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Abstract. – OBJECTIVE: The aim of this 
study was to report a monoinstitutional multi-
disciplinary experience about the use of mul-
tiparametric imaging to identify the areas with 
higher risk of relapse in localized prostate can-
cer, with the purpose of allowing a biologically 
planned target dose escalation. 

PATIENTS AND METHODS: We performed a 
retrospective evaluation of patients diagnosed 
with prostate cancer who received treatments 
at our Interventional Oncology Center with in-
terstitial interventional radiotherapy from 2014 
to 2022. Inclusion criteria were histologically 
confirmed localized prostate cancer; and Na-
tional Comprehensive Cancer Network (NCCN) 
risk class unfavorable intermediate or high/very 
high risk. The diagnostic work-up included mul-
tiparametric Magnetic resonance imaging (MRI), 
multiparametric Transrectal ultrasound (TRUS), 
Positron Emission Tomography Computed To-
mography (PET-CT) with choline or PSMA (or 
alternatively bone scan). All patients were as-
sessed and received one treatment with intersti-
tial high-dose-rate interventional radiotherapy 
(brachytherapy) delivering external beam radio-
therapy (46 Gy). All procedures were performed 
using transrectal ultrasound guidance under 
general anesthesia and the prescribed doses 
were 10 Gy to the whole prostate, 12 Gy to the 
peripheral zone and 15 Gy to the areas at risk. 

RESULTS: We report the data of 21 patients who 
were considered for the statistical analysis with a 
mean age of 62.5 years. The mean PSA nadir was 

0.03 ng/ml (range 0-0.09). So far, no biochemical 
nor radiological recurrences have been recorded 
in our series. Regarding acute toxicity, the most 
commonly reported side effects were G1 urinary 
in 28.5% of patients and G2 urinary in 9.5%; all re-
corded acute toxicities resolved spontaneously. 

CONCLUSIONS: We present a real-life expe-
rience of biologically planned local dose escala-
tion by interventional radiotherapy (brachyther-
apy) boost, followed by external beam radiother-
apy in patients with intermediate unfavorable- 
or high/very high risk. The local control and the 
biochemical control rates are proved to be ex-
cellent and the toxicity profile tolerable.

Key Words:
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therapy, Brachytherapy. 

Introduction

Radiotherapy for localized prostate cancer has 
proven to be an effective alternative to radical 
prostatectomy1. In this clinical setting, the treat-
ment decision should always be based on the sta-
ge/risk group of the disease. Potential treatment 
outcomes and side effects related to surgery and 
to radiotherapy should be discussed with the pa-
tient in a multidisciplinary setting, and the patient 
must be invited to express a preference2.
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Multidisciplinary management of prostate can-
cer allows patients to be correctly staged and, 
therefore, to access the best therapeutic options, 
balancing advantages and side effects3.

Multiparametric imaging including MRI, PET-
CT, and TRUS have proven to be by far superior 
to standard imaging in terms of accuracy for the 
diagnosis of prostate cancer lesions4,5, and com-
bining these diagnostic approaches has shown to 
further increase sensitivity and ability to detect 
the cancerous lesions6.

The use of multiparametric imaging also plays a pi-
votal role in guiding clinicians to target their biopsies, 
thus allowing them to obtain histologic confirmation 
before deciding the optimal treatment strategy7. 

The need for a clear identification of intrapro-
static lesions relies on the clinical evidence that 
the typical site of recurrence, after radiotherapy, 
occurs within the dominant intraprostatic lesion 
(DIL)8. This point is of crucial importance becau-
se it has been demonstrated that there is a clear 
relationship between the dose delivered to the 
DIL and risk of relapse: patients receiving higher 
doses do have a lower risk of recurrence9,10.

Advanced technological options, such as inten-
sity-modulated radiotherapy (IMRT) have made 
it possible to reduce the risk of radiation-induced 
side effects, thus allowing for the pursuit of an 
increasing dose escalation11.

In particular, interventional radiotherapy 
(IRT), known also as brachytherapy (BT), al-
lows clinicians to deliver a higher target dose in 
combination with a lower dose to organs at risk 
(OAR), thanks to its physical properties, com-
pared to external beam radiotherapy (ERT) as 
underlined by the recent The Groupe Européen 
de Curiethérapie (GEC), the European SocieTy 
for Radiotherapy & Oncology (ESTRO), and the 
Advisory Committee for Radiation Oncology 
Practice (ACROP) guidelines12.

