study 
allowed to generate hypothesis only. 

Conclusions 
Salvage HDR-BT 12 × 2 is a feasible and well-tolerated 

treatment, with acceptable toxicity rates when adminis-
tered in patients with local failure after HDR-BT 19 Gy.  
Additionally, PSA kinetics and cancer control after sal-
vage treatment suggest that this strategy might be effica-
cious in this clinical setting. 

Disclosure
The authors report no conflict of interest.

References
1.	 Morton G, Chung HT, McGuffin M et al. Prostate high dose-

rate brachytherapy as monotherapy for low and intermedi-
ate risk prostate cancer: Early toxicity and quality-of life re-
sults from a randomized phase II clinical trial of one fraction 
of 19 Gy or two fractions of 13.5 Gy. Radiother Oncol 2017; 
122: 87-92.

2.	 Gomez-Iturriaga A, Casquero F, Pijoan JI et al. Health-re-
lated-quality-of-life and toxicity after single fraction 19 Gy 

high-dose-rate prostate brachytherapy: Phase II trial. Radio-
ther Oncol 2018; 126: 278-282.

3.	 Barnes J, Gabani P, Sanders M et al. Single fraction high-dose-
rate brachytherapy as monotherapy for low and intermedi-
ate risk prostate cancer: toxicities and early outcomes from 
a  single institutional experience. J Contemp Brachytherapy  
2019; 11: 399-408.

4.	 Hoskin P, Rojas A, Ostler P et al. Single-dose high-dose-rate 
brachytherapy compared to two and three fractions for local-
ly advanced prostate cancer. Radiother Oncol 2017; 124: 56-60.

5.	 Prada PJ, Cardenal J, Blanco AG et al. High-dose-rate intersti-
tial brachytherapy as monotherapy in one fraction for the treat-
ment of favorable stage prostate cancer: Toxicity and long-term 
biochemical results. Radiother Oncol 2016; 119: 411-416.

6.	 Morton G, McGuffin M, Chung HT et al. Prostate high dose-
rate brachytherapy as monotherapy for low and intermedi-
ate risk prostate cancer: Efficacy results from a randomized 
phase II clinical trial of one fraction of 19 Gy or two fractions 
of 13.5 Gy. Radiother Oncol 2020; 146: 90-96.

7.	 Gomez-Iturriaga A, Buchser D, Mayrata E et al. Pattern 
of relapse and dosimetric analysis of a  single dose 19 Gy 
HDR-brachytherapy phase II trial. Radiother Oncol 2020; 146: 
16-20.

8.	 Siddiqui ZA, Gustafson GS, Ye H et al. Five-year outcomes of 
a  single-institution prospective trial of 19-Gy single-fraction 
high-dose-rate brachytherapy for low- and intermediate-risk 
prostate cancer. Int J Radiat Oncol Biol Phys 2019; 104: 1038-1044.

9.	 Guirado D, Ruiz-Arrebola S, Tornero-López A et al. A radio-
biological study of the schemes with a low number of frac-
tions in high-dose-rate brachytherapy as monotherapy for 
prostate cancer. J Contemp Brachytherapy 2020; 12: 193-200.

10.	Yamada Y, Kollmeier MA, Pei X et al. A Phase II study of 
salvage high-dose-rate brachytherapy for the treatment of lo-
cally recurrent prostate cancer after definitive external beam 
radiotherapy. Brachytherapy 2014; 13: 111-116.

11.	Burri RJ, Stone NN, Unger P, Stock RG. Long-term outcome 
and toxicity of salvage brachytherapy for local failure after 
initial radiotherapy for prostate cancer. Int J Radiat Oncol Biol 
Phys 2010; 77: 1338-1344.

12.	Rose JN, Crook JM, Pickles T et al. Salvage low-dose-rate 
permanent seed brachytherapy for locally recurrent pros-
tate cancer: Association between dose and late toxicity. 
Brachytherapy 2015; 14: 342-349.

13.	Chen CP, Weinberg V, Shinohara K et al. Salvage HDR 
brachytherapy for recurrent prostate cancer after previous 
definitive radiation therapy: 5-year outcomes. Int J Radiat 
Oncol Biol Phys 2013; 86: 324-329.

14.	Lee B, Shinohara K, Weinberg V et al. Feasibility of high-
dose-rate brachytherapy salvage for local prostate cancer re-
currence after radiotherapy: the University of California-San 
Francisco experience. Int J Radiat Oncol Biol Phys 2007; 67: 
1106-1112.

15.	Gomez-Iturriaga A, Casquero F, Urresola A et al. Dose esca-
lation to dominant intraprostatic lesions with MRI-transrec-
tal ultrasound fusion high-dose-rate prostate brachytherapy. 
Prospective phase II trial. Radiother Oncol 2016; 119: 91-96.

16.	Gomez-Iturriaga A, Crook J, Casquero F et al. Impact of intra-
operative MRI/TRUS fusion on dosimetric parameters in cT3a 
prostate cancer patients treated with high-dose-rate real-time 
brachytherapy. J Contemp Brachytherapy 2014; 6: 154-160.

