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Abstract

Background: Treatment with sole ultra-low dose rate brachytherapy (uLDR-BT) for
unfavorable intermediate risk factor (IUR) group prostate cancer patients is not recommended
by guidelines due to the lack of strong evidence of its effectiveness. However, there were
numerous patients treated with good results with this method in older trials. Purpose of this
work was to retrospectively asses effectiveness of uLDR-BT in IUR group treated in our

department.

Materials and methods: We performed retrospective analysis of 39 IUR prostate cancer
patients treated in our department with uLDR-BT between 2015-2019. All Patients had
confirmed prostate cancer in biopsy and had local staging assessed with digital rectal
examination and either transrectal ultrasound (TRUS) or magnetic resonance imaging (MRI)

before treatment. Treatment was performed using '*I seeds, and the dose prescribed to the
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clinical target volume was 145 Gy. After treatment, all patients were followed in our
outpatient ambulatory one month after the procedure and every 3—6 months later on. Toxicity
was assessed using the International Prostate Symptom Score (IPSS) and Radiation Therapy

Oncology Group (RTOG) scales.

Results: The median follow-up was 56,3 months [interquartile range (IQR): 36.9-73.4]. The
mean nadir prostate-specific antigen (PSA) was 0.20 ng/mL (range 0.001-1.7). The actuarial
5-year biochemical failure-free survival (BFFS) was 87.02%. There was no statistically
significant difference in BFFS between groups with antigen deprivation therapy (ADT) and
without (p = 0.439). Analysis also showed no impact on BFFS of each intermediate group risk
factors: initial PSA (iPSA) (p = 0.595). Gleason (p = 0.671) and Tumor stage (p = 0.694).
There were no statistically significant differences in BFFS depending on number of those
factors (p = 0.330). Conclusion The uLDR-BT may be an effective option for selected ITUR

prostate cancer patients.
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Introduction

Prostate cancer remains one of the most common cancers in men worldwide.
Brachytherapy (BT), together with external beam radiotherapy (EBRT) and radical
prostatectomy, is effective and widely used as monotherapy for low-risk and favorable
intermediate-risk prostate cancer [1]. Besides, BT plays a relevant role in combined therapy as
a boost in treating unfavorable intermediate-risk (IUR) and high-risk prostate cancer [1].
Depending on the radiation delivery rate, BT is divided into high-dose-rate (HDR), where the
dose is delivered by temporal implantation of a radioactive source using applicators, and
ultra-low-dose rate (uLDR), with the dose delivered with permanent seeds implantation

[iodine-125 (**1), '®Pd or 'Cs). Rate of dose of uLDR is defined as 0.01-0.3 Gy/h and is

lower than in traditional LDR (**Ra, *’Cs) which is defined by the International Commission

on Radiation Units and Measurements (ICRU) 38 report as 0.4—-2 Gy/h [2]. Guidelines define

IUR as prostate cancer without high-risk factors and with Gleason 4+3, or with at least 2 of
intermediate risk factors: Gleason 3 + 4, prostate-specific antigen (PSA) > 10 ng/mL, local
stage of T2b/T2c or one intermediate risk factor and 50% or more biopsy cores positive [3].
National Comprehensive Cancer Network (NCCN) recommends two treatment options for

UIR: prostatectomy with or without lymphadenectomy or combined treatment of EBRT with



antigen deprivation therapy (ADT) and BT boost [3]. Treatment with sole uLDR-BT for [UR
group prostate cancer patients is not recommended as a standard treatment by guidelines due
to the lack of solid evidence of its effectiveness. It may be only an option for patients
unwilling to undergo the treatment recommended above [1, 3]. However, in some trials
regarding the efficacy of this method in the intermediate group, numerous patients were
treated with promising results [4, 5]. As far as we are concerned, no prospective trials
compared uLDR-BT as monotherapy in treating I[UR with other treatment methods, including
combined treatment of EBRT, BT and ADT. There are few retrospective analyses and
validations of new risk stratification groups in previously intermediate group patients treated
with BT monotherapy [6, 7]. Some showed worse results of BT monotherapy [8]; others
found no differences with combined treatment and reported the benefit of BT monotherapy
compared to EBRT alone in this group [6, 9]. The purpose of this work was to retrospectively

assess the effectiveness of uLDR-BT in the [UR group treated in our department.
Materials and methods

