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CHAPTER 1

General Introduction  
and Thesis Outline
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8 CHAPTER 1

The present thesis constitutes an investigation of the role of focal therapy in the treat-
ment of prostate cancer. Considering the complexity of the topic, this introduction 
offers a comprehensive insight into all aspects of the disease including the current 
established treatment options, before zooming in on the concept and rationale of focal 
therapy. The aim is to provide a wide basis for a well-founded vision on its potential.

Epidemiology
Prostate cancer is the second most common cancer in men (after skin cancer), affecting 
1 in 9 men over the course of their lifetime(1). Incidence rates increased rapidly in the 
early 1990s (Figure 1) due to a screening surge using prostate specific antigen (PSA) 
testing to detect latent prostate cancers in asymptomatic men(2). In more recent years, 
incidence rates have declined because of recommendations against the routine use of 
PSA-screening, although this remains controversial. Main arguments against screen-
ing involve the risk of over-diagnosis of indolent cancers and unnecessary treatments 
which carry a financial, emotional and physical burden(3). Main arguments in favor of 
screening involve the risk of delaying the diagnosis of a more aggressive or advanced 
prostate cancer, diminishing survival rates substantially(4, 5). Although the peak in 
PSA-testing in the early 1990s was accompanied by a relative increase in prostate 
cancer-specific mortality (Figure 2), which is most likely explained by the larger pool of 
evident prostate cancer patients at the time, the steady decline of mortality rates after-
wards shows no clear survival advantage for population-wide PSA-screening. Current 
guidelines recommend the decision to screen should be an individual one, balancing 
benefits and harms based on individual characteristics and patient preference(6, 7).

Figure 1 – Trends in age-standardized cancer incidence rates among males in the United States.
Image adapted from: Siegel et al., 2020(2)
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9GENERAL INTRODUCTION AND THESIS OUTLINE

Figure 2 – Trends in age-standardized cancer mortality rates among males in the United States.
Image adapted from: Siegel et al., 2020(2)

Prostate cancer is most frequently diagnosed among men aged 65-74, and it is more 
common in men of African ancestry, men with a genetic predisposition (e.g., Lynch 
syndrome and BRCA1 and BRCA2 mutations) or a family history of close relatives diag-
nosed with prostate cancer, especially before the age of 65(8). At presentation, ±80% of 
patients have localized disease, ±15% has regional lymph node involvement and ±5% has 
distant metastases(9). Stage at diagnosis has a dramatic impact on 5-year relative sur-
vival rates, with excellent survival for patients with localized or regional disease (>99%) 
and much lower survival for patients presenting with metastases (31%)(8). This not only 
reflects the aggressive nature of late-stage disease, but also the indolent nature of  
early-stage disease and potentially the effectiveness of local treatments for these tumors.

Diagnosis and staging
To improve accurate staging (and to provide a better framework for suitable choice of 
treatment), there has been a heavy focus on improving diagnostic imaging over the 
last years. Although several developments have led to improved cancer detection and 
potentially better patient selection, the challenge remains how to incorporate these 
new techniques in diagnostic pathways and, consequently, in treatment decisions.

Although local tumor staging (Figure 3) is historically performed using digital rectal 
examination (DRE) and current guidelines still refer to DRE-findings for determination 
of the clinical T-stage(10), the role of multiparametric magnetic resonance imaging 
(mp-MRI) seems to become more prominent. Its added value in terms of initial cancer 
screening in biopsy-naïve patients has been under debate, considering its low specific-
ity and therefore high number of false positives(11). Nevertheless it has been suggested 
that the combination of mp-MRI with clinical and biochemical data in a multivariate 
prediction model may aid in the decision process of whether or not to biopsy at all, 
thereby reducing the number of unnecessary biopsies(12). More established is its role 
as pre-biopsy visual aid, since mp-MRI allows for targeted biopsies which seem to im-

1
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10 CHAPTER 1

prove the diagnostic yield of clinically significant cancer, while reducing over-diagnosis 
of low-risk disease as compared to systematic biopsies(13-15). The clinical utility of 
systematic biopsies in such an “MRI pathway” has even been questioned in more recent 
work, showing that the detection of clinically significant cancer in exclusively non-tar-
geted biopsies can be as low as 2%(16). In the pre-treatment setting, mp-MRI also 
provides a predictive ability of extracapsular extension, aiding urologists in their preop-
erative planning and radiation oncologists in selecting their treatment regimen(17-19). 
To improve inter-reader reproducibility, much effort has been put into creating clear 
guidelines to ensure standardized mp-MRI acquisition and interpretation(20).

Figure 3 - Four main prostate cancer tumor stages.
T1 is divided into T1a (cancer unexpectedly found in <5% of removed tissue), T1b (cancer 
unexpectedly found in ≥5% of removed tissue) and T1c (cancer found by biopsy). T2 is divided 
into T2a (≤half of one side of the gland), T2b (>half of one side of the gland) and T2c (both 
sides). T3 is divided into T3a (broken through the capsule) and T3b (spread into the vesicles).
Image adapted from: Cancer Research UK (www.cancerresearchuk.org).

After manual and radiological examination, a definitive prostate cancer diagnosis re-
quires histopathological verification of adenocarcinoma. The International Society of 
Urological Pathology (ISUP) constructed the Gleason score system, which consists of 
a score for the most extensive pattern plus the second most common pattern and a 
sum score. Nowadays, Gleason scores are reported by the classification of five grade 
groups, i.e. sum score ≤6 (group 1), 3+4=7 (group 2), 4+3=7 (group 3), sum score 8 
(group 4) and sum score 9-10 (group 5)(21). There are several definitions of what is 
considered “clinically significant prostate cancer” (i.e. cancer that requires treatment), 
ranging from any ISUP grade 2 or 3 to ISUP grade 3 / ≥6mm of ISUP grade 1 or ISUP 
grade 2 / ≥4mm of ISUP grade 1(22).

A combination of these features (clinical T-stage, ISUP grade group, serum PSA-level) 
allows for stratification of patients into prognostic groups based on risk of recurrence 
after treatment. Low-, intermediate- and high-risk groups have been identified by sev-
eral guideline committees(23-26), all with minor differences regarding the definition of 
intermediate- and high-risk disease (Table 1). To further aid individualized treatment 
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11GENERAL INTRODUCTION AND THESIS OUTLINE

decisions, patients in the intermediate-risk group are frequently subdivided into favor-
able (ISUP grade 2) and unfavorable (ISUP grade 3) risk groups(27).

Table 1 – Risk stratification groups for patients with localized prostate cancer

Low-risk (all) PSA <10 and ISUP 1 and cT1-T2a

Intermediate-risk D’Amico/EAU/NICE – PSA 10-20 and/or ISUP 2-3 and/or cT2b
NCCN – PSA 10-20 and/or ISUP 2-3 and/or cT2b-c

High-risk

D’Amico/NICE – PSA >20 and/or ISUP 4-5 and/or cT2c-T3
EAU – PSA >20 and/or ISUP 4-5 and/or cT2c or any PSA/ISUP with 
cT3-4 or cN+
NCCN – PSA >20 and/or ISUP 4-5 and/or cT3 or ≥2 intermediate 
risk features

PSA: prostate specific antigen, ISUP: grade group by the International Society of Urological 
Pathology, EAU: European Association of Urology, NICE: National Institute for health and Care 
Excellence (UK), NCCN: National Comprehensive Cancer Network (US).

Beyond local staging, further nodal and metastatic screening is strongly advised for 
unfavorable intermediate- and high-risk patients(24, 28). Although relatively modern 
imaging modalities (prostate specific membrane antigen [PSMA]-PET/CT and diffu-
sion-weighted MRI) provide the most sensitive detection of lymph node and bone me-
tastases(29-32), there remains hesitation regarding treatment of modern imaging-only 
detectable lesions since its clinical benefit in terms of overall survival has not yet 
been established(33). Although current guidelines still advise using a classical work-
up with bone scan and abdominopelvic CT, recent level 1 evidence supports offering 
PSMA-PET/CT to high-risk patients(34).

Treatments in the primary setting
For patients with clinically localized non-metastatic prostate cancer, there are local 
treatment options with curative intent. Among these, surgery and radiotherapy are the 
two major contemporary approaches, with apparent equivalence in terms of overall 
survival. As long-term data from a randomized study (among predominantly low-risk 
patients) have shown, 10-year prostate cancer-specific mortality is very low (±1%)(35), 
which shifts the attention towards treatment-related side-effects.

Radical prostatectomy (RP) entails the complete removal of the prostate and seminal 
vesicles, nowadays usually performed using a laparoscopic (LRP) or robot-assisted 
(RARP) approach(36). On average, intra- and peri-operative complications such as need 
for blood transfusion, organ injury, infection, or anastomotic leak are rare (<5%)(37), 
although patients with existing comorbidities are at higher risk of surgical complica-
tions(38). Post-operative morbidity is a more common problem, mainly presenting in 
the form of urinary incontinence (±20% one year post-treatment) and erectile dysfunc-
tion (ED) (±70-75% one year post-treatment)(39). Both are the direct result of surgically 
compromised critical structures, such as the external urethral sphincter and neuro-
vascular bundles. Studies assessing the effect of sphincter reconstruction or bladder 

1
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12 CHAPTER 1

neck suspension have failed to show continence improvement compared to standard 
anastomosis with no reconstruction(40, 41). Depending on tumor location and size, 
nerve-sparing techniques such as intra-fascial dissection and athermal, traction-free 
handling of neurovascular bundles may be used in an attempt to preserve erectile func-
tion(42). Depending on age and pre-operative function, this may significantly improve 
post-operative potency(43).

Radiotherapy uses high doses of ionizing radiation to treat cancerous tissue, 
which can be delivered as an external beam (EBRT) or through internal implantation 
(brachytherapy). Modern techniques to shape the radiation beam and modulate its 
intensity (IMRT, VMAT) and the integration of imaging modalities into the radiation 
machine (IGRT) have evolved EBRT from large-field to more conformal treatment, en-
abling dose escalation to the tumor while reducing exposure to surrounding healthy 
organs(44). Common acute toxicities after radiotherapy include dysuria, urinary fre-
quency, urinary retention, diarrhea and rectal bleeding, although these usually re-
solve over weeks-months(45). Although severe toxicity requiring invasive interven-
tion is rare (±2%), long-term side-effects caused by radiation-induced inflammation 
are more common, such as irritative urinary complaints (±10-20%) and symptoms of 
proctitis (±15-30%)(46, 47). The occurrence of rectal morbidity is generally lower after 
brachytherapy compared with EBRT(48). Radiation-induced ED develops slowly over 
time, increasing from low impotence rates directly after treatment to rates around 50% 
after 5 years(49, 50).

Other sources of energy for treatment are investigated within clinical trial settings. 
Most investigational data is available from freezing (-40°C, i.e. cryotherapy) and heating 
(>65°C, i.e. high-intensity focused ultrasound [HIFU]), which are techniques to induce 
cell death by ischemic necrosis(51, 52). Both ablative treatments have been introduced 
as a minimally invasive approach which can be performed in an outpatient setting at 
a lower cost than conventional EBRT or RP(53). Comparative outcome data is sparse, 
with only two randomized controlled trials (RCT) comparing cryotherapy to EBRT. At 
a median follow-up nearing 9 years, cryotherapy seems most suited for less bulky 
prostate cancer (<T2c) although no clear difference was found in overall or disease-spe-
cific survival as compared to EBRT(54, 55). Short-term procedural complications of 
cryotherapy are rare, such as acute urinary retention (±4%), urethral stricture (±1%), 
recto-urethral fistula formation (0-6%) and rectal pain (±3%). One year post-cryother-
apy morbidity seems limited with ±20% ED and ±3% urinary incontinence. No RCT’s 
are available comparing HIFU to standard treatment. From what is described in case 
series, acute side-effects are more common, including dysuria (±20%), urinary retention 
(±10%), urethral stricture (±8%), rectal pain (±11%) and recto-urethral fistula (0-5%). Major 
long-term effects include ±23% ED and ±10% urinary incontinence(53).

Treatment guidelines vary by risk group (Figure 4), reflecting the differences in the 
critical trade-off between cancer control and potential harm from treatment.
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13GENERAL INTRODUCTION AND THESIS OUTLINE

Low-risk Intermediate-risk High-risk

Active surveillance
No PLND

Active treatment (RP, RT)

(Active surveillance)
PLND at LNI risk >5%

Active treatment (RP, RT)
EBRT+6 months ADT 

+/-brachy boost

PLND
Active treatment (RP, RT)

EBRT+36 months ADT 
+/-brachy boost

RP +/-adjuvant RT or ADT

Figure 4 – General treatment guidelines per prostate cancer risk group.
PLND: pelvic lymph node dissection, RP: radical prostatectomy, RT: radiotherapy, LNI: lymph 
node involvement, ADT: androgen deprivation therapy.
Image adapted from: The Sunshine Coast Urology Clinic (www.sunshinecoasturology.com.au).

Low- and favorable intermediate-risk patients are eligible for both surgery and radio-
therapy, which carry equal but distinct risk-benefit profiles(56). However, as long-term 
observational cohort studies on (initial) conservative management have shown, the 
natural course of clinically localized disease is relatively mild, with cancer-specific 
survival rates of 80-90% after 10 years(57, 58). In an effort to reduce over-treatment 
of indolent non-lethal tumors, active surveillance (AS) has therefore emerged as the 
recommended strategy for patients with low-risk disease or highly selected favorable 
intermediate-risk patients (i.e. <10% Gleason pattern 4)(59, 60). In principle, AS is a de-
ferred treatment strategy with curative intent, aiming to treat no earlier than necessary. 
To monitor the need for treatment, follow-up should at least include PSA-testing and 
DRE every 3-6 months, and standard repeat prostate biopsy after one year and every 
three years thereafter. PSA progression, clinical progression on DRE and/or radiological 
progression on mp-MRI (if performed) require interim repeat biopsy(61). This strict 
follow-up protocol is a downside of AS, with decreasing patient compliance over time, 
particularly regarding repeat biopsies(62). From a patient’s perspective, the burden of 
follow-up combined with fear of progressively growing cancer may favor immediate 
active treatment. Both AS and active treatment require a life expectancy of at least 
10 years to expect any benefit from (potential) local treatment above a conservative 
watchful waiting strategy.

Unfavorable intermediate- and high-risk patients require a more aggressive ap-
proach, with a more extensive diagnostic evaluation (extended pelvic lymph node 
dissection [ePLND])(63) and use of multi-modal treatment, consisting of EBRT with 
systemic androgen deprivation therapy (ADT) and/or brachytherapy boost or RP with 
adjuvant radiotherapy to the prostate bed or ADT(24). Patients with ePLND-proven 

1
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14 CHAPTER 1

(pN+) or image-suspected (iN+M+) metastatic disease represent a heterogeneous and 
complex group (often referred to as “very high risk”), for whom a clear consensus re-
garding optimal treatment is lacking. A subdivision based on metastatic volume (low- 
or high-volume) has been adopted as a predictor for survival and as a guideline for 
treatment decisions(64).

ADT, which lowers androgen levels to prevent prostate cancer cells from growing, 
has been the standard of care for disseminated disease for over 50 years(65). However 
the timing of initiation, type of androgen blockade and its role in asymptomatic stages 
remains poorly defined. ADT has a temporary suppressive effect on the disease, halting 
its progression for a mean of 2-3 years before the tumor becomes hormone-resis-
tant(66). It is therefore a palliative treatment with no potential of cure. Moreover, ADT 
is associated with significant side-effects, including impotence, fatigue, gynecomas-
tia, breast pain, hot flushes, metabolic and cardiovascular events and psychological 
distress(67). ADT is therefore usually deferred until the patient suffers symptoms of 
metastatic prostate cancer or has evident radiological tumor progression. However the 
ideal timing remains controversial, with a recent Cochrane review concluding that early 
ADT may extend time to death(68). Further research in the field of systemic palliative 
treatments has led to the adoption of novel therapeutic approaches, particularly the 
wide-spread use of combination therapies (ADT with chemotherapy or second gener-
ation antiandrogens)(69) and the concept of adding local treatment for cytoreductive 
purposes in patients with “low volume” metastatic disease(70).

Recurrence of disease
Although the average 10-year overall survival rate is as high as 98%(8), prostate cancer 
recurrences are quite common after local treatment. Depending on the primary risk 
group, 10-40% of patients have recurrence of disease within 10 years after radiotherapy 
or surgery(71, 72). A relapse is diagnosed based on rising PSA, with different definitions 
of biochemical failure after RP (PSA >0.4 ng/mL and rising) and radiotherapy (PSA 
increase >2 ng/mL above nadir value)(73). The management of recurrent disease is 
controversial since its natural history is very heterogeneous, ranging from indolent 
cancer that remains clinically undetectable to aggressive recurrences that are rapidly 
lethal(74). Nonetheless, on average, biochemical failure precedes progression to distant 
metastases by ±5 years and prostate cancer-specific mortality by ±10 years(75). As 
concluded in a recent review, the impact of biochemical recurrence on survival seems 
most outspoken in a subgroup of patients with specific clinical risk factors (short PSA 
doubling time, short interval to biochemical failure, high Gleason score)(76). Just as 
in the primary setting, the decision to initiate salvage treatment should be carefully 
balanced between the risk of disease progression and the risk of treatment morbidity.

For patients with a localized recurrence after radiotherapy (“radiorecurrent” disease), 
there is potential to re-treat the prostate gland. In this setting, modern imaging has a 
more established role in staging the disease and guiding local salvage treatment. PSMA/
PET-CT is the most sensitive tool for the detection of distant metastases(77), while 
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15GENERAL INTRODUCTION AND THESIS OUTLINE

mp-MRI is the best technique to evaluate local recurrence(78). Available whole-gland 
salvage treatments include salvage RP, cryotherapy, HIFU and brachytherapy. Although 
salvage RP and HIFU are associated with worse rates of urinary incontinence (40-50%) 
than salvage cryotherapy or brachytherapy (7-12%), all modalities have high impotence 
rates (±75%) and high rates of urethral stricture (±20%). Reported overall relapse rates 
are similar across all treatments, with 45-55% of patients experiencing post-salvage 
recurrence after 4.5 years(79). Due to these unfavorable oncologic and functional out-
comes, ±90% of patients with radiorecurrent disease is currently treated with ADT(80).

Introduction to focal therapy
To reduce the burden of treatment-related side-effects, preservation of normal pros-
tate tissue and surrounding structures is warranted. Focal therapy, which entails the 
targeted ablation of only the malignant area of the prostate, has been suggested as 
a way to accomplish this(81). However, efforts to adopt a focal therapy approach for 
prostate cancer have been challenged by the multifocal nature of the disease, with only 
20-30% of men having unifocal or unilateral cancer(82).

Figure 5: Monoclonal origin of metastatic prostate cancer. 
Adapted from: Liu et al., 2009 (81)

Despite the notion of multiple lesions harboring clones of cancer cells, considerable 
evidence suggests that one lesion in the prostate (the index lesion or dominant intra-
prostatic lesion) may be the most important predictor for the course of the disease 
and its prognosis(83). Furthermore, genetic studies on pathologic characteristics 
of metastatic prostate cancer indicate that a single precursor cell from one type of 
clone could be responsible for driving the cancer to metastasize and become lethal  

1
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(Figure 5)(84, 85). Adding these two concepts together has led to the idea that even in 
multifocal prostate cancer, focused treatment of the index lesion alone might control 
clinical progression of the disease.

To enable focal treatment, adequate imaging becomes essential. Herein, the intro-
duction of mp-MRI has made it possible to reliably determine the location of cancer foci 
within the gland(86). However, with multifocal prostate cancer the question remains 
how to determine the index lesion. Although it has been suggested that it is usually 
the largest or highest grade lesion, there is also evidence that small, relatively low-
grade tumors sometimes harbor the lethal clone(87). Furthermore, mp-MRI has the 
limitation of often underestimating the size of cancer lesions, necessitating the use of a 
certain treatment margin to avoid incomplete ablation(88). Therefore, ablation patterns 
may range from targeting the lesion only (ultrafocal ablation) to treating half the gland 
(hemi-gland ablation) or three-quarters in a “hockey stick” shape. Different modalities 
such as cryotherapy, HIFU and brachytherapy are available to achieve focal ablation.

Position in the primary setting
Despite excellent long-term cancer control rates of contemporary surgery and radio-
therapy (especially in low-risk disease), patients face an increased risk of both transient 
and chronic side-effects affecting their daily living, as described in previous sections. 
Although the adoption of AS has caused a shift towards reducing (unnecessary) treat-
ment, strict inclusion criteria and invasive follow-up protocols restrict the number of 
patients able or willing to choose such a strategy. Furthermore, ±50% of patients under 
AS convert to active treatment within 10 years and are therefore still exposed to side-ef-
fects(89). Given these disadvantages of whole-gland treatment and active surveillance, 
focal therapy might be a reasonable treatment option for selected patients.

Position in the salvage setting
After primary EBRT, the most common site of recurrence is within the prostate gland 
and/or seminal vesicles(90), with relapses usually occurring at the site of the primary 
largest (index) lesion(91). Organ-confined, targetable recurrences are eligible for focal 
salvage treatment, which could be offered as a safer alternative to whole-gland salvage 
treatment and as a way to prevent or postpone the need for palliative ADT.
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17GENERAL INTRODUCTION AND THESIS OUTLINE

AIMS OF THE THESIS

In summary, the role of focal therapy will be explored in two settings: the primary 
treatment setting and the salvage treatment setting. Besides a general outline, the use 
of high-dose-rate brachytherapy as a focal treatment modality will be explored specif-
ically. This thesis aims to answer the following general and more specific questions:

I. Primary treatment setting
- How does focal therapy compare to conventional EBRT and RP?

Specifically:
- What are the results of MRI-guided ultrafocal high-dose-rate brachytherapy?

II. Salvage treatment setting
- What is the current status of focal salvage treatments?

Specifically:
- What are the results of MRI-guided ultrafocal salvage high-dose-rate brachytherapy?
- What is the effect on patient-reported quality of life?
- How does this compare to physician-reported toxicity?
- What are the potential predictors of treatment failure?
- Upon recurrence, can we repeat focal salvage treatment?

1
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ABSTRACT

Background
For localized prostate cancer, focal therapy offers an organ-sparing alternative to 
radical treatments (radiotherapy or prostatectomy). Currently, there is no randomised 
comparative effectiveness data evaluating cancer control of both strategies.

Methods
Following the eligibility criteria PSA <20 ng/mL, Gleason score ≤7 and T-stage ≤T2c, we 
included 830 radical (440 radiotherapy, 390 prostatectomy) and 530 focal therapy (cryo-
therapy, high intensity focused ultrasound or high-dose-rate brachytherapy) patients 
treated between 2005-2018 from multicentre registries in the Netherlands and the UK. 
A propensity score weighted (PSW) analysis was performed to compare failure-free 
survival (FFS), with failure defined as salvage treatment, metastatic disease, systemic 
treatment (androgen deprivation therapy or chemotherapy) or progression to watchful 
waiting. Secondary outcome was overall survival (OS). Median (IQR) follow-up in each 
cohort was 55 (28–83) and 62 (42–83) months, respectively.

Results
At baseline, radical patients had higher PSA (10.3 versus 7.9) and higher-grade disease 
(31% ISUP 3 versus 11%) compared to focal patients. After PSW, all covariates were bal-
anced (SMD <0.1). 6-year weighted FFS was higher after radical therapy (80.3%, 95% CI 
73.9-87.3) than after focal therapy (72.8%, 95% CI 66.8-79.8) although not statistically 
significant (p=0.1). 6-year weighted OS was significantly lower after radical therapy 
(93.4%, 95% CI 90.1-95.2 versus 97.5%, 95% CI 94-99.9; p=0.02). When compared in a 
three-way analysis, focal and LRP patients had higher risk of treatment failure than 
EBRT patient (p<0.001), but EBRT patients had higher risk of mortality than focal pa-
tients (p=0.008).

Conclusions
Within the limitations of a cohort-based analysis in which residual confounders are 
likely to exist, we found no clinically relevant difference in cancer control conferred by 
focal therapy compared to radical therapy at 6 years.
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INTRODUCTION

For localized prostate cancer, whole-gland treatments such as radiotherapy or pros-
tatectomy confer excellent long-term cancer control, with 10-year biochemical dis-
ease-free survival rates between 65-90%1,2 and 10-year prostate cancer-specific sur-
vival rates of nearly 100%3-5. However, these favourable oncological outcomes are often 
accompanied with detrimental side-effects, most notably urinary leakage requiring 
pads after prostatectomy, rectal side-effects (bleeding, loose stools, discomfort) fol-
lowing radiotherapy and erectile dysfunction for both types of radical therapies6-8. In 
an effort to avoid over-treatment and its associated morbidity, many low-risk patients 
can be safely managed with active surveillance9.

Tissue-preserving focal therapy (FT) has been suggested as “the middle ground” 
and has undergone a phased evaluation over the last 14 years. Early to medium-term 
outcomes from cohort studies on focal high-intensity focused ultrasound (HIFU), focal 
cryotherapy and focal brachytherapy have shown pad-free continence rates between 
93-100% and potency preservation between 58-100% with rectal toxicity being rare10-17.

Randomised comparative effectiveness trials comparing FT to radical therapy are 
underway, although delivery of such trials may be difficult18,19. If successful, it will take 
almost a decade before conclusions can be drawn20. Awaiting this, the best available 
evidence comes from cohort-based analyses. This report is a follow-up study to our 
previously published work21, comparing cancer control following radical therapy (ex-
ternal beam radiotherapy [EBRT] and laparoscopic radical prostatectomy [LRP]) versus 
FT, using a propensity score weighted (PSW) analysis.

MATERIALS AND METHODS

Study design and setting
EBRT data was collected from a UK single-centre retrospective registry of patients 
treated between January 2011-December 2018. LRP data was collected from a UK mul-
ticentre prospective registry between May 2007-September 2018. FT data was collected 
from three prospective registries: the focal HIFU HEAT registry, focal cryotherapy ICE 
registry in the UK and HDR-brachytherapy in the Netherlands, including patients be-
tween November 2005-February 2018. Data collection was approved by local medical 
research ethics committees and informed consent was obtained from all prospectively 
followed patients. Our study is compliant with the STrengthening the Reporting of 
OBservational studies in Epidemiology (STROBE) guidelines22.

Patients
Eligibility criteria were: PSA <20 ng/mL, ≤ISUP 3 and T-stage ≤T2c (National Compre-
hensive Cancer Network [NCCN] low- to intermediate-risk). Patients with a history of 
previous prostate cancer treatment were excluded.

2
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Interventions

EBRT
Radiation was administered using intensity modulated radiotherapy (IMRT) or volumet-
ric modulated arc radiotherapy (VMAT). Until 2013, the indicated protocol for patients 
with low-risk disease (stage T1-2b, ISUP 1) was 70Gy in 35 fractions. After 2013, this 
protocol was changed to 60Gy in 20 fractions. For patients with a Roach seminal vesicle 
score23 >15%, the seminal vesicles were included into the clinical target volume (CTV). 
Up to 2016, intermediate-risk patients (ISUP 2-3) received 74Gy in 37 fractions, with the 
base of the seminal vesicles included in the CTV. From 2016 onwards, this was changed 
to 72Gy in 32 fractions. All protocols included a margin of 5mm (0mm posteriorly) to 
the CTV for the planning target volume (PTV). Neo-adjuvant short-course (usually 3-6 
months) ADT was prescribed for all EBRT patients unless contra-indicated.

LRP
Surgery was performed as a standardised laparoscopic procedure without pelvic 
lymph node dissection, using unilateral or bilateral nerve sparing at the discretion of 
the operating surgeon. If, for any reason, surgery had to be delayed, patients received 
neo-adjuvant short-course (usually ≤3 months) ADT as a bridging strategy. In case of 
post-operative adverse pathologic findings (positive surgical margins, upstaging to 
pT3-4), patients received adjuvant radiotherapy to the prostate bed (66Gy in 33 frac-
tions) only if they had concomitant PSA progression.

FT
Focal HIFU (Sonablate, Sonacare) was offered to patients with peripheral or posterior 
tumours or those anteriorly based in which the anterior-posterior height was ≤3.5cm. 
Focal cryotherapy (SeedNet or Visual ICE cryotherapy device, Boston Scientific) was 
the preferred technique in anterior tumours, larger prostates with an anterior-posterior 
distance of >3.5cm or those with prostatic calcifications. Focal HDR-brachytherapy 
(1x19Gy) was performed without restrictions regarding tumour location or prostate size. 
Detailed descriptions of treatment procedures can be found in previous reports13,14,24. 
Salvage or repeat therapy following focal therapy was advised after histological confir-
mation of recurrent or residual disease. All focal patients had regular PSA monitoring, 
with an MRI performed in the case of two consecutive PSA rises with no identifiable 
benign cause. If a lesion of PI-RADS 3 or above was identified the patient underwent 
biopsy.

Data collection
ISUP grade and maximum cancer core length (MCCL) were determined from 
either TRUS-guided systematic sampling (LRP patients until 2016, EBRT and focal 
HDR-brachytherapy patients), MRI-targeted biopsies with peripheral zone sampling 
(focal HIFU/cryotherapy) or MRI-targeted biopsies with contralateral sampling (LRP 
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from 2017 onwards). All patients underwent MRI either for staging prior to focal therapy 
and radiotherapy, or to guide surgical technique regarding nerve sparing prostatectomy.

Outcome assessment
The primary outcome was failure-free survival (FFS), a composite endpoint of (1) need 
for local salvage treatment, (2) development of metastatic disease, (3) use of systemic 
treatment (ADT or chemotherapy) or (4) progression to a watchful waiting (WW) strat-
egy. Secondary outcome was overall survival (OS). Prostate cancer-specific survival 
could not be assessed, as causality of death was often difficult to gauge. Salvage 
treatment was defined as any secondary treatment after EBRT, prostate bed radiother-
apy for rising PSA after LRP if there were no adverse pathologic findings and >1 focal 
re-do or any whole-gland treatment after FT. WW was defined as no intention to treat 
despite biochemical recurrence after EBRT (PSA nadir+2 ng/mL) or LRP (PSA>0.2 ng/
mL) or histologically proven recurrence after focal (ISUP ≥2 of any length). Prostate 
biopsies were mostly taken after two consecutive PSA rises and suspected recurrence 
on mp-MRI, with a small proportion of patients undergoing standard prostate biopsies 
as part of the FT protocol.

Statistical analysis
All analyses were performed using R version 3.5.0. To compare treatments, a PSW-anal-
ysis was performed using the matching weights approach25,26. Missing data was con-
sidered to be missing at random and was imputed upfront with single imputation (mice 
package). Each patient was assigned a propensity score based on age, PSA, ISUP grade, 
MCCL, T-stage and year of treatment (VGAM package). Patients were then weighted to 
correct for imbalances between treatment groups, with more weights applied to pa-
tients with equal probabilities of assignment to either treatment group. After weighting, 
covariates with a standardized mean difference (SMD) <0.1 were considered sufficiently 
balanced between treatment groups. Next, a weighted Cox regression analysis was 
performed to estimate the average treatment effect on hazard of failure and mortality 
(survey package). To visualize survival over time, PSW-adjusted Kaplan Meier survival 
curves were fitted, using a weighted log-rank test to detect differences in FFS and OS 
(survey package). All analyses were also performed in a three-way setting (EBRT versus 
LRP versus FT), comparing multiple pairs at once. For all three-way analyses, the signif-
icance level was set at p<0.017 (Bonferroni correction). For all two-way comparisons, 
significance was set at p<0.05.

RESULTS

Overall, 440 EBRT, 390 LRP and 530 FT patients were eligible. Treatment details are 
summarised in Table 1. Although patients may have had different types of treatment 
failure, the total number of failures represents each patient’s first event. Local sal-
vage treatment after EBRT consisted of focal HIFU (n=2). LRP patients received either 
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salvage EBRT to the prostate bed (n=72) or EBRT+ADT (n=9). Among FT patients, 17 
had a second focal re-do, 29 had salvage whole-gland radiotherapy (EBRT or I-125 
brachytherapy), 4 had salvage whole-gland HIFU and 21 had salvage prostatectomy. 
Mortality was higher in the EBRT group (5.9%) than the LRP (2.8%) and FT (1.9%) groups. 
Follow-up time ranged from median 41 months (EBRT) to 62 months (focal) to 77 
months (LRP).

Table 1 – Treatment characteristics and outcomes

Median (IQR) or number (%) Missing (%)

EBRT (n=440)

Neoadjuvant ADT 418 (95%) 5 (1.1%)

Treatment protocol 60Gy in 20#
70Gy in 35#
72Gy in 32#
74Gy in 37#
Other

101 (23%)
9 (2%)
80 (18.2%)
243 (55.2%)
7 (1.6%)

BED (Gy) 173 (173 – 180)

EQD2 (Gy) 74 (74 – 77)

Treatment failure 31 (7%)

Salvage treatment 2 (0.4%)

Metastases 7 (1.6%)

Systemic treatment 10 (2.3%)

Watchful waiting 17 (3.9%)

Death 26 (5.9%)

Follow-up time (months) 41 (21 – 61)

LRP (n=390)

Neoadjuvant ADT 17 (4.4%) 2 (0.5%)

Adjuvant treatment

EBRT 28 (7.2%)

EBRT+ADT 12 (3.1%)

Treatment failure 93 (23.8%)

Salvage treatment 81 (20.8%)

Metastases 8 (2%)

Systemic treatment 19 (4.9%)

Watchful waiting 2 (0.5%)

Death 11 (2.8%)

Follow-up time (months) 77 (45 – 102)
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Table 1 Continued

Median (IQR) or number (%) Missing (%)

Focal therapy (n=530)

Neoadjuvant ADT 57 (10.8%)

Type

Focal HIFU 419 (79.1%)

Focal cryotherapy 81 (15.3%)

Focal HDR-brachytherapy 30 (5.7%)

Treatment failure 113 (21.3%)

Salvage treatment 71 (13.4%)

Metastases 13 (2.4%)

Systemic treatment 6 (1.1%)

Watchful waiting 32 (6%)

Death 10 (1.9%)

Follow-up time (months) 62 (42 – 83)

Legend: IQR: interquartile range, BED: biologically effective dose, EQD2: equivalent dose to 2 Gy 
fractionation scheme, ADT: androgen deprivation therapy, EBRT: external beam radiotherapy, LRP: 
laparoscopic radical prostatectomy, HIFU: high intensity focused ultrasound, HDR-brachytherapy: 
high-dose-rate brachytherapy.