17.	Wilder RB, Barme GA, Gilbert RF et al. Cross-linked hyaluro-
nan gel reduces the acute rectal toxicity of radiotherapy for 
prostate cancer. Int J Radiat Oncol Biol Phys 2010; 77: 824-830.

18.	Kishi K, Sato M, Shirai S et al. Reirradiation of prostate can-
cer with rectum preservation: eradicative high-dose-rate 
brachytherapy with natural type hyaluronate injection. 
Brachytherapy 2012; 11: 144-148.

https://pubmed.ncbi.nlm.nih.gov/24373762/
https://pubmed.ncbi.nlm.nih.gov/32695192/
https://pubmed.ncbi.nlm.nih.gov/24373762/
https://pubmed.ncbi.nlm.nih.gov/23474112/
https://pubmed.ncbi.nlm.nih.gov/27165612/
https://pubmed.ncbi.nlm.nih.gov/27823821/
https://pubmed.ncbi.nlm.nih.gov/27823821/
https://pubmed.ncbi.nlm.nih.gov/27823821/
https://pubmed.ncbi.nlm.nih.gov/27823821/
https://pubmed.ncbi.nlm.nih.gov/27823821/
https://pubmed.ncbi.nlm.nih.gov/27823821/
https://pubmed.ncbi.nlm.nih.gov/29153462/
https://pubmed.ncbi.nlm.nih.gov/29153462/
https://pubmed.ncbi.nlm.nih.gov/29153462/
https://pubmed.ncbi.nlm.nih.gov/29153462/
https://pubmed.ncbi.nlm.nih.gov/31749847/
https://pubmed.ncbi.nlm.nih.gov/31749847/
https://pubmed.ncbi.nlm.nih.gov/31749847/
https://pubmed.ncbi.nlm.nih.gov/31749847/
https://pubmed.ncbi.nlm.nih.gov/31749847/
https://pubmed.ncbi.nlm.nih.gov/28666552/
https://pubmed.ncbi.nlm.nih.gov/28666552/
https://pubmed.ncbi.nlm.nih.gov/28666552/
https://pubmed.ncbi.nlm.nih.gov/27118583/
https://pubmed.ncbi.nlm.nih.gov/27118583/
https://pubmed.ncbi.nlm.nih.gov/27118583/
https://pubmed.ncbi.nlm.nih.gov/27118583/
https://pubmed.ncbi.nlm.nih.gov/32146259/
https://pubmed.ncbi.nlm.nih.gov/32146259/
https://pubmed.ncbi.nlm.nih.gov/32146259/
https://pubmed.ncbi.nlm.nih.gov/32146259/
https://pubmed.ncbi.nlm.nih.gov/32146259/
https://pubmed.ncbi.nlm.nih.gov/32086047/
https://pubmed.ncbi.nlm.nih.gov/32086047/
https://pubmed.ncbi.nlm.nih.gov/32086047/
https://pubmed.ncbi.nlm.nih.gov/32086047/
https://pubmed.ncbi.nlm.nih.gov/30771408/
https://pubmed.ncbi.nlm.nih.gov/30771408/
https://pubmed.ncbi.nlm.nih.gov/30771408/
https://pubmed.ncbi.nlm.nih.gov/30771408/
https://pubmed.ncbi.nlm.nih.gov/32395145/
https://pubmed.ncbi.nlm.nih.gov/32395145/
https://pubmed.ncbi.nlm.nih.gov/32395145/
https://pubmed.ncbi.nlm.nih.gov/32395145/
https://pubmed.ncbi.nlm.nih.gov/24373762/
https://pubmed.ncbi.nlm.nih.gov/24373762/
https://pubmed.ncbi.nlm.nih.gov/24373762/
https://pubmed.ncbi.nlm.nih.gov/24373762/
https://pubmed.ncbi.nlm.nih.gov/20138442/
https://pubmed.ncbi.nlm.nih.gov/20138442/
https://pubmed.ncbi.nlm.nih.gov/20138442/
https://pubmed.ncbi.nlm.nih.gov/20138442/
https://pubmed.ncbi.nlm.nih.gov/25727178/
https://pubmed.ncbi.nlm.nih.gov/25727178/
https://pubmed.ncbi.nlm.nih.gov/25727178/
https://pubmed.ncbi.nlm.nih.gov/25727178/
https://pubmed.ncbi.nlm.nih.gov/23474112/
https://pubmed.ncbi.nlm.nih.gov/23474112/
https://pubmed.ncbi.nlm.nih.gov/23474112/
https://pubmed.ncbi.nlm.nih.gov/23474112/
https://pubmed.ncbi.nlm.nih.gov/17197119/
https://pubmed.ncbi.nlm.nih.gov/17197119/
https://pubmed.ncbi.nlm.nih.gov/17197119/
https://pubmed.ncbi.nlm.nih.gov/17197119/
https://pubmed.ncbi.nlm.nih.gov/17197119/
https://pubmed.ncbi.nlm.nih.gov/26900090/
https://pubmed.ncbi.nlm.nih.gov/26900090/
https://pubmed.ncbi.nlm.nih.gov/26900090/
https://pubmed.ncbi.nlm.nih.gov/26900090/
https://pubmed.ncbi.nlm.nih.gov/25097555/
https://pubmed.ncbi.nlm.nih.gov/25097555/
https://pubmed.ncbi.nlm.nih.gov/25097555/
https://pubmed.ncbi.nlm.nih.gov/25097555/
https://pubmed.ncbi.nlm.nih.gov/20510195/
https://pubmed.ncbi.nlm.nih.gov/20510195/
https://pubmed.ncbi.nlm.nih.gov/20510195/
https://pubmed.ncbi.nlm.nih.gov/21820975/
https://pubmed.ncbi.nlm.nih.gov/21820975/
https://pubmed.ncbi.nlm.nih.gov/21820975/
https://pubmed.ncbi.nlm.nih.gov/21820975/