We reviewed the department's database of patients treated with iodine-125 ('*°I)
uLDR-BT to identify intermediate-risk patients. In a retrospective analysis, 39 IUR prostate
cancer patients were identified. They were treated with '*I uLDR-BT monotherapy between
2015-2019. All patients had confirmed prostate cancer in biopsy and had local staging
assessed with digital rectal examination and either TRUS or MRI before treatment. Treatment
was performed using I seeds (Eckert & Ziegler BEBIG® stranded seeds Isocord®) with
activity between 0.45 and 0.48 mCi and the rate of dose at the beginning of the therapeutic
process about 0.07 Gy/h. Rate of dose decreased during treatment to 0.007 Gy/h on the 200th
day after source application and to 0.001 Gy’h after one year. The dose prescribed to the
clinical target volume, which was prostate with a 1-3 mm margin, was 145 Gy. Treatment was
planned using transrectal ultrasound (TRUS) (BK Medical Pro Focus 2202), integrated with a
dedicated treatment planning system (SPOT Pro 3.1, Nucletron, an Elekta company, Elekta
AB, Stockholm, Sweden). From 2018 on, the treatment was performed using BK Medical Pro
Focus 3000 and OncentraProstate v. 4.1 (Elekta Company, Elekta AB, Stockholm, Sweden)
planning system. The application of *°I seeds was conducted under general anesthesia. During
treatment planning, dose constraints for clinical target volume (CTV) and organs at risk were
fulfilled according to Groupe Européen de Curiethérapie—Advisory Committee for Radiation
Oncology Practice—European Society for Radiotherapy and Oncology (GEC-ACROP-
ESTRO) guidelines with an additional constraint of D2 ccm of less than 70 Gy for the bladder



[10]. Throughout the insertion of the radioactive sources, after the insertion of each needle,
the position of the sources was updated relative to the initial treatment plan. Such an approach
ensures that the reported post-treatment plan is consistent with the actual location of the seeds.
Computed tomography was done one day after application with a catheter still in the bladder

for source position verification.

Further verification with CT was performed one month and six months after the seeds
implantation. After treatment, all patients were followed in our outpatient ambulatory one
month after the procedure, every three months during the first year, and every 3-6 months
later, with laboratory tests, including PSA, on each visit. Biochemical failure was determined
using the Phoenix definition. Treatment toxicity was assessed using the International Prostate
Symptom Score (IPSS) and Radiation Therapy Oncology Group (RTOG) scales. Statistical
tests and figures were made using Statistica v. 13 (Statsoft, Tulsa, USA). An unpaired t-test
was used to compare differences between groups and repeated measures ANOVA was used to
compare differences between IPSS scores. Kaplan-Meier analysis was done for biochemical
failure-free survival. A log-rank test was used to compare survival between two groups, and a
chi-square test was used to compare more than two groups. P-values below 0.05 were

considered statistically significant.
Results

We enrolled in the analysis 39 patients with [UR prostate cancer. The median age was
69 [interquartile range (IQR) 64-75]. Tumor—Nodules—Metastasis (TNM) staging was
determined in all patients before treatment: T1c — 6 patients, T2a — 9 patients, T2b — 10
patients, and T2c — 14 patients. Histopathology reports confirmed prostate adenocarcinoma
in all patients, with Gleason 3 + 3 in 11 cases, 3 + 4 in 15, and 4 + 3 in 13 patients. The mean
initial PSA was 10.61 (range 4.9-17.02). The mean prostate volume was 36.05 ml (range 11-
70). Twenty-nine patients were given neoadjuvant or adjuvant ADT. The mean time of ADT

was 7.5 months (range 1-24). All patients' characteristics are presented in Table 1.

The median follow-up was 56.3 months [IQR 36,9-73,4]. The mean nadir PSA was
0.20 ng/mL (range 0.001-1.7). Nadir PSA in