Two-way analysis
Baseline patient and tumour characteristics are displayed in the “unweighted” column 
in Table 2. Missing data was <2% for all variables except MCCL, which was missing in 
5% (focal) and 25% (radical). Most pronounced baseline differences between groups 
were PSA and ISUP grade, with radical patients presenting with higher PSA than focal 
patients (mean 10 versus 8) and harbouring higher-grade disease (22% ISUP 3 versus 
11%). After PSW, balance was achieved for all covariates (SMD <0.1). The remaining 
effective sample size (ESS), indicating the size of a hypothetical unweighted cohort 
that would yield similar precision (the larger the better), was ±380 patients per group.

2
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Table 2 – Balance assessment before and after applying propensity score matching weights

Unweighted Weighted

Radical Focal SMD Radical Focal SMD

Age (mean, SD) 66.4 (7.5) 65.7 (7.4) 0.105 66 (7.3) 66 (7.4) 0.001

PSA (mean, SD) 9.6 (4) 7.9 (3.8) 0.441 8.6 (3.5) 8.5 (3.9) 0.022

ISUP grade
1 (%)
2 (%)
3 (%)

25.4%
52.3%
22.3%

28.5%
60.6%
10.9%

0.309 31.4%
56.4%
12.2%

31.7%
55.8%
12.5%

0.011

MCCL (mean, SD) 6.6 (3.9) 6.5 (4) 0.034 6.3 (3.8) 6.3 (3.4) 0.003

T-stage
T1 (%)
T2 (%)

12%
88%

13.8%
86.2%

0.051 12.7%
87.3%

12.7%
87.3%

0.002

Year (mean) 2014 2011 1.040 2011 2011 0.026

N or ESS (weighted) 830 530 385.2 376.5

Legend: SMD=standardized mean difference, SD=standard deviation, PSA=prostate specific 
antigen, ISUP=International Society of Urological Pathology, MCCL=maximum cancer core length, 
N=number of patients, ESS=effective sample size.

Table 3 displays the Cox-estimated average treatment effect on hazard of failure and 
mortality after weighting, showing no significant differences between both groups. 
Figure 1 shows the PSW-adjusted Kaplan Meier survival curves estimating FFS (Figure 
1a) and OS (Figure 1b). Overall, median time to treatment failure was 36 months (IQR 
20-62) and median time to death was 43 months (IQR 25-66). Although there was no 
clear difference during the first five years of follow-up, FT patients had faster declining 
FFS afterwards (6-year FFS 80.3%, 95% CI 73.9-87.3 [radical] versus 72.8%, 66.8-79.8 
[focal]; p=0.10). After radical treatment, 6-year OS was significantly lower (93.4%, 90.1-
95.2 versus 97.5%, 94-99.9; p=0.02).

Table 3 – Estimated average treatment effect on treatment failure and overall mortality

Propensity score weighted

HR (95% CI) SE p-value

Treatment failure

Focal versus radical 1.29 (0.96-1.75) 0.15 0.10

Overall mortality

Focal versus radical 0.49 (0.22-1.09) 0.41 0.08

Legend: HR=hazard ratio, 95% CI=95% confidence interval, SE=standard error.
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A 					     B

Figure 1 – two-way survival analysis, displaying propensity weighted failure-free survival and 
overall survival against time for patients treated with radical (EBRT or LRP) and focal therapy.

A 					     B

Figure 2 – three-way survival analysis, displaying propensity weighted failure-free survival and 
overall survival against time for patients treated with EBRT, LRP and focal therapy.

Three-way analysis
Results from the three-way PSW-analysis (EBRT versus LRP versus FT) are displayed 
in Supplementary Table 1 (covariate balance assessment) and Supplementary Table 2 
(Cox regression estimates). Balance was achieved for most covariates except for age 
(mean 66.2 versus 65.3 versus 66.6, SMD 0.161).

Both FT and LRP patients had a higher risk of treatment failure than the EBRT group 
(both p<0.001), but there was no statistically significant difference between FT and 
LRP (p=0.69). In terms of overall mortality, the only significant difference was between 
focal and EBRT patients, with a lower risk of death after FT (HR 0.29, 95% CI 0.11-0.76; 
p=0.008).

2
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Figure 2 shows the PSW-adjusted Kaplan Meier survival curves estimating FFS 
(Figure 2a) and OS (Figure 2b) for the three separate treatment groups. After six years, 
estimated FFS was 87.4% (95% CI 79.9-93.9) in the EBRT group, 73.9% (68-80.9) in the 
LRP group and 74.4% (68.4-81.5) in the focal group (p<0.001). Estimated 6-year OS 
was 92.3% (83.5-95.8), 95.3% (88.9-98.3) and 97.5% (94.9-100), respectively (p=0.05).

DISCUSSION

Within the limitations of a cohort-based analysis, our study provides comparative ef-
fectiveness data on cancer control showing no clear difference between FT and radical 
therapies after 6 years follow-up. Due to the observational nature of the data, system-
atic baseline differences between groups may affect treatment outcomes. To minimize 
this effect, we used PSW to equalise the distribution of measured baseline covariates.

The first assumption of a PSW-analysis is that the set of observed pre-treatment 
covariates is sufficiently rich such that the propensity score is constructed without 
missing important unmeasured or unknown confounders27. To this end, this study had 
limitations. We had no data of important characteristics such as PSA doubling time 
and a robust measurement of tumour volume. Instead we used MCCL, which appears 
to be an independent predictor of cancer volume28. We also used simplified T-stage 
categories (stage T1 or T2) due to a large proportion of missing data (40-65%) on 
sub-classifications of T2. Furthermore, we had no data on comorbidity profiles or so-
cioeconomic status. EBRT patients were more likely to have comorbidities, considering 
that they were (on average) 5-8 years older and had higher mortality rates than LRP or 
FT patients. Although we did have data on history of neo-adjuvant ADT, this was not 
used for construction of propensity scores because the difference between groups (96% 
before EBRT versus 4% and 11% before LRP and FT) was too large to achieve sufficient 
balance. These differences in use of neoadjuvant ADT are likely to account for the FFS 
rates favouring EBRT, considering that residual effects of LHRH agonist use is known 
to continue in approximately 25% of men for many months after cessation29,30.

The second assumption is that each patient has a probability of receiving each treat-
ment and that there are no values of pre-treatment variables that could occur only 
among patients receiving one of the treatments27. We therefore chose inclusion criteria 
(PSA <20 ng/mL, ≤ISUP 3 and T-stage ≤T2c) that represent patients who could have 
been eligible for all treatments. Baseline variables that were used to construct propen-
sity scores (age, PSA, ISUP grade, MCCL, T-stage and year of treatment) generally have 
no values that are exclusively seen in one of the treatment groups.

The demonstrated FFS advantage for patients treated with EBRT was most surprising. 
From randomized comparative trials, there is evidence that at least prostatectomy and 
radiotherapy are comparable in terms of oncologic outcomes3,31 . Although these trials 
were conducted between 1989-2009 and both treatment techniques have markedly 
improved since, updated results from recent observational studies have only confirmed 
oncologic equivalence32. There are several concerns potentially causing biased results 
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in favour of EBRT in our study. First, EBRT data was collected in a retrospective manner, 
while focal and LRP data were collected prospectively. Second, unknown or unmea-
sured confounders may have distorted results. Although EBRT patients had higher PSA 
and higher-grade disease, they may have had smaller tumours or longer PSA doubling 
time, potentially indicating less aggressive disease. Third, as discussed above, the 
widespread use of neo-adjuvant ADT among EBRT patients may have substantially 
improved FFS within the available medium length follow-up.

For the focal group, estimated FFS seemed to decline faster beyond six years fol-
low-up in both the three-way and two-way Kaplan Meier curves. Although this estima-
tion is limited by smaller numbers of patients at risk at later time points, this may reflect 
emergence of residual cancer cells in the treated area or de novo lesions emerging in 
untreated tissue. This requires further research.

We selected patients with NCCN low- to intermediate-risk disease, assuming eligi-
bility for both radical treatment and FT. Besides active treatment, current guidelines 
however recommend offering active surveillance (AS) to patients with (very) low-risk 
disease33-35. Following general AS eligibility criteria (Gleason score ≤6, clinical T1c or 
T2a/b and PSA ≤10 ng/mL, not taking into account PSA density or number of positive 
cores)36, 222/1360 (16.3%) of patients in our study could have been offered AS. This 
is important because it is generally agreed that FT should only be considered in men 
who are likely to benefit from active treatment. Nonetheless, the only randomized focal 
study available compared focal ablation (using vascular targeted photodynamic therapy 
[VTP]) to AS, randomizing 413 men. At four years, they concluded that conversion to 
radical treatment was less likely in the focal group (24% vs 53%), lowering the risk of 
treatment-related morbidity37. There has been criticism of this study recruiting men 
with very low risk disease and not incorporating a confirmatory MRI targeted biopsy 
when a lesion was seen prior to randomisation.

As our primary outcome we studied the composite endpoint treatment failure, con-
sisting of salvage treatment, metastatic disease, systemic treatment or progression 
to WW. Here, the frequently used endpoint biochemical progression-free survival is of 
limited value due to the lack of a biochemical failure definition after FT38. Although OS 
is the most valid and reliable endpoint, treatment failure serves as a clinically mean-
ingful surrogate endpoint within the time frame of this study. We considered prostate 
bed EBRT after LRP as adjuvant treatment (i.e. part of primary treatment) when given 
as a consequence of rising PSA and positive surgical margins. Before LRP, patients are 
explained that surgery entails the risk of incomplete resection, which then requires ad-
juvant radiotherapy. Therefore, we did not consider such adjuvant treatment as failure. 
In the same setting, we allowed one focal re-do as part of initial focal treatment. WW 
was added to the treatment failure definition to account for the fact that EBRT patients 
were older and more likely to have comorbidities, potentially preventing them from 
undergoing salvage treatment upon recurrence.

Our study did not have comparative toxicity or patient-reported outcome data. Within 
randomized trials comparing radiotherapy and prostatectomy, no discernible differ-
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ences were found in patient-reported quality of life, although the variation of reported 
symptoms differed7,39. With respect to FT, there is evidence from observational retro-
spective and prospective studies on different sources of ablative energy, showing that 
it has a significantly lower impact on genitourinary function11.

The effectiveness of FT is currently being investigated within randomized clinical 
trials (RCT). A first feasibility study in the UK (PART) has completed recruitment of 80 
patients with either unilateral clinically significant (ISUP 2-3 or >4mm grade 1) inter-
mediate-risk prostate cancer or dominant unilateral cancer with small contralateral 
low-risk disease (ISRCTN 99760303). They concluded that it is feasible to randomize 
patients between prostatectomy and focal HIFU, with an achieved randomization rate 
of 50%, although the recruitment period had to be extended and the target lowered from 
100 to 80. Compliance in the radical prostatectomy arm was also just under 80%18. A 
follow-up RCT is expected, aiming to randomize 800 patients between radical treatment 
(prostatectomy, EBRT or LDR-brachytherapy) and focal VTP. Another UK-based RCT 
(CHRONOS) is currently testing feasibility of recruiting patients to either an RCT of focal 
(cryotherapy or HIFU) versus radical therapy (EBRT or low-dose-rate brachytherapy 
or prostatectomy) or a separate multi-arm multi-stage RCT comparing focal alone to 
focal with neoadjuvant finasteride or bicalutamide (ISRCTN 17796995).

In conclusion, within the confines and limitations of residual confounding that might be 
present, we found no clinically relevant difference in 6-year treatment failure-free sur-
vival between conventional radical treatments and FT. Awaiting longer follow-up data 
from cohorts and initial results from RCTs, this study offers an insight into the potential 
of FT, potentially supporting its use in select patients with localized prostate cancer.
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Supplementary Table 1 – Three-way balance assessment before and after applying propensity 
score matching weights

Unweighted Weighted

EBRT LRP FT SMD EBRT LRP FT SMD

Age 
(mean ± SD)

70.4 ± 6.7 62 ± 5.7 65.7 ± 7.4 0.857 66.2 ± 6.6 65.3 ± 4.2 66.6 ± 6.2 0.161

PSA 
(mean ± SD)

10.3 ± 3.9 8.9 ± 3.9 7.9 ± 3.8 0.418 9.3 ± 3.7 9 ± 3.6 9.5 ± 4.1 0.098

ISUP grade
1 (%)
2 (%)
3 (%)

15.2%
54.1%
30.7%

36.7%
50.2%
13.1%

28.5%
60.6%
10.9%

0.448 23.1%
57.8%
19.1%

21.4%
60%
18.6%

25.5%
58.7%
15.8%

0.083

MCCL 
(mean ± SD)

6.7 ± 3.9 6.5 ± 3.9 6.5 ± 4 0.033 6.7 ± 4.1 6.4 ± 3.8 6.3 ± 3.3 0.054

T-stage
T1 (%)
T2 (%)

13.2%
86.8%

10.8%
89.2%

13.8%
86.2%

0.061 11.8%
88.2%

13.8%
86.2%

13.3%
86.7%

0.038

Year (mean) 2015 2012 2011 0.620 2012 2012 2014 0.098

N or ESS 
(weighted)

440 390 530 165.8 171.1 164.4

Legend: LRP=laparoscopic radical prostatectomy, EBRT=external beam radiotherapy, FT=focal 
therapy, SMD=standardized mean difference, SD=standard deviation, PSA=prostate specific 
antigen, ISUP= International Society of Urological Pathology, MCCL=maximum cancer core length, 
N=number of patients, ESS=effective sample size.

Supplementary Table 2 – Three-way estimated average treatment effect on treatment failure 
and overall mortality

Propensity score weighted

HR (95% CI) SE p-value

Treatment failure

LRP versus EBRT 2.41 (1.44-4.05) 0.26 0.0005

FT versus EBRT 2.24 (1.4-3.64) 0.25 0.0002

FT versus LRP 0.93 (0.65-1.33) 0.18 0.69

Overall mortality

LRP versus EBRT 0.54 (0.23-1.29) 0.44 0.17

FT versus EBRT 0.29 (0.11-0.76) 0.48 0.008

FT versus LRP 0.54 (0.19-1.52) 0.53 0.24

Legend: HR=hazard ratio, 95% CI=95% confidence interval, SE=standard error, LRP=laparoscopic 
radical prostatectomy, EBRT=external beam radiotherapy, FT=focal therapy.
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ABSTRACT

Introduction
For the treatment of localised prostate cancer, focal therapy has the potential to cure 
with less side-effects than traditional whole-gland treatments. We report an update 
of toxicity, quality of life (QoL) and tumour control of our MRI-guided ultrafocal high-
dose-rate (HDR) brachytherapy cohort.

Materials and methods
Disease status was evaluated by systematic biopsies and 3T multiparametric MRI. The 
brachytherapy implant procedure under fused transrectal ultrasound/MRI guidance 
was followed by 1.5T MRI for contour adjustments and catheter position verification. In 
a single dose, 19Gy was delivered to the tumour with a margin of 5 mm. Genitourinary 
(GU) toxicity, gastro-intestinal (GI) toxicity and erectile dysfunction (ED) were graded 
with the CTCAE 4.0. QoL was measured with RAND-36, EORTC QLQ-C30 and EORTC 
QLQ-PR25. IPSS and IIEF scores were obtained. PSA was monitored, with biochemical 
recurrence defined as nadir+2ng/ml (Phoenix).

Results
Thirty patients with NCCN low(13%) to intermediate(87%) risk prostate cancer were 
treated between May 2013 and April 2016. Median follow-up was 4 years. Median age 
was 71 years (interquartile range 68-73), median iPSA 7.3 ng/ml (5.2-8.1). Maximum 
Gleason score was 4+3=7 (in 2 patients). All tumours were radiological (MRI) stage T2. 
No grade >2 GU or >1 GI toxicity occurred. IPSS only deteriorated temporarily. Pre-treat-
ment IIEF mild ED deteriorated to moderate/severe ED in 50% of patients.. Long-term 
clinically relevant QoL deterioration was seen in sexual activity and tiredness, while 
emotional and cognitive functioning improved. At 4 years, biochemical disease-free 
survival (BDFS) was 70% (95% CI 52-93%), metastases-free survival 93% (85-100%) and 
overall survival 100%. Of intraprostatic recurrences, 7/9 were out-of-field.

Conclusion
Ultrafocal HDR-brachytherapy conveys minimal GU/GI toxicity and has a marginal effect 
on QoL. An early decline in erectile function was seen. Tumour control outcomes are 
poor (BDFS 70% [52-93%] at 4 years), most likely as a result of poor patient selection.
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INTRODUCTION

Due to PSA-screening and diagnostic advancements prostate cancer has undergone a 
stage migration to more localised disease(1). Traditionally, whole-gland radical pros-
tatectomy and radiotherapy are standard of care. However, neither showed an over-
all survival advantage when compared to active monitoring in the ProtecT trial, while 
side-effects were frequent(2,3). Even though most patients in this trial had low-risk 
disease potentially eligible for active surveillance, approximately 20% of patients rep-
resented an intermediate-risk subgroup who could benefit from curative treatment(2).

Focal therapy (FT) could offer a suitable alternative for men with clinically significant 
prostate cancer in terms of cancer control, while decreasing genitourinary (GU) and 
gastro-intestinal (GI) toxicity, and erectile dysfunction (ED)(4). The largest cohorts of FT 
after a median follow-up of 5 years reported biochemical disease-free survival (BDFS) 
rates of 88-92%(5,6), with favourable toxicity profiles(4,6).

Recent advancements in magnetic resonance imaging (MRI) and MRI-guidance 
during treatment have made an ultrafocal approach possible, as opposed to segmental 
ablation. We have previously described preliminary results of our prospective feasibility 
study of MRI-guided ultrafocal high-dose-rate (HDR)-brachytherapy at median 2 years 
follow-up(7). In the current paper, we report updated results regarding toxicity, quality 
of life (QoL) and tumour control at 4 years median follow-up.

MATERIALS AND METHODS

Between May 2013 and April 2016, 30 consecutive patients underwent MRI-guided ultra-
focal HDR-brachytherapy within a feasibility study. The study was approved by the In-
stitutional Review Board (IRB) of the UMC Utrecht and written informed consent was ob-
tained from all patients. Patient selection criteria, treatment procedures and follow-up 
assessment have been described previously(7,8). They are briefly discussed below.

Patient selection criteria
Patients were eligible if they had the following clinical characteristics: 1. Age >65 years, 
2. Karnofsky score ≥70, 3. T-stage ≤T2c, 4. Gleason sum score ≤7, 5. PSA <10 ng/mL, 
and 6. IPSS <15.

Diagnostic procedures and treatment
Imaging of the intraprostatic lesion was performed using 3T multiparametric (mp)-
MRI, consisting of T2-weighted, diffusion-weighted imaging (DWI) and dynamic con-
trast enhanced (DCE) sequences. PET-scans were not part of the diagnostic work-up. 
Tumour lesions were pathologically verified using systematic biopsies. Radiological 
concordance with positive biopsy location was required. All MRI-sequences were used 
for delineations of the gross tumour volume (GTV), prostate and organs at risk (ure-
thra, bladder, rectum). An intraprostatic margin of 5mm was applied around the GTV to 

3
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indicate the clinical target volume (CTV), allowing coverage of microscopic spread(9). 
Using a treatment planning system (Oncentra Prostate; Elekta Nucletron,Veenendaal, 
the Netherlands), a pre-treatment plan was constructed with the following goals and 
constraints: 1. CTV D95%≥19Gy, or minimal CTV D90%≥17Gy, 2. Bladder and rectum 
D1cc<12Gy and 3. urethra D10%<21Gy(10). Intra-operatively, live transrectal ultrasound 
(TRUS)-images were rigidly fused with the pre-treatment MR-delineations. MR-com-
patible self-anchoring catheters were inserted in and around the CTV transperineally. 
After insertion, an intra-operative MRI was performed for catheter reconstruction and 
adaptation of delineations to account for anatomical changes, after which the treat-
ment plan was updated. A final MRI was performed for position verification, after which 
irradiation was given.

Outcome assessment
The Common Terminology Criteria for Adverse Events (CTCAE) version 4.0 was used 
for GU, GI and ED toxicity assessment. QoL was measured using the RAND-36, EO-
RTC-QLQ-C30 and PR-25 questionnaires(11-14). In addition, International Prostate 
Symptoms Score (IPSS) and the International Index of Erectile Function (IIEF) were 
assessed. Serial PSA measurements were performed at 1, 3, 6, 9 and 12 months, sub-
sequently every 6 months until 24 months and yearly afterwards until 10 years. The 
nadir+2 ng/ml (Phoenix) definition was used to assess biochemical failure (BF), which 
was an indication for a PET/CT-scan. If localised intraprostatic recurrence was found 
without metastatic disease, an mp-MRI was performed. Tumour control and toxicity 
risk were carefully weighed to decide whether focal or whole-gland salvage treatment 
should be performed. If focal salvage treatment was contemplated, MRI-guided biopsy 
confirmation was performed.

Statistical analyses
Continuous variables are described as medians with interquartile ranges (IQR) and 
categorical variables as absolute numbers with percentages. Differences in continuous 
variables were tested with the Wilcoxon signed rank test. To correct for multiple testing, 
statistical significance was pragmatically set at p<0.001. Median QoL-score differences 
of ≥10 points were deemed clinically relevant, apart from statistical considerations(14). 
BDFS, metastases-free survival (MFS) and overall survival (OS) were assessed using 
the Kaplan-Meier method. An explorative univariable Cox-regression analysis was 
performed for the first BF event including the variables age (before treatment), Ameri-
can Joint Committee on Cancer (AJCC) grade group, T-stage, PSA, pre-treatment PSA 
doubling time (PSADT; as calculated with Memorial Sloan Kettering Cancer Center 
online tool), AJCC prognostic stage group and PSA nadir post-treatment. IBM SPSS 
v23.0 was used for descriptives and R v3.5.1 for graphs and survival analyses (https://
www.R-project.org/, ‘survminer’, ‘rms’, ‘ggplot2’ packages).
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RESULTS

Baseline characteristics
Median age was 71 years (IQR 68-73). MRI prostatic volume was 40cc (32.3-41.7). 
Median PSA was 7.3 ng/ml (5.2-8.1) and median PSADT was 4.7 years (2.4-10.6). Radio-
logical T-stage was T2a in 13 (43.3%), T2b in 4 (13.3%) and T2c in 13 (43.3%) patients. 
Gleason score was 3+3=6 in 16 (53.3%), 3+4=7 in 12 (40%) and 4+3=7 in 2 (6.7%) patients. 
Other baseline characteristics are shown in table 1.

Table 1 – Baseline and treatment characteristics of the focal HDR-brachytherapy cohort

Median / n IQR / % Unknown (%)

Pre-treatment characteristics

Age(years) 71 68-73 0 (0%)

Biopsy technique
TRUS-guided
MRI-guided

13
1

43.3%
3.3%

16 (53.3%)

Tumour location
Base
Midgland
Apex
Combination

2
13
8
7

6.7%
43.3%
26.7%
23.3%

0 (0%)

Total number of cores 10 8-11 0 (0%)

Number of positive cores 3 2-4 0 (0%)

MRI volume prostate(cc) 40 32.3-41.7 0 (0%)

Gleason score
3+3=6
3+4=7
4+3=7

16
12
2

53.3%
40%
6.7%

0 (0%)

Clinical T-stage
T1c
T2a
T2c

16
13
1

53.3%
43.3%
3.3%

0 (0%)

Radiological T-stage
T2a
T2b
T2c

13
4
13

43.3%
13.3%
43.3%

0 (0%)

AJCC prognostic stage group
Stage I
Stage IIA
Stage IIB
Stage IIC

15
1
12
2

50%
3.3%
40%
6.7%

0 (0%)

iPSA (ng/ml) 7.3 5.2-8.1 0 (0%)

PSADT (months) 56.8 28.8-126.7 7 (23.3%)

3
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Table 1 Continued

Median / n IQR / % Unknown (%)

Treatment characteristics

Number of catheters 14 12-15 0 (0%)

GTV(cc) 3.3 2.1-4.9 0 (0%)

CTV(cc) 20.8 12.6-25.0 0 (0%)

D90 CTV (Gy) 20.8 19.4-22.6 0 (0%)

D95 CTV (Gy) 19.1 17.9-20.5 0 (0%)

D10 urethra (Gy) 17.0 13.1-18.6 0 (0%)

D1cc rectum (Gy) 11.5 8.2-12.3 0 (0%)

D1cc bladder (Gy) 6.5 5.0-10.1 0 (0%)

Abbreviations: HDR=high-dose-rate; IQR=interquartile range; TRUS=transrectal ultrasound; 
MRI=magnetic resonance imaging; AJCC=American Joint Committee on Cancer; iPSA=initial 
prostate specific antigen; PSADT=PSA doubling time.

Treatment characteristics and dosimetry
A median of 14 brachytherapy catheters were implanted. The GTV had a median volume 
of 3.3cc (2.1-4.9), which corresponded to a median CTV volume of 20.8cc (12.6-25). 
The median CTV D95% was 19.1Gy (17.9-20.5): in 14 patients, D95% was below 19Gy. 
Median CTV D90% was 20.8Gy (19.4-22.6), with 2 patients having a D90% below 17Gy. 
Reasons for suboptimal implant dosimetry were mainly transgression of organs at 
risk constraints, due to tumour position or size of the tumour volume. The urethral 
constraint was met in all patients. The rectal constraint was slightly exceeded in 10 
patients (up to a maximum of 12.8Gy) and the bladder constraint in 2 patients (up to a 
maximum of 12.4Gy).

Toxicity
GU, GI toxicity and ED scores are depicted in figure 1 and table 2. In our previous report, 
we described one grade 3 GU toxicity: acute prostate haemorrhage resulting in gross 
haematuria and hospital admittance due to improper post-operative removal of an 
unfolded catheter. However, since this was not a direct side-effect of the radiation 
treatment itself, we consider this a perioperative complication in the current report. 
New grade 2 GU toxicity developed in 4 patients, including urinary frequency (n=3) and 
cystitis (n=1), all successfully treated with temporary medication. No grade 2 or higher 
GI toxicity occurred. New grade 2 ED after treatment was observed in 6 patients, new 
grade 3 ED occurred in 12 patients.
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Table 2 – Toxicity

Baseline
N=30

1 mo
N=30

3 mo
N=28

6 mo
N=27

9 mo
N=24

12 mo
N=29

18 mo
N=28

24 mo
N=25

36 mo
N=26

48 mo
N=17

GU
Grade 1
Grade 2
Grade 3

14
0
0

12
1
0

7
1
0

6
0
0

6
0
0

8
0
0

5
1
0

3
2
0

7
1
0

3
1
0

GI
Grade 1
Grade 2
Grade 3

15
2
0

18
2
0

13
0
0

11
0
0

12
0
0

12
0
0

11
0
0

4
0
0

1
0
0

1
0
0

ED
Grade 1
Grade 2
Grade 3

7
3
5

8
6
5

7
6
5

7
7
7

3
5
8

7
11
4

3
8
7

7
5
5

9
6
6

3
8
1

Abbreviations: GU=genitourinary; GI-gastro-intestinal; ED=erectile dysfunction, mo=months

IPSS showed the largest increase in the first month, from median score 5 (IQR 4-7) to 
8 (6-13), corresponding to progression from mild symptoms to moderate symptoms.. 
Median IIEF score decreased from 19 (5-22) at baseline to 6 at 6 months, (significant 
at the 0.001 level), and remained at a lower level until 48 months follow-up. This cor-
responds to a clinical decrease from mild to moderate/severe ED. IPSS and IIEF are 
depicted in figure 2.

Figure 2 – International Prostate Symptom Score (A) and International Index of Erectile Function 
(B) scores. Medians with interquartile ranges are depicted.
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QoL
Supplementary figures 1-3 (available online at https://doi.org/10.1016/j.
ijrobp.2019.03.032) give an overview of RAND-36, EORTC QLQ-C30 and PR-25 ques-
tionnaire scores. Within the RAND-36 domains, clinically relevant decrease was seen in 
social functioning (>10 points after 1 and 24 months), vitality (10 points after 9 months) 
and pain (>10 points after 1 month). All scores returned to baseline value. Mental and 
general health showed no increase >10 points, contrary to our previous report(7). No 
significant differences at the 0.001 level were seen.

The QLQ-C30 showed clinically relevant deterioration in the domains for tiredness 
(>10 points after 48 months) and sleeping disturbances (only at 24 months). On the 
contrary, improvement was seen in the domains for emotional functioning (>10 points 
after 48 months) and cognitive functioning (>10 points after 36 months). There were 
no statistically significant differences from baseline.

Within the PR-25, urinary symptoms increased from 10 at baseline to 17 in the first 
month, after which scores recovered to baseline. Bowel symptoms remained stable at 
0. Treatment-related symptoms went from 0 at baseline to a score of 6 at all follow-up 
time points. A clinically relevant decrease of >10 points was seen in sexual activity at all 
follow-up times. Sexual functioning, on the contrary, remained relatively stable. Again, 
there were no statistically significant differences.

Tumour control
Ten patients experienced BF, with local prostatic recurrence in 9 patients on PET/CT 
(18F-Choline [n=1] and later 68Ga-prostate specific membrane antigen [PSMA] [n=9], 
both in combination with mp-MRI). Of all intraprostatic recurrences, 7/9 were out-of-
field lesions with respect to the primary tumour. Comparing the original CTVs of the 
primary HDR-procedure to the recurrent lesions on PSMA PET-CT, most (5/7) were 
located on the contralateral prostate lobe. Two patients had a recurrence in the same 
lobe, but with a distinct distance between primary and recurrent lesion sites.

Three patients had local and metastatic disease. Two were referred to their urolo-
gist for deferred ADT. One patient underwent stereotactic body radiotherapy (SBRT, 
1x18Gy) twice to different solitary bone metastases, before receiving whole-gland sal-
vage Iodine-125 brachytherapy. One year later, PSA-levels rose again after which ADT 
was initiated.

Of 6 patients with solitary localized recurrence, 4 received local salvage: either ultra-
focal salvage HDR-brachytherapy (n=2) or whole-gland salvage Iodine-125 brachyther-
apy (n=2). Until now, PSA-levels remain low in all re-treated patients between 1- and 
3-years follow-up. The remaining 2 patients requested an active surveillance strategy.

One patient with BF presented with a solitary metastasis in L4 without local prostatic 
recurrence, for which he received SBRT (1x18Gy). Unfortunately, there was no PSA-re-
sponse and he subsequently received ADT.

3
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The 4-year BDFS rate was 70% (95% CI 52-93%). MFS was 93% (85-100%) and OS 
was 100% at 4 years (Figure 3). An explorative Cox-regression analysis only showed a 
significant hazard ratio (HR) for age: 1.27 (95% CI 1.01-1.59; p=0.04), meaning higher 
age conveyed higher risk of BF in these patients.

Figure 3 – Kaplan-Meier analysis for biochemical disease-free survival (A) and metastases-free 
survival (B).
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DISCUSSION

The main goal of ultrafocal ablation of localised prostate cancer is to reduce treat-
ment-related side-effects and thereby maintain QoL while not compromising tumour 
control. The medium-term results of this study show that it is feasible to treat with 
limited toxicity and minimal impact on QoL. However, 70% BDFS at 4 years is an unfa-
vourable tumour control outcome, which needs comprehensive evaluation to assess 
the position of ultrafocal HDR-brachytherapy in the primary prostate cancer setting.

Toxicity and QoL outcomes were mostly in line with our previous report, with no 
treatment-related severe GU or GI toxicity and a minor impact on patient-reported 
QoL. A distinct result was a clear downward trend in erectile function, as reflected by 
deteriorating IIEF scores and CTCAE-graded ED scores, with more patients experiencing 
grade 2-3 ED during follow-up compared to the previous analysis. The IIEF classifies ED 
into five categories: severe (5-7), moderate (8-11), mild to moderate (12-16), mild (17-21), 
and no ED (22-25). Defining potency as satisfactory capacity of having an erection, this 
may involve submaximal rigidity or capability to sustain the erection, corresponding to 
IIEF scores >17 as a reasonable cut-off point. Within our study group, 16 patients had 
pre-treatment IIEF score >17 (initial potency), of which 8 had IIEF scores below 17 at 
last follow-up (50% new onset impotence).

The decrease of erectile function might in part be attributable to radiation sensitivity 
of the neurovascular bundles, although the relation between neurovascular bundle dose 
and erectile dysfunction remains hypothetical(15). With 43% of our patients having 
bilateral (T2c) disease, this potentially could have led to a higher dose burden on the 
neurovascular bundles. However, we do not have dosimetry data and there is a lack of 
established delineation guidelines for the neurovascular bundles(16). Moreover, part 
of the deterioration could be explained by the natural course of developing ED with 
increasing age.

Further evaluation of QoL showed only transient deterioration of general health 
(RAND-36 subdomains). Patients reported more tiredness, but at the same time im-
provement of emotional and cognitive functioning (QLQ-C30). There was a transient 
increase in urinary symptoms and a decrease in sexual activity (although relatively 
stable sexual functioning), but no bowel symptoms (PR-25). To our knowledge, no other 
FT studies have reported such extended QoL analyses. This provides new and detailed 
insight into the domains that are affected.

Direct comparison of our data with others is difficult as no other literature on ultra-
focal HDR-brachytherapy is available. When comparing our results to a small focal 
Iodine-125 brachytherapy series (n=21), contrasting results are shown with stable IIEF 
at a mean score of 20 after 12 months follow-up(17). Possible explanations could be 
their smaller target volumes or substantially lower patient age (mean 62 versus median 
71 in our cohort). It is also possible that HDR-brachytherapy inherently has a larger 
influence on erectile function than Iodine-125 brachytherapy. Similar to our report, this 
study showed an early temporary increase in IPSS. Another small study on ultrafocal 
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Iodine-125 brachytherapy (n=17) reported no grade >1 toxicity, no significant deterio-
ration in IIEF and a similar transient IPSS increase(18).

A comparison with other FT modalities confirms the common theme with a minimum 
impact on QoL and genitourinary functions(4). A single-centre study evaluated pro-
spective data on multiple FT modalities including cryotherapy (n=50, hemi-ablation), 
HIFU (n=21, hemi-ablation), photodynamic therapy (n=23, focal) and brachytherapy 
(n=12, focal)(19). Between baseline and 12 months follow-up, IPSS remained stable 
(<5 points median difference). However, IIEF deteriorated in all groups (median 5-10 
points change).