The aim of this study is to report a monoin-
stitutional multidisciplinary experience about 
the use of multiparametric imaging to identify 
the areas with higher risk of relapse in localized 
prostate cancer, with the purpose of pursuing a 
biologically planned target dose escalation using 
a sequential approach of interventional radiothe-
rapy followed by external beam radiotherapy.

Patients and Methods

We performed a retrospective evaluation of pa-
tients diagnosed with prostate cancer who received 

treatments at our Interventional Oncology Center 
(IOC)13 with interstitial IRT from 2014 to 2022. 

Patients were identified through the electronic 
database Speed RO, which allowed us to retro-
spectively retrieve anonymized patients’ data, 
thus fully respecting the General Data Protection 
Regulations (GDPR)14,15. 

Overall, 36 patients were identified. However, 
for statistical purposes, patients lost to follow-up 
or with follow-up of less than 12 months were 
excluded from the analysis (15 patients).

Inclusion criteria were histologically confirmed 
localized prostate cancer, available data on pretre-
atment PSA level, age 18 years or higher, NCCN 
risk class unfavorable intermediate or high/very 
high risk, and treatment with IRT HDR pre-boost. 

In all patients, the diagnostic work-up included 
multiparametric MRI, multiparametric TRUS, 
PET-CT with choline or Prostate-specific mem-
brane antigen (PSMA), or alternatively bone 
scan; additionally, all patients were evaluated 
with a basal uroflowmetry and were asked to 
complete an International Prostatic Symptoms 
Score (IPSS) questionnaire and an International 
Index of Erectile Function (IIEF 5) questionnaire. 

Patients were asked to fill in the questionnaires 
at base line (before IRT), during the first visit after 
radiotherapy, after six months, and then once a ye-
ar. Patients’ characteristics are reported in Table I.

The implant procedure included three different 
phases: pre-planning, implantation, and on-line 
treatment planning and delivery (Table II).

In the pre-planning phase, all cases were di-
scussed in a multidisciplinary setting, including an 
interventional radiation oncologist, a radiologist, 

Table I. Patients’ characteristics.

Factors % (n)

Age (mean) 62.5 years (range 61–81)
T stage  
2a 9.5% (2)
2c 19% (4)
3a 33.4% (7)
3b 38.1% (8)
N stage  
N− 100% (21)
N+ 0
ISUP  
1 14.3% (3)
2 19% (4)
3 38.1% (8)
4 14.3% (3)
5 14.3% (3)
Follow-up (mean) 60 months (range 14-103)
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and a nuclear medicine physician. Information 
from mpMRI, PET-CT, and mpTRUS was gathe-
red with the histology data of the positive cores 
in order to identify three different volumes: the 
prostate (CTV1), the peripheral zone (CTV2), and 
the high-risk zone (CTV3).

In particular, the high-risk zone (CTV3) was 
graphically identified as shown in Figure 1.

It is important to underline that the final CTV 
3 considered the sum of the different areas at risk 
coming from multiparametric imaging and from 
biopsies in all patients.

The mpTRUS evaluation allowed clinicians to 
identify patients with adequate prostate volume 
(to be included within the template), to study 
the distance between the prostate and the rectal 

mucosa (>5mm), and to prevent the possibility of 
public arc interference.

Regarding the implant technique, in all ca-
ses we used metal needles, inserted them into 
the prostate template by TRUS guidance under 
general anesthesia, and placed them mainly in 
accordance with the Paris system rules in order to 
provide adequate coverage of the three different 
volumes identified. A urinary catheter was placed 
in all patients before the implant procedure so as 
to better visualize the urethra on TRUS.

Local fixation was obtained first through an-
chor needles and then using the dedicated templa-
te. The total number of catheters varied according 
to the CTV size. The entire procedure was per-
formed under general anesthesia.

Figure 1. Multiparametric CTV identification (Modified from reference 16).

Table II. Procedure steps.