Journal of Contemporary Brachytherapy (2021/volume 13/number 1)

Salvage brachytherapy for locally recurrent prostate cancer after single-fraction 19 Gy HDR brachytherapy 17

19.	Zagars GK, Kavadi VS, Pollack A  et al. The source of pre-
treatment serum prostate-specific antigen in clinically local-
ized prostate cancer – T, N, or M? Int J Radiat Oncol Biol Phys 
1995; 32: 21-32.

20.	Henríquez I, Sancho G, Hervás A et al. Salvage brachytherapy 
in prostate local recurrence after radiation therapy: predicting 
factors for control and toxicity. Radiat Oncol 2014; 9: 102.

21.	Wojcieszek P, Szlag M, Głowacki G et al. Salvage high-dose-
rate brachytherapy for locally recurrent prostate cancer af-
ter primary radiotherapy failure. Radiother Oncol 2016; 119: 
405-410.

22.	Kollmeier MA, McBride S, Taggar A et al. Salvage brachyther-
apy for recurrent prostate cancer after definitive radiation 
therapy: A comparison of low-dose-rate and high-dose-rate 
brachytherapy and the importance of prostate-specific anti-
gen doubling time. Brachytherapy 2017; 16: 1091-1098.

23.	Helou J, D’Alimonte L, Loblaw A  et al. High dose-rate 
brachytherapy boost for intermediate risk prostate cancer: 
Long-term outcomes of two different treatment schedules 
and early biochemical predictors of success. Radiother Oncol 
2015; 115: 84-89.

24.	Crook JM, Tang C, Thames H et al. A biochemical definition 
of cure after brachytherapy for prostate cancer. Radiother  
Oncol 2020; 149: 64-69.

25.	Harris A, Korpics M, Sherwani Z et al. Patient and physician 
reported toxicity with two-fraction definitive high-dose-rate 
prostate brachytherapy: the impact of implant interval. J Con-
temp Brachytherapy 2020; 12: 216-224.

https://pubmed.ncbi.nlm.nih.gov/7536722/
https://pubmed.ncbi.nlm.nih.gov/7536722/
https://pubmed.ncbi.nlm.nih.gov/7536722/
https://pubmed.ncbi.nlm.nih.gov/7536722/
https://pubmed.ncbi.nlm.nih.gov/24885287/
https://pubmed.ncbi.nlm.nih.gov/24885287/
https://pubmed.ncbi.nlm.nih.gov/24885287/
https://pubmed.ncbi.nlm.nih.gov/27165612/
https://pubmed.ncbi.nlm.nih.gov/27165612/
https://pubmed.ncbi.nlm.nih.gov/27165612/
https://pubmed.ncbi.nlm.nih.gov/27165612/
https://pubmed.ncbi.nlm.nih.gov/28838648/
https://pubmed.ncbi.nlm.nih.gov/28838648/
https://pubmed.ncbi.nlm.nih.gov/28838648/
https://pubmed.ncbi.nlm.nih.gov/28838648/
https://pubmed.ncbi.nlm.nih.gov/28838648/
https://pubmed.ncbi.nlm.nih.gov/25770875/
https://pubmed.ncbi.nlm.nih.gov/25770875/
https://pubmed.ncbi.nlm.nih.gov/25770875/
https://pubmed.ncbi.nlm.nih.gov/25770875/
https://pubmed.ncbi.nlm.nih.gov/25770875/
https://pubmed.ncbi.nlm.nih.gov/32442822/
https://pubmed.ncbi.nlm.nih.gov/32442822/
https://pubmed.ncbi.nlm.nih.gov/32442822/
https://pubmed.ncbi.nlm.nih.gov/32695192/
https://pubmed.ncbi.nlm.nih.gov/32695192/
https://pubmed.ncbi.nlm.nih.gov/32695192/
https://pubmed.ncbi.nlm.nih.gov/32695192/

	_Hlk43573181
	_Hlk52839347