Alternatively, comparing our results to whole-gland HDR-brachytherapy series which 
are usually performed in multiple fraction schedules(20), we find that late grade 3 GU 
and GI toxicity were observed in 0-16% and 0-2% of patients, respectively. Late grade 
2 GU and GI toxicity were seen in 0-40% and 0-13%. These results are inferior to our 
toxicity numbers: no grade 3 GU toxicity, only 13% grade 2 GU toxicity (4/30), and no 
grade >1 GI events.

Morton et al. compared single-dose 19Gy (n=87) with 2x13.5Gy (n=83) in a ran-
domised controlled trial of low/intermediate-risk patients with a median follow-up of 
20 months(21). Grade 2 GU toxicity was frequent in both treatment arms (51% acute 
and 31% late) and grade 3 GU toxicity occurred in 2 patients. Grade 2 acute and late GI 
toxicity was limited to 2% (single-dose) and 3% (two fractions). Grade 2 ED occurred 
in 12% and in 29%. As measured by the Expanded Prostate Cancer Index Compos-
ite (EPIC), patient-reported ED occurred in 34% and in 58%. Although CTCAE-graded 
ED scores are favourable compared to our results (40% newly developed grade 3 ED), 
patient-reported erectile function seems comparable. A potential explanation for the 
favourable ED results of Morton et al. could be their lower patient age: 65 versus 71 
years in our patient group.

A study by Prada et al. (n=60, low/intermediate-risk patients, 1x19Gy, median fol-
low-up 72 months) reported even lower toxicity: no new grade 2 GU or GI toxicity oc-
curred. Rectal spacers were used to limit rectal dose. Potency was not reported(22). 
Their subsequent study (n=60, low/intermediate-risk patients, 1x20.5Gy, median fol-
low-up 51 months) similarly showed no grade 2 GU or GI toxicity(23). A critical note 
to these results is the lack of data on patient-reported QoL, which may have yielded a 
different outcome.

Our 4-year BDFS of 70% is clearly lower than the 79-100% BDFS at 3-10 years in frac-
tionated whole-gland HDR-brachytherapy series(20). Lower BDFS was also reported 
by Prada et al. after 1x19Gy whole-gland HDR-brachytherapy: 66% for low-risk and 
63% for intermediate-risk patients after 6 years(22). In contrast, BDFS after 1x20.5Gy 
whole-gland HDR-brachytherapy was much higher (82% at 6 years), even though a 
higher proportion of intermediate-risk patients were treated (57% in the 20.5Gy study 
vs. 27% in the 19Gy study)(23). Although the α/β ratio of prostate cancer is thought to 
be low (approximately 1.5)(24), which is an argument for hypofractionation, single-dose 
19Gy might be a suboptimal therapeutic dose.

Binnenwerk Marieke - Final.indd   54Binnenwerk Marieke - Final.indd   54 18-05-21   13:2718-05-21   13:27



55MRI-GUIDED ULTRAFOCAL HDR-BRACHYTHERAPY

Even more so, inadequate patient selection could be the reason behind our poor 
tumour control, with 7/9 out-of-field recurrences. First, systematic biopsies could have 
led to under sampling of clinically significant tumours. According to the PRECISION 
trial, the diagnostic yield of MRI-targeted biopsies is higher than TRUS-guided sys-
tematic biopsies(25), which means we potentially missed higher-risk disease. Even 
with systematic biopsies, almost half of this cohort already had Gleason sumscore 7. 
Gleason grade is a well-established independent predictor of BDFS, with grade 3+4 
and 4+3 tumours at biopsy corresponding to 82-91% and 65-85% 4 to 5-year BDFS, 
respectively(26,27). In our cohort, 6/10 biochemical recurrences occurred in patients 
with Gleason 7 tumours.

Second, for low/intermediate-risk patients (predominant Gleason pattern <4), the 
EAU-guidelines do not advise additional imaging for staging purposes in the primary 
setting, due to a lack of evidence(28). This means there is a risk of missing intrapros-
tatic multifocality, although even mp-MRI has a false negative rate of 10-20% regard-
ing clinically significant disease(29). Well-designed controlled trials regarding PET/CT 
imaging for nodal and metastatic staging are lacking, but evidence is increasing that 
a more sensitive metastases detection can be achieved than with classical bone scan 
and abdominopelvic CT(30).

Overall, a combination of more extensive diagnostic staging and further dose esca-
lation could be the next step in evaluating the validity of ultrafocal HDR-brachytherapy.

Another point of discussion is the interpretation of the Phoenix definition for failure 
after FT, which leaves more biologically active untreated prostate tissue than whole-
gland treatment. There is a need for a tailored definition for BF after FT. An alternative 
outcome measure is to consider only progression beyond curative treatment options as 
failure. A sub-analysis using this definition for disease-free survival offers a different 
perspective on tumour control. As recommended by an FT consensus meeting(31), 
considering successful focal salvage treatment as no failure yields a BDFS of 73% (54-
97%). Taking into account both successful focal and whole-gland salvage treatments, 
BDFS increases to 91% (79-100%) (Supplementary figure 4, available online at https://
doi.org/10.1016/j.ijrobp.2019.03.032). Importantly, focal and whole-gland salvage ra-
diotherapy were well tolerated without exacerbated toxicity (grade 2 urinary frequency 
among both patents who underwent whole-gland salvage, deterioration of erectile 
function in 1 patient who was still potent). With the absence of increased toxicity and 
stable patient-reported QoL after primary FT, a strategy of repeated treatments could 
favour FT over a primary whole-gland approach, especially with increased adoption 
of ultrafocal targeting.

The explorative univariable Cox-analysis showed a higher risk of first BF with in-
creasing age. We do not have a definitive explanation for this association. Age did not 
correlate with other prognostic variables such as PSA, PSADT and AJCC stage group. 
With only 10 BF events, there is a possibility of a type I error.

A disadvantage of ultrafocal HDR-brachytherapy is the labour-intensiveness. Total 
procedure time is currently 3-4 hours and this will inherently remain time-consuming, 
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considering all procedure steps: MRI/TRUS-guided insertion of catheters, subsequent 
transport to the MRI, catheter reconstruction and dose planning, another MRI scan 
for verification just before dose delivery and, if necessary, adjustment of the plan. 
In the future, MRI-guided external radiotherapy systems could provide hypofraction-
ated ultrafocal stereotactic radiation treatment(32), potentially matching ultrafocal 
HDR-brachytherapy in terms of tumour control and morbidity.

CONCLUSION

MRI-guided ultrafocal HDR-brachytherapy for localised prostate cancer conveyed 
minimal grade 2 GU toxicity and no grade >1 GI toxicity. Erectile function significantly 
deteriorated over time, with a rapid decline after treatment. Accordingly, patient-re-
ported QoL was marginally affected, although clinically relevant deteriorations were 
seen in the domains tiredness and sexual activity. After 4 years, BDFS was 70%. Even 
in the light of very low toxicity, this is an unfavourable outcome which predominantly 
seems to result from inadequate patient selection. However, the remaining potential for 
successful (focal or whole-gland) local salvage treatment may substantiate the use of 
focal therapy, especially if patient selection is improved in the future.
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ABSTRACT

Over the last decades, primary prostate cancer radiotherapy has seen improving de-
velopments such as more conformal dose administration and hypofractionated treat-
ment regimes. Still, prostate cancer recurrences after whole-gland radiotherapy remain 
common, especially in patients with intermediate- to high-risk disease. The vast ma-
jority of these patients is treated palliatively with androgen deprivation therapy (ADT), 
which exposes them to harmful side-effects and is only effective for a limited amount 
of time. For patients with a localized recurrent tumor, local treatment with curative 
intent seems more rational. However, whole-gland salvage treatments such as salvage 
radiotherapy or salvage prostatectomy are associated with significant toxicity and are 
therefore uncommonly performed. Treatments that are aimed at the recurrent tumor 
itself, thereby better sparing the surrounding organs at risk, potentially provide a safer 
salvage treatment option in terms of toxicity. To achieve tumor-targeted treatment, 
imaging developments have made it possible to better exclude metastatic disease and 
accurately discriminate the tumor. Currently, focal salvage treatment is being performed 
with different modalities, including brachytherapy, cryotherapy, high intensity focused 
ultrasound (HIFU) and stereotactic body radiation therapy (SBRT). Oncologic outcomes 
seem comparable to whole-gland salvage series, but with much lower toxicity rates. In 
terms of oncologic control, these results will improve further with better understanding 
of patient selection. Other developments, such as high-field diagnostic MRI and live 
adaptive MRI-guided radiotherapy will further improve precision of the treatment.
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INTRODUCTION

Prostate cancer is the most diagnosed male cancer in developed countries. Frequently 
diagnosed at an early stage, with opportunistic PSA-screening increasing the incidence, 
the search for optimal and patient-tailored treatment is of growing significance. In the 
setting of localized recurrent prostate cancer after primary whole-gland radiotherapy, 
standard of care now consists of palliative androgen deprivation therapy (ADT). This 
only has a temporary suppressive effect and is associated with harmful side-effects. 
On the other hand, treatments with curative intent such as salvage prostatectomy or 
whole-gland radiotherapy also convey serious toxicity risks and should only be offered 
to highly selected patients [1]. This leaves a gap in the treatment arsenal for radiore-
current prostate cancer. Here, focal ablative treatment might meet the need: with lower 
toxicity risks, it could postpone palliative hormonal treatment or perhaps even avoid it 
altogether. Within this narrative review, an overview is provided of the developments in 
primary prostate cancer care, current strategies on how to deal with localized prostate 
cancer recurrences and future perspectives with respect to focal salvage treatment.

Whole-gland primary radiotherapy
For whole-gland treatment of intermediate- to high-risk prostate cancer in the primary 
setting, radiotherapy has evolved as a suitable modality. It is comparable to prosta-
tectomy in terms of cancer control, while both are associated with their respective 
side-effects [2]. Several developments over the last decades have increased the use 
of radiotherapy for the primary treatment of prostate cancer. Intensity-modulated ra-
diation therapy (IMRT) and volumetric modulated arc therapy (VMAT) are increasingly 
adopted as external beam radiation therapy (EBRT) techniques, using fiducial gold 
markers for position verification. Both are able to substantially reduce the dose to 
surrounding organs at risk (in particular rectum and bladder) due to a more confor-
mal dose distribution [3,4]. Although radiation therapy traditionally entailed a lengthy 
treatment with smaller daily fractions over 6-7 weeks’ time, hypofractionation seems 
to provide comparable tumor control, against acceptable toxicity profiles [5-9]. The 
rationale behind using higher dose in fewer fractions comes from data describing a 
lower α/β-ratio of prostate cancer than previously thought. Despite ambiguous recom-
mendations from different large trials, hypofractionated radiotherapy is increasingly 
adopted in guidelines worldwide [10].

While external beam techniques are generally delivered fractionated, internal radi-
ation using brachytherapy is increasingly performed in a single procedure. Originally, 
low-dose-rate brachytherapy (using Iodine-125 seeds) was mainly used for low- to in-
termediate-risk patients. Nowadays, there is an increase in the treatment of higher-risk 
disease with high-dose-rate brachytherapy, providing comparable cancer control rates 
to other primary treatments [11-13]. As compared to Iodine-125 seeds, high-dose-rate 
brachytherapy offers the advantage of higher dose control by the approach of adjust-
ing source dwell times and positions. The steep dose decline of brachytherapy makes 
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it possible to further escalate the dose to the tumor, without compromising the dose 
constraints for the organs at risk [13]. This feature can also be used to deliver a con-
current tumor boost next to whole-gland EBRT techniques, thereby further increasing 
the therapeutic efficacy for intermediate- to high-risk disease [14].

Recurrence risk and location
Although dose escalation is increasingly adopted, recurrent prostate cancer after pri-
mary radiotherapy remains common. A recent series of 2.694 patients treated with 
doses above 78 Gy revealed 10-year biochemical recurrence risks of approximately 
10%, 23% and 44% in low-, intermediate- and high-risk patients, respectively [15]. Bio-
chemical recurrences according to the Phoenix definition (i.e. PSA nadir + 2.0 ng/ml) 
preceded the development of distant metastases and death due to prostate cancer by 
5.4 years and 10.5 years, respectively. In patients with a reasonable life-expectancy, 
management of these recurrences is therefore often necessary to prevent cancer-re-
lated complications and mortality.

Primary prostate cancer is often a multifocal process [16,17], with a hypothesized 
‘index lesion’ driving metastatic potential [18,19]. Within this hypothesis, it is thought 
that synchronous lesions outside the index lesion are secondary insignificant cancers 
which lie dormant [20]. After primary whole-gland radiotherapy, several series have 
shown that recurrences nearly all (89-100%) regrow at the site of the primarily largest 
and/or highest grade index lesion [21-25]. This indicates that the malignant remnant 
causes biochemical failure, while secondary indolent tumor foci have been successfully 
treated by the primary radiation course. Building on this, the rationale behind focal 
treatment in the localized radiorecurrent setting becomes clear. Although the index 
lesion hypothesis remains controversial due to a lack of robust evidence, long-term 
oncological efficacy data of focal treatments in the future might help to either support 
or undermine this view.

Traditional approach to radiorecurrent prostate cancer
The treatment of prostate-confined recurrences after primary radiotherapy is called 
salvage and will be denoted as such in the subsequent part of this review. Within the 
literature there are reasonably large series available describing the results of salvage 
treatments directed at the entire prostatic volume. These series include salvage radical 
prostatectomy (SRP) [26], whole-gland salvage cryotherapy [27,28], whole-gland sal-
vage high intensity focused ultrasound (HIFU) [29,30], and in increasingly larger series, 
whole-gland salvage brachytherapy [31-33]. These studies show an approximate 5-year 
biochemical failure-free survival (bFFS) of 50-60%, thereby postponing the use of pal-
liative ADT with its associated toxicity [34]. However, due to previous radiation damage 
to organs at risk, toxicity of secondary surgery or radiation can be deleterious. Severe 
genitourinary (GU) and gastro-intestinal (GI) toxicity, requiring operative intervention 
to resolve, are observed in about 30% of patients, with erectile dysfunction (ED) often 
present in 100% of cases post-salvage [35]. For this reason, whole-gland techniques 
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remain unpopular amongst treating physicians, with only 2% of patients receiving any 
form of salvage curative treatment. The other 98% receives ADT, either immediately or 
deferred [36]. These patterns are also observed in large national databases, such as the 
Cancer of the Prostate Strategic Urological Research Endeavor (CaPSURE) database 
from the U.S. [37].

Focal treatment of radiorecurrent prostate cancer
With recurrences often being localized and unifocal (mainly at the ‘index lesion’ site), a 
salvage treatment directed solely at the recurrent tumor lesion seems rational. Espe-
cially considering the narrow therapeutic ratio (treatment efficacy versus treatment-re-
lated toxicity) in the recurrent setting, focal treatment provides a promising alternative: 
a second chance at achieving local control, with minimal burden to the patient in terms 
of side-effects.

DIAGNOSTIC ASSESSMENT

Excluding metastatic disease
The success of focal salvage treatment starts with adequate exclusion of metastatic 
disease. More dated series of whole-gland salvage treatments often show substantial 
failure rates due to inadequate pre-treatment diagnosis of metastases. For example, 
technetium-99m bone scintigraphy was often used to exclude bone metastases, which 
only achieves acceptable diagnostic accuracy in patients with higher-risk disease 
characteristics (PSA>20, Gleason ≥8) [38]. Furthermore, studies regarding computed 
tomography (CT) and/or magnetic resonance imaging (MRI) for nodal disease staging 
have demonstrated poor diagnostic accuracy [39], since lymph node diameter and 
morphology are inadequate predictors for nodal invasion. Positron-emission com-
puted tomography (PET/CT), however, is recommended as the standard diagnostic 
modality to assess metastatic disease in the recurrent setting. It offers the advantage 
of concurrently evaluating bony and nodal metastatic disease. Different PET tracers 
have been used, with choline and fluoride as originally most abundant [40-42]. Negative 
predictive values of up to 100% have been reported, although the range observed in the 
reported literature is substantial. Thus far, the most promising PET-technique seems 
to be (68)Ga prostate-specific membrane antigen (PSMA)-PET/CT, with a radiotracer 
binding more specifically to a cellular protein overexpressed on 95% of prostate cancer 
cell-membranes. High diagnostic accuracy is attained for both intra-prostatic lesions 
as well as lymph node and bone metastases, even at low PSA-values (<2 ng/ml) [43,44]. 
Available since 2013 [45], PSMA-PET/CT has quickly become a routine form of target-
ed molecular imaging in countries across Asia, Australia, and Europe [46]. Currently, 
diffusion-weighted whole-body MRI is also being investigated for assessment of bone 
metastases in the recurrent setting, although PET/CT seems superior [47,48].

4
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Assessing and targeting intra-prostatic disease
After exclusion of metastatic disease, assessment of intra-prostatic disease is nec-
essary to adequately target the recurrent lesion. In the past, salvage treatments had 
to be aimed at the whole prostate gland since localization of the recurrent nodule was 
inadequate. Nowadays, this has become possible with the use of multi-parametric MRI 
(mp-MRI), offering both morphological and functional information with T2-weighted, 
dynamic contrast-enhanced (DCE) and diffusion-weighted imaging (DWI). In the pri-
mary setting, diagnostic accuracy of mp-MRI for the detection of clinically significant 
intra-prostatic disease seems adequate with a sensitivity of 93% [49,50]. Although 
smaller (secondary) tumor foci are still occasionally being missed (even when harbor-
ing higher grade cancers), mp-MRI is often able to detect the larger index tumor [51]. 
Because of the relatively high contrast of fibrotic prostatic tissue with viable tumor 
tissue in a previously irradiated prostate, DCE and DWI-MRI are especially capable of 
adequately detecting radiorecurrent lesions [52-54].

However, in the setting of treatment failure evaluation, the interpretation of mp-MRI is 
often complicated by treatment-related anatomic and functional changes. Radiologists 
should be familiar with the findings that are associated with the type of treatment the 
patient previously received. For instance, T2 hypo-intense intraprostatic lesions can 
be difficult to distinguish within a diffusely hypo-intense prostate caused by previous 
irradiation. Although there are no established guidelines for characterizing possible 
local tumor relapses on mp-MRI, there is an increasing amount of literature discussing 
the differences between normal post-treatment patterns and suspicious recurrence 
findings [55-59].

The combination of (68)Ga-PSMA-PET/CT with mp-MRI could provide an even higher 
accuracy in detecting and delineating intra-prostatic disease [60] (see Figure 1 for 
image example). A retrospective analysis on the diagnostic value of (68)Ga-PSMA-
PET/CT in the recurrent setting revealed a negative predictive value (NPV) and positive 
predictive value (PPV) of 91.4% and 100%, detecting recurrent prostate cancer in a high 
number of patients [61]. In line with these promising results, the impact of using (68)
Ga-PSMA-PET/CT in patients with recurrent prostate cancer is large, altering the ther-
apeutic management in approximately half of all patients. Specifically, the use of dose 
escalation to boost the target volume and the proportion of focal salvage treatments 
seems to increase, while systemic treatment decreases [62].
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Figure 1 – Recurrent prostate cancer lesion on diagnostic 3T multiparametric-magnetic reso-
nance imaging (mp-MRI) (a,b,c) and PSMA-PET/CT (d). The suspect lesion is visible in the right 
peripheral zone of the apex. Delineations of the prostate (green), gross tumor volume (GTV, red) 
and clinical target volume (CTV, blue) are displayed.
(a) T2-weighted MRI, (b) ADC map of DWI-MRI, (c) K-trans map of DCE-MRI, (d) 68Ga-PSMA-PET/CT

Biopsies
In the primary setting it was shown that MRI-targeted biopsies, as opposed to tran-
srectal ultrasonography (TRUS)-guided biopsies, decrease the detection of insignificant 
disease, while the yield of clinically relevant cancers increases [63]. A study in which 
patients subsequently underwent mp-MRI, TRUS-biopsies and transperineal template 
prostate mapping (TPM) biopsies (sampling the whole gland every 5 mm), calculated 
that up to 18% more cases of clinically significant cancer might be detected if TRUS-bi-

4
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opsies were guided by MRI findings [50]. Adding mp-MRI information to subsequent 
TPM biopsies seems to achieve the highest diagnostic accuracy, with a sensitivity 
and specificity of 97% and 61%, a positive predictive value of 83% and a negative pre-
dictive value of 91% [64]. Different approaches to achieve biopsy under MRI-guidance 
(i.e. in-bore, MRI-TRUS fusion or cognitive registration) yield similar detection rates 
of clinically significant prostate cancer [65]. Interestingly, the definition of clinically 
significant cancer differs between studies, ranging from Gleason score 6 and cancer 
core length >3 mm to Gleason score ≥4+3.

In the radiorecurrent setting, prostate biopsy evaluation is hampered by radiation 
effects, which sometimes mimic higher grade disease. Approximately 30% of inde-
terminate biopsies seem to resolve into negative disease status. On the other hand, 
local failure can also be interpreted as radiation effect and indeterminate biopsies 
should therefore not be considered negative. Furthermore, delayed tumor regression 
may cause false positives. Biopsies should therefore not be taken before 24 months 
of follow-up [66]. Even after two years, routine post-radiotherapy biopsies are of lim-
ited added value to regular PSA-testing, and should only be considered in case of 
biochemical failure [67]. According to the EAU guidelines, biopsy after radiotherapy is 
only indicated if local recurrence affects treatment decisions [68].

In case of localized recurrence, one could argue that biopsies might aid in the se-
lection of patients for focal salvage treatment. A study comparing cognitive target-
ed biopsies with TPM biopsies showed that targeted biopsies had similar or at most 
10% less detection rates, depending on the definition of clinically significant cancer. 
Targeted biopsies were efficient, requiring fewer biopsies compared to TPM biopsies 
for detection of clinically significant disease [69]. However, clinical significance was 
determined based on either maximum cancer core length or Gleason score. Since the 
effect of altered architecture from previous radiotherapy on the Gleason score is poorly 
understood, it does not seem appropriate for grading radiorecurrent lesions [70-72]. 
Validation studies on the use of the Gleason scoring system in the radiorecurrent set-
ting are lacking in the current available literature. Furthermore, there seems to be no 
consensus on the Gleason score definition for clinically significant disease. Histological 
confirmation of recurrence is therefore limited (i.e. adenocarcinoma yes/no) and does 
not provide any information on the clinical significance (tumor aggressiveness) of the 
recurrent lesion.

With advancements in imaging modalities as outlined above, and the burden of in-
vasive biopsy procedures on patients, it is questionable whether these biopsies are 
mandatory for adequate disease assessment. There is no literature describing the 
accuracy of combined mp-MRI and PET-CT with pathology verification in the radio-
recurrent setting. Currently, we are investigating a cohort of patients with a positive 
recurrent lesion on (68)Ga-PSMA-PET/CT and at least one mp-MRI sequence, who 
underwent subsequent MRI-targeted biopsies, to determine the added value of histo-
logic verification for adequate disease assessment.
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CURRENT FOCAL SALVAGE SERIES

Today, focal salvage treatment of radiorecurrent prostate cancer is performed with 
a variety of techniques: focal cryotherapy [73-75], focal HIFU [76], focal brachyther-
apy (both low-dose-rate [77,78] and high-dose-rate [79-81]) and, in smaller series, 
stereotactic body radiation therapy (SBRT) [82,83]. The extend of ablation differs per 
ablation method and between series, ranging from ultrafocal to hemi- and subtotal 
ablation. Focal cryotherapy usually entails hemi-ablation by achieving a lethal freez-
ing temperature of –40 °C in the prostate lobe containing the cancer. Focal HIFU can 
be hemi-ablation or quadrant ablation (one half of a lobe), using focused ultrasonic 
waves for tissue destruction by means of thermal, mechanical and cavitation effects. 
With brachytherapy, ultrafocal ablation can be achieved by administering radiation to 
a small target volume, using the steep dose fall-off with distance from the radiation 
source. Iodine-125 seeds are used for low-dose-rate brachytherapy, delivering a pre-
scribed dose of 144-145 Gy. High-dose-rate brachytherapy delivers radiation from 
an Iridium-192 source through temporarily implanted catheters, which allow for dose 
painting by varying the dwell positions and times of the radiation source. High-dose-
rate schedules vary from 18-19 Gy in a single dose to 27 Gy divided over two implants. 
CyberKnife-based SBRT has been performed with dose schedules between 30-35 Gy 
in 5 fractions. While this technique offers a high degree of conformity, it is also likely 
to increase the integral dose to the surrounding healthy tissues. Furthermore, without 
real-time MRI-guidance, planning target volume (PTV) margins for correction of intra-
fraction motion remain necessary to avoid geographical miss. Different focal ablation 
methods have varying limitations with respect to tumor recurrence location: HIFU is less 
suited for treating anterior-located lesions due to insufficient length of most devices, 
while cryotherapy can be less effective in the apical and peri-urethral region due to 
organ-protective warming tools. With brachytherapy it is usually possible to cover all 
sides of the prostate [84,85].

Studies that report 5-year bFFS seem to reach an approximate 50% rate [86], which 
is comparable to whole-gland salvage series. Only one study presented a direct com-
parison between focal and whole-gland using cryotherapy: 5-year bFFS rates were 54 
and 86%, respectively [73]. However, differences in patient characteristics and primary 
radiation schedules make it hard to interpret these results. Though most literature 
comes from relatively recent studies, patient selection methods are often already out-
dated. Exclusion of metastatic disease was often performed with either CT or MRI for 
nodal assessment, bone scintigraphy for bony disease and, in some series, PET/CT in a 
small number of patients. A modern multimodal radiologic approach with mp-MRI and 
(68)Ga-PSMA-PET/CT outperforms the other modalities in selecting patients with true 
localized, non-metastatic recurrence [44,87]. In the future, better patient selection could 
therefore improve oncologic outcomes of focal salvage series even further. Follow-up 
times are still too short to assess the impact of focal salvage treatment in terms of 
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overall survival. However, the main impact lies in delaying the need for palliative hor-
monal treatment, while providing a chance of cure through local control.

With this in mind, it is important to consider treatment-related side effects of focal 
salvage treatments. Although toxicity might be underreported in many current series 
due to the retrospective nature of data collection, the general trend seems favorable. 
Severe GU and GI toxicity seem limited to a maximum of 5-10%. Potency preservation 
(measured with the international index of erectile function [IIEF] or CTCAE) is observed 
in the majority of patients in many of the series. Treatment effects on patient-reported 
quality of life was only reported in focal salvage brachytherapy series, revealing no 
significant changes in most domains, except an increase in urinary symptoms after 
focal low-dose-rate brachytherapy [78].

Table 1 provides an overview of functional and oncologic outcomes of the different 
focal salvage treatment modalities.

To determine which patients benefit the most from focal salvage treatment, it is import-
ant to consider other patient and tumor characteristics, too. In the above mentioned 
studies, patients with stage T1-T3b recurrent tumors, total Gleason score ≤6-10 and 
PSA-levels between 0.01 and ≥20 ng/ml were treated. This indicates that a wide range 
of patients, classified from (very) low-risk to high-risk disease, were included. Most 
studies did not report on the pre-treatment PSA doubling time (PSADT). In a Delphi 
consensus study among 18 experts in the field of salvage brachytherapy for radiore-
current prostate cancer, 88% of participants indicated that stage T3b should be the 
maximum tumor classification to be eligible for salvage treatment. A total of 94% agreed 
that the Gleason score should not be used as a criterion (with over half of participants 
stating that the Gleason score cannot be determined in case of relapse after primary 
radiotherapy). In terms of PSA kinetics, a maximum PSA-level of 10 ng/mL and mini-
mum PSADT of 6 months was preferred by most participants [88]. A prediction study 
on factors associated with failure after focal salvage HIFU revealed that the length of 
the interval between primary treatment and radiologic recurrence, prostatic volume, 
T-stage, PSA-level, PSADT and primary tumor Gleason score are potential predictors 
of failure [89]. More research is warranted to better understand which combination of 
patient and tumor characteristics is best served by (which) focal salvage treatment. 
The decision-making process before and after focal salvage treatment is displayed in 
a flow chart in Figure 2.
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Figure 2 – Flow chart for decision-making before and after focal salvage treatment of localized 
radiorecurrent prostate cancer.
*As proposed by Delphi consensus study among 18 experts in the field of salvage brachytherapy 
for radiorecurrent prostate cancer (conducted by UroGEC group of GEC-ESTRO) [88].

Future prospects regarding MRI-guided radiotherapy
It is clear that accurate targeted ablation requires precise localization of the recur-
rent prostatic lesion. Over the years, the use of (mp-)MRI for treatment planning has 
substantially increased. The superior resolution of soft tissue enables more accurate 
delineation of the tumor volume and organs at risk [91]. New developments such as 
ultra-high field MRI with 7T systems have the potential to enhance the spatial resolu-
tion even further [92]. Although it seems that 7T T2- and diffusion-weighted imaging 
deliver clinically adequate anatomical images within acceptable acquisition times, 
there are still several technical challenges to overcome before a 7T mp-MRI protocol 
for the prostate can be achieved [93].

Imaging developments are not only used for the treatment planning phase, but are 
also increasingly incorporated into the treatment itself. Currently, MRI-guidance during 
treatment can be achieved using image registration of pre-operative MR-images (1.5T 
or 3T) with intra-operative TRUS-images (MRI-TRUS fusion). With this technique, 
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software is used to register the pre-operatively delineated tumor location to real-time 
prostate images. Image registration may be either rigid (overlay of images without 
adjustment for possible prostate deformation during treatment) or non-rigid (using 
algorithms that compensate for deformation). Some factors that contribute to prostate 
deformation are unavoidable, such as swelling of the prostate due to catheter insertion 
during a brachytherapy implant procedure. Prostate motion can also be caused by 
surrounding organ movement, such as rectal distension due to flatulence or introduc-
tion of an ultrasound probe. Evidently, non-rigid registration is challenging: a variety 
of registration methods using different algorithms have been presented in the search 
for the most optimal solution [94].

The next step in the development of MRI-guided intervention is the incorporation 
of live MR-images into the treatment workflow, thereby achieving direct treatment 
guidance and avoiding any registration errors. Although early experiences with re-
al-time MRI-guided brachytherapy date back to 1997, this approach has not been widely 
adopted yet due to logistical issues such as resource demand and procedural time 
prolongation [95]. One of the obvious challenges of in-bore intervention is the limited 
workspace. Open MRI units that provide access to the patient while imaging are avail-
able, but these deliver low image quality and need increased scanning time due to the 
inherently lower signal-to-noise ratio.

To overcome these shortcomings, a robotic MRI-compatible implantation device 
for prostate brachytherapy was developed at our institution (see Figure 3). The robot 
system fits in a 1.5T MRI scanner and can be placed between the patient’s legs. In 2010, 
the first clinical proof of principal study was performed with the UMCU robot, success-
fully implanting gold fiducial markers into the prostate for external beam radiation [96]. 
It was shown that the in vivo use of the robot was feasible. After this first clinical test, 
the UMCU robot was further developed and optimized for the application of brachyther-
apy implant procedures. We are currently working on a study investigating the in vivo 
technical feasibility of robotic insertion of a brachytherapy needle into the prostate. It is 
expected that this study will be a step forward in the development of MRI-guided focal 
salvage brachytherapy with a robotic device. In the future, a full MRI-guided robotic 
implantation procedure may allow for a reduction of needles needed for the implant [97], 
with expected lower toxicity rates and a reduction of time necessary for the procedure.

4
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Figure 3 – Magnetic resonance imaging (MRI)-compatible robotic implantation device for prostate 
brachytherapy. A cylindrical weight that is pneumatically driven hits the needle holder to tap a 
brachytherapy needle into the prostate. Placed between the patient’s legs inside an MRI scanner, 
the needle can be tracked using live images.

Regarding external beam radiotherapy, MRI-guided radiotherapy systems such as the 
MR-Linac will provide another way to accomplish live MRI-guided intervention. By using 
online fast MR-sequences for auto-contouring and auto-planning, a full MRI-based 
online adaptive workflow can be achieved [98]. Changes in anatomy can be accounted 
for with inter-beam re-planning. This will further reduce the target volume margins 
needed, reducing normal tissue radiation exposure and thereby decreasing the risk of 
toxicity. This enables safe dose escalation, potentially in the form of delivering a single 
ablative dose, which would be of benefit to both patient comfort and hospital logistics. 
It should however be noted that external beam radiotherapy is inherently less conformal 
than brachytherapy, and it remains to be seen whether this treatment modality will be 
suitable for focal treatment in the recurrent prostate cancer setting.

CONCLUSION

Localized radiorecurrent prostate cancer seems susceptible for focal salvage treatment. 
Treating the tumor while sparing the surrounding healthy tissue leads to a reduction of 
treatment-related side effects, where whole-gland salvage treatments or palliative ADT 
are often less well-tolerated. Focal salvage therapy thereby provides an intermediate step 
between primary curative treatment and (if necessary) palliative hormonal treatment. 
Diagnostic innovations have led to more adequate patient selection in terms of exclusion 
of metastatic disease and accurate tumor targeting. This is a constant developing field, 
as new diagnostic techniques are warranted to provide greater insight into prostate tumor 
profiling. With MRI-guidance, focal treatment becomes more and more precise, especially 
with emerging technologies enabling live and online adaptive MRI-guided radiotherapy.
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ABSTRACT

Purpose
Most patients with local prostate cancer recurrence after radiation therapy undergo 
palliative androgen deprivation therapy (ADT), since whole-gland salvage treatments 
have a high risk of severe toxicity. Focal treatment reduces this risk while offering a 
second opportunity for cure. We report updated outcomes of ultrafocal salvage high-
dose-rate brachytherapy (HDR-BT).

Methods and Materials
Prospectively collected data from the first 50 treated patients were analyzed. Disease 
status was assessed by 3T multiparametric MRI, 18F-Choline or 68Ga-PSMA PET/CT 
and systematic or tumor-targeted biopsies. Ultrafocal salvage HDR-BT (1x19 Gy) was 
performed by implanting the clinical target volume (CTV: gross tumor volume + 5mm 
margin) under fused TRUS/MRI guidance. Follow-up included toxicity grading (using 
CTCAE 4.0), quality of life (QoL) assessment and PSA-testing.