Step 1: Pre-planning

a. mpMRI and PET-CT (when available) to define the high-risk areas
b. Identification of positive biopsies within the prostate
c. mpTRUS evaluation of the sub-CTVs within the target
d. Multidisciplinary discussion

Step 2: Implant technique

a. TRUS guided needles insertion carefully avoiding injury to the urethra
b. Needles fixed to the template for better stability

Step 3: Treatment planning and delivery

a. TRUS-based reconstruction of the actual needle positions for 3D treatment planning
b. Target definition based on multidisciplinary agreement 
c. TRUS-based real-time IRT planning and dose volume optimization
d. Treatment delivery
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Regarding the treatment planning, mpTRUS 
images were used to contour the three different 
CTVs and TRUS volume images in order to digi-
tally reconstruct the catheters. The treatment plan 
was calculated using Oncentra Brachy system v. 
4.6.2 (Elekta, Stockholm, Sweden), and treatment 
delivery was performed using a high-dose-rate 
(HDR) after loader (MicroSelectron or Flexitron, 
Elekta, Stockholm, Sweden). 

The doses prescribed to the different volumes 
were 10 Gy to the whole prostate, 12 Gy to the 
peripheral zone, and 15 Gy to the areas at risk, 
respectively. The OARs constraints used accor-
ding to the internal protocol were rectal wall 
D2cc <75 Gy EQD2 (<10 Gy/fx), rectal wall 
V13Gy=0, urethra D0.1cc <120 Gy EQD2 (<16 
Gy/fx), urethra D10 <120 Gy EQD2 (<16 Gy/fx), 
and urethra D30 <105 Gy EQD2 (<14 Gy/fx). 

Within 10 days of completing the interven-
tional radiotherapy, all patients started external 
beam radiotherapy with a total dose of 46 Gy in 
2 Gy fraction to the prostate and to the regional 
pelvic nodes for those at risk of nodal metastases 
>15% based on Roach’s formula17. 

Androgen deprivation therapy (ADT) was gi-
ven according to NCCN guidelines with regard to 
risk classes and timing. Acute and late toxicities 
were assessed according to the Radiation The-
rapy Oncology Group (RTOG)18.

Data from the collected cases were collated and 
processed using the Data Analysis ToolPak loa-
ded in Excel (Microsoft®, Redmond, Washington, 
USA) to calculate descriptive statistics.

Results 

We report the data of 21 patients who were 
considered for the statistical analysis.

The mean age was 62.5 years (range 61-81) and the 
rate of patients with T2a, T2c, T3a, and T3b tumor 
stage was 9.5%, 19%, 33.3%, and 38%, respectively. 

The mean number of biopsies was 13 (range 
8-30) and the relative percentage of positive cores 
was 35% (range 3-90). None of the included pa-
tients had positive lymph nodes.

The mean prostatic volume was 32cc and the mean 
PSA level at diagnosis was 11.8 ng/ml (range 3.3-61).

Mean rectal wall D2cc was 7.8 Gy (range 5.4-
10.2), mean urethra D30 was 12.6 Gy (range 7.4-
16), mean urethra D10 was 13.4 Gy (9.3-16), and 
mean urethra D0.1cc was 12.9 Gy (range 8.5-16).

The mean PSA nadir was 0.03 ng/ml (range 
0-0.09), and almost all patients reached the 

nadir at the first follow-up visit 2 months after 
completing radiotherapy. 

So far, no biochemical nor radiological re-
currences have been recorded in our series.

Regarding acute toxicity, the most com-
monly reported side effects were G1 urinary 
in 28.5% of patients and G2 urinary in 9.5%; 
all recorded acute toxicities resolved spontane-
ously. No late toxicities were recorded in our 
patients. Moreover, no significant changes of 
either IPSS or IIEF 5 were noticed.

The median follow-up time was 60 months 
(range 14-103). Figures 2, 3 and 4 present an 
example of a typical implant.

Discussion

In this analysis, we present the preliminary re-
sults of an innovative treatment strategy for inter-
mediate, unfavorable, high, and very high-risk pro-
state cancers, based on an anticipated image-gui-
ded boost on the DIL delivered with HDR-IRT, 
and followed by EBRT, on the prostate +/- pelvic 
lymph nodes. The DIL definition was performed 
using multiple functional imaging methods.

The use of three different imaging modali-
ties, in combination with the information of the 
biopsy mapping, had the aim of achieving the 
maximum possible sensitivity in defining the 
full extent of the DIL. In fact, some studies ha-
ve shown that single methods may have limited 
sensitivity in the precise definition of the target 
in the DIL boosts19.