Results
Median follow-up was 31 months. Median CTV D95% was 18.8 Gy. We observed 2% 
grade 3 genitourinary toxicity, no grade 3 gastro-intestinal toxicity and 22% newly de-
veloped grade 3 erectile dysfunction. Five out of 13 patients (38%) with self-reported 
pre-treatment potency (IIEF>17) remained potent. Clinically relevant QoL deteriora-
tion was reported for only 6/31 items, not statistically significant. Biochemical failure 
(nadir+2) occurred in 26 patients. Among intraprostatic recurrences, 73% were in-field. 
After 2.5 years, biochemical disease-free survival (BDFS) was 51% (95% CI 37-69%), 
metastases-free survival 75% (64-89%), ADT-free survival 90% (82-99%) and overall 
survival 98% (94-100%). Pre-salvage PSA, CTV size and stage ≥T3 were significantly as-
sociated with biochemical failure. Higher-risk patients (stage≥T3, PSA≥10, or PSADT≤9 
months) had 25% BDFS at 2.5 years versus 71% for lower-risk patients.

Conclusions
At this early stage, MRI-guided ultrafocal HDR-BT seems to be a safe salvage treatment 
option, with acceptable biochemical control in a well-selected group of patients, and 
the potential of effectively postponing ADT.
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INTRODUCTION

According to current cancer statistics, about one in nine men will be diagnosed with 
prostate cancer during their lifetime.1 Approximately 30% of patients are primarily treat-
ed with radiotherapy, either with external beam or brachytherapy.2 Even with modern 
technical advancements, post-radiation recurrences occur in 10-40% of patients after 
10 years of follow-up.3-5 The benefit of re-treatment must be weighed against a higher 
chance of (severe) toxicity in the radiorecurrent setting. Furthermore, the impact on 
quality of life (QoL) has taken a more prominent role in management decisions.

Although early recurrences are often confined to the prostate,6 most patients are 
treated with systemic androgen deprivation therapy (ADT).7 This has a temporary sup-
pressive effect until the tumor becomes castration-resistant after a median of 3 years.8 
Side-effects range from hot flushes and lowered libido to changes in blood lipids, 
insulin resistance and loss of bone density.9 However, due to high toxicity rates, cura-
tive whole-gland salvage treatments such as salvage prostatectomy, brachytherapy, 
cryotherapy or high-intensity focused ultrasound (HIFU) remain unpopular. Common 
side-effects are urinary incontinence (±10-50%), urethral strictures (±5-25%), fistulas  
(±2-4%) and impotence (±80-90%).10

In contrast, focal ablation spares the healthy surrounding tissue, thereby reducing 
the risk of severe side-effects and associated QoL deterioration. Although with curative 
intent, the aim of focal salvage treatment is to postpone or potentially avoid the need 
for palliative ADT.

At the UMC Utrecht, we perform ultrafocal ablation with MRI-guided high-dose-rate 
brachytherapy (HDR-BT). In a previous report, we presented clinical outcomes of the 
first 17 patients with a median follow-up of 10 months.11 The current report provides 
an update on those results, with prospectively collected data from an extended patient 
group with longer follow-up.

METHODS

Patient selection
Since 2013, MRI-guided ultrafocal salvage HDR-BT has been offered to patients with 
localized radiorecurrent prostate cancer at the UMC Utrecht. A group of 30 patients 
with PSA-level ≤10 ng/ml, PSA doubling time (PSADT) ≥12 months, tumor stage ≤T2c on 
MRI and acceptable urinary function (International Prostate Symptom Score [IPSS]<15) 
was treated within an institutional review board (IRB)-approved prospective feasibility 
study. Toxicity rates proved to be very low and after two years of inclusion, experience 
allowed for extended treatment of patients beyond the initial selection criteria. All un-
derwent radiologic disease status assessment with 3T multiparametric (mp)-MRI and 
68Ga-PSMA PET-CT (or 18F-Choline PET-CT if treated before 2016) and tumor-targeted 
(cognitive or MRI-TRUS fusion) prostate biopsies. 24% of patients underwent systematic 
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biopsies at their referring center. All patients had at least two years recurrence-free 
interval after primary radiation treatment.

We analyzed the first consecutive 50 patients, treated between July 2013 and April 
2017. This group consists of 23 patients from the feasibility study and 27 patients treat-
ed off-protocol. All patients were followed in the same prospective manner. Informed 
consent was obtained from all study patients. For patients treated off- protocol, the 
IRB waived the requirement for informed consent.

Ultrafocal salvage HDR-BT
The treatment procedure has been described in a previous paper.11 In summary, the 
radiation plan is based on delineations of the gross tumor volume (GTV), the clinical 
target volume (CTV, GTV+5mm margin) and the organs at risk (OAR’s), namely bladder, 
rectum and urethra. Under spinal anesthesia, MR-compatible brachytherapy catheters 
are perineally inserted into the CTV, guided by fused TRUS/MR images. Another 1.5T 
MRI is made for catheter reconstruction, contour adaptation and a simulation of dose 
distribution by the Oncentra Prostate treatment planning system (Elekta, The Nether-
lands). The dosimetric goal is to deliver ≥19 Gy to 95% of the CTV (CTV D95%), with a 
lower threshold of >17 Gy to 90% of the CTV (CTV D90%). Dose constraints for bladder 
and rectum D1cc (minimal dose to the most exposed 1 cc) is <12 Gy and for the urethra 
D10% (minimal dose to 10% of the urethra) <17.7 Gy. An additional 1.5T MRI-scan is made 
just before dose administration to check for any catheter displacements to ensure safe 
delivery of the planned radiation dose.

Outcome assessment
Follow-up is scheduled four weeks after treatment and every three months in the first 
year, every six months in the second year and annually thereafter for up to 10 years. At 
each time point, outcome assessment is performed by (1) grading GU, GI and erectile 
toxicity using the Common Terminology Criteria for Adverse Events (CTCAE) version 
4.0 and by obtaining IPSS and International Index of Erectile Function (IIEF-5) scores, 
(2) assessing patient-reported QoL using the RAND-36, EORTC QLQ-C30 and EORTC 
QLQ-PR25 questionnaires and (3) routine PSA-testing. In case of biochemical recur-
rence after treatment (defined as PSA nadir+2 ng/ml, i.e. Phoenix definition), patients 
undergo 68Ga-PSMA PET-CT for disease status evaluation, followed by 3T mp-MRI in 
case of intraprostatic disease.

Statistical analysis
Descriptives were used for patient and tumor characteristics. Follow-up time after 
treatment was calculated as time from treatment to death or last PSA-measurement. 
QoL scores were linearly transformed to a 0-100 scale. Wilcoxon signed rank tests were 
used for testing differences between median scores at baseline and each follow-up time 
point (with p<0.001 considered statistically significant to correct for multiple testing). 
Apart from statistical definitions, QoL score differences of ≥10 points were considered 
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clinically relevant change.12 Time-to-event analyses were performed using the Kaplan 
Meier-estimator, with no competing events between different outcomes. An explor-
ative risk factor analysis for biochemical failure was performed with a univariable Cox 
regression for age, American Joint Committee on Cancer(AJCC) grade group, T-stage, 
PSA, PSADT and CTV size. Based on the resulting risk factors, we divided the cohort into 
groups of low and high risk of treatment failure to visualize the effect on biochemical 
disease-free survival (BDFS) curves.

Analyses were performed with R statistical software (version 3.5.1; the R foundation 
for Statistical Computing, Vienna, Austria) and IBM SPSS statistics (version 25.0).

RESULTS

Baseline patient and tumor characteristics are displayed in Table 1. Median follow-up 
was 31 months (range 13 – 58 months).

Table 1 – Baseline characteristics

No. patients (%) / median (range)

Total 50

Primary setting

iPSA 13 ng/ml (2.1 – 140)

Clinical T-stage

T1c
T2a
T2b
T3a

26 (52%)
10 (20%)
1 (2%)
13 (26%)

Gleason grade group

1
2
3
4
5
Missing

33 (66%)
6 (12%)
2 (4%)
3 (6%)
3 (6%)
3 (6%)

AJCC prognostic stage group

Stage I
Stage IIA
Stage IIB
Stage IIC
Missing

31 (62%)
4 (8%)
9 (18%)
3 (6%)
3 (6%)

Radiation treatment

EBRT (70-78Gy)
LDR-BT (145 Gy)

25 (50%)
25 (50%)
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Table 1 Continued

No. patients (%) / median (range)

History of ADT around primary treatment [median duration]

No
Yes, neo-adjuvant
Yes, adjuvant

39 (78%)
4 (8%) [5.5 months]
7 (14%) [36 months]

Interval between primary treatment and biochemical 
recurrence 101 months (25 – 228)

Recurrent setting

Age 71 years (59 – 83)

iPSA 5 ng/ml (0.9 – 39)

PSADT 17 months (3 – 73)

Prostate size on MRI 33 cc (15 – 105)

MRI T-stage

T2a
T2b
T2c
T3a
T3b
T4

19 (38%)
9 (18%)
3 (6%)
3 (6%)
14 (28%)
2 (4%)

Tumor location

Base
Midgland
Apex
Combination
Seminal vesicle

7 (14%)
12 (24%)
8 (16%)
10 (20%)
13 (26%)

PET-CT tracer

18F-Choline
68Ga-PSMA

11 (22%)
39 (78%)

Biopsy type [median no. of cores]

Systematic
Tumor-targeted
Both

12 (24%) [8 cores]
35 (70%) [4 cores]
3 (6%) [11 cores]

Gleason score*

3+3=6
3+4=7
4+3=7
Sumscore 8
Sumscore 9/10
Missing

9 (18%)
17 (34%)
11 (22%)
4 (8%)
6 (12%)
3 (6%)

GTV size 3 cc (0.3 – 18.5)

CTV size 8.6 cc (3.3 – 34.9)

iPSA: initial prostate specific antigen level, EBRT: external beam radiation therapy, LDR-BT: low-
dose-rate brachytherapy using I-125 seeds, ADT: androgen deprivation therapy, PSADT: PSA 
doubling time, GTV: gross tumor volume, CTV: clinical target volume.
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Treatment characteristics
Median nine brachytherapy catheters were used for the implant (range 5-14). The CTV 
D95% ≥19 Gy prescription dose was achieved in 42%, with a median administered dose 
of 18.8 Gy (range 11.3-23 Gy). The CTV D90% >17 Gy lower threshold was achieved in 
90%, with a median of 20.4 Gy (range 13.5-24.9 Gy). The main reason for underdosing 
the CTV was to refrain from exceeding dose constraints for the organs at risk. Median 
urethral D10% was 14.8 Gy (range 3.1-18.2), median bladder D1cc was 8.2 Gy (range 
1.3-13.6) and median rectum D1cc was 10 Gy (range 2.3-12.2). The median percentage 
of target volume receiving 100%, 150% and 200% of the prescribed dose (CTV V100%, 
V150%, V200%) was 95%, 57% and 25%, respectively.

Toxicity
Figure 1 shows physician-graded GU, GI and erectile toxicity. GU toxicity scoring in-
cluded the items hematuria, urinary frequency, urinary incontinence, urinary retention, 
urinary tract pain and cystitis. Severe (grade 3) toxicity occurred in one patient (2%) 
after 24 months follow-up. The patient underwent surgical dilation for an obstructive 
urethral stricture, after which he was left with urinary incontinence, requiring several 
incontinence pads per day. New-onset grade 2 GU toxicity was seen in 26 patients 
(52%), among which the prescription of medication for urinary frequency in 21 patients, 
use of incontinence pads for occasional urinary leakage in three patients, mild signs 
of cystitis in one patient and mild postmictional residue in one patient. 19/21 patients 
required chronic use (until last follow-up) of urinary medication and 1/3 patients re-
quired chronic use of pads.

For GI toxicity, the items abdominal pain, diarrhea, enterocolitis, fecal incontinence, 
flatulence, hemorrhoids, proctitis, rectal fistula, rectal hemorrhage and rectal pain were 
graded. No grade 3 GI toxicity occurred. New-onset grade 2 GI toxicity occurred in two 
patients (4%): one had transient rectal hemorrhage and one developed symptomatic 
hemorrhoids.

Pre-treatment grade 3 ED (severe dysfunction with insufficient effect from erectile 
aids) was present in nine patients (18%). New-onset grade 3 ED developed in 11 patients 
(22%), and new-onset grade 2 ED (dysfunction, but with sufficient effect from erectile 
aids) developed in another 11 patients (22%).

5
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Figure 2 shows patient-reported urinary and erectile function (IPSS and IIEF-5). For 
the IPSS, score 0-7 indicates mild symptoms, 8-19 indicates moderate symptoms and 
20-35 indicates severe symptoms. Median baseline score was 8, increasing to a median 
11.5 at one month follow-up and then returning back to baseline level (median 8 at 36 
months follow-up).

For the IIEF-5, score 1-7 indicates severe ED, 8-11 indicates moderate ED, 12-16 indicates 
mild to moderate ED, 17-21 indicates mild ED, and 22-25 indicates absence of ED. Median 
baseline score was 11, which quickly deteriorated to a median 7 after the first month, with 
a further downward trend to median 3 at 36 months follow-up. Out of 13 patients with 
pre-treatment potency (here defined as IIEF≥17), five patients (38%) remained potent.

Figure 2 – Patient-reported toxicity. Medians with interquartile ranges (IQR) and complete ranges 
are shown. The blue dots represent outliers, defined as >1.5 * IQR.
a) IPSS (urinary symptoms), b) IIEF-5 (erectile function).

QoL
Patient-reported QoL over time is depicted in supplementary figures 1-3 (available 
online at https://doi.org/10.1016/j.ijrobp.2020.01.023), with separate graphs for the 
different domains within each questionnaire.

Within the general health survey (RAND-36), long-term clinically relevant deteriora-
tion of QoL was seen in the domains social functioning (Δ13 points) and mental health 
(Δ12 points). Patients reported a transient increase in pain symptoms (Δ11 points) 
after three months follow-up, which recovered afterwards. No statistically significant 
changes were seen.

Regarding cancer-related health (EORTC QLQ-C30), the domains tiredness and cog-
nitive functioning showed long-term clinically relevant deterioration (Δ11 and 17 points, 
respectively). A transient increase of sleeping disturbances (Δ33 points) was seen at 
24 months follow-up. Again, no statistically significant changes were observed.

5
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Prostate cancer-related health (EORTC QLQ-PR25) was affected in the domains 
sexual functioning (Δ17 points) and sexual activity (Δ16 points). A clinically relevant 
transient increase in urinary symptoms was seen at nine months follow-up (Δ11 points), 
returning to baseline level afterwards. There were no statistically significant changes.

Oncologic outcomes
PSA nadir was reached after a median of 5.5 months (range 1-24 months). Biochemical 
recurrence (nadir+2) occurred in 26 patients (52%) after a median of 20 months (range 
6-44 months).

Using 68Ga-PSMA PET-CT for disease status assessment, 22 out of 26 patients had 
intraprostatic recurrence. As assessed on a subsequent 3T mp-MRI scan, 16 patients 
(73%) had a recurrence at the site of the treated lesion (in-field recurrence) and six 
patients (27%) had an out-of-field recurrence. Out-of-field recurrences were either 
located on the contralateral lobe (3/6) or with a distinct distance from the previous 
lesion site (3/6).

Three out of 26 patients with biochemical recurrence had metastases without intra-
prostatic recurrence on 68Ga-PSMA PET-CT. All had distant metastatic disease: one 
with extended nodal invasion (suspicious lymph nodes above the aortic bifurcation), 
one with bony metastases, and one with a suspected metastastic lesion in the right 
lung with mediastinal lymph node involvement.

In one patient, further imaging upon biochemical recurrence was not deemed clini-
cally relevant due to concurrent progressive metastatic sigmoid cancer.

Two patients underwent re-salvage treatment. One received another ultrafocal sal-
vage HDR-BT treatment which was well tolerated without exacerbated toxicity. The 
other underwent whole-gland cryoablation at a different center and was left with uri-
nary incontinence requiring several pads per day. After one year follow-up, PSA-levels 
remain low in both patients.

Six patients started ADT after a median of 15 months (range 8-32 months).
Two patients died of other diseases, after 13 and 33 months respectively.
After 2.5 years follow-up, BDFS was 51% (95% CI 37-69%). Metastases-free survival 

(MFS) was 75% (95% CI 64-89%). Hormonal treatment-free survival (HFS) was 90% 
(95% CI 82-99%) and overall survival (OS) was 98% (95% CI 94-100%). The Kaplan Meier 
survival curves are presented in Figure 3.

The explorative univariable Cox regression analysis for biochemical failure revealed 
a small but significant hazard ratio for pre-salvage PSA (1.1, p=0.02) and size of the 
CTV (1.1, p=0.04), and a larger significant hazard ratio for locally advanced (stage ≥T3) 
tumors (2.6, p=0.02). Results are displayed in Table 2. To visualize survival differences, 
we stratified between “high risk of treatment failure” (stage≥T3, PSA ≥10, or PSADT ≤9 
months) and “low risk of treatment failure” (stage<T3, PSA<10 and PSADT>9 months). 
Figure 4 shows the Kaplan Meier curves. After 2.5 years, only 25% of the “high risk” 
patients were free of biochemical failure, versus 71% of “low risk” patients.
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Figure 3 – Kaplan Meier survival curves. The dotted lines represent the upper and lower 95% 
confidence intervals.
a) Biochemical disease-free survival(BDFS), b) metastases-free survival(MFS), c) hormonal 
treatment-free survival(HFS), d) overall survival(OS).
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Table 2 – Univariable Cox regression analysis for biochemical failure

Risk factor
β HR 95% CI p-value

lower upper

Age
AJCC grade group*

Group 2 (3+4=7)
Group 3 (4+3=7)
Group 4 (4+4=8)
Group 5 (9/10)

MRI T-stage**
≥T3

PSA
PSADT
Size of the CTV (cc)

-0.06

0.24
0.77
-0.8
0.81

0.95
0.06
-0.02
0.05

0.94

1.27
2.16
0.45
2.24

2.6
1.1
0.98
1.1

0.87

0.36
0.64
0.05
0.56

1.17
1
0.95
1

1

4.5
7.24
4.03
9.06

5.78
1.1
1
1.1

0.16

0.71
0.21
0.48
0.26

0.02
0.02
0.2
0.04

β: estimate of the effect, HR: hazard ratio, 95% CI: 95% confidence interval, AJCC: American 
joint committee on cancer, PSA: prostate specific antigen level, PSADT: PSA doubling time, CTV: 
clinical target volume.
*AJCC grade group 1 (3+3=6) as reference category.
**MRI stage T2 as reference category.

Figure 4 – Kaplan Meier BDFS survival curves stratified for low (stage<T3 and PSA<10 and 
PSADT>9 months) and high risk of treatment failure (anyone else).
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DISCUSSION

From the first 50 patients treated with ultrafocal salvage HDR-BT, we report only 2% 
severe GU toxicity and no severe GI toxicity. Grade 2 GU toxicity occurred more fre-
quently (52%), but was mostly manageable by medication, resulting in a stable pa-
tient-reported IPSS over time. Severe ED occurred in 22% of patients, corresponding to 
a downward trend in IIEF-5 scores after treatment. QoL was not significantly affected. 
After 2.5 years, BDFS was 51% (95%-CI 37-69%), MFS was 75% (64-89%) and 90% had 
not started ADT (82-99%).

These results are consistent with reports on focal salvage treatment modalities, 
namely LDR/HDR brachytherapy, cryotherapy, HIFU and stereotactic body radiother-
apy (SBRT).13 Severe GU/GI toxicity rarely (≤8%) occurs. The few studies reporting QoL 
describe a significant deterioration within the sexual domain (using the Expanded 
Prostate Cancer Index Composite [EPIC]),14 and a significant increase in urinary symp-
toms (using EORTC QLQ-PR25).15 BDFS ranges from 56-92% at 1 year, to 22-61% at 3 
years, to 47-54% at 5 years follow-up.13 The main difference between focal treatment 
modalities is their accessibility to certain tumor locations: posterior lesions seem best 
approachable using HIFU, cryotherapy is more appropriate for anterior lesions and 
apical lesions can be safely treated with brachytherapy.16 From our own experience, 
both intraprostatic tumors and seminal vesicle invasion (SVI) are well within reach for 
a focal brachytherapy implant.

A recent review by Steele et al. showed there are higher and more severe toxici-
ty rates from whole-gland salvage treatments, at similar tumor control rates (5-year 
BDFS approximately 50–60%). Salvage prostatectomy (total 709 patients, follow-up 
3-7.2 years) caused 4-10% operative rectal injury, 22–41% postoperative bladder neck 
contractures and 48% urinary incontinence. Whole-gland salvage LDR-BT (total 311 
patients, follow-up 4.5-9 years) caused 12-19% grade 3 GU/GI toxicity. In comparison, 
whole-gland HDR-BT (total 94 patients, follow-up 3-5 years) seemed less toxic with 
2-7% grade 3 GU toxicity and no grade 3 GI toxicity. Whole-gland salvage cryothera-
py (total 665 patients, follow-up 1.4- 7.5 years) resulted in 72% urinary incontinence 
(dribbling or leakage), 66% medium to severe obstructive symptoms and 8-10% com-
plications requiring additional surgical intervention. Whole-gland salvage HIFU (total 
1013 patients, follow-up 1.2-3.3 years) caused 6-9% urethrorectal fistula and 16-30% 
bladder outlet obstruction.17

Despite its low toxicity profile, the role of focal salvage treatment for radiorecurrent 
prostate cancer is yet to be determined. Longer follow-up data is warranted to assess 
the effectiveness in terms of oncologic control and delay time to ADT. Herein, there are 
several aspects to evaluate.

First, adequate patient selection is crucial. Within our cohort, failing patients were 
slightly younger at the time of treatment (median 70 versus 73 years), had a higher 
Gleason grade (54% versus 29% ³4+3=7), higher pre-salvage PSA (median 5.5 versus 
4.2 ng/ml), shorter PSADT (median 16.5 versus 19 months) and more advanced T-stage 
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on MRI (50% versus 25% ³T3) than non-failing patients. MRI stage ³T3 and higher PSA 
were significantly associated with poorer biochemical control. Larger CTV was also a 
significant risk factor, but this was related to T-stage (p=0.003 by ANOVA test). For the 
“low risk of failure” group within our cohort, BDFS was very good compared with other 
focal salvage cohorts, where a vast majority of patients were “low risk”.14,15,18,19

Another tumor characteristic potentially associated with treatment failure is radio-
resistance. To evaluate this, we compared within-patient primary and recurrent tumor 
localizations. Out of 23 primary MRI scans available, 16 patients (70%) had an in-field 
recurrence with respect to the primary tumor. Stratifying for in- and out-of-field lesions, 
there was no clear relation between treating an in-field recurrence and salvage treatment 
failure: 9/16 (56%) “in-field patients” failed and 4/7 (57%) “out-of-field patients” failed.

For local staging, additional functional imaging sequences (most importantly dif-
fusion weighted imaging [DWI] and dynamic contrast enhanced [DCE]) have improved 
accuracy.20 Although correct interpretation is challenging and should be performed by 
expert uro-radiologists, mp-MRI can aid in focal salvage treatment planning, intra-op-
erative guidance and follow-up.21 Studies comparing mp-MRI assessment to prostate 
biopsies (n=52) or full histologic prostate mapping (n=13) in patients with a suspected 
local recurrence report area under the receiver-operator curve (AUC)-values of 0.82-1 
and 0.8-0.9, respectively.22,23 For the detection of extra prostatic extension (EPE) and 
SVI the sensitivity and specificity are less optimistic, ranging between 50-75% and 70-
100%, respectively.24 PSMA-PET/CT is the indicated modality for metastatic disease 
assessment, albeit with correct timing: a study on 248 patients with rising PSA reported 
detection rates of 58% at PSA-levels of <0.5 ng/mL versus 97% at PSA-levels of ≥2 
ng/mL.25 Two studies evaluating 30 and 65 patients with biochemical recurrence and 
PSMA-suspected lymph node metastases who underwent (extended) salvage lymph 
node dissection, reported positive and negative predictive values of 100% and 89-100% 
respectively.26,27

For ultrafocal salvage HDR-BT, we delineate the recurrent lesion using both mp-MRI 
(in particular T2-hypointense and restricted diffusion areas) and PSMA-PET/CT. When 
these images do not overlap, the GTV is extended to encompass suspected areas from 
all sequences. This approach is supported by recent reports showing mp-MRI signifi-
cantly underestimates the tumor volume, where PSMA-PET/CT has better agreement 
with histopathology.28,29

All in all, it seems we can adequately exclude metastatic disease but tend to under-
estimate the extent of local recurrence. Although we add a 5 mm margin to the GTV to 
account for this, going from ultrafocal to quadrant treatment could potentially improve 
oncologic control even further. Dose escalation or dose fractionation could also improve 
oncologic outcomes, especially considering our relatively high number (73%) of in-field 
recurrences, of which 13/16 had been underdosed (D95% <19 Gy) and 4/16 did not reach 
the lower threshold of D90% >17 Gy. By fractionating, tumor cells may become more 
susceptible to the next radiation course because of enhanced tumor cell division during 
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a course of radiotherapy.30 Adversely, an increased number of fractions and associated 
overall treatment time could affect the radiation tolerance of normal tissue.

In a small study by Murgic et al., 15 patients were treated with focal salvage HDR-BT 
using a prescription dose of 27 Gy divided over two implants with a one week inter-
val.14 Treatment was aimed at the quadrant of the prostate containing an MRI-visible 
recurrent lesion. Staging included 3T mp-MRI, CT and bone scan. Their patient group 
was comparable to our cohort, except they had no primary T3 tumors versus 26% in 
our cohort. After three years, BDFS was 61%. One patient (7%) had severe (grade 3) late 
GU toxicity, 14 patients (93%) had acute grade 2 GU toxicity and no severe GI toxicity 
occurred. The relative biochemical control benefit of this regimen therefore seems to 
come with more toxicity.

For the future, our challenges are to improve patient selection and treatment tech-
nique. Our cohort represents a wide variety of patient and tumor characteristics, all with 
varying risks of treatment failure. Overall oncologic control statistics are therefore not 
generalizable. However, there is a lack of knowledge on how to stratify risk groups in 
the radiorecurrent setting. A prediction model for failure is warranted to indicate which 
patients benefit most from focal salvage treatment.

5

Binnenwerk Marieke - Final.indd   99Binnenwerk Marieke - Final.indd   99 18-05-21   13:2718-05-21   13:27



100 CHAPTER 5

REFERENCES

1.	 Siegel RL, Miller KD, Jemal A. Cancer 
statistics, 2019. CA: a cancer journal for 
clinicians 2019; 69(1): 7-34.

2.	 Cancer Research UK. Prostate cancer sta-
tistics. https://www.cancerresearchuk.
org/health-professional/cancer-statistics/
statistics-by-cancer-type/prostate-can-
cer#heading-Four (accessed 11 June 2019).

3.	 Zumsteg ZS, Spratt DE, Romesser PB, et 
al. The natural history and predictors of 
outcome following biochemical relapse 
in the dose escalation era for prostate 
cancer patients undergoing definitive 
external beam radiotherapy. Eur Urol 
2015; 67(6): 1009-16.

4.	 Spratt DE, Pei X, Yamada J, Kollmeier 
MA, Cox B, Zelefsky MJ. Long-term sur-
vival and toxicity in patients treated with 
high-dose intensity modulated radiation 
therapy for localized prostate cancer. 
Int J Radiat Oncol Biol Phys 2013; 85(3): 
686-92.

5.	 Routman DM, Funk RK, Stish BJ, et al. 
Permanent prostate brachytherapy 
monotherapy with I-125 for low- and 
intermediate-risk prostate cancer: Out-
comes in 974 patients. Brachytherapy 
2019; 18(1): 1-7.

6.	 Zumsteg ZS, Spratt DE, Romesser PB, et 
al. Anatomical Patterns of Recurrence 
Following Biochemical Relapse in the 
Dose Escalation Era of External Beam 
Radiotherapy for Prostate Cancer. The 
Journal of urology 2015; 194(6): 1624-30.

7.	 Agarwal PK, Sadetsky N, Konety BR, 
Resnick MI, Carroll PR, Cancer of the 
Prostate Strategic Urological Research 
E. Treatment failure after primary and 
salvage therapy for prostate cancer: 
likelihood, patterns of care, and out-
comes. Cancer 2008; 112(2): 307-14.

8.	 Elishmereni M, Kheifetz Y, Shukrun I, 
et al. Predicting time to castration re-
sistance in hormone sensitive prostate 
cancer by a personalization algorithm 
based on a mechanistic model inte-
grating patient data. The Prostate 2016; 
76(1): 48-57.

9.	 Lee RJ, Smith MR. Hormone Therapy for 
Prostate Cancer. In: Chabner BA, Longo 
DL, eds. Cancer Chemotherapy and Bio-
therapy: Principles and Practice. 5th ed: 
Wolters Kluwer: Lippincott Williams & 
Wilkins; 2011.

10.	 Philippou Y, Parker RA, Volanis D, 
Gnanapragasam VJ. Comparative Onco-
logic and Toxicity Outcomes of Salvage 
Radical Prostatectomy Versus Non-
surgical Therapies for Radiorecurrent 
Prostate Cancer: A Meta-Regression 
Analysis. European urology focus 2016; 
2(2): 158-71.

11.	 Maenhout M, Peters M, van Vulpen M, 
et al. Focal MRI-Guided Salvage High-
Dose-Rate Brachytherapy in Patients 
With Radiorecurrent Prostate Cancer. 
Technology in cancer research & treat-
ment 2017; 16(6): 1194-201.

12.	 Osoba D, Rodrigues G, Myles J, Zee B, 
Pater J. Interpreting the significance of 
changes in health-related quality-of-life 
scores. Journal of clinical oncology : of-
ficial journal of the American Society of 
Clinical Oncology 1998; 16(1): 139-44.

13.	 van Son M, Peters M, Moerland M, Kerk-
meijer L, Lagendijk J, van der Voort van 
Zyp J. Focal Salvage Treatment of Radio-
recurrent Prostate Cancer: A Narrative 
Review of Current Strategies and Future 
Perspectives. Cancers 2018; 10(12).

14.	 Murgic J, Morton G, Loblaw A, et al. Focal 
Salvage High Dose-Rate Brachytherapy 
for Locally Recurrent Prostate Cancer 
After Primary Radiation Therapy Failure: 
Results From a Prospective Clinical Trial. 
Int J Radiat Oncol Biol Phys 2018; 102(3): 
561-7.

Binnenwerk Marieke - Final.indd   100Binnenwerk Marieke - Final.indd   100 18-05-21   13:2718-05-21   13:27



101MRI-GUIDED ULTRAFOCAL SALVAGE HDR-BRACHYTHERAPY

15.	 Peters M, Maenhout M, van der Voort 
van Zyp JR, et al. Focal salvage iodine-
125 brachytherapy for prostate cancer 
recurrences after primary radiotherapy: 
a retrospective study regarding toxicity, 
biochemical outcome and quality of life. 
Radiother Oncol 2014; 112(1): 77-82.

16.	 Ganzer R, Arthanareeswaran VKA, 
Ahmed HU, et al. Which technology to 
select for primary focal treatment of 
prostate cancer?-European Section of 
Urotechnology (ESUT) position state-
ment. Prostate cancer and prostatic 
diseases 2018; 21(2): 175-86.

17.	 Steele EM, Holmes JA. A review of sal-
vage treatment options for disease pro-
gression after radiation therapy for lo-
calized prostate cancer. Urol Oncol 2019.

18.	 Mbeutcha A, Chauveinc L, Bondiau PY, 
et al. Salvage prostate re-irradiation 
using high-dose-rate brachytherapy or 
focal stereotactic body radiotherapy for 
local recurrence after definitive radiation 
therapy. Radiation oncology (London, 
England) 2017; 12(1): 49.

19.	 Li YH, Elshafei A, Agarwal G, Ruckle H, 
Powsang J, Jones JS. Salvage focal 
prostate cryoablation for locally recur-
rent prostate cancer after radiotherapy: 
initial results from the cryo on-line data 
registry. The Prostate 2015; 75(1): 1-7.

20.	 Akin O, Gultekin DH, Vargas HA, et al. 
Incremental value of diffusion weighted 
and dynamic contrast enhanced MRI in 
the detection of locally recurrent pros-
tate cancer after radiation treatment: 
preliminary results. European radiology 
2011; 21(9): 1970-8.

21.	 van der Poel H, Grivas N, van Leeuwen 
P, Heijmink S, Schoots I. The role of MRI 
for detection and staging of radio- and 
focal therapy-recurrent prostate cancer. 
World journal of urology 2019; 37(8): 
1485-90.

22.	 Luzurier A, Jouve De Guibert PH, Allera 
A, et al. Dynamic contrast-enhanced 
imaging in localizing local recurrence of 
prostate cancer after radiotherapy: Lim-
ited added value for readers of varying 
level of experience. Journal of magnetic 
resonance imaging : JMRI 2018; 48(4): 
1012-23.

23.	 Arumainayagam N, Kumaar S, Ahmed 
HU, et al. Accuracy of multiparametric 
magnetic resonance imaging in de-
tecting recurrent prostate cancer after 
radiotherapy. BJU international 2010; 
106(7): 991-7.

24.	 Zattoni F, Kawashima A, Morlacco A, 
et al. Detection of recurrent prostate 
cancer after primary radiation therapy: 
An evaluation of the role of multipara-
metric 3T magnetic resonance imaging 
with endorectal coil. Practical radiation 
oncology 2017; 7(1): 42-9.

25.	 Eiber M, Maurer T, Souvatzoglou M, et 
al. Evaluation of Hybrid (6)(8)Ga-PSMA 
Ligand PET/CT in 248 Patients with Bio-
chemical Recurrence After Radical Pros-
tatectomy. Journal of nuclear medicine 
: official publication, Society of Nuclear 
Medicine 2015; 56(5): 668-74.

26.	 Jilg CA, Drendel V, Rischke HC, et al. Di-
agnostic Accuracy of Ga-68-HBED-CC-
PSMA-Ligand-PET/CT before Salvage 
Lymph Node Dissection for Recurrent 
Prostate Cancer. Theranostics 2017; 
7(6): 1770-80.

27.	 Abufaraj M, Grubmuller B, Zeitlinger M, 
et al. Prospective evaluation of the per-
formance of [(68)Ga]Ga-PSMA-11 PET/
CT(MRI) for lymph node staging in pa-
tients undergoing superextended sal-
vage lymph node dissection after rad-
ical prostatectomy. European journal of 
nuclear medicine and molecular imaging 
2019; 46(10): 2169-77.

28.	 Priester A, Natarajan S, Khoshnoodi P, 
et al. Magnetic Resonance Imaging Un-
derestimation of Prostate Cancer Ge-
ometry: Use of Patient Specific Molds 
to Correlate Images with Whole Mount 
Pathology. The Journal of urology 2017; 
197(2): 320-6.

5

Binnenwerk Marieke - Final.indd   101Binnenwerk Marieke - Final.indd   101 18-05-21   13:2718-05-21   13:27



102 CHAPTER 5

29.	 Bettermann AS, Zamboglou C, Kiefer S, 
et al. [68Ga-]PSMA-11 PET/CT and mul-
tiparametric MRI for gross tumor volume 
delineation in a slice by slice analysis with 
whole mount histopathology as a refer-
ence standard - Implications for focal 
radiotherapy planning in primary pros-
tate cancer. Radiotherapy and oncology : 
journal of the European Society for Ther-
apeutic Radiology and Oncology 2019.

30.	 Harrington K, Jankowska P, Hingorani M. 
Molecular biology for the radiation on-
cologist: the 5Rs of radiobiology meet 
the hallmarks of cancer. Clinical oncol-
ogy (Royal College of Radiologists (Great 
Britain)) 2007; 19(8): 561-71.

Binnenwerk Marieke - Final.indd   102Binnenwerk Marieke - Final.indd   102 18-05-21   13:2718-05-21   13:27



103MRI-GUIDED ULTRAFOCAL SALVAGE HDR-BRACHYTHERAPY

5

Binnenwerk Marieke - Final.indd   103Binnenwerk Marieke - Final.indd   103 18-05-21   13:2718-05-21   13:27



Binnenwerk Marieke - Final.indd   104Binnenwerk Marieke - Final.indd   104 18-05-21   13:2718-05-21   13:27



CHAPTER 6

Health-related quality of life 
after ultrafocal salvage high-
dose-rate brachytherapy 
for radiorecurrent prostate 
cancer: reporting the patient’s 
perspective

Authors: Marieke J. van Son, Evelyn M. Monninkhof, Max Peters, Jan J.W. Lagendijk,  
Jochem R.N. van der Voort van Zyp

CLINICAL AND TRANSLATIONAL RADIATION ONCOLOGY

Binnenwerk Marieke - Final.indd   105Binnenwerk Marieke - Final.indd   105 18-05-21   13:2718-05-21   13:27



106 CHAPTER 6

ABSTRACT

Purpose
For patients with a localized prostate cancer recurrence after radiotherapy, focal salvage 
treatment offers a less toxic alternative to whole-gland treatments, with the potential 
of preserving health-related quality of life (HR-QoL). With a focus on the patient’s per-
spective of treatment, this study aims to describe HR-QoL after ultrafocal salvage high-
dose-rate brachytherapy (HDR-BT), and to explore predictive factors affecting HR-QoL.

Material and Methods
We included 100 patients treated with ultrafocal salvage HDR-BT. Prostate cancer-re-
lated HR-QoL was assessed by the EORTC QLQ-PR25 questionnaire. Domains were 
urinary symptoms, bowel symptoms and sexual activity/functioning. For each domain, 
a mixed effects model was made to estimate HR-QoL trends over time. For domains 
showing clinically relevant change (≥10 points difference), the mixed effects model 
was used to explore potential predictors (age, baseline HR-QoL score, T-stage, tumor 
location, CTV size, dose to organs at risk and history of ADT).

Results
Median follow-up was 20 months (IQR 13-30). Mean questionnaire response rate was 
86% (range 72-100%). Median baseline scores were 12 (urinary), 0 (bowel) and 67/50 
(sexual activity/functioning). Urinary symptoms and sexual functioning showed clini-
cally relevant deterioration over time (maximum difference of 11 and 12 points, respec-
tively). Worse baseline score and higher administered dose to the urethra (≥16 Gy) were 
predictive of increased urinary symptoms (p<0.01 and p=0.03). Better baseline score 
was predictive of better sexual functioning (p<0.01).

Conclusion
Ultrafocal salvage HDR-BT has negligible impact on bowel symptoms but does affect 
urinary symptoms and sexual functioning. Lower impact is predicted for patients with 
favorable urinary and sexual function at baseline. Urethral dose constraints should be 
closely monitored.
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INTRODUCTION

As a result of treatment innovations and increased cancer survival, more attention is 
directed towards patient-reported outcomes such as health-related Quality of Life (HR-
QoL). This trend is especially relevant for prostate cancer, with decreasing mortality 
rates in most countries despite increasing incidences(1).

Depending on tumor stage, prostate cancer recurrences occur in 10-50% of patients 
10 years after external beam radiotherapy (EBRT)(2). Most of these patients are treated 
with (delayed) androgen deprivation therapy (ADT)(3), which is a temporary suppressive 
treatment associated with significant side effects and deterioration of HR-QoL(4). Al-
though various whole gland salvage treatment modalities are available such as radical 
prostatectomy, low-dose-rate brachytherapy (LDR-BT), cryotherapy and HIFU, these 
are unpopular due to high failure and toxicity rates(5). Although salvage prostatectomy 
and HIFU are associated with higher urinary incontinence rates (40-50%) than salvage 
cryotherapy or brachytherapy (7-12%), all modalities have high impotence (±75%) and 
urethral stricture rates (±20%), and 45-55% of patients experience a relapse after 4 
years(6). Whole-gland salvage irradiation causes toxicity by accumulation of dose to 
the surrounding organs at risk. Toxicity reduction is anticipated if the target is reduced 
from the whole gland to the tumor area alone. Since imaging advancements such as 
magnetic resonance imaging (MRI) and PSMA-PET/CT have improved detection of 
the exact tumor location, focal treatment is now clinically feasible(7, 8). Reviews of 
the available literature on focal salvage treatments (including focal brachytherapy, 
HIFU and cryotherapy) have consistently shown that they are well tolerated with very 
limited severe genitourinary and gastro-intestinal toxicity (<5%) and with encouraging 
biochemical control rates (48-72% after 3 years)(9, 10).

The radiotherapy department at the University Medical Centre Utrecht has a 1.5T MRI 
high-dose-rate brachytherapy (HDR-BT) facility. Here, ultrafocal treatment of recurrent 
prostate cancer is performed by internal irradiation of the tumor under MRI-guidance. 
Due to the steep dose fall-off in brachytherapy, a high dose can be applied to the tumor 
while the surrounding healthy tissue receives low radiation exposure. It is therefore ex-
pected that patients experience less side effects and maintain their HR-QoL. Providing 
a detailed view on the patient’s perspective of this treatment, the current study aims 
to investigate prostate cancer-specific HR-QoL after ultrafocal salvage HDR-BT and 
to explore predictive factors that may impact HR-QoL.

MATERIAL AND METHODS

Patients
Between July 2013 and March 2018, the first consecutive 100 patients with localized 
recurrent prostate cancer after primary radiotherapy were treated with ultrafocal sal-
vage HDR-BT. Treatment was either performed within an institutional review board 
(IRB)-approved prospective study (Netherlands Trial Register [NTR] number 6123 or 
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7014) or outside the scope of a study protocol, including patients with higher-risk 
disease characteristics, such as seven patients with a solitary lymph node or bone 
metastasis who received upfront stereotactic radiotherapy. For study patients, trial 
inclusion criteria were PSA <10 ng/ml, PSA doubling time (PSADT) >12 months and 
MRI tumor stage ≤T2c (NTR 6123) or PSA ≤20 ng/ml, PSADT ≥9 months and MRI tumor 
stage ≤T3b (NTR 7014). All patients (on- or off-protocol) were prospectively followed in 
the same manner. Informed consent was obtained from all study patients. For patients 
treated off-protocol, the IRB waived the requirement for informed consent. For this 
report it was pragmatically chosen to analyze the first 100 treated patients, since they 
all had at least three months post-treatment follow-up before the start of the analysis.

Treatment
Using 3T multiparametric MRI (T2-weighted, diffusion-weighted and dynamic contrast 
enhanced sequences) and 68Ga-PSMA or 18F-Choline PET-CT, we delineated the gross 
tumor volume (GTV), clinical target volume (CTV, defined as five-millimeter margin 
around GTV) and organs at risk (OARs: bladder, rectum, and urethra). The rectum was 
delineated between the level of the sigmoid fold and the anal region, the bladder was 
delineated within the available field of view and the urethra was delineated one slice 
above and one slice under the prostate (sagittal plane). No PTV-margin was applied. 
Under the guidance of rigidly fused MRI/transrectal ultrasound images, MR-compatible 
catheters were transperineally inserted in and around the CTV. A subsequent 1.5T MRI 
scan was used for catheter reconstruction and adjustment of delineations. Radiation 
goal was to administer a single dose of 19 Gy to 95% of the CTV. Dosimetry constraints 
were D1cc <12Gy for the bladder and rectum and D10% <17.7Gy for the urethra. With the 
radiation dose fully targeted at the CTV instead of a quarter or half of the gland, this 
treatment is generally described as ultrafocal.

Outcome assessment
HR-QoL was investigated using the EORTC QLQ-PR25 questionnaire, which was specif-
ically designed for use among prostate cancer patients(11). Questionnaires were sent 
out before treatment and after 1, 3, 6, 9, 12, 18 and 24 months, and yearly thereafter. 
The respective domains are urinary symptoms (9 items), bowel symptoms (4 items), 
sexual activity (2 items) and sexual functioning (4 items). As ADT was not part of this 
treatment, we did not analyze the domain hormonal treatment-related symptoms. For 
each item, patients were asked to indicate the extent to which they had experienced 
symptoms or problems during the past week (1: not at all, 2: a little, 3: quite a bit, 4: 
very much).

Domain scores were linearly transformed to a 0-100 scale if at least half of the items 
in the domain were answered. Higher scores either indicated more symptoms (urinary 
and bowel domains) or higher levels of functioning (sexual domains).

For the QLQ-PR25 questionnaire, no threshold value has been determined as the 
minimal clinically important difference in scores. In concordance with the QLQ-C30 
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questionnaire (HR-QoL of cancer patients in general, similar scoring range 0-100), we 
defined a change of ≥10 points as a clinically relevant difference(12).

Statistical analysis
To estimate average HR-QoL trends over time, a mixed effects model for repeated 
measures was made for each domain. Differences between baseline HR-QoL scores 
and follow-up time points were tested by adding time as a categorical variable to the 
mixed effects model. The significance level for HR-QoL change was set at p=0.01, taking 
into account multiple testing. Trends were graphically displayed using the group least 
squares means and their standard errors.

Secondly, we explored potential predictors of change in HR-QoL within each model. 
This was only analyzed for the domains that showed clinically relevant change. We 
hypothesized that age, baseline HR-QoL score, T-stage of the tumor (as scored by the 
AJCC TNM eighth edition staging manual), size of the CTV and dose to the respective 
organs at risk (OAR) are potential factors predicting HR-QoL change. For the sexual 
domain, we also included previous use of ADT and dorsolateral location of the tumor. 
Assessment of the relation between these predictors and change in HR-QoL was per-
formed in a multivariable model, calculating odds ratios and their 95% confidence in-
tervals (CI). Predictors with p-values <0.05 were considered statistically significant.

Statistical analyses were performed with R statistical software (version 3.5.1; the R foun-
dation for Statistical Computing, Vienna, Austria) and IBM SPSS statistics (version 23.0).

RESULTS

The median follow-up time was 20 months (interquartile range [IQR] 13-30 months). 
Questionnaire response rates were between 72% (3 months) and 100% (36 months), 
with a mean response rate of 86%. At baseline, patients reported mild urinary symptoms 
(median score 12, IQR 8-21) and negligible bowel symptoms (median score 0, IQR 0-8). 
Sexual activity was at a baseline median score of 67 (IQR 50-83), and sexual function-
ing at median 50 (IQR 42-67). The median CTV D90% was 21.43 Gy (IQR 19-21.5), with 
a median of 9 brachytherapy catheters used for the implant (IQR 8-11). A summary of 
baseline patient and tumor characteristics is displayed in Table 1.

6

Binnenwerk Marieke - Final.indd   109Binnenwerk Marieke - Final.indd   109 18-05-21   13:2718-05-21   13:27



110 CHAPTER 6

Table 1 – Baseline characteristics (n=100)

Median (IQR) or percentages

Age (years) 71 (67 – 74)

Primary treatment EBRT
LDR-BT
Whole-gland HDR-BT
Ultrafocal HDR-BT

53%
44%
1%
2%

History of ADT* No
Yes, neo-adjuvant
Yes, adjuvant

80%
6%
14%

TNM-stage on imaging T T2
T3
T4

62%
36%
2%

N N0
N1

96%
4%

M M0
M1

97%
3%

Size of the CTV (cc) 10 (7 – 16)

Baseline quality of  
life scores^

Urinary symptoms 12 (8 – 21)

Bowel symptoms 0 (0 – 8)

Sexual activity 67 (50 – 83)

Sexual functioning 50 (42 – 67)

Legend: IQR: interquartile range, EBRT: external beam radiotherapy, LDR-BT: low-dose-rate 
brachytherapy, HDR-BT: high-dose-rate brachytherapy, ADT: androgen deprivation therapy, TNM-
stage: tumor/node/metastasis stage, CTV: clinical target volume.
* As part of primary treatment.
^ EORTC QLQ-PR25, scale 0 – 100.

Figure 1 shows the modeled quality of life trends over time for each HR-QoL domain, 
displaying least squares means with their standard error (SE) at each follow-up time 
point. Urinary symptoms (Figure 1-a) increased with +11 points in the first month 
after treatment (p<0.01). Afterwards, the score recovered almost completely back to 
baseline level (least squares mean difference of 2 points between baseline and 36 
months follow-up, p=0.5). Bowel symptoms (Figure 1-b) remained stable at a lower 
level over time, with a maximum least squares mean difference of +3 points at 6 months 
(p=0.04). Sexual activity (Figure 1-c) showed a similar stable trend, with a maximum 
least squares mean difference of +4 points at 3 months (p=0.1). Sexual functioning 
(Figure 1-d) showed a downward trend over time, with a temporary recovery between 
six and twelve months, but with a maximum least squares mean difference of -12 points 
at 24 months (p<0.01).
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Figure 1‑a

Figure 1‑b
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Figure 1-c

Figure 1‑d
Figure 1 a,b,c,d: Modeled quality of life trends over time. Least squares means are displayed 
with their standard errors at each follow-up time point. Number of patients at risk who 
received a questionnaire at each time point is displayed on the bottom.
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An explorative assessment of potential predictors for HR-QoL change was performed for 
the domains urinary symptoms and sexual functioning, as these domains showed clini-
cally relevant change over time (Table 2). Higher (i.e. worse) baseline HR-QoL score and 
higher administered dose to the urethra were significant predictors for urinary symp-
toms. A post-hoc cut-off analysis revealed that a constraint of 16 Gy was the lowest 
value at which urethra D10% was a significant predictor in the model. Higher (i.e. better) 
baseline HR-QoL score (p<0.01) was predictive of better sexual functioning over time.

Table 2 – Association of predictors with HR-QoL change per affected domain

Domain
95% CI

β lower upper p-value

Urinary symptoms Administered dose to the urethra
Administered dose to the bladder
Baseline HR-QoL score
Age
Size of the CTV (cc)
Tumor stage on MRI >T2

0.62
-0.47
0.73
-0.03
-0.09
3.76

0.19
-1.03
0.59
-0.35
-0.36
-0.74

1.06
0.09
0.87
0.28
0.18
8.78

<0.01
0.10
<0.01
0.83
0.52
0.20

Sexual functioning Previous use of ADT*
Baseline HR-QoL score
Age
Size of the CTV (cc)
Tumor stage on MRI >T2
Dorsolateral location of the tumor

7.15
0.68
-0.26
0.05
-5.17
5.09

-1.20
0.48
-0.90
-0.34
-12.22
-2.86

15.50
0.88
0.37
0.44
1.88
13.04

0.07
<0.01
0.42
0.81
0.15
0.21

Legend: HR-QoL: health-related quality of life, CTV: clinical tumor volume, ADT: androgen 
deprivation therapy, β: estimate of the effect, 95% CI: 95% confidence interval.	 * As part of primary 
treatment (neo-adjuvant or adjuvant).

A more detailed view on individual HR-QoL items is provided in Supplementary Table 
1, with separate item scoring patterns. The table displays the percentage of patients 
reporting any symptom (score>1) at each follow-up time point. Most reported urinary 
symptoms in the first month after treatment were dysuria, urgency, difficulty leaving the 
house and being limited in daily activities. Incontinence was also frequently reported, 
with a maximum of 14 patients declaring the need to wear an incontinence aid. Sexual 
functioning was mainly impaired by erectile dysfunction, ejaculation problems and 
sexual intimacy issues.

DISCUSSION

This study shows that ultrafocal salvage HDR-BT has limited effect on patient-reported 
bowel function and sexual activity but causes a (temporary) increase in urinary symp-
toms and a decrease of sexual functioning over time. Predictive factors for deterioration 
of urinary HR-QoL are increased urinary symptoms at baseline and higher administered 
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dose to the urethra (≥16 Gy). Higher level of baseline sexual functioning was predictive 
of better sexual HR-QoL.

A comparison with our previous work on ultrafocal salvage HDR-BT shows similar 
trends in terms of treatment-related toxicity. Our first report (n=17, median follow-up 
10 months) described physician-graded toxicity following the Common Terminology 
Criteria for Adverse Events version 4.0 (CTCAE). There was minor grade 1 rectal toxicity 
(mild or asymptomatic) and urinary toxicity was limited to approximately 25% grade 2 
(moderate) and 5% grade 3 (severe) toxicity. Grade 3 new-onset erectile dysfunction 
occurred in 1/6 patients with full erectile function at baseline and 1/7 patients with 
moderate erectile dysfunction at baseline(13).

In a more recent update (n=50, median follow-up 31 months), 4% had new-onset grade 
2 rectal toxicity. While severe urinary toxicity was still limited (2%), more patients had 
developed grade 2 toxicity (52%). Grade 3 new-onset erectile dysfunction was seen in 
22%. Regarding patient-reported toxicity, the IPSS revealed a temporary increase of 
urinary symptoms in the first month after treatment (maximum median score 11.5). The 
International Index of Erectile Function (IIEF) showed a downward trend of erectile func-
tion over time, from median score 11 at baseline to median 3 after 3 years follow-up(14).

Within the current literature on salvage treatments for radiorecurrent prostate cancer, 
there is limited data of patient-reported HR-QoL. Reports of HR-QoL that have been 
published are heterogeneous, using a variety of different questionnaires. Two studies 
reported IPSS and IIEF scores after whole-gland salvage treatments, namely whole-
gland salvage LDR-BT (n=19) and whole-gland salvage HIFU (n=81). The questionnaires 
revealed a peak to moderate urinary symptoms (mean IPSS ±15) and a deterioration to 
severe ED (mean IIEF ±6) in the first year(15, 16). Another study on whole-gland salvage 
HIFU in 61 patients used the University of California Los Angeles Prostate Cancer Index 
(UCLA-PCI) as patient-reported outcome measurement. They reported clinically signif-
icant urinary and sexual function deterioration after 1.5 years follow-up. At a scoring 
range of 0-100, mean urinary function decreased with 12 points (p<0.01) and mean 
sexual function decreased with 15 points (p<0.01). Bowel function was not affected(17).

Regarding targeted salvage treatments, only two studies described HR-QoL. A study 
on ultrafocal salvage LDR-BT (20 patients) used the EORTC QLQ-PR25, reporting a 
clinically significant increase of median 12 points in urinary symptoms after 3 years 
(p<0.01)(18). A study on focal salvage HDR-BT to a quadrant of the prostate (15 patients) 
used the Expanded Prostate Cancer Index Composite (EPIC). They reported a significant 
deterioration of sexual function after 3.5 years (approximately -20 points on a 0-100 
scale, p<0.01), whereas the urinary and bowel domains were not significantly affected. 
The median IPSS never exceeded a score of 10(19).

To have a better understanding of what factors predict HR-QoL, we explored the as-
sociation between several predictors and HR-QoL change. The apparent predictors for 
the urinary domain confirmed our expectations. We already screen for baseline urinary 
symptoms using the IPSS questionnaire, with scores >15 being a contra-indication 
for treatment. Although severe urinary toxicity has been low, we are strict in adhering 
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to our urethral dose constraint (17.7 Gy) to account for the more frequently occurring 
moderate urinary symptoms. Following our cut-off analysis, a lower constraint might 
be an improvement.

For the sexual functioning domain, surprisingly age was not a significant predictor 
for HR-QoL deterioration, showing that sexual functioning varies among men of similar 
ages. Interestingly, the level of sexual activity did not seem to be affected over time.

It has been suggested that substantial radiation dose to the dorsolaterally situated 
neurovascular bundles (NVBs) may cause erectile dysfunction(20). Although we expect 
the dose to the NVBs to be relatively low with ultrafocal HDR-BT, 87/100 patients had a 
dorsolaterally located tumor, of which 25% was bilateral. Due to a lack of clear guide-
lines on identification and delineation of the NVBs, we were not able to directly assess 
the relation with NVB received dose.

Although outside the scope of this patient-reported outcome study, a recent com-
parative trial has raised concerns about the oncological effectiveness of a single-dose 
HDR-BT regimen in the primary setting. This trial randomized 170 patients between 
whole-gland 1x19Gy and 2x13.5Gy and reported 5-year biochemical control rates of 
73.5% (single-dose) versus 95% (two-fraction)(21), with similar low morbidity(22). Un-
fortunately, there is no comparative data available on single-dose versus two-fraction 
focal salvage HDR-BT. It is therefore too early to suggest that this translates to the 
(focal) salvage setting.

A limitation of this study is the relatively short follow-up time. Although it is not ex-
pected, late treatment effects from delayed radiation damage may cause more HR-QoL 
deterioration in the future. Strengths of this study include the prospective nature, the 
high questionnaire response rates and the large patient group included in the analysis.

CONCLUSION

In conclusion, ultrafocal salvage HDR-BT seems to have a transient effect on patient-re-
ported urinary function and no clinical effect on patient-reported bowel function. While 
sexual activity does not seem to decrease, patients report a deterioration of sexual 
functioning over time. Patients with impaired function at baseline (increased urinary 
symptoms or decreased sexual functioning) may have a higher risk of domain-specif-
ic HR-QoL deterioration over time, showing the importance of symptom assessment 
before treatment. Radiation dose to the urethra should be kept at a minimum to avoid 
urinary symptoms after treatment. This information may be used to improve treatment 
planning and patient counseling before treatment.
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ABSTRACT

Background and purpose
Local re-treatment of radiorecurrent prostate cancer is potentially curative. However, 
the increased risk of severe toxicity may outweigh the opportunity of cancer control. 
This study aims to evaluate treatment-related toxicity from ultrafocal salvage high-
dose-rate brachytherapy (HDR-BT) and to investigate potential risk factors.

Materials and methods
Toxicity data from 150 treated patients (July 2013-November 2019) was collected from 
a prospective registry. The treatment aim was to deliver a single dose of 19 Gy to the 
recurrent lesion as identified on multiparametric MRI and PET-CT. Treating physicians 
graded genitourinary (GU) and gastro-intestinal (GI) toxicity and erectile dysfunction 
(ED) using the Common Terminology Criteria for Adverse Events (CTCAE) 4.0, at baseline 
and during follow-up. Domains with substantial (≥10%) new-onset grade ≥2 toxicity 
were further evaluated using mixed effects logistic regression to find potential risk 
factors.

Results
Median follow-up time was 20 months (IQR 12–31). Over time, new-onset grade 2 and 
3 toxicity was recorded in 41% and 3% (GU), 5% and 0% (GI) and 22% and 15% (ED). 
While GI toxicity remained stably low, grade ≥2 GU toxicity and ED were seen twice as 
frequent in the late phase (>3 months after treatment). Significant risk factors for grade 
≥2 toxicity were baseline GU toxicity (grade ≥2), baseline ED (grade ≥2), IPSS (cut-off 
≥14) and urethral dose (D10%, cut-off ≥17 Gy).

Conclusion
Ultrafocal salvage HDR-BT is a safe re-treatment option, especially in patients with 
a favorable symptom profile at baseline. Adherence to urethral dose constraints is 
important to avoid GU toxicity.
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INTRODUCTION

Patients with a local prostate cancer recurrence after radiotherapy are potential can-
didates for curative salvage treatment, which offers the opportunity to avoid or post-
pone palliative androgen deprivation therapy (ADT), thereby preventing patients from 
its associated metabolic, cardiovascular, sexual and psychological side-effects(1, 2). 
Whole-gland salvage treatments are generally associated with (severe) side-effects. A 
recent prospective study on whole-gland salvage brachytherapy reported 14% grade 3 
toxicity(3). The aim of focal treatment is to solely target the recurrent tumor and there-
fore further reduce toxicity, potentially with comparable cancer control.

Improvements in imaging for selection and treatment, most notably prostate specific 
membrane antigen (PSMA)-PET/CT, have advanced the field of focal salvage treat-
ment(4). Across different modalities, toxicity from focal salvage treatment seems lim-
ited compared to whole-gland salvage treatment, with event rates of severe (grade 3) 
genitourinary (GU) and gastro-intestinal (GI) toxicity as low as 5% and erectile dys-
function (ED) often reduced, allowing some patients to preserve their potency(5-7).

However, reported series in literature are mostly retrospective and small, using a wide 
range of patient- and physician-reported toxicity outcome measures. This leads to bias 
and prevents adequate assessment of risk factors which could be used to reduce or 
avoid associated side-effects of treatment.

We previously reported tumor control and functional outcomes of 50 patients after 
two years follow-up(8) and we investigated patient-reported quality of life of 100 pa-
tients treated with MRI-guided ultrafocal salvage high-dose-rate brachytherapy (HDR-
BT)(9). With an emphasis on further safety evaluation, the current study reports pro-
spectively collected data of physician-graded GU and GI toxicity and ED in a total of 150 
treated patients. Additionally, we analyze potential risk factors for toxicity to improve 
treatment planning and to guide patient counselling.

MATERIALS AND METHODS

Patients
We used data from a single-center prospective registry of patients treated with ultrafo-
cal salvage HDR-BT. The first consecutive 150 patients were included, treated between 
July 2013 and November 2019. As described previously(9), patients were either treated 
within an institutional review board (IRB)-approved study (Netherlands Trial Register 
6123 or 7014) or outside the scope of a study protocol if tumor characteristics were 
incompatible with study inclusion criteria. All patients (on- or off-protocol) were pro-
spectively followed in the same manner. Pre-treatment characteristics varied from 
lower- to higher-risk disease, but acceptable baseline urinary toxicity (International 
Prostate Symptom Score [IPSS] <15) was required for all patients. Study patients all 
signed informed consent. The IRB waived the requirement for informed consent for 
off-protocol patients.

7
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Intervention
Before treatment, patients underwent 3T multiparametric (mp)-MRI (T2-weighted, dif-
fusion-weighted and dynamic contrast enhanced imaging) without an endorectal coil 
and 68Ga-PSMA or Choline PET-CT. Both imaging modalities were used to delineate 
the gross tumor volume (GTV), clinical target volume (CTV, defined as five-millimeter 
margin around GTV, excluding the urethra) and organs at risk (OARs: bladder, rectum, 
and urethra). Suspicious areas on MRI- or PET-imaging were included in the GTV, even 
if exclusively present on one of them. Patients treated before 2018 also underwent sys-
tematic (21/150) or (systematic and) MRI-targeted biopsies (67/150). After that, patients 
were treated without biopsy confirmation. Treatment was performed by trans-perineal 
insertion of MR-compatible catheters in and around the CTV, with the patient under 
spinal anesthesia. Rigidly fused MRI/transrectal ultrasound images offered image guid-
ance(10). After the implantation a subsequent 1.5T MRI scan was used for delineation 
adjustment and catheter reconstruction. The goal was to deliver 1x19 Gy to the CTV 
(D95%), with dosimetry constraints for the bladder and rectum (D1cc <12Gy) and for the 
urethra (D10% <17.7Gy). Since radiation is fully targeted at the CTV (and not a quarter 
or half of the gland), this treatment is generally described as ultrafocal.

Outcome assessment
Toxicity before and after treatment was graded by the treating physician using the 
Common Terminology Criteria for Adverse Events (CTCAE) 4.0. Prostate cancer-specific 
domains were GU toxicity (6 subdomains), GI toxicity (10 subdomains) and ED. Each 
domain/subdomain was graded according to the severity of the symptoms, with a gen-
eral range from grade 1 (asymptomatic or mild) to grade 2 (moderate), grade 3 (severe 
but not immediately life-threatening), grade 4 (life-threatening) and grade 5 (death). 
Toxicity grading was performed at baseline and during follow-up visits after 1, 3, 6, 9, 
12, 18 and 24 months, and yearly thereafter.

Statistical analysis
To assess the effect of ultrafocal salvage HDR-BT on toxicity, post-treatment toxicity 
grades were compared to baseline grade. Any score above baseline was considered 
new-onset toxicity and therefore potentially treatment-related. The overall grade for 
the domains GU and GI toxicity was determined by the highest score of the respective 
subdomains.

For the domains showing substantial (≥10%) new-onset grade ≥2 toxicity, an explor-
ative risk factor assessment was performed to study the effect of (pre)-treatment char-
acteristics. Potential risk factors included patient-reported baseline symptoms (IPSS 
and IIEF-5) and physician-graded baseline toxicity (CTCAE 4.0), dose to the respec-
tive OAR, stage/location of the tumor, prostate size, CTV size, primary treatment type, 
history of previous salvage treatment, interval between primary and current salvage 
treatment, history of transurethral resection of the prostate (TURP) or ADT and number 
of brachytherapy catheters used. Using the lme4 package(11), mixed effects logistic 
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125TOXICITY AFTER ULTRAFOCAL SALVAGE HDR-BRACHYTHERAPY

regression was performed to model development of grade ≥2 toxicity over time, with 
potential risk factors included as fixed effects and a random effect per patient and per 
follow-up time point. In this multivariable model, odds ratios and their 95% confidence 
intervals (CI) were calculated to assess the independent effect of each risk factor on 
the outcome, with p-values <0.05 considered statistically significant.

Statistical analyses were performed with R statistical software (version 3.5.1; the R foun-
dation for Statistical Computing, Vienna, Austria) and IBM SPSS statistics (version 23.0).

RESULTS

Table 1 summarizes baseline characteristics. Most patients were primarily treated 
with EBRT or low-dose-rate (LDR)-BT, with 20% receiving (neo)-adjuvant ADT in the 
primary setting. A small group (<5%) had already received a previous salvage treat-
ment. Median interval between primary treatment and current salvage treatment was 
8 years. Seven patients presented with a solitary lymph node or bone metastasis for 
which they received upfront stereotactic radiotherapy. Baseline GU and GI toxicity was 
limited to 12% and <2% grade 2 toxicity, respectively. Approximately half of all patients 
had grade ≥2 ED at baseline. Dosimetry constraints were adhered to in 83% of patients, 
with maximum outliers to 18.5 Gy (urethra D10%), 14.5 Gy (bladder D1cc) and 12.6 Gy 
(rectum D1cc). Median follow-up time was 20 months (IQR 12–31).

Table 1 – Patient and treatment characteristics (n=150)

Median (IQR) or number (%) Missing (%)

Age (years) 72 (68 – 75)

Primary treatment EBRT
LDR-BT
Whole-gland HDR-BT
Ultrafocal HDR-BT

80 (53.3%)
67 (44.7%)
2 (1.3%)
1 (0.7%)

History of ADT* No
Neo-adjuvant
Adjuvant

120 (80%)
8 (5.3%)
22 (14.7%)

Previous salvage 
treatment

No
Whole-gland LDR-BT
Ultrafocal HDR-BT

143 (95.3%)
4 (2.7%)
3 (2%)

History of TURP 10 (6.7%)

Interval primary–salvage treatment (years) 8 (5.3 – 10.7)

TNM-stage 
on imaging

T T2
T3
T4

85 (56.7%)
63 (42%)
2 (1.3%)

N N0
N1

146 (97.3%)
4 (2.7%)

M M0
M1

147 (98%)
3 (2%)

7
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Table 1 Continued

Median (IQR) or number (%) Missing (%)

Dorsolateral location of the tumor 132 (88%)

Size of the CTV (cc) 8.5 (6 – 12.8)

Size of the prostate# (cc) 31.4 (25.7 – 39.6)

Baseline IPSS 8 (5 – 11) 16 (10.7%)

Baseline IIEF 9 (4 – 18) 24 (16%)

Baseline toxicity^ GU 0
1
2
3

73 (48.7%)
52 (34.7%)
19 (12.6%)
0 (0%)

6 (4%)

GI 0
1
2
3

118 (78.7%)
24 (16%)
2 (1.3%)
0 (0%)

6 (4%)

ED 0
1
2
3

23 (15.3%)
40 (26.7%)
54 (36%)
27 (18%)

6 (4%)

Number of brachytherapy catheters used 9 (8 – 11)

CTV D95% 18.8 (17.4 – 19.7)

Urethra D10% (Gy) 15.2 (10.3 – 17.5)

Bladder D1cc (Gy) 9.2 (5.2 – 11.6)

Rectum D1cc (Gy) 10.2 (8.1 – 11.7)

Legend: IQR: interquartile range, EBRT: external beam radiotherapy, LDR-BT: low-dose-rate 
brachytherapy, HDR-BT: high-dose-rate brachytherapy, ADT: androgen deprivation therapy, 
TURP: transurethral resection of the prostate, TNM-stage: tumor/node/metastasis stage, CTV: 
clinical target volume, IPSS: international prostate symptoms score, IIEF: international index of 
erectile function.
* As part of primary treatment.
# As measured on MRI.
^ As graded by the Common Terminology Criteria for Adverse Events (CTCAE) 4.0.