The preliminary results of our study, on a sam-
ple of 21 patients, showed excellent tolerability of 
the treatment and the absence of biochemical or 
clinical relapses. These results, albeit with the li-
mitations of a numerically limited sample, seem to 
confirm other evidence from the literature on boost 
by IRT on DIL in radiotherapy of prostate cancer. 

Regarding the patients excluded from the sta-
tistical analysis, in most cases the reason was the 
short follow-up time, but there were also a few 
cases of patients lost to follow-up because living 
far from hospital, as it is a large tertiary center 
where patients are referred by clinicians from 
different regions of the country. 

In a few cases, as reported in Table I, patients 
were ISUP 1-2; however according to NCCN risk 
group definitions they were unfavorable interme-
diate due either to ≥ 50% biopsy cores positive 
or to the concomitant presence of cT2b-cT2c and 
PSA 10-20 ng/mL.
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In the context of interstitial IRT for prostate 
cancer, there are several aspects that should be 
carefully defined including the choice of the 
dose rate, the choice of imaging for the simu-
lation phase, and the association in the case of 
“boost” with ERT.

Regarding the dose rate in the treatment of pro-
state cancer, IRT can be delivered by interstitial 
implantation of permanent seeds (Low-Dose Rate 
- LDR)20 or by temporary interstitial application of 
High-Dose Rate (HDR) sources21. Clinical data 

available from retrospective studies20-22 on these 
two different approaches show that they can both 
be considered effective in terms of tumor control. 

Looking to the possible integrations of IRT wi-
th modern multiparametric imaging techniques, 
the introduction of transrectal ultrasound (TRUS) 
into clinical practice has opened up new, revolu-
tionary possibilities, especially for the interstitial 
application of temporary HDR23.

In fact, from a technical point of view, IRT 
HDR can be performed by using different 

Figure 2. Needles reconstruction.

Figure 3. Prostate after implantation with contoured volumes.
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imaging modalities for planning such as Com-
puted Tomography (CT), Magnetic Resonance 
Imaging (MRI) and multiparametric transrectal 
ultrasound (mpTRUS). The choice of the ima-
ging modality can vary between different centers 
considering the different levels of experience and 
availability of technological equipment: however, 
the choice of mpTRUS has been proved extremely 
useful for several reasons24.

The possibility of relying on an mpTRUS al-
lows clinicians to reach very high doses in the 
areas that are at the greatest risk of prostate re-
currence, thus obtaining excellent tumor control 
and OARs sparing at the same time with very 
low late toxicity25.

From a procedural point of view, the approach 
that uses ultrasound as imaging for planning has 
a prerogative that cannot be obtained with the 
use of CT or MRI since the procedure, which is 
usually performed under general anesthesia (for 
a duration of about 3 hours), does not require the 
patient to be moved during the entire procedure. 
This results in the stability of the inserted need-
les, which is absolutely guaranteed.

The use of mpTRUS offers several advantages, 
especially regarding on-line planned sub-volume 
dose escalation to dominant high-Gleason areas 
and have led to a re-evaluation of the role of HDR 
IRT in the prostate also in relation to LDR.

Particularly if we consider the α/β ratio around 
1.5, this allows us to assume that the therapeutic 

choice favors the hypofractionated radiation ap-
proach26 in principle.

In addition to this, it has recently been shown 
that a high fraction dose of HDR IRT indu-
ces transcriptional changes in the tumor geno-
me, which increase its sensitivity to subsequent 
exposure to radiation, whether the further treat-
ment is interventional radiotherapy or external 
beam radiotherapy27.

Another advantage to underline is related to 
the fact that the implant is temporary in the case 
of HDR IRT, and no radioactivity remains in the 
patient at the end of the session28.

A further potential positive aspect concerns 
the purely dosimetric topic. In the particular case 
of the LDR IRT, there is only a restricted possibi-
lity of local dose modulation. From a dosimetric 
point of view, it is easily feasible with HDR due 
to the flexible volume dose modulation potential 
of the stepping source technology compared with 
biological imaging qualities. The target (and the 
sub-volumes) dose can be modulated according 
to the needs of dose coverage to the specific CTV 
and to organs at risk (OAR)29.