Cumulative toxicity
Over time, 48/150 (32%) patients had maximum new-onset grade 1 GU toxicity, mainly 
consisting of mild urinary tract pain, hematuria or frequency. A maximum of grade 2 
GU toxicity was seen in 61/150 patients (41%), mostly within the subdomain urinary 
frequency (49/61), for which medication was usually prescribed. Five patients (3%) 
experienced grade 3 GU toxicity. One patient had grade 3 cystitis, for which he received 
intravenous antibiotics during a hospital admission. Two patients had grade 3 urinary 
retention (urethral stricture), which involved placement of a permanent suprapubic 
catheter after failed urethral stricture incision. Two patients had grade 3 urinary in-
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continence: one had overflow incontinence due to bladder neck stenosis and one had 
severe stress incontinence.

Highest recorded new-onset GI toxicity was grade 1 in 47/150 patients (31%), which 
was mainly mild flatulence, rectal discomfort or mild rectal hemorrhage. Maximum 
grade 2 GI toxicity occurred in 8/150 patients (5%), mainly in the form of rectal hemor-
rhage needing minor cauterization (4/8). No grade 3 GI toxicity was seen.

In 7/150 (5%) patients, highest recorded new ED was grade 1. Maximum grade 2 ED 
was seen in 33/150 patients (22%) and maximum grade 3 ED in 22/150 (15%) patients.

Toxicity per time point
A subdivision of new-onset toxicity per follow-up time point is graphically displayed 
in Figures 1a–c. At each time point, the bars represent toxicity as compared to base-
line. New grade 1 GU toxicity was mostly recorded in the first month, while grade 2 
and 3 GU toxicity peaked between six and twelve months. GI toxicity generally de-
creased over time. The occurrence of grade 2-3 ED was relatively stable. For more detail, 
supplementary Figures 1 a–f and 2 a–j (available online at https://doi.org/10.1016/j.
ctro.2020.12.002) display new-onset toxicity per GU/GI subdomain.

Figure 1‑a

7
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Figure 1‑b
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129TOXICITY AFTER ULTRAFOCAL SALVAGE HDR-BRACHYTHERAPY

Figure 1‑c
Figure 1-a,b,c: Stacked barplots displaying number of patients with new-onset toxicity after 
ultrafocal salvage HDR-BT. At each follow-up time point, toxicity scores were compared with 
baseline. Any score above baseline was considered new-onset toxicity.

Acute/late phase
Table 2 shows new-onset toxicity as divided into the acute (≤3 months) and late (>3 
months) phase. For the GU domain, grade 2 toxicity increased from 21% (acute phase) 
to 41% (late phase). Grade 3 GU toxicity only occurred in the late phase. Grade 2 GI 
toxicity was limited to 2% and 5% in the acute and late phase, respectively. Grade ≥2 ED 
increased from 22% in the acute phase to 40% in the late phase. Supplementary Table 
1 displays acute and late new-onset toxicity for each subdomain.

7
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Table 2 – New-onset acute and late toxicity

Domain Acute,
number (%)

Missing,
number

Late,
number (%)

Missing, 
number

Genitourinary toxicity

 No toxicity
 Grade 1
 Grade 2
 Grade 3

48 (33.4%)
66 (45.8%)
30 (20.8%)
0 (0%)

6 46 (36.2%)
24 (18.9%)
52 (40.9%)
5 (3.9%)

23

Gastrointestinal toxicity

 No toxicity
 Grade 1
 Grade 2
 Grade 3

112 (77.8%)
29 (20.1%)
3 (2.1%)
0 (0%)

6 89 (70.1%)
32 (25.2%)
6 (4.7%)
0 (0%)

23

Erectile dysfunction

 No toxicity
 Grade 1
 Grade 2
 Grade 3

108 (75%)
4 (2.8%)
21 (14.6%)
11 (7.6%)

6 69 (54.8%)
6 (4.8%)
32 (25.4%)
19 (15%)

24

Legend: New-onset toxicity after ultrafocal salvage HDR-BT as graded by the Common 
Terminology Criteria for Adverse Events (CTCAE) 4.0. Any score above baseline in the acute (≤3 
months) or late (>3 months) phase was considered new-onset toxicity.

For the domains GU toxicity and ED, an explorative risk factor assessment was per-
formed (Table 3). In both domains, baseline toxicity appeared to be the strongest pre-
dictor of grade ≥2 toxicity (GU OR 14.8; ED OR 73.7). Within the GU domain, higher base-
line IPSS (OR 1.11) and higher dose to the urethra (D10%) (OR 1.28) were also significant 
risk factors. Post-hoc cut-off analyses showed that the lowest contributive values to 
the model were IPSS ≥14 and urethra D10% ≥17 Gy. A baseline toxicity score of grade 
2 or higher was a significant predictor for both GU toxicity and ED. To clarify the size 
of the relative risk of developing grade ≥2 GU toxicity or ED, figure 2 shows predicted 
probabilities at various levels of these risk factors.
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Table 3 – Association of pre-treatment characteristics with grade ≥2 toxicity

Domain
95% CI

OR lower upper p-value

GU Baseline toxicity
Baseline IPSS
Urethra D10% (Gy)
Bladder D1cc (Gy)
Prostate size (cc)
Tumor stage >T2
Size of the CTV (cc)
Primary LDR-BT (versus EBRT)
Interval primary–salvage treatment (years)
Previous salvage treatment
History of TURP
Number of brachytherapy catheters used

14.76
1.11
1.28
1.02
1.02
1.10
1.04
2.79
1.07
0.72
2.46
0.83

6.14
1.01
1.05
0.84
0.98
0.29
0.89
0.90
0.95
0.05
0.34
0.59

35.50
1.23
1.56
1.24
1.05
4.20
1.21
8.70
1.22
11.31
17.95
1.16

<0.01
0.03
0.01
0.85
0.36
0.89
0.61
0.08
0.26
0.81
0.37
0.28

ED Baseline toxicity
Baseline IIEF
Dorsolateral location of the tumor
Prostate size (cc)
Tumor stage >T2
Size of the CTV (cc)
Primary LDR-BT (versus EBRT)
Interval primary–salvage treatment (years)
Previous salvage treatment
Previous use of ADT*
Number of brachytherapy catheters used

73.70
0.97
2.81
1.00
0.45
1.04
1.73
1.10
0.31
1.58
1.04

15.97
0.87
0.25
0.95
0.07
0.85
0.28
0.88
0.01
0.17
0.64

340.03
1.08
31.19
1.05
2.76
1.27
10.62
1.37
12.01
15.08
1.68

<0.01
0.56
0.40
0.96
0.39
0.70
0.55
0.40
0.53
0.69
0.88

Legend: GU: genitourinary, ED: erectile dysfunction, IPSS: international prostate symptoms 
score, CTV: clinical tumor volume, LDR-BT: low-dose-rate brachytherapy, EBRT: external beam 
radiotherapy, TURP: transurethral resection of the prostate, IIEF: international index of erectile 
function, ADT: androgen deprivation therapy, OR: odds ratio, 95% CI: 95% confidence interval.	
* As part of primary treatment (neo-adjuvant or adjuvant).
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132 CHAPTER 7

Figure 2 – Predicted probabilities of grade ≥2 GU toxicity or ED at various levels of each risk factor. 
Modelled marginal means and their confidence intervals are shown, holding the other variables 
in the model constant.

DISCUSSION

For patients with a local prostate cancer recurrence after radiotherapy, the tradeoff 
between tumor control and risk of normal tissue damage needs close evaluation when 
offering salvage treatment. This study provides a comprehensive insight into the oc-
currence of toxicity after ultrafocal salvage HDR-BT. While severe (grade 3) toxicity was 
very low (3% GU, 0% GI), proving the safety of this treatment, the number of patients ex-
periencing mild (grade 1) or moderate (grade 2) toxicity was more pronounced (GU 32% 
and 41%, GI 31% and 5%, respectively). Although almost half of all patients already had 
grade ≥2 ED at baseline, new grade 2 and 3 ED was seen in 22% and 15%, respectively.

A further evaluation of individual toxicity subdomains and timing of occurrence shows 
that there are certain patterns of toxicity over time. The acute phase after treatment 
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133TOXICITY AFTER ULTRAFOCAL SALVAGE HDR-BRACHYTHERAPY

was mainly characterized by transient mild symptoms of haematuria, urinary frequency 
and urinary tract pain, which are common acute symptoms after brachytherapy. In the 
late phase, moderate urinary frequency became more frequent, as well as moderate 
urinary incontinence and urinary retention. Erectile function generally decreased over 
time, with increasing frequencies across the range of mild to severe symptoms.

Although the CTCAE is commonly used to describe treatment-related toxicities, the se-
verity of symptoms and their grading varies between subdomains. The general guideline 
states that grade 2 toxicity refers to moderate symptoms indicating minimal, local or non-
invasive intervention, whereas grade 3 toxicity involves disabling symptoms limiting self-
care activities of daily living or (prolongation of) hospitalization(12). Within the subdomain 
urinary retention, grade 2 toxicity includes placement of a urinary or suprapubic catheter 
or intermittent catheterization, besides use of medication. In our group, 7 patients with 
grade 2 urinary retention required a (temporary) urinary catheter (2/7), a (temporary) 
suprapubic catheter (4/7) or needed self-catheterization (1/7). Since these interven-
tions have substantial impact on daily life activities, we urge to report them separately.

In recent years, an increasing amount of literature on focal salvage HDR-BT has 
become available. Table 4 summarizes four studies using different focal HDR-BT reg-
imens and targeting strategies, who all reported GU and GI toxicities using the CTCAE 
4.0. Across these studies, 2-10% grade 3 GU and 0% grade 3 GI toxicity was reported. 
Acute and late grade 2 GU toxicity was observed in 54-93% and 42-47% of patients. Two 
studies specified grade 2 retention: Murgic et al. described that no patient required a 
urinary catheter, while Chitmanee et al. had patients requiring intermittent catheteriza-
tion (n=9), urethral dilatation (n=1) and a suprapubic catheter (n=1). Acute and late grade 
2 GI toxicity occurred in 0-8% and 0-13%. Grade 1 GU toxicity was observed in 0-36% 
(acute) and 20-26% (late), and grade 1 GI toxicity in 14-24% (acute) and 14-22% (late).

In comparison, retrospective studies on other focal salvage modalities such as HIFU, 
cryotherapy and irreversible electroporation (IRE) have described similarly low com-
plication rates(17-19). However, future results from prospective multi-center trials will 
provide more insight in the role of focal salvage IRE (FIRE trial, ACTRN12617000806369) 
and focal salvage HIFU/cryotherapy (FORECAST trial, NCT01883128).
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135TOXICITY AFTER ULTRAFOCAL SALVAGE HDR-BRACHYTHERAPY

In a previous study, we focused on patient-reported quality of life after ultrafocal salvage 
HDR-BT(9). Patients reported increased urinary symptoms (especially in the first month 
after treatment) and a decrease of sexual functioning, while bowel symptoms were neg-
ligible. The explorative risk factor analysis in that study revealed that increased base-
line urinary symptoms and higher urethra D10% (≥16 Gy) were significantly associated 
with post-treatment urinary symptoms, and impaired sexual functioning at baseline 
with post-treatment erectile dysfunction. These results are consistent with the current 
findings, in which baseline GU/ED toxicity, IPSS ≥14 and urethra D10% ≥17 Gy were sig-
nificant predictors for grade ≥2 toxicity. While these analyses highlight the importance 
of assessing urinary and sexual function before treatment and the need for a strict 
urethral dose constraint, it also shows the apparent weak relationship between toxicity 
and other factors such as dose to the bladder, size or stage of the tumor and number of 
brachytherapy catheters used for the implant. This is important information to find areas 
of improvement for treatment planning and patient selection, especially since (ultra)
focal salvage HDR-BT is being adopted in an increasing number of centers worldwide.

Out of the five patients who experienced severe GU toxicity, only two had substantial 
pre-treatment urinary complaints, consisting of increased frequency (hourly urination), 
hesitation and mild urge. Pre-treatment IPSS values among these patients ranged be-
tween 3 and 18. A common denominator was the relatively high received dose by the 
urethra, with D10% >17 Gy in 4/5 patients.

Although beyond the scope of this study, more research is warranted to explore 
potential improvements in terms of optimizing tumor control. For instance, dose frac-
tionation may offer biological advantages. As described above, different dosimetry and 
fractionation schemes are being employed for (ultra)focal salvage HDR-BT. Although 
toxicity seems comparable between these regimens, estimated 3-year biochemical 
disease-free survival was higher in the multi-fraction studies (±60%) than the sin-
gle-dose studies (±44%). Recent results from a comparative trial on the efficacy of 
whole-gland HDR-BT in the primary setting (1x19 Gy versus 2x13.5 Gy) revealed a clear 
5-year cancer control advantage for the two-fraction arm(20). Using patient- and tu-
mor-related characteristics, we are currently in the process of developing a prediction 
model for biochemical failure to further optimize our patient selection criteria.

CONCLUSION

MRI-guided ultrafocal salvage HDR-BT can be offered as a safe salvage treatment to 
patients with a local recurrence after primary radiotherapy. Adequate patient selection 
by baseline symptom assessment and adherence to urethral dose constraints during 
treatment planning are the most important factors to avoid (severe) toxicity. By offering 
this treatment, patients may avoid or at least postpone the need for ADT, preventing 
them from hormone deprivation-related symptoms. Further research in this field should 
focus on potential areas of improvement in terms of cancer control, aiming to maintain 
patients ADT-free for as long as possible.
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ABSTRACT

Background and purpose
Magnetic resonance (MR)-guided focal salvage high-dose-rate brachytherapy (FS-
HDR-BT) for radiorecurrent prostate cancer (PCa) shows low toxicity rates. However, 
biochemical failure (BF) rates after treatment remain high. We developed and internally 
validated two prediction models for BF (Phoenix definition) with the aim of enhancing 
patient selection, guidance and counselling before FS-HDR-BT and to identify high-risk 
patients during follow-up.

Materials and methods
A prospective cohort of 150 radiorecurrent PCa patients treated with FS-HDR-BT be-
tween 2013 and 2020 at the University Medical Center Utrecht was used for model 
development and validation. Two multivariable Cox proportional hazards models were 
developed and internally validated. For model 1, only pre-salvage variables were in-
cluded as candidate predictors. For model 2, additional (post-)salvage characteristics 
were tested. The models were calibrated and for each model a nomogram and webtool 
were constructed. Finally, three risk groups were identified.

Results
Sixty-one patients (41%) experienced BF after a median of 32.9 months (interquartile 
range 23.5-43.6). At baseline (model 1), age, gross tumor volume, pre-salvage PSA, 
and pre-salvage PSA doubling time (PSADT) were predictive of BF. During follow-up 
(model 2), age, pre-salvage PSA and PSADT, seminal vesicle involvement, post-salvage 
time to PSA nadir, and percentage PSA reduction were predictive of BF. The adjusted 
C-statistics were 0.73 (95% CI: 0.66-0.81) and 0.84 (95% CI: 0.78-0.90) with acceptable 
calibration. Estimated 2-year biochemical disease-free survival was 84%, 70%, and 31% 
(model 1), and 100%, 71%, and 5% (model 2) for the low-, intermediate-, and high-risk 
group, respectively.

Conclusion
Two models are provided for prediction of BF in patients with radiorecurrent PCa treated 
with FS-HDR-BT. Based on pre- and post-salvage characteristics, we are able to identify 
patients with a high risk of BF. These findings can aid patient selection, counselling, 
and guidance at baseline and during follow-up.
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INTRODUCTION

Advances in prostate cancer (PCa) treatment have increased cure rates. However, still 
up to 50% of high-risk PCa patients treated with radiotherapy develop a recurrence 
within 10 years of treatment[1–3]. These recurrences are often confined to the prostate 
and frequently located at the site of the primary index lesion[4,5]. Nowadays, recurrenc-
es can be assessed at an earlier stage with prostate specific membrane antigen pos-
itron emitting tomography CT (PSMA-PET-CT). In this setting, focal therapy, targeting 
the recurrent lesion while sparing healthy prostate tissue, is an attractive treatment 
option with the aim of postponing initiation of androgen deprivation therapy (ADT)
[5,6]. The main potential advantage of focal over whole-gland salvage treatments is 
the reduced chance of side-effects and quality of life deterioration, without affecting 
oncological outcomes[7–13].

One of the treatment options for radiorecurrent PCa is magnetic resonance imaging 
(MRI)-guided focal salvage high-dose-rate brachytherapy (FS-HDR-BT)[8,9]. In previ-
ous studies, we found that around 50% of patients treated with single fraction FS-HDR-
BT show biochemical failure (BF) within 2.5 years, caused by either local recurrences, 
regional recurrences, metastatic disease, or a combination[9]. While several studies 
have been published on predictive factors for BF after whole-gland salvage radiotherapy 
treatments[14–16], no studies have been published in patients undergoing focal salvage 
radiotherapy. Due to differences in patient-, tumor-, and treatment-characteristics, the 
results from whole-gland salvage studies are not directly applicable to FS-HDR-BT. In 
the current study we evaluated the predictive value of several pre- and post-salvage 
variables for BF after FS-HDR-BT for radiorecurrent PCa. Two models were developed, 
(1) with the aim of enhancing patient selection, based on pre-salvage characteristics, 
and (2) including additional (post-)salvage characteristics, with the aim of identifying 
patients at high-risk of BF during follow-up to support patient guidance and counselling.

MATERIALS AND METHODS

Patient selection
For this study we prospectively included 150 patients treated with FS-HDR-BT for lo-
calized radiorecurrent PCa between July 2013 and January 2020 at the Radiotherapy 
of the University Medical Center Utrecht (UMCU). Initially, patients were treated within 
an institutional review board (IRB)-approved feasibility study (Netherlands Trial Reg-
ister number NTR6123), following the criteria: PSA level ≤10 ng/ml, PSA doubling time 
(PSADT) ≥12 months, tumor stage (MRI) ≤T2c, and acceptable urinary function (Inter-
national Prostate Symptom Score <15). Because of favourable toxicity results after 2 
years of inclusion, patients beyond the initial inclusion criteria were treated off-pro-
tocol. In February 2018, a subsequent phase II study initiated (‘PRostatE Cancer MRI 
guided focal SalvagE high-dose-rate brachytherapy’, or PRECISE; NTR7014). This study 
expanded the inclusion criteria from the feasibility study: PSA ≤20 ng/ml, PSADT ≥9 
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142 CHAPTER 8

months, and tumor stage ≤T3b. All study patients provided written informed consent. A 
waiver from the IRB was obtained for patients treated off-protocol. Study and treatment 
details have been described previously[9,17].

Pre-treatment procedures
Patients underwent pre-treatment 3T multiparametric (mp) MRI (including T2-weighted, 
diffusion-weighted, and dynamic contrast enhanced sequences) and 68Ga-PSMA-
PET-CT or 18F-Choline-PET-CT scans. Initially, PSMA-PET/MRI-targeted biopsies were 
performed in all patients. However, since the accuracy of Gleason score assessment is 
debated in irradiated prostate tissue and because biopsies were predominantly positive, 
biopsies were no longer performed from the end of 2017 onward[18–20].

A dose of 19 Gray (Gy) was prescribed to the clinical target volume (CTV), which con-
sisted of the MRI- and PET-CT-visible lesion (gross tumor volume [GTV]) plus a 5 mm 
margin. The planning target volume (PTV) was equal to the CTV. Dose constraints to 
organs at risk were according to protocol and included rectum D1cc and bladder D1cc 
<12 Gy, and urethra D10% <17.7 Gy [9].

Follow-up and outcome assessment
Follow-up consisted of outpatient clinical visits combined with PSA measurements at 
1 and 3 months, every three months the first year, biannually the second year, and an-
nually thereafter up to 10 years. The outcome, BF, was defined according to the Phoenix 
definition (PSA nadir + 2 ng/ml). In case of BF, follow-up imaging was performed with 
Ga68-PSMA-PET-CT to assess loco-regional recurrence and/or metastatic disease.

Candidate variables for model building
To minimize the risk of overfitting, a sample size calculation was performed up front 
to calculate the number of candidate predictors allowed for multivariable testing. As-
suming a 0.05 acceptable difference in apparent and adjusted R-squared, an expected 
R-squared of 0.15, an overall event rate of 0.2 (200 events per 1000 person-years fol-
low-up), and a shrinkage factor of 0.8, would allow for seven candidate variables with 
150 patients and 61 events[21]. For model 1, six candidate variables were selected for 
multivariable testing based on clinical knowledge and literature[10,15,16]. For model 2, 
three additional variables were tested, thereby accepting a small increase in chance 
of overfitting. For model 1, the variables assessed pre-salvage included: age at FS-
HDR-BT, seminal vesicle involvement, GTV (cm3), PSADT (months), PSA (ng/ml), and 
MRI-based T-stage (T1, T2, and T3 based on NCCN criteria). PSADT was obtained 
using the Memorial Sloan Kettering Cancer tool (available via: https://www.mskcc.org/
nomograms/prostate/psa_doubling_time). For model 2, CTV D95% (dose to 95% of the 
CTV, in Gy), time to PSA nadir (months) and PSA reduction (ratio between pre-salvage 
PSA and PSA nadir, in %) were added.
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143PREDICTION MODELS FOR BF AFTER FOCAL SALVAGE HDR-BT

Statistical analysis

Baseline characteristics and survival
Normally distributed determinants are presented as mean (± standard deviation [SD]). 
Skewed variables are presented as medians with interquartile ranges (IQR). Frequencies 
and percentages are used for categorical data. The Kaplan-Meier method was used to 
estimate biochemical disease-free survival (bDFS). For comparisons between groups, 
the log-rank test was used.

Missing data handling
Missing data was considered to be missing at random. Multiple imputation by chained 
equations was used to impute missing data, creating 20 imputation datasets. All pre-
dictors listed above, additional patient and treatment characteristics listed in Supple-
mentary File A, the outcome, and the cumulative baseline hazard, calculated with the 
Nelson-Aalen function, were included in the imputation procedure[22,23]. All subse-
quent modelling steps were pooled over the 20 imputation datasets.

Functional form of continuous predictors
Before fitting the multivariable model, non-linear relationships between continuous 
predictors and the outcome were assessed visually by plotting the predictors against 
log-hazard using restricted cubic splines with three knots (10th, 50th, and 90th per-
centile). In case of visible non-linearity, spline transformations were tested against 
linear modelling through univariable and multivariable Cox proportional hazards models 
(likelihood-ratio test). If model fit improved significantly, a spline-transformation was 
used. For pre-salvage PSA, a natural logarithm-transformation was used based on 
literature and model fit in our dataset[24].

Model development
In case correlations between candidate variables were ≥0.75, the clinically most rel-
evant variable was chosen for multivariable testing. MRI-based T-stage showed high 
correlation with seminal vesicle involvement (correlation coefficient 0.78). Based on 
clinical judgement, MRI-based T-stage was therefore excluded from multivariable re-
gression analysis. A multivariable Cox proportional hazards regression model was 
fitted, providing hazard ratios (HR) with 95% confidence intervals (CI). Stepwise back-
ward elimination was performed, using lowest Akaike’s Information Criteria (AIC) for 
selection[25]. No interactions were assessed due to the limited sample size.

Model assumptions
For both models the assumptions of the Cox proportional hazards model were checked. 
The proportionality assumption was assessed using Log-Log curves and Schoenfeld 
residuals for categorical and continuous variables, respectively. Linearity of continuous 
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variables was checked with Martingale residuals. Influential outliers were assessed by 
calculating dfbeta residuals.

Model performance and internal validation
The discriminative ability of the model was assessed using Harrell’s C-statistic. Internal 
validation was performed through bootstrapping with 2000 resamples for each impu-
tation set, in which all modeling steps were repeated. The optimism of each model and 
shrinkage factors were calculated, and the β-coefficients and C-statistic were adjusted 
accordingly. The predictive accuracy of the optimism-corrected models was visualized 
with calibration plots at 12, 24, and 36 months.

Nomogram and risk group construction
For both models a nomogram and webtool were constructed using the optimism-cor-
rected coefficients. Finally, for each model separately, three risk groups were identified on 
the basis of the 25th and 75th percentile of the linear predictor. The Kaplan-Meier method 
was used to display the biochemical disease-free survival curves for each risk group.

All statistical analyses were performed using R studio (version 3.6.1, R Foundation for 
Statistical Computing, Vienna, Austria, https://rstudio.com) and the survival, survminer, 
rms, pmsampsize, ggplot2, mice, psfmi, DynNom, and regplot packages[26]. Reporting 
was according to the TRIPOD statement[25].

RESULTS

Baseline characteristics and Kaplan-Meier survival analysis
Baseline characteristics are displayed in Table 1. Median (IQR) follow-up time was 25.1 
months (13.5-38.1) for all patients and 18.1 months (9.2-29.6) for patients who did not 
experience BF (censored). Sixty-one patients (40.7%) experienced BF after a median 
(IQR) of 32.9 months (23.5-43.6). Median bDFS was 29.7 months (95% CI: 25.0-38.6) 
(Figure S1 in Supplementary File B).

Table 1 – Baseline patient-, tumour-, and treatment-related characteristics

Primary treatment n (%) or median (IQR) Missing (%)

Primary treatment
EBRT
LDR brachytherapy
HDR brachytherapy

80 (53.3)
67 (44.7)
3 (2)

0

EBRT dose (Gy) 76.0 (71.5-77.0) 12.5

LDR dose (Gy) 145.0 (145.0-145.0) 0

HDR dose (Gy) 19.0 (19.0-38.0) 0

PLND at primary treatment 30 (20.0) 0
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Table 1 Continued

Primary treatment n (%) or median (IQR) Missing (%)

Initial NCCN risk group
Low risk
Intermediate risk
High risk

27 (18.0)
56 (37.3)
59 (39.3)

5.3

ADT use (adjuvant/neoadjuvant) 30 (20.0) 0

ADT duration (months) (n=30) 36.0 (18.0-36.0) 10

PSA nadir post-primary treatment (ng/ml) 0.56 (0.25-1.10) 3.3

FS-HDR-BT n (%) or median (IQR) Missing (%)

Pre-salvage PSADT (months) 15.7 (11.6-23.6) 0

Interval between primary and salvage treatment 
(months)

97 (63-128) 0

Age at FS-HDR-BT (years) 71.5 (±5.0) 0

Pre-salvage PSA (ng/ml) 4.88 (2.80-6.80) 0

Imaging T-stage at FS-HDR-BT
T1-2a
T2b-2c
T3a-3b

45 (30.0)
40 (26.7)
65 (43.3)

0

Gleason at FS-HDR-BT
3+3=6
3+4=7
4+3=7
Sum score=8
Sum score=9/10

14 (9.3)
27 (18.0)
21 (14.0)
6 (4.0)
14 (9.3)

44.7

Tumour location
Base
Midgland
Apex
Combination base/midgland/apex
Seminal vesicle
Prostate body and seminal vesicle

21 (14.0)
29 (19.3)
21 (14.0)
31 (20.7)
23 (15.3)
25 (16.7)

0

Seminal vesicle involvement at FS-HDR-BT 48 (32.0) 0

GTV at FS-HDR-BT (cm3) 3.0 (1.7-5.1) 0.7

D95% CTV (Gy) 18.8 (17.4-19.7) 0

V200% CTV (%) 26.3 (18.4-27.9) 0

Post-salvage PSA nadir (ng/ml) 0.76 (0.26-1.30) 0

Post-salvage time to PSA nadir (months) 6.1 (3.6-9.6) 0

Percentage PSA reduction 84.2 (68.3-92.9) 0

Biochemical recurrence 61 (40.7) 0

Follow-up time (months) 25.1 (13.5-36.1) 0

Abbreviations: IQR=interquartile range. SD=standard deviation. EBRT=external beam radiotherapy. LDR=low-
dose rate. HDR=high-dose rate. PLND=pelvic lymph node dissection. NCCN=national comprehensive cancer 
network. ADT=androgen deprivation therapy. PSA=prostate specific antigen. FS-HDR-BT=focal salvage 
high-dose-rate brachytherapy. PSADT=PSA doubling time. GTV=gross tumour volume. D95%=dose to 95% 
of the volume. V200%=volume receiving 200% or more of the prescribed dose. CTV=clinical target volume.
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147PREDICTION MODELS FOR BF AFTER FOCAL SALVAGE HDR-BT

Cox proportional hazards models
Table 2 presents the results from multivariable Cox regressions for model 1 and 2. At 
baseline (model 1), four variables were identified as significant predictors of BF: age (HR 
0.94), pre-salvage PSA (HR 2.19), GTV (HR 1.05), and pre-salvage PSADT (HR 0.87 and 1.18 
for PSADT and PSADT’, respectively). For model 2, six predictors were identified: age (HR 
0.92), pre-salvage PSADT (HR 0.89 and 1.16), pre-salvage PSA (HR 4.47), seminal vesicle 
involvement (HR 1.49), post-salvage time to PSA nadir (HR 0.82), and PSA reduction (HR 
0.98). Although seminal vesicle involvement was not statistically significant in model 2 
(p=0.14), its exclusion affected AIC notably and therefore it remained in the model. The 
ranges of the continuous variables in our dataset are displayed in Supplementary File C.

Calibration and internal validation
Calibration curves at 12, 24, and 36 months for both models are depicted in Figure 1. Cal-
ibration was reasonable up to 24 months. Internal validation showed an optimism of 0.15 
and 0.19 for model 1 and 2, respectively. The β-coefficients were therefore adjusted with 
a factor of 0.85 (model 1) and 0.81 (model 2). The C-statistic was adjusted from 0.75 to 
0.73 (95% CI: 0.66-0.81) for model 1 and from 0.85 to 0.84 (95% CI: 0.78-0.90) for model 
2. The full regression equation for both models can be found in Supplementary file D.

Figure 1 – Calibration plots for model 1 (upper row) and model 2 (lower row) depicting the ob-
served (y-axis) versus the predicted probability (x-axis) of biochemical disease-free survival 
(bDFS) at 12, 24, and 36 months, respectively. Vertical bars indicate the 95% confidence interval. 
The grey diagonal line depicts the ideal line for complete concordance between observed and 
predicted probabilities. The blue crosses indicate the optimism-corrected probabilities.
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Nomogram
The static nomograms for model 1 and 2 are depicted in Figure 2 and 3, respectively. 
An exemplary case is included in the figure caption. The Kaplan-Meier curves for bDFS 
for low-, intermediate-, and high-risk groups, as identified by model 1 (nomogram score 
<193, 193-222, and >222, respectively) and model 2 (nomogram score <297, 297-334, 
and >334, respectively) are shown in Figure 4. Estimated bDFS at 24 months for low-, 
intermediate, and high-risk groups was 84%, 70%, and 31% for model 1 (p<0.0001) 
and 100%, 71%, and 5% for model 2 (p<0.0001), respectively. Both models can be used 
as webtools through: https://fs-hdr-bt-prediction.shinyapps.io/model1/ (model 1) or 
https://fs-hdr-bt-prediction.shinyapps.io/model2/ (model 2).

Figure 2 – Nomogram based on model 1 for prediction of biochemical failure among patients 
who underwent FS-HDR-BT. Probabilities of biochemical failure within 12, 24, and 36 months 
can be calculated. Instruction: Locate the patient’s GTV (cm3) of the recurrent prostate cancer 
lesion on the ‘GTV (cm3)’ axis. Draw a line straight upward to the ‘Points’ axis to determine the 
number of points based on the GTV. Repeat this process for each of the four variables. Sum the 
points that are received for each of the four predictors (‘Total points’). Finally, draw a line straight 
down from the ‘Total points’ axis to find the patient’s probability of having biochemical failure 
within 36, 24, and 12 months, respectively. An interactive version of the nomogram can be used 
online through: https://fs-hdr-bt-prediction.shinyapps.io/model1/. As an example, a 72-year-old 
patient with a GTV of 4.0 cm3, a PSA-level of 6.0 ng/ml, and a pre-salvage PSADT of 25 months 
has an estimated 12-, 24-, and 36-months bDFS probability of 95% (95% CI: 93-98%), 78% (95% 
CI: 70-87%) and 53% (95% CI: 40-71%), respectively.
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149PREDICTION MODELS FOR BF AFTER FOCAL SALVAGE HDR-BT

Figure 3 – Nomogram based on model 2 for prediction of biochemical failure among patients 
who underwent FS-HDR-BT. Probabilities of biochemical failure within 12, 24, and 36 months can 
be calculated. The model can be used online through: https://fs-hdr-bt-prediction.shinyapps.io/
model2/. As an example, for the same patient (72 years old, PSA-level 6.0 ng/ml, and a pre-salvage 
PSADT of 25 months) with no seminal vesicle involvement, PSA nadir after 6 months and a PSA 
reduction of 90%, the score based on model 2 would be 313, with estimated bDFS probabilities of 
98% (95% CI: 96-100%), 80% (95% CI: 71-91%) and 52% (95% CI: 36-74%) at 12, 24, and 36 months.

Figure 4 – Kaplan-Meier plots for biochemical disease-free survival for low-, intermediate-, and 
high-risk groups (based on linear predictor/nomogram score), as identified by model 1 (left, nomo-
gram sum scores <193, 193-222, and >222, respectively) and model 2 (right, nomogram sum scores 
<297, 297-334, and >334, respectively). Scores are as calculated by the respective nomograms.
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DISCUSSION

This study provides two clinically useful multivariable prediction models for BF in pa-
tients with radiorecurrent PCa treated with FS-HDR-BT. Model 1 can be used to support 
clinical decision making and patient guidance at baseline, while model 2 could be used 
during follow-up to counsel patients regarding their prognosis and potentially adapt 
follow-up intensity accordingly.

The predictors in both models and the direction of their effects were mostly as ex-
pected. Increased age was associated with a lower hazard of BF. Although causal 
inference is not applicable in prediction, this could be explained by the potentially 
longer disease-free survival interval (DFSI) between primary and salvage treatment 
indicating more indolent tumors. DSFI was longer in elderly patients (median 92 versus 
108 months for <75 years versus ≥75 years, respectively). Data on pre-salvage Gleason 
score is mostly lacking in our cohort, which hinders assessing this relation. Both a 
higher pre-salvage PSA level and larger GTV were associated with an increased hazard. 
Both indicate higher tumor load and were therefore expected to be correlated with 
BF. For pre-salvage PSADT, which was non-linearly related to the outcome, hazard 
decreased with longer doubling times. This was expected given previous reports[15]. 
However, from approximately 32 months onward, the hazard increased slightly again, 
as displayed by a HR of 1.18 for PSADT’. PSADT was ≥32 months in only 19 patients 
(12.7%). Median post-primary PSA nadir, post-salvage PSA nadir, and pre-salvage PSA 
were higher in these patients compared to those with a PSADT of <32 months (1.1 vs 
0.5 ng/ml, 0.9 vs 0.6 ng/ml, and 6.1 vs 4.6 ng/ml, respectively), but the percentage of 
patients classified as high-risk (NCCN) at primary treatment was comparable (39% vs 
42%). Therefore, we have no clear explanation, and these findings might be caused by 
the limited sample size. Seminal vesicle involvement, which is a sign of extensive dis-
ease, was associated with an increased hazard of BF. A longer post-salvage time to PSA 
nadir was associated with a lower hazard, potentially reflecting tumor biology (a faster 
response after radiotherapy could be a sign of more malignant/dedifferentiated PCa) 
as previously observed[27]. Finally, a larger reduction in PSA level was protective of BF.

Several studies have identified predictors for BF in patients with radiorecurrent PCa 
treated with focal or whole-gland salvage high-intensity focused ultrasound (HIFU), 
low-dose rate brachytherapy (LDR-BT), and cryotherapy[15,28–30]. However, it is ques-
tionable to what extent predictors from whole-gland salvage studies are applicable to 
focal salvage treatments. Spiess et al. reported a risk stratification model in a whole-
gland salvage cryotherapy cohort (n=132), using the Phoenix definition of BF[29]. Upon 
multivariable analysis, post-salvage PSA nadir and pre-salvage Gleason score were 
identified as predictors for BF. PSA nadir was also identified as a predictor of BF after 
salvage whole-gland HIFU in a small cohort of 50 patients[30]. Peters et al. showed that 
DFSI between primary and salvage treatment, T-stage before salvage, prostate volume 
(cm3), PSA, and PSADT were predictors of BF in patients treated with focal salvage 
HIFU[15]. This model shows overlap with our model, indicating that pre-salvage PSA 
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and PSADT are strong predictors for BF after focal salvage treatment for radiorecur-
rent PCa. While we did not investigate the predictive value of PSA nadir alone, we did 
incorporate it in our model by using PSA reduction. We argue that this might be a better 
predictor than PSA nadir, given its dependence on pre-salvage PSA. Furthermore, PSA 
nadir is also influenced by other factors, such as prostate volume[10]. We did not assess 
pre-salvage Gleason score as a potential predictor, as biopsies were not performed 
from the end of 2017 onwards (leading to 44.7% missing values). Also, while some 
have identified variables from the primary tumor and/or treatment as predictors, we did 
not investigate any primary tumor characteristics because of our limited sample size 
and missing data in these characteristics. Furthermore, the predictive value of these 
variables in focal salvage studies seems limited[15]. With an extended sample size and 
follow-up, we could potentially investigate the added value of some of these predictors.

There are several strengths to our study. Missing data for candidate pre-salvage 
predictors was very low (0.7%) due to prospective data collection. The inclusion of 
patients treated off-protocol also makes the study sample more representative and 
increases external validity. Furthermore, candidate predictors for multivariable analysis 
were selected based on literature and clinical knowledge rather than by performing 
univariable analysis, thereby minimizing the occurrence of type-I errors[25]. The online 
dynamic nomograms we created are helpful tools to quickly assess and visualize in-
dividual predicted bDFS.

The study has some limitations. First, external validation of this model is necessary. 
Several other focal salvage strategies have been described, all with minor differences 
with respect to eligibility of patients. Therefore, such cohorts offer an opportunity for 
external validation. Especially since both models use predictors that are known to be 
related to PCa progression and none of them are treatment specific. External validation 
of our models could lead to adjustment of these models and thereby improve predic-
tive accuracy and be applicable to other focal salvage modalities. Despite taking into 
account the sample size, some overfitting is indicated by the suboptimal shrinkage 
factors of 0.85 and 0.81, indicating 15% and 19% optimism, respectively. Furthermore, 
limiting the number of candidate variables might have led to missing important pre-
dictors, such as DSFI [15]. Consequently, the C-statistic of 0.73 of the first model might 
be improved by including other potential predictors when sample size has increased. 
Third, length of follow-up was relatively short with a median of 25.1 months, thus the 
models perform optimal within a timeframe of approximately two years. Fourth, tumor 
volume was based on the delineated GTV. Although GTV delineation was based on 
mpMRI and PSMA PET-CT, which improves the estimation of tumor volume compared 
to mpMRI alone[31], interobserver variability due to the lack of delineation guidelines 
will be present and influences the accuracy and predictive value of this variable.

8
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CONCLUSION

This study provides two models for BF prediction in patients with radiorecurrent PCa 
treated with FS-HDR-BT. Our findings support that both pre- and post-salvage PSA 
characteristics (PSA level, PSADT, time to PSA nadir, and PSA reduction) are important 
predictors of BF, in addition to age, tumor volume, and seminal vesicle involvement. 
These models could aid patient selection, counselling, and guidance at baseline and 
during follow-up. Potentially, these models can also be used for other salvage tech-
niques, for which external validation remains necessary.
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SUPPLEMENTARY FILE A

Additional variables used for multiple imputation via chained equations:
-	 Primary treatment
	 EBRT, LDR brachytherapy, or HDR brachytherapy

-	 Pelvic lymph node dissection at primary treatment (yes/no)

-	 Initial NCCN risk group
Low risk (T1-T2a AND Gleason ≤6 AND PSA <10 ng/ml), Intermediate risk (T2b-T2c OR 
Gleason 7 OR PSA 10-20 ng/ml), or High risk (³T3a OR Gleason ³8 OR PSA > 20 ng/ml)

-	 ADT use
	 No, ≤36 months, or >36 months

-	 PSA nadir post-primary treatment (ng/ml)

-	 Prostate size on pre-salvage MRI (cm3)

-	 Maximum tumor diameter on pre-salvage MRI (mm)

-	 V200% CTV (%)

-	 PSA velocity (ng/ml/years)

-	 Interval between primary and salvage treatment (months)

-	 Previous salvage treatment (yes/no)

-	 Time to nadir post-primary treatment (months)

-	 Deceased (yes/no)

8
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SUPPLEMENTARY FILE B

Figure S1 – Kaplan-Meier curve depicting biochemical disease-free survival for the entire FS-
HDR-BT group.

SUPPLEMENTARY FILE C
Predictor Range in dataset used for model building

Pre-salvage PSADT (months) 3 – 73 months

Age at FS-HDR-BT (years) 59 – 85 years

Pre-salvage PSA (ng/ml) 0.4 – 39.0 ng/ml

GTV (cm3) 0.5 – 22 cm3

Time to PSA nadir post-salvage (months) 1 – 25 months

PSA reduction post-salvage (%) 0 – 100 %

Abbreviations: PSADT=prostate specific antigen doubling time. FS-HDR-BT=focal salvage high-
dose-rate-brachytherapy. PSA=prostate specific antigen. GTV=gross tumor volume.
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SUPPLEMENTARY FILE D

Model 1
The full regression equation for model 1 is as follows:

Or for calculating the predicted survival probability:

Where:
h(t) = the expected hazard at time t
h0(t) = the baseline hazard at time t
s(t) = the expected survival probability at time t
s0(t) = the baseline survival at time t (see Table 2 for baseline survival at 12, 24, and 36 
months)
Age = age in years at time of FS-HDR-BT
ln = natural logarithm
PSA = pre-salvage PSA level in ng/ml
GTV = gross tumor volume in cm3

PSADT = PSA doubling time in months
PSADT’ can be calculated as follows:

8
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Model 2
The full regression equation for model 2 is as follows:

Or for calculating the predicted survival probability:

Where:
h(t) = the expected hazard at time t
h0(t) = the baseline hazard at time t
s(t) = the expected survival probability at time t
s0(t) = the baseline survival at time t (see Table 2 for baseline survival at 12, 24, and 36 months)
Age = age in years at time of FS-HDR-BT
ln = natural logarithm
PSA = pre-salvage PSA level in ng/ml
Seminal vesicle involvement = 0 when not applicable, 1 when applicable
Time to PSA nadir = post-salvage time to nadir in months
%PSA reduction = PSA reduction (ratio between pre-salvage PSA and post-salvage 
PSA nadir) in %
PSADT = PSA doubling time in months
PSADT’ can be calculated as follows:
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ABSTRACT

Prostate cancer recurrences are common, even with twenty-first-century primary pros-
tate cancer treatment modalities. The most common salvage treatment is (delayed) 
hormonal therapy, which is often associated with serious side-effects. Due to the risk 
of significant toxicity, whole-gland targeted salvage treatments remain unpopular. Con-
sequently, developments in focal therapies have arisen. Magnetic resonance imaging 
(MRI)-guided focal salvage high-dose-rate brachytherapy (HDR-BT) is a novel treat-
ment aiming for minimal toxicity in recurrent prostate cancer patients. Repeating focal 
treatment could, therefore, be possible in case of post-salvage recurrence. We report 
the case of a 77-year-old man who underwent repeat focal HDR-BT.
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INTRODUCTION

Despite improvements in primary prostate cancer care, 15%-55% of patients undergoing 
radiotherapy develop biochemical recurrence after a 10 years’ follow-up [1]. Even with 
external beam radiation therapy (EBRT) dose escalation, the risk of disease progres-
sion remains significant, especially in higher-risk groups [2]. In the management of 
recurrent disease, physicians are faced with difficult considerations regarding sal-
vage treatment options. Although early recurrences are often confined to the prostate 
without lymph-node or distant metastases, around 98% of patients are still treated 
with (delayed) androgen deprivation therapy (ADT). This treatment is associated with 
significant side-effects, such as erectile dysfunction, osteoporosis, increased risk of 
diabetes, gynaecomastia, hot flashes, and depression. Moreover, hormonal treatment 
is palliative and castration resistance usually occurs within one to three years [3]. In 
contrast, curative whole-gland salvage treatments, such as prostatectomy, brachyther-
apy, high-intensity focused ultrasound (HIFU), and cryosurgery remain unpopular due 
to high toxicity rates and, in earlier series, a significant risk of failure [4].

In an effort to reduce toxicity in the salvage setting, research has shifted towards 
organ preserving approaches. Although prostate cancer is usually multifocal, the “index 
lesion” hypothesis states there is one clinically important tumor focus in the prostate 
(the index lesion), which harbors the metastatic precursor cell [5]. After whole-gland 
irradiation, the disease often recurs unifocally [6], indicating that smaller secondary 
lesions have been treated while the index lesion remains. On that premise, salvage focal 
therapy aimed at this lesion should achieve the same oncological control as whole-
gland treatments. The success of focal salvage treatment depends on the degree of 
tumor visualization and reliable exclusion of metastases. This has significantly im-
proved with advancements in multiparametric (mp)-MRI and prostate-specific mem-
brane antigen (PSMA) positron emission tomography (PET) imaging.

The Radiation Oncology department of the University Medical Center Utrecht (UMCU) 
is equipped with a 1.5T MRI treatment facility, enabling brachytherapy treatment under 
MRI guidance. The convergence of these technologies allows for an optimal implanta-
tion procedure, supporting focal treatment. In 2013, the UMCU introduced MRI-guided, 
single-fraction (19Gy) focal high-dose-rate brachytherapy (HDR-BT) with iridium-192 
as the salvage treatment for local radio-recurrent prostate cancer. With this treatment, 
the radiation dose to the tumor is escalated while exposure to the surrounding organs 
at risk (OAR) is limited. Results with regard to toxicity are promising and, therefore, the 
question arises whether re-treatment with focal HDR-BT is possible for future post-sal-
vage recurrences. This could prevent or further delay the initiation of ADT, thereby 
avoiding hormone-induced toxicity. Furthermore, postponing castration resistance 
could potentially increase prostate cancer-specific survival. We present a novel case 
of second MRI-guided focal salvage HDR-BT.

9
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Case Presentation
A 77-year-old male visited the radiation oncology department for a follow-up consul-
tation nine years after initial prostate cancer treatment with whole-gland Iodine-125 
brachytherapy (145Gy). His further medical history consisted of an asymptomatic tho-
racic aortic aneurysm and his medication included antihypertensive drugs, a choles-
terol-lowering statin, and an anticoagulant. The initial cT1ciT2aNxMx prostate tumor 
(staged on MRI) was located in the left peripheral zone (initial prostate-specific antigen 
(PSA) 7.9 ng/ml). Treatment-related toxicity involved increased urinary frequency and 
transient obstructive complaints for which he received tamsulosin 0.4 mg once daily 
for approximately 18 months post-implantation. His erectile function declined but was 
sufficient for penetrative intercourse without the need for supporting medication. PSA 
levels dropped to a nadir of 0.2 ng/ml one year after treatment and remained stable 
during the first three years of follow-up. Later, a steady upward trend was seen with 
a PSA doubling time (PSADT) of 12 months up to the level of 2.5 ng/ml seven years 
posttreatment. This was considered a biochemical recurrence according to the Phoenix 
definition (PSA nadir+2 ng/ml) and radiographic evaluation for recurrent disease was 
performed using 3T multiparametric-MRI (mp-MRI) and F18-Choline PET-CT. However, 
there were no signs of local recurrence or distant metastases, nor on repeat imaging 
one year later.

When the patient returned to our department, the PSA level had further increased to 
6.7 ng/ml (prostate-specific antigen doubling time (PSADT) 18 months) and a 68Ga-PS-
MA PET-CT followed. The scan revealed local high uptake in the right dorsal peripheral 
zone next to the prostate midline and in the right seminal vesicle (Figure 1). A 3T mp-MRI 
(Figure 2) and MRI-guided target biopsies confirmed this lesion (25% adenocarcino-
ma in one out of two cores, suggested Gleason score 4+3=7). Upon this, the patient 
was treated with MRI-guided focal salvage high-dose-rate brachytherapy (HDR-BT).
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Figure 1 – First recurrence lesion on 68Ga-PSMA PET-CT.
Transversal plane (upper image), coronal plane (lower-left image), and sagittal plane (lower-
right image) showing the first recurrence lesion in the right dorsal peripheral zone and in 
the right seminal vesicle on the 68Ga-PSMA PET-CT, nine years after initial prostate cancer 
treatment.

9
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Figure 2 – Diagnostic 3T mp-MRI revealing first recurrence lesion.
Transversal plane of the diagnostic 3T multiparametric-magnetic resonance imaging (mp-MRI) 
revealing a suspect lesion in the right dorsal peripheral zone next to the prostate midline and in 
the right seminal vesicle. Delineations of the bladder (purple), urethra (yellow), rectum (green), 
prostate (red), and gross tumor volume (GTV, blue) are shown. In this case, the clinical target 
volume (CTV) was considered equal to the GTV because there was mainly seminal vesicle invasion.
(a) T2-weighted image, (b) ADC image, (c) K-trans image

Focal salvage treatment
Prior to treatment, the gross tumor volume (GTV), clinical target volume (CTV), defined 
as GTV with a five-millimeter margin, and the organ at risk (OAR) (prostate, bladder, 
rectum, and urethra) were delineated based on a 3T mp-MRI and 68Ga-PSMA PET-CT 
scan. For the CTV to planning target volume (PTV), the margin was 0 millimeter as the 
source and dose distribution along the tumor in brachytherapy. With the patient in the 
lithotomy position and under spinal anesthesia, seven MR-compatible catheters were 
placed in and around the right peripheral zone and seminal vesicle via the perineum 
(Figure 3). Catheter insertion was guided by fused diagnostic MRI delineations and 
intraoperative transrectal ultrasound. To evaluate catheter positions with respect to 
the tumor and OAR, an additional 1.5T MRI scan was made and delineations were 
adjusted to account for swelling. Next, a simulation of dose distribution was made by 
the treatment planning system. To ensure the safe delivery of the radiation dose, an 
additional 1.5T MRI scan was made just before the radiation treatment to check for 
catheter displacements. The dose to 95% of the GTV (D95) was 20.3Gy (aim: >19Gy).
The minimum dose to the most exposed 1 cc of rectum or bladder (D1cc) was limited to 
10Gy and the dose to 10% of the urethra (D10) was 5.2Gy. We used constraints of D1cc 
<12Gy for the rectum and bladder and D10 <17.7Gy for the urethra [7]. Later, all catheters 
were removed, leaving no source of radioactivity behind in the patient. There were no 
perioperative complications and the patient was discharged the same day.

Binnenwerk Marieke - Final.indd   166Binnenwerk Marieke - Final.indd   166 18-05-21   13:2818-05-21   13:28



167RE-SALVAGE FOCAL HDR-BT

Figure 3 – Dose distribution first MRI-guided focal salvage HDR-BT.
Transversal plane (upper magnetic resonance (MR) image) and sagittal plane (lower MR image) 
showing delineations of the bladder (purple), urethra (yellow), rectum (green), prostate (red), 
and gross tumor volume (GTV, blue) in the right dorsal peripheral zone and the right seminal 
vesicle. The images show signal voids from the catheters and previously implanted iodine 
125 seeds. On the sagittal image, one of the catheters is visible within the GTV. In this case, 
the clinical target volume (CTV) was considered equal to the GTV because there was mainly 
seminal vesicle invasion. Radiation dose is displayed in colors, with red representing 19Gy and 
green representing 9.5Gy.
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During the first six months of follow-up, tamsulosin 0.4 mg once daily was prescribed 
due to minor urinary retention and frequency symptoms. His erectile function decreased 
in the same period but restored without medication. There were no rectal complaints. 
Three months posttreatment, the nadir PSA was 0.9 ng/ml. An mp-MRI for response eval-
uation six months after treatment showed no signs of loco-regional malignant disease 
and post-radiation fibrosis was visible in the right seminal vesicle. Nevertheless, PSA 
levels started to rise again, up to 3.4 ng/ml one year after treatment (PSADT, six months). 
Once again, disease status evaluation was performed with 68Ga-PSMA PET-CT and 
3T mp-MRI. As compared to the first diagnostic PET-CT scan, less PSMA uptake was 
visible in the right peripheral zone. A new suspect lesion of approximately 10 millimeters 
was suggested in the left dorsal peripheral zone, in close relation to the seminal vesicle 
(Figure 4). Diminutive diffusion restriction and contrast enhancement on the mp-MRI 
could not verify this lesion (also due to an overall heterogeneous aspect of the prostate).

Figure 4 – Second recurrence lesion on 68Ga-PSMA PET-CT
Transversal plane (upper image), coronal plane (lower-left image), and sagittal plane (lower-
right image), showing the second recurrence lesion in the left dorsal peripheral zone on the 
68Ga-PSMA PET-CT, 11 years after initial prostate cancer treatment.
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Both imaging modalities were repeated six months later at a PSA-value of 4.6 ng/ml 
(PSADT nine months). The same recurrence location was revealed on the 68Ga-PSMA 
PET-CT and confirmed by the mp-MRI (Figure 5) and MRI-guided target biopsies (<1% 
adenocarcinoma in one out of four cores, suggested Gleason score 3+3=6).

Figure 5 – Diagnostic 3T mp-MRI revealing second recurrence lesion
Transversal plane of the diagnostic 3T mp-MRI revealing a suspect lesion in the left dorsal 
peripheral zone. Delineations of the urethra (yellow), rectum (green), prostate (red), gross 
tumor volume (GTV, blue), and clinical target volume (CTV, orange) are shown.
(a) T2-weighted image, (b) ADC image, (c) K-trans image

Re-salvage treatment
Eleven years after the initial prostate cancer treatment and two years after receiving 
the first MRI-guided focal salvage HDR-BT, the patient was re-treated. A total of eight 
catheters were placed in and around the recurrence lesion (Figure 6). D95 for the CTV 
was 19.1Gy, D1cc of rectum and bladder was 11Gy, and D10 of the urethra was 15.1Gy. 
No perioperative complications occurred. The postoperative PSA values at one, three, 
and six months were 0.37 ng/ml, <0.10 ng/ml, and <0.10 ng/ml, respectively. The patient 
experienced transient flatulence complaints without further need for any therapeutic 
interventions. Three months after treatment, tamsulosin 0.4 mg was again prescribed. 
No grade ≥3 toxicity occurred. The mp-MRI six months post-treatment revealed a re-
duction in both diffusion restriction and contrast enhancement at the treated location. 
An overview of the course of PSA values over time is presented in Figure 7.

9
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Figure 6 – Dose distribution second MRI-guided focal salvage HDR-BT
Transversal plane (upper MR image) and sagittal plane (lower MR image) showing delineations 
of the bladder (purple), urethra (yellow), rectum (green), prostate (red), gross tumor volume 
(GTV, blue), and clinical target volume (CTV, orange) in the left dorsal peripheral zone. The 
images show signal voids from the catheters and previously implanted iodine 125 seeds. On 
the sagittal image, one of the catheters is visible within the CTV. Radiation dose is displayed in 
colors, with red representing 19Gy and green representing 9.5Gy.
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Figure 7 – PSA value timeline
Timeline showing the course of PSA values over time. The first MRI-guided focal salvage 
HDR-BT was performed at a PSA level of 6.7 ng/ml. The second MRI-guided focal salvage 
HDR-BT was performed at a PSA-level of 4.6 ng/ml.

DISCUSSION

With local salvage treatments, toxicity is a major issue that must be weighed against the 
benefits of delaying the onset of metastatic disease or, in particular cases, providing a 
cure. Focal treatment aimed at the tumor lesion instead of the whole prostate gland is 
a novel development in the span of salvage treatments. Powered by technical advances 
in diagnostic modalities and the increasing possibilities of MRI guidance before and 
during treatment, targeted therapy aims to reduce toxicity. With limited toxicity, repet-
itive salvage treatment could be possible for future local recurrences and ADT (and its 
side effects) could be postponed or even prevented.

This report describes the first case of repeat MRI-guided focal salvage HDR-BT for 
prostate cancer recurrence. After both focal treatments, the patient experienced minor 
toxicity (maximum grade 2), which was limited to urinary retention and frequency symp-
toms, transient flatulence complaints, and a temporary decrease in erectile function. 
Because of the relatively short follow-up time after the second treatment, there is no 
information on long-term toxicity yet. However, results with regard to acute toxicity 
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are promising and major complications in the future are not expected due to the high 
level of dose control with respect to the OAR. The combination of MRI guidance and 
the steep dose fall-off in brachytherapy allows for high precision in administering the 
radiation dose to the tumor. In the described case, dose constraints for the OAR were 
not exceeded during both focal HDR-BT treatments.

Within the literature, there are few papers covering repeat salvage therapy. One case 
report by Claren et al. on second salvage treatment using whole-gland HDR-BT (5x7Gy) 
showed limited toxicity (grade 2 urinary incontinence). After 24 months, a PSA nadir 
of 0.03 ng/ml was reached [8]. More recently, Maenhout et al. described a case series 
of four patients receiving MRI-guided focal salvage HDR-BT after previous salvage 
I-125 brachytherapy. No postoperative development of grade ≥2 toxicity was observed. 
Lymph node metastatic disease was detected in one patient during follow-up [9].

Choosing the appropriate salvage treatment strategy for recurrent prostate cancer is 
a complex matter and patient selection for focal treatment depends on many factors. 
To estimate the risk of toxicity, it is essential to establish any pre-existing urinary or 
bowel symptoms. Time from treatment to biochemical relapse and PSA kinetics, such 
as PSADT, have prognostic relevance with respect to salvage oncologic outcomes [10]. 
Appropriate imaging modalities should be deployed for accurate tumor staging and the 
detection of disseminated disease. We have adopted 68Ga-PSMA PET-CT and mp-MRI 
as standard imaging techniques. From our experience, the diagnostic accuracy of this 
imaging combination has rendered prostate biopsies unnecessary since image-guided 
biopsies were all tumor-positive in the past. In the salvage setting, the assessment of 
in- or outfield recurrence is important because infield recurrences with a short interval 
from the previous treatment (less than two years) may indicate radioresistancy and 
are, therefore, less susceptible to repeat focal salvage irradiation.

CONCLUSIONS

MRI-guided focal salvage HDR-BT is a novel modality within the range of local treat-
ment options for recurrent prostate cancer. This case report highlights the potential of 
this therapy with regard to re-treating locally recurrent prostate cancer after previous 
salvage treatment. Re-salvage could further delay or even avoid the need for ADT, there-
by minimizing the risk of exposure to hormone-related toxicity. The joint use of MRI 
guidance and HDR-BT allows for targeted therapy with minimal risk of toxicity. There-
fore, focal re-treatment seems possible. Further experience in treating patients with 
re-recurrent local prostate cancer will yield more knowledge on long-term outcomes.
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CHAPTER 10

General Discussion and  
Future Perspectives
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Focal therapy was introduced as a potential paradigm shift in the management of local-
ized prostate cancer. The burden of overtreatment and the pursuit of function preserva-
tion have generated a growing interest in this approach. While modern biopsy strategies 
and imaging techniques have transformed our ability to localize and characterize patho-
logical lesions, there are still some uncertainties withholding the widespread adoption 
of focal therapy. In the primary setting, focal therapy is an organ-sparing alternative 
to conventional radical treatments with the primary aim of reducing treatment-related 
toxicity. However, it will take years before clinical evidence on its long-term oncological 
effectiveness becomes available. In the salvage setting, focal therapy is an opportunity 
for local re-treatment with the primary aim of postponing or potentially averting the 
need for androgen deprivation therapy (ADT). Although in this setting functional out-
comes are more relevant than long-term oncological effectiveness, it remains crucial 
to understand which patients truly benefit from re-treatment and who should move on 
to watchful waiting.

This thesis aimed to explore the role of focal therapy in the primary treatment setting 
(part I) and the salvage treatment setting (part II) and, in both settings, focused on the 
clinical results of MRI-guided ultrafocal HDR-brachytherapy. Besides lessons learned, 
there are remaining questions that will need to be addressed in future research.

I.	 Primary treatment setting
Lessons learned:
•	 After 6 years follow-up, primary focal therapy has no clear inferiority to conven-

tional whole-gland treatments in terms of need for salvage treatment, progression 
to metastases, need for ADT or mortality (chapter 2).

•	 Long-term cohort data and future RCT evidence are warranted to establish the posi-
tion of primary focal therapy besides available whole-gland treatments (chapter 2).

•	 Ultrafocal HDR-brachytherapy has a very limited effect on urinary and bowel func-
tion, but erectile dysfunction is common (chapter 3).

•	 Based on PSA progression, 4-year tumor control of ultrafocal HDR-brachytherapy 
seems to be poor (chapter 3).

For the establishment of primary focal therapy as a non-investigative, conventional 
treatment besides available whole-gland treatments, there are several caveats that 
require further investigation. Among these are the multifocal nature of prostate cancer 
and shortcomings in the diagnostic accuracy of localizing this multifocality(1). Ideally, 
focal therapy serves as the “middle ground” option for patients in whom treatment is 
recommended but where function preservation is highly rated. However, if cancer-free 
survival is diminished, the advantage of function preservation may no longer hold. A 
remaining challenge is the long indolent course of localized prostate cancer with pro-
gression usually occurring many years after treatment. Long-term assessment (≥10 
years) of oncological outcomes is needed before more definitive conclusions can be 
drawn about the efficacy of primary focal therapy.
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177GENERAL DISCUSSION AND FUTURE PERSPECTIVES

Another limitation in primary focal therapy research is the wide variety of different 
modalities being used for focal ablation, creating a field in which we are reliant upon 
separate groups investigating (smaller) cohorts, often using non-uniform nomenclature, 
varying diagnostic work-up, follow-up protocols or study endpoints. Within the avail-
able literature there are reports of focal HIFU, cryotherapy, brachytherapy, stereotactic 
body radiotherapy (SBRT), photodynamic therapy (PDT), irreversible electroporation 
(IRE), focal laser ablation (FLA), transurethral ultrasound ablation (TULSA) and radiof-
requency ablation (RFA). For each energy modality, there are different techniques and/
or devices available, often with considerable technological differences. Furthermore, 
the minimal extent of ablation varies widely, from targeting the tumor with a margin to 
hemi-gland or “hockey stick” (three-quarters) ablation. Currently, there are no random-
ized trials available comparing the outcome of different focal therapy technologies. The 
existing evidence from systematic reviews on the varying treatment strategies does 
not point to one approach being clearly superior to others(2-5).

Figure 1 – Terminology for partial treatment of the prostate: “Focal therapy” versus “Partial 
gland ablation”.
Image adapted from: Lebastchi et al., 2020(6)
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To facilitate standardized evaluation of treatment outcomes, an international multidis-
ciplinary consensus panel used the modified Delphi method to reach consensus on ter-
minology and adequate post-treatment follow-up(6). They recommended regular PSA-
checks (every 3 months in the first year and every 6 months thereafter), multiparametric 
(mp)-MRI after 6 and 18 months, systematic biopsy combined with targeted biopsy of 
the treated area after 6-12 months, and functional outcome assessment starting 3-6 
months after treatment. In terms of terminology, the panel suggested using the term 
“focal therapy” to describe guided ablation of an image-defined, biopsy-confirmed 
lesion with a safety margin surrounding it. All strategies aiming to treat a standardized 
anatomic part of the gland should be referred to as “partial gland ablation” (Figure 1).

Even the definition of success after primary focal therapy is controversial(7). For 
patients, the most relevant measure of success is durable disease control, although 
there are several ways to define this. Among the available hard endpoints there are 
short-term measures such as presence or absence of positive cores on post-treatment 
biopsy, and long-term endpoints such as metastatic disease on imaging or death. A 
more common mid-term endpoint is biochemical disease-free survival, traditionally 
used as surrogate endpoint for treatment success in whole-gland treatment studies. 
For radical prostatectomy, the American Urological Association (AUA) and the European 
Association of Urology (EAU) have recommended a PSA threshold >0.2 ng/mL to define 
biochemical failure(8, 9), whereas radical radiotherapy uses the American Society for 
Therapeutic Radiology and Oncology (ASTRO) Phoenix definition of PSA nadir+2(10). 
With primary focal therapy, defining such a threshold is problematic due to the fact 
that (substantial) parts of the gland are left untreated and PSA may vary according 
to the ablative technology, amount of tissue treated, and amount of residual tissue 
that remains. Because PSA could be the expression from both malignant and benign 
prostate tissue, the target level after focal therapy is highly individual. A recently pro-
posed definition for treatment success is percentage PSA reduction after treatment, 
with a PSA reduction of >90% predicting a 20% chance of patients needing additional 
treatment within 5 years within the studied cohort(11).

An advantage of primary focal therapy is that new (or residual) lesions with clinically 
significant cancer arising after treatment may be re-treated, potentially again with 
few undesirable genitourinary and gastro-intestinal side effects. Although there are 
no guidelines for the management of patients with localized recurrence after primary 
focal therapy, all therapeutic options are theoretically possible, including radiotherapy, 
surgery, repeat focal therapy or even active surveillance(12, 13). Whether initial focal 
therapy jeopardizes the safety and oncological outcomes of subsequent treatment 
remains largely unknown, with the current evidence being limited to a few retrospective 
series(14, 15). Repeat focal therapy seems possible, although reports on efficacy remain 
scarce, with available studies describing either a small proportion (1.5%) of patients 
receiving focal repeat ablation(16) or refraining from specifically addressing functional 
and oncological outcomes for the repeat procedures(17). For patients in whom repeat 
focal therapy is deemed unfeasible, for example due to multifocal or extended disease, 
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radical salvage therapy may be offered. A large cohort of patients (n=82) undergoing 
salvage prostatectomy after focal therapy (HIFU or cryotherapy) showed no increase 
in toxicity when compared to surgery in the primary treatment setting. The oncological 
effectiveness of salvage treatment depends on the nature of the recurrent lesion: if the 
recurrence is within the previously treated field, the oncological prognosis seems to be 
worse as these lesions seem to harbor more aggressive disease(18).

Which patients should be offered primary focal therapy remains subject of debate. 
Due to the difficulty of accurately localizing significant cancer within the prostate gland, 
tissue-sparing techniques have been difficult to develop. The wide-spread adoption of 
mp-MRI has largely improved our radiological assessment, and mapping biopsy tech-
niques are available to overcome remaining uncertainties. Together, imaging and pa-
thology characteristics are vital in determining the significance of prostate cancer being 
found. In a histological study of 100 consecutive radical prostatectomy specimens, 
primary tumors were often multifocal (78%) and bilateral (86%), but satellite foci (small-
er lesions besides the “index lesion”), were mostly <0.5 cm3 (87%), usually with ISUP 
grade 1 (99.4%), indicating non-aggressive disease which may be left untreated(19).

Translation into clinic
The current position of the EAU is that the lack of high-level evidence does not allow 
the use of primary focal therapy outside the context of clinical trials(20). In the Neth-
erlands, this is currently limited to three clinical centers (st. Antonius, Amsterdam UMC 
and Radboud) investigating focal IRE or FLA. In terms of patient selection, focal therapy 
is not an alternative to active surveillance in low‐risk men. It should be offered to men 
with localized, clinically significant cancer without high-risk disease characteristics 
such as PSA >20 ng/ml or ISUP grade 4-5. Awaiting long-term oncological effective-
ness data, it now seems most suitable to men who place greater value on maintaining 
genitourinary function than certainty over long‐term disease control.
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II.	 Salvage treatment setting
Lessons learned:
•	 Several modalities are available for focal salvage treatment of localized radiorecur-

rent prostate cancer, all with very low severe urinary and bowel toxicity (chapter 4).
•	 Follow-up of current focal salvage series is still limited (chapter 4).
•	 Ultrafocal salvage HDR-brachytherapy has varying tumor control, depending on 

individual characteristics indicating tumor aggressiveness (chapter 5).
•	 Whereas bowel symptoms rarely occur, patients do report acute urinary symptoms 

and deteriorating sexual functioning over time (chapter 6).
•	 Concordantly, physicians observe limited bowel toxicity while moderate urinary 

symptoms and erectile dysfunction are more prominent (chapter 7).
•	 Ultrafocal salvage HDR-brachytherapy seems to be a safe salvage treatment option 

with a low risk of severe morbidity (chapters 6 and 7).
•	 Age, tumor volume and baseline PSA kinetics are potential predictors of PSA pro-

gression after treatment, indicating treatment failure (chapter 8).
•	 A second salvage treatment with ultrafocal HDR-brachytherapy seems feasible 

with a low risk of severe side-effects (chapter 9).