Also, the presence of significant intraprostatic 
calcifications can worsen the distribution of the ra-
diation dose in case of LDR IRT, with a possible si-
gnificant effect on disease control. On the contrary, 
this problem is absolutely marginal in HDR, which 
uses higher energies and, therefore, is not signifi-
cantly affected by the presence of calcifications30.

Figure 4. Dose distribution.
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An element still to be considered is related to 
the side effect profile; if on the one hand it is true 
that the toxicity profile tends to be superimposable 
from a time point of view, it should be emphasized 
that in the case of HDR IRT, the symptoms tend 
to reach the peak earlier and resolve more quickly, 
typically in a few days rather than weeks or mon-
ths as it is common with LDR IRT31.

Regarding the use of HDR IRT as a boost, data 
with mature follow-up exceeding 10 years are 
now available in the literature.

In particular, a recent randomized phase-3 stu-
dy32 included 216 patients with localized prostate 
cancer. Of these, 106 were randomized to ERT 
alone, while 106 were assigned to ERT+IRT HDR. 
With a follow-up that exceeded 12 years, the au-
thors demonstrated a significant impact of adding 
HDR IRT in terms of relapse-free survival.

Also, with regard to acute side effects, we have 
large series of cases in the literature that testify 
how the combination of IRT HDR and ERT is 
characterized by a favorable profile. In a study 
that included 338 patients receiving combined 
treatments, late rectal effects after five years were 
present in only 0.3% of treated patients33.

Also, in geriatric patients, IRT HDR boost 
may be delivered safely as recently demonstra-
ted in a large cohort34.

In terms of the timing of the interventional 
radiotherapy boost in various centers, there are 
different clinical experiences. Some groups use 
the interventional approach after external beam 
radiotherapy, while other authors use the IRT 
HDR as a pre-boost35,36.

Retrospective evidence, in which both disease 
control and toxicity were analyzed, showed no stati-
stically significant differences between the two types 
of approaches; they are therefore both feasible37.

Both medical and physical quality assurance 
programs are extremely important. Introducing 
dedicated checklists may help RTTs, physicists, 
and nurses cooperate in a coordinated manner38,39.

The need for a specific training module with a 
learning curve was also repeatedly reported40,41. 
In this regard, it is important to underline the role 
of educational activities aimed at promoting trai-
ning for interventional radiation oncologists who 
are willing to learn this kind of technique42,43.

In terms of cost-effectiveness, HDR IRT was pro-
ven to be less expensive when compared to ERT44.

There is growing evidence in the literature, in-
cluding from prospective studies, that focal dose 
escalation using ultrasound may be regarded as 
safe and effective45.

An additional element to consider in the fu-
ture is artificial intelligence (AI). AI may play 
a key role in merging the data coming from the 
different imaging modalities and from histology 
in order to automatically obtain the high-risk 
areas of the prostate46, as well as in future ro-
bot-assisted implantations47,48.

To the best of our knowledge, this is the first 
experience on the combined use of mpMRI, PET-
CT, mpTrUS, and biopsy mapping for the definition 
of the target in the setting of IRT-boost on the DIL 
of prostate carcinoma. Further studies are needed 
to: i) evaluate the long-term results of this treatment 
strategy on larger patient populations, ii) evaluate 
the pattern of failure in patients undergoing this 
treatment modality in order to further optimize its 
results, and iii) to evaluate whether AI systems, in 
particular radiomics analyses, can further improve 
the definition of the target in the boost on DIL.

Limitations
Our study has some limitations: i) the re-

trospective design, with the consequent risk of 
patient selection bias, ii) the low sample size, 
and iii) a still short follow-up in at least half of 
the patients, with consequent limitations in the 
evaluation of late toxicity and biochemical and 
clinical outcome.

Conclusions

We present a real-life experience of biologically 
planned local dose escalation through interventio-
nal radiotherapy (brachytherapy) boost, followed 
by external beam radiotherapy in patients with 
intermediate, unfavorable, or high/very high risk. 
The local control and the biochemical control 
rates are proved to be excellent, and the toxicity 
profile is shown to be tolerable, consistently with 
the literature. Further studies, with larger cohorts 
and longer follow-up periods are desirable in order 
to confirm our preliminary data.
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