For patients with a localized recurrence after primary radiotherapy, whole-gland salvage 
treatments are not without risk due to the high incidence (15-30%) of severe toxicity 
such as urinary incontinence, rectal injury and erectile dysfunction, irrespective of the 
modality used(21-23). To minimize the risk of morbidity, focal salvage treatments have 
emerged as a promising alternative(24). Similar to the primary treatment setting, there 
are several modalities available for focal salvage treatment, with the most reported 
being focal salvage HIFU, focal salvage cryotherapy and focal salvage brachythera-
py(25). Although technological differences between modalities may lead to different 
outcomes, there is no randomized evidence available showing superiority of one mo-
dality over others. In a retrospective study comparing 300 men undergoing either focal 
salvage cryotherapy or focal salvage HIFU, the HIFU patients had higher rates of bio-
chemical recurrence and progression to castration resistant prostate cancer, but there 
were no differences in prostate cancer-specific mortality after 10 years(26). Severe 
side-effects seem to occur in 5-10% of patients irrespective of the modality used.

For each individual patient, the risk of side-effects should be carefully weighed 
against potential benefit from treatment. First, truly localized recurrence needs to be 
distinguished from unrecognized metastatic disease. Metastatic disease staging has 
improved significantly since the introduction of prostate-specific membrane antigen 
(PSMA) PET-CT(27, 28). For local disease assessment, mp-MRI has made it possible to 
largely differentiate glandular atrophy or radiotherapy-induced fibrosis from pathologic 
restricted diffusion or contrast enhancement(29, 30). Reported anatomical patterns of 
recurrence 8-10 years after primary radiotherapy are ±35% local relapse, ±25% pelvic 
nodal invasion and ±40% distant metastatic failure (Figure 2)(31, 32). It is likely that the 
actual local recurrence rate is even higher, since not all patients with biochemical failure 
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received local staging in these studies. In contrast with prostate cancer in the primary 
setting, localized radiorecurrent disease is usually unifocal, occurring predominantly at 
the site of primary disease(33). It is likely that the primary dose to the dominant lesion 
within the prostate was often too low while microscopic disease elsewhere in the pros-
tate was eradicated. This supports the use of targeted treatment in the salvage setting.

Figure 2 – Anatomical patterns of prostate cancer relapse after primary radiotherapy.
Image adapted from: Cancer Research UK, 2020

Beyond detection of prostate cancer presence, radiological findings alone cannot deter-
mine the clinical significance of recurrent disease. It has been suggested that prostate 
biopsies are critical to confirm that the source of PSA progression originates from local 
disease recurrence(34). However, its interpretation is problematic with high occurrence 
of false negatives due to sampling error, false positives due to delayed tumor regression, 
and indeterminate biopsies showing radiation effect in residual tumor(35). Since the 
pathologic assessment of radiorecurrent disease falls short in accurately distinguish-
ing clinically significant cancer, biopsy results are of limited value in predicting which 
patients will have long-term benefit from local salvage treatment and whom should be 
left untreated to avoid unnecessary side-effects.

Understanding the true impact of biochemical recurrence after primary treatment 
is crucial, since it does not necessarily indicate that a patient will develop clinically 
relevant (metastatic) disease or will even die from the disease. Studies have shown 
that only certain patient subgroups, namely those with increased age, high initial ISUP 
grade, high PSA or short PSA doubling time, are at high risk of progressive disease(36, 
37). In a recent systematic review on the natural history of recurrences after primary 
curative treatment, biochemical relapse after radiotherapy was associated with worse 
survival rates, but this was limited to men with a short interval to biochemical failure 
or men with a high initial ISUP grade(38). Within this review, the authors proposed 
recurrence stratification criteria, stratifying post-radiotherapy patients with an inter-
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val to biochemical failure >18 months and an initial ISUP grade <4 into the “low-risk” 
group, raising awareness that not all patients with biochemical recurrence have similar 
outcomes or should be offered salvage treatment.

To aid individualized treatment decisions in the salvage setting, research should 
be aimed at finding a combination of clinical features that allows for stratification of 
patients into prognostic groups predicting high or low risk of focal salvage treatment 
failure, similar to the risk groups in the primary treatment setting. From the current 
available literature on both focal and whole-gland salvage treatments, including sev-
eral modalities, it seems that initial ISUP grade, interval to biochemical failure, PSA at 
relapse, PSA doubling time at relapse, T-stage at relapse and prostatic volume all seem 
to have predictive value(39-43). Common denominators between studies are interval 
to biochemical failure, PSA-level and PSA doubling time.

If left untreated, localized radiorecurrent disease may disseminate, potentially requir-
ing systemic ADT in a later phase. Taking into account its time-limited effectiveness and 
the frequent severe side-effects associated with hormonal suppression, ADT seems 
most beneficial in the setting of metastatic disease, rather than for the treatment of 
localized radiorecurrent disease. However, the most optimal timing of ADT initiation 
remains under debate. The EAU guidelines currently recommend a deferred treatment 
strategy, offering ADT only to patients with symptoms of advanced disease or patients 
with an increased risk of spinal cord compression, pathological fractures or urethral 
obstruction. Early ADT should be reserved for those at highest risk of disease pro-
gression, defined mainly by a short PSA doubling time (<6-12 months) or a high initial 
ISUP grade (>3)(44). As compared to a deferred ADT strategy, it would be interesting to 
assess the amount of ADT-free time that is gained by offering salvage treatment when 
the recurrent disease is still at a localized stage.

Translation into clinic
In contrast to the primary setting, the EAU has no strong recommendations regarding 
the use of focal salvage treatments for localized radiorecurrent prostate cancer(44). 
Awaiting prediction models based on long-term oncological outcome data from focal 
salvage series, adequate patient selection remains a challenge. Based on the available 
data, focal salvage treatment seems most beneficial for patients with a reasonable in-
terval to recurrence and with favorable PSA kinetics. Treatment benefit should however 
be weighed against the potentially mild natural course of locally recurrent disease with 
favorable characteristics. With the other treatment option being (deferred) ADT, focal 
salvage treatment seems especially suitable for patients who are reluctant to start ADT 
or anxious to await the need for ADT in the longer term.
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Future perspectives
For the future, the role of focal therapy among whole-gland treatment options will in 
part depend on the extent to which innovations can further reduce whole-gland treat-
ment-related side effects. In the early 1990s, physicians became more aware of morbid-
ity related to whole-gland prostate cancer treatments. The general view was that with 
refinements of surgical techniques and radiation advancements, erectile dysfunction 
and incontinence could be largely reduced(45, 46). Indeed, some improvements have 
already contributed to reducing complication rates.

For radical prostatectomy, these include nerve-sparing techniques, centralization in 
high‐volume expert centers and (although controversial) robot-assisted surgery(47-49). 
Although a recent review showed that 82% of patients still reported erectile dysfunc-
tion after bilateral nerve-sparing surgery (versus 95% after conventional surgery)(50), 
the NeuroSAFE technique has now been introduced as an approach to further im-
prove erectile function preservation(51). With this technique, the prostate is removed 
with bilateral nerve‐sparing after which a frozen-section examination is performed 
to decide whether a secondary resection of the neurovascular bundle is necessary. A 
cohort-based analysis of 258 patients undergoing NeuroSAFE prostatectomy showed 
that 25% had positive surgical margins prompting a secondary neurovascular bundle 
resection. However, in 72% of bundle resections, no tumor was present. The authors 
concluded that the neurovascular bundle can be spared in the majority of patients and 
that secondary nerve bundle resection might even be omitted in patients with small 
positive surgical margins of ≤1 mm with Gleason pattern 3, supporting individual in-
traoperative clinical decision‐making(52). However, such decisions should be made 
with caution, as the entire approach relies on meticulous pathological examination. 
If the pathologist misses significant cancer (due to inadequate slice thickness or mi-
croscopic inspection), this may compromise the oncological safety of the procedure. 
Unfortunately, it will take years before long‐term oncological outcome data will become 
available. A future trial planning to randomize between NeuroSAFE prostatectomy and 
nerve-sparing as per standard of care will aim to investigate both functional outcomes 
and cancer control(53).

In the field of primary whole-gland radiotherapy, dose escalation without increasing 
toxicity has become more achievable since the introduction of volumetric arc external 
beam radiotherapy (VMAT) and intensity-modulated radiation therapy (IMRT) tech-
niques(54). Although most trials have not been able to show a significant prostate 
cancer-specific or overall survival advantage for patients treated with ≥74 Gy, dose 
escalation at least seems to reduce the need for secondary therapies(55, 56) and it 
is now an accepted standard of care with low rates of severe side effects(57). The 
low estimated α/β ratio of prostate cancer translates into a potential benefit from hy-
pofractionation, with encouraging results from studies investigating external beam 
radiotherapy in only 4-5 fractions(58, 59). The introduction of the MR-Linac, in which 
a linear accelerator is integrated with a diagnostic quality MRI-scanner, has made it 
possible to adapt the radiotherapy plan to anatomic changes during treatment and 
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therefore deliver high-precision radiotherapy. This enables irradiation of the tumor 
while sparing the surrounding healthy tissues, potentially allowing for an increased 
dose to the tumor with smaller margins, a reduction of toxicity and/or a reduction of 
the number of fractions(60).

Regarding the improvement of focal HDR-brachytherapy, the recent literature has 
shown increasing evidence favoring a fractionated regimen over single-dose treatment. 
In the primary whole-gland treatment setting, a prospective randomized controlled 
trial comparing two fractions of 13.5 Gy to a single dose of 19 Gy HDR-brachytherapy 
revealed a clear 5-year biochemical disease-free survival advantage in the two-fraction 
arm (95% versus 73.5%)(61). In the focal salvage treatment setting, the evidence is lim-
ited to individual cohort studies which show higher estimated 3-year biochemical dis-
ease-free survival among multi-fraction studies (±60% versus ±44%), with comparable 
toxicity rates(62-66). Although these results support the use of fractionated treatment, 
selection bias may affect this interpretation. Furthermore, there are also disadvantages 
to fractionated brachytherapy, particularly the logistical aspects of two (or more) im-
plant sessions. Here, highly conformal external beam radiotherapy would undoubtedly 
have procedural advantages over brachytherapy. If adequate tumor tracking becomes 
possible on the MR-Linac(67), there even is a potential for ultrafocal external beam 
radiotherapy. The trade-off, however, would likely be less target dose coverage and less 
conformal dose distributions, with therefore higher doses to the rectum and urethra(68).
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DUTCH SUMMARY –  
NEDERLANDSTALIGE SAMENVATTING
Eén op de negen mannen wordt gedurende het leven gediagnosticeerd met 
prostaatkanker. Het is daarmee, op huidkanker na, de meest voorkomende kankersoort 
bij mannen. Prostaatkanker kan zich in verschillende gradaties manifesteren, met 
zeer uiteenlopende prognoses. Het natuurlijk beloop bij patiënten met gelokaliseerde, 
laaggradige tumoren is over het algemeen zo mild dat tegenwoordig steeds vaker 
wordt gewacht met behandeling. Er wordt dan gekozen voor een “actief afwachtend” 
beleid. Echter, patiënten met hooggradige of vergevorderde tumoren hebben vaak juist 
langdurige systemische therapie nodig. Over het algemeen is de prognose bij het vinden 
van prostaatkanker relatief gunstig, met een gemiddelde 10-jaarsoverleving van 98% 
bij patiënten met gelokaliseerde ziekte.

De behandeling van lokale prostaatkanker wordt traditioneel gericht op de gehele 
prostaat, waarbij gekozen kan worden voor radiotherapie (bestraling van de prostaat) 
of prostatectomie (operatie waarbij de prostaat in zijn geheel verwijderd wordt). Beide 
behandelopties hebben uitstekende resultaten qua tumorcontrole, maar kunnen helaas 
gepaard gaan met (soms invaliderende) bijwerkingen, zoals plasklachten (aandrang, 
urine-incontinentie), darmklachten (diarree, rectaal bloedverlies) en erectiestoornissen. 
Deze bijwerkingen zijn het directe gevolg van schade aan gezonde organen die in de 
buurt van de prostaat liggen en niet (geheel) ontzien kunnen worden tijdens bestraling 
of operatie. Om nevenschade aan gezonde organen zoveel mogelijk te beperken en 
daarmee de bijwerkingen van behandeling te verminderen is er steeds meer aandacht 
voor focale (plaatselijke) behandeling van lokale prostaatkanker. Hierbij wordt alleen 
de tumor in de prostaat behandeld, terwijl de rest van de prostaat en de omgevende 
organen worden ontzien. Daarmee is focale behandeling potentieel curatief, met 
mogelijk minder bijwerkingen.

Deel I – Primaire behandeling van lokale prostaatkanker
In het eerste deel van dit proefschrift worden de resultaten beschreven van het 
onderzoek naar focale behandeling bij patiënten die zich in de primaire setting met 
lokale prostaatkanker presenteren.

Algehele versus focale behandeling
Om de uitkomsten van focale behandeling betrouwbaar te kunnen vergelijken met 
conventionele radiotherapie of prostatectomie zijn prospectieve klinische studies nodig, 
waarbij patiënten gerandomiseerd worden tussen de verschillende behandelopties. 
Deze randomisatie brengt met zich mee dat patiënten binnen elk van de groepen 
naar verwachting vergelijkbare kenmerken hebben. Gerandomiseerde trials zoals de 
CHRONOS-trial (ISRCTN 17796995) zijn recent gestart, maar de resultaten hiervan zullen 
pas over een aantal jaren bekend zijn. In de tussentijd lopen er wereldwijd verschillende 
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(kleine) cohortstudies waarin verschillende soorten focale behandelingen worden 
bestudeerd. In hoofdstuk 2 is de setting van een gerandomiseerde trial zoveel mogelijk 
nagebootst door gebruik te maken van een propensity score analyse, waarbij cohortdata 
van 440 radiotherapie en 390 prostatectomie patiënten wordt vergeleken met data van 
530 focale therapie patiënten. De kans op falen van de behandeling (gedefinieerd als 
noodzaak tot opnieuw behandelen, vaststellen van recidief of metastasen) bleek na 6 
jaar niet significant groter te zijn na focale therapie. Met inachtneming van de limitaties 
van een dusdanige statistische analyse kan in elk geval worden geconcludeerd dat 
focale therapie potentie heeft als behandeling bij een geselecteerde groep patiënten 
met een klinisch significante gradatie van lokale prostaatkanker.

Focale inwendige bestraling
Een van de modaliteiten die gebruikt worden voor focale therapie, is brachytherapie 
(inwendige bestraling). Hierbij wordt gebruikt gemaakt van bestralingsbronnen die 
via holle katheters transperineaal worden ingebracht in de prostaat. In hoofdstuk 3 
worden de resultaten beschreven van eenmalige MRI-geleide focale brachytherapie, 
waarbij de bestraling zo precies mogelijk wordt gericht op alleen de tumor in de 
prostaat. Hiervoor wordt de tumor voorafgaand aan de behandeling met een marge 
van 5 millimeter ingetekend op een multiparametrische MRI-scan. Na implantatie van 
de brachytherapiekatheters in en rond de tumor, wordt een bestralingsplan gemaakt 
met strikte voorwaarden ten aanzien van de maximale bestralingsdosis die de 
gezonde omliggende weefsels mogen ontvangen. Binnen de beschreven studiegroep 
van 30 patiënten blijkt het gastro-intestinale en urogenitale bijwerkingenprofiel zeer 
gunstig (geen graad 3, ofwel ernstige bijwerkingen), maar komt erectiele dysfunctie 
na behandeling wel vaak voor (50% verslechtert van milde dysfunctie naar matig tot 
ernstige dysfunctie). Met betrekking tot tumorcontrole blijkt de biochemisch recidief-
vrije overleving na 4 jaar 70% te zijn, een resultaat dat relatief tegenvalt in vergelijking 
met de gemiddelde tumorcontrole na conventionele radiotherapie of prostatectomie.

Deel II – Behandeling van teruggekeerde lokale prostaatkanker
Alhoewel de prognose qua overleving relatief gunstig is voor patiënten met 
prostaatkanker, is de kans op recidief na conventionele primaire behandeling binnen 
10 jaar 10-40%. Een recidief wordt vastgesteld door een stijgende PSA-waarde, 
waarbij voor radiotherapie en prostatectomie verschillende definities worden 
aangehouden voor PSA-bewezen teruggekeerde ziekte (“biochemisch recidief”). 
Indien er sprake is van een biochemisch recidief duurt het gemiddeld 5 jaar tot er 
afstandsmetastasen ontstaan en is de maximale overleving gemiddeld 10 jaar. Het 
natuurlijk beloop is echter zeer heterogeen, variërend van indolente recidieven die 
asymptomatisch blijven tot agressieve tumoren die snel dodelijk zijn. Bij patiënten 
met een redelijke levensverwachting kan opnieuw lokaal behandelen zinvol zijn om 
complicaties van metastasen of vroegtijdig overlijden te voorkomen. Net zoals in de 
primaire behandelsetting moet het risico op bijwerkingen van behandeling zorgvuldig 
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worden afgewogen tegen de voordelen van verlengde overleving. De behandelopties 
die er zijn hebben echter elk hun eigen nadelen. Een tweede behandeling van de 
gehele prostaat geeft vaak ernstige bijwerkingen (wederom vanwege de schade aan 
gezonde omliggende organen) en de beschreven tumorcontrole in de literatuur is matig. 
Daarom wordt tegenwoordig >90% van de patiënten met een lokaal recidief uiteindelijk 
behandeld met systemische hormonale therapie. Deze behandeling heeft een tijdelijk 
remmend effect en kent potentiele bijwerkingen zoals onder andere opvliegers, 
(pijnlijke) zwelling van borstweefsel, wisselend humeur, impotentie en botontkalking. 
Qua bijwerkingenprofiel zou focale therapie in de setting van lokale recidieven dus een 
goed alternatief kunnen zijn.

In het tweede deel van dit proefschrift worden de resultaten beschreven van het 
onderzoek naar focale behandeling bij patiënten met een lokaal recidief na primaire 
behandeling met algehele bestraling.

Overzicht van focale behandelingen van lokale recidieven
Uit verschillende studies blijkt dat recidieven na primaire radiotherapie vaak voorkomen 
op de plek waar zich in de primaire setting de grootste of meest agressieve laesie zich 
bevond. Tevens is door celbiologische onderzoeken de hypothese ontstaan dat er bij 
prostaatkanker één aandrijvend focus (ofwel “index laesie”) bestaat, met een cel of 
groepje cellen die als voorloper dienen voor verdere verspreiding van de ziekte. Door 
deze laesie focaal te behandelen zou het prostaatkankerrecidief in theorie afgeremd 
of zelfs onschadelijk gemaakt kunnen worden. Hoofdstuk 4 beschrijft de belangrijkste 
voorwaarden voor een succesvolle focale behandeling (adequaat uitsluiten van 
metastasen, detectie en beeldvorming van het recidief) en de resultaten van huidige 
focale series. De meeste data in de literatuur komt van studies naar focale HIFU, 
cryotherapie, brachytherapie en stereotactische uitwendige radiotherapie. Bij elke 
techniek worden verschillende behandelschema’s en doelvolumina aangehouden, wat 
de onderlinge vergelijking tussen cohorten erg ingewikkeld maakt. Over het algemeen 
lijken ernstige bijwerkingen weinig voor te komen (gastro-intestinaal en urogenitaal 5-10% 
graad 3) en wordt in de langste studies een biochemisch recidief-vrije overleving van 50% 
gerapporteerd na 5 jaar.

Focale inwendige bestraling van een lokaal recidief
Het concept van focale brachytherapie zoals eerder in de primaire setting omschreven, 
kan ook worden toegepast voor de behandeling van lokale recidieven na radiotherapie. De 
resultaten van deze behandeling worden belicht in hoofdstuk 5, waarin een cohortstudie 
wordt beschreven met 50 patiënten. Voor de stadiering werd gebruik gemaakt van 
18F-Choline of 68Ga-PSMA PET/CT om metastasen uit te sluiten en multiparametrische 
MRI en biopten om lokale recidieven aan te tonen. In deze studie wordt duidelijk 
zichtbaar gemaakt hoezeer het te verwachten succespercentage van de behandeling 
afhangt van de patiënt- en tumorkarakteristieken en daarbij behorende risicoprofielen. 
Binnen de beschreven groep van 50 patiënten zijn uiteenlopende karakteristieken te 
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onderscheiden, met PSA-waarden variërend tussen 1 en 39, PSA-verdubbelingstijden 
variërend van 3 maanden tot enkele jaren en tumorstadia van T2a (zeer lokaal) tot T4 
(met ingroei tot in de blaas). Om een eerlijker beeld te schetsen van de uitkomsten qua 
tumorcontrole werd de groep daarom in tweeën opgedeeld: de “laag-risico” groep had 
een biochemisch recidief-vrije overleving van 71% na 2,5 jaar, terwijl dit in de “hoog- 
risico” groep slechts 25% was.

Bijwerkingen en kwaliteit van leven
Bijwerkingen en patiënt-gerapporteerde kwaliteit van leven zijn belangrijke 
uitkomstmaten van focale therapie bij lokale recidieven, omdat hiervan een aanzienlijke 
verbetering te verwachten valt ten opzichte van een behandeling met hormonale 
therapie. Hoofdstukken 6 en 7 beschrijven het perspectief van de patiënt ten aanzien 
van kwaliteit van leven en de bijwerkingen zoals gerapporteerd volgens de CTCAE 4.0 
criteria. Uit data van kwaliteit van leven vragenlijsten van 100 patiënten en data van 
CTCAE rapportages van 150 patiënten die focale brachytherapie ondergingen blijkt dat 
er voornamelijk plasklachten (met name vlak na de behandeling) en erectiestoornissen 
worden gerapporteerd. Patiënten met een slechtere functionele uitgangswaarde 
voorafgaand aan de behandeling lopen meer risico op het ontwikkelen van plasklachten 
of erectiestoornissen. Patiënten die een hoge dosis (≥16 Gy) op de urethra krijgen lopen 
specifiek meer risico op plasklachten. In beide studies blijken darmklachten na focale 
brachytherapie zeer weinig voor te komen. In alle overige kwaliteit van leven domeinen 
werd ook geen verslechtering gerapporteerd. Hiermee kan niet alleen rekening 
gehouden worden bij het informeren van de patiënt over het te verwachten beloop, 
maar ook bij het bestralingsplan dat gemaakt wordt voorafgaand aan de behandeling. 

Voorspelling van de kans op succes
Om in de toekomst een betere selectie te kunnen maken van de patiënten die het 
meest gebaat zullen zijn bij focale brachytherapie, wordt in hoofdstuk 8 ingegaan op 
het ontwikkelen en valideren van predictiemodellen waarmee de kans op succes per 
patiënt kan worden ingeschat. Het eerste model voorspelt de biochemisch recidief-
vrije overleving aan de hand van patiënt- en tumorkarakteristieken voorafgaand aan de 
behandeling. In deze studiegroep van 150 patiënten zijn de beste voorspellers van een 
biochemisch recidief leeftijd (negatieve associatie; hoe jonger hoe groter het risico), 
grootte van de tumor (positieve associatie), PSA-waarde (positieve associatie) en PSA-
verdubbelingstijd (negatieve associatie; hoe korter hoe groter het risico). Op basis van 
patiënt-specifieke waarden van deze voorspellers kan vervolgens per patiënt in een 
nomogram worden bepaald of de patiënt in de laag-, gemiddeld- of hoog-risico groep 
valt. Hetzelfde is toegepast in het tweede model, waarbij de biochemisch recidief-vrije 
overleving na focale brachytherapie wordt ingeschat. Dit model kan worden gebruikt om 
patiënten gedurende de follow-up een inschatting te bieden van de kans op succes op 
basis van karakteristieken die meetbaar zijn na de behandeling, zoals de procentuele 
daling van de PSA-waarde. Alhoewel deze uitkomsten een eerste indicatie geven van 
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factoren waar rekening mee gehouden kan worden bij de selectie van patiënten, zal 
externe validatie nog nodig zijn om het nomogram ook toepasbaar te maken op een 
nieuw cohort.

Herhaling van plaatselijke inwendige bestraling
Als er opnieuw een lokaal recidief ontstaat na focale brachytherapie, zou kunnen 
worden overwogen om de behandeling nog een keer te herhalen. Omdat er in de 
literatuur zeer weinig bekend is over de veiligheid en haalbaarheid van het herhalen 
van een focale behandeling na primaire algehele bestraling, wordt in hoofdstuk 9 een 
patiëntcasus gepresenteerd waarbij het beloop nauwgezet beschreven wordt. Deze 
patiënt kreeg als primaire behandeling jodiumzaadjes, waarna er na 9 jaar een lokaal 
recidief werd vastgesteld en behandeld met focale brachytherapie. Twee jaar later 
ontstaat er opnieuw een lokaal recidief, ditmaal op een andere lokalisatie in de prostaat, 
en hij wordt opnieuw behandeld met focale brachytherapie. Hierna zakt de PSA-waarde 
in 6 maanden naar onmeetbaar. De belangrijkste bevinding is dat deze patiënt aan 
beide behandelingen slechte milde of tijdelijke bijwerkingen overhoudt. Daarmee lijkt 
herhaalde focale brachytherapie veilig en haalbaar.

Vooruitzichten
De rol van focale therapie tussen de huidige conventionele prostaatkankerbehandelingen 
zal afhangen van de uitkomsten van langlopende cohortonderzoeken en gerandomiseerde 
klinische trials, maar zal ook deels afhangen van de mate waarin conventionele 
behandeling nog verbeterd kan worden qua toxiciteit. De ideale patiënt voor focale therapie 
in de primaire setting lijkt een patiënt met een lokale, klinisch significante prostaattumor, 
die veel waarde hecht aan het behoud van zijn urogenitale en erectiele functie. In de setting 
van een lokaal recidief na radiotherapie blijft het moeilijk inschatten welke patiënten echt 
baat zullen hebben van opnieuw lokale behandeling. Hier is focale therapie met name 
geschikt voor patiënten die niet met hormonale therapie willen starten of die niet willen 
afwachten tot hormonale therapie nodig zal zijn. In de toekomst zouden de uitkomsten 
van focale brachytherapie mogelijk verbeterd kunnen worden door de dosis te verdelen 
over meerdere sessies, waarbij uiteraard wel logistieke nadelen komen kijken. Mogelijk 
zou uitwendige bestraling met de MR-Linac hierbij een geschikt alternatief bieden.
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mooie plaatjes van dosisverdelingen voor mijn stukken. Het is jammer dat ik jouw HDR-
robot nooit live in actie heb gezien! Ook wil ik graag Rogier Schokker, Katelijne van Vliet, 
Atousa Yazdani, Maarten Kastelijns, Stefan van der Vegt, Danielle Kelder, Paulien Mulder 
en Jacqueline Verkerk bedanken voor jullie ondersteuning bij het intekenen, plannen, 
assisteren en op gang houden van de HDR-behandelingen. Daarnaast in het bijzonder 
veel dank aan Diana Louis, zonder jouw hulp met het versturen van de maandelijkse stapel 
kwaliteit van leven-vragenlijsten had ik waarschijnlijk de handdoek al in de ring gegooid.

De dagjes “prikken op de HDR” waren voor mij een heerlijke afwisseling met de dagen 
waarop er echt aan het onderzoek geschreven moest worden. Graag zou ik (naast 
Jochem) dr. J.L. Noteboom, Juus, drs. W.S.C. Eppinga, Wietse, drs. R. Davila Fajardo, 
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Raquel en drs. S.M.G. van de Pol, Sandrine willen bedanken voor de supervisie en het 
vertrouwen om het mij uiteindelijk helemaal zelf te laten doen.

Uiteraard wil ik graag alle patiënten bedanken die aan het onderzoek hebben meegedaan. 
“Mijn” studiegroep bestond uit een verzameling uitermate betrokken patiënten en ik 
werd dan ook vaak verrast met extra verhalen naast de uitgebreide vragenlijsten die zij 
toch al moesten invullen. In het bijzonder heb ik warme herinneringen aan de patiënt 
die uiteindelijk ook op de omslag van dit proefschrift is beland.

Dankzij het grote aantal arts-onderzoekers op de afdeling radiotherapie was er altijd wel 
iemand om mee te sparren over analyses, om te helpen bij de rompslomp van administratie 
(helaas een onvermijdelijk onderdeel van onderzoek), of om op vrijdag halverwege de 
middag het terras mee op te duiken. Lucas Goense, Madelijn Gregorowitsch, Alice 
Couwenberg, Bart Pielkenrood, Alicia Borggreve, Jeanine Vasmel, Lois Daamen, Sophie 
de Mol van Otterloo, Marilot Batenburg, Freek Teunissen, Thomas Willigenburg, Steven 
Nagtegaal en Charisma Hehakaya: veel dank voor de gezelligheid, de lunch om 12.00 en 
alle support. Ook heb ik erg veel geluk gehad met mijn kamergenoten Boris Peltenburg, 
Veerle Groen en Ingmar Defize, waarmee soms hard gewerkt kon worden en soms 
de concentratie ver, heel ver te zoeken was (maar de sfeer daardoor des te beter).

Met mijn lieve paranimfen Fieke Prins en Sieske Hoendervangers heb ik het langst een 
kamer (en daarmee ook lief en leed) gedeeld. Op maandagochtend kon het werk pas 
beginnen als alle verhalen van het weekend uitgebreid besproken en geanalyseerd 
waren. Wij zijn alle drie elkaars paranimfen geweest en daarom voelt het extra bijzonder 
om deze tijd samen met jullie af te sluiten. Ik ben ontzettend trots op wat jullie al bereikt 
hebben en hoop dat we elkaar in de kliniek nog tegen zullen komen.

Ik denk nog graag terug aan de bonte verzameling artsen, fysici en onderzoekers op de 
afdeling radiotherapie van het UMC Utrecht, ofwel “de vrienden van de radiotherapie”. 
Alhoewel ik de werkelijke betekenis van “k-space” nooit zal begrijpen, heb ik grote 
bewondering voor de manier waarop ingewikkelde materie op deze afdeling wordt 
omgezet in innovaties die uiteindelijk een grote impact hebben op de kliniek. Ik ben 
de afdeling dankbaar voor de kans om de master Epidemiologie te kunnen volgen en 
in de praktijk te brengen op een plek waar kwalitatief goed onderzoek verricht wordt.

Graag zou ik ook mijn huidige collega’s van de urologie in het Spaarne gasthuis willen 
bedanken voor de support de afgelopen tijd om naast mijn ANIOS-baan de laatste 
loodjes te voltooien (waaronder het schrijven van dit dankwoord).

Dear professor Ahmed, Hash, thank you for inviting me to collaborate with your research 
group in London to finish one of my research projects. It was amazing to be part of 
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such a hard-working group of researchers, of whom I would like to particularly thank 
Deepika, Taimur and Feargus for their warm welcome and help.

Tijdens mijn promotietraject was er ook tijd voor persoonlijke ontwikkeling op andere 
vlakken. Zo kwam ik via Ingelise Nieuwenhuijzen en Eveline van Rein in aanraking met 
de insanity workouts van Shaun T. Dankzij jullie heb ik ontdekt dat sporten de ultieme 
vorm van ontspanning is en daar heb ik tot de dag van vandaag veel profijt van. In dat 
opzicht wil ik ook Brigitte van den Broek graag bedanken, die met volle overgave eerst 
het avontuur van insanity en later ook de hikingtrip in Amerika met mij wilde aangaan.

Zonder de liefde en support van familie en vrienden was het schrijven van dit proefschrift 
een stuk minder leuk geweest. Constance van Laarhoven, wij zijn samen begonnen aan 
de studie geneeskunde en we zijn ook samen afgestudeerd. Wie had aan het begin 
van die tijd ooit kunnen denken dat wij uiteindelijk allebei een promotietraject zouden 
afronden? Jij weliswaar met wat meer vaart dan ik, maar voor het grootste deel toch 
samen. Ik vind het bijzonder dat ik al die fases zo met jou heb kunnen doorlopen en je 
kunt voor altijd op mijn vriendschap rekenen.

Wat vriendschap betreft wil ik ook graag mijn jaarclub bedanken voor de inmiddels 10+ 
jaar dat we het al met elkaar uithouden. Langzaamaan gaan we een volwassener fase 
in, maar ik had me geen mooiere studententijd dan met jullie kunnen wensen.

Lieve Joris, door ons leeftijdsverschil van 4 jaar duurde het even voordat ik niet meer 
alleen jouw kleine zusje was. Inmiddels hebben we een hechte band opgebouwd en 
doen we veel samen. Ik kijk uit naar de zomeravonden die we straks op onze sloep 
kunnen gaan doorbrengen en de vele wintersportvakanties die hopelijk nog zullen 
volgen. Ik ben blij dat we dat kunnen delen!

Lieve papa en mama, Ben en Annelies, jullie hadden nooit kunnen bedenken dat jullie 
kinderen zulke andere carrières zouden kiezen dan jullie zelf gedaan hebben. Al was 
het niet altijd even goed te volgen, jullie zijn altijd enorm geïnteresseerd geweest in de 
vorderingen van mijn onderzoek. Ik wil jullie bedanken voor jullie onvoorwaardelijke steun, 
liefde en de vrijheid die jullie mij geven om mijn leven vorm te geven. Jullie hebben mij 
geleerd dat niet iedereen met dezelfde hoeveelheid geluk geboren wordt en daardoor besef 
ik mij goed welke kansen ik heb gekregen. Al krijg je mij niet meer mee op fietsvakantie, 
kijk ik toch met een goed gevoel terug op de eindsprint als de laatste bocht in zicht kwam.

Lieve Tim, samen hebben we de afgelopen tijd een hoop werk verzet in de vrije uren. Jij 
wist mij altijd te motiveren om nog even een uurtje “iets te doen”, zodat uiteindelijk alles 
mooi op z’n pootjes terecht is gekomen. Dankjewel voor je support, de manier waarop je 
alles omzet in iets positiefs en de drive die je daardoor bij mij teweegbrengt om ergens 
echt voor te kunnen gaan. Ik ben trots om deel uit te mogen maken van jouw team.

Binnenwerk Marieke - Final.indd   205Binnenwerk Marieke - Final.indd   205 18-05-21   13:2918-05-21   13:29



206 APPENDICES

CURRICULUM VITAE

Marieke van Son was born on the 7th of November in 
Rotterdam, where she grew up with her older brother 
and parents. After graduating from Gymnasium at CSG 
Calvijn, she took a gap year and went on an exchange 
program to the United States. She attended High School 
in Boardman, a small town in the state of Oregon, and 
lived with a host family. In 2010, she started Medical 
School at the University Medical Center Utrecht (UMCU).

During the course of Medical School, she had several 
part-time jobs which all involved her passion for (hands-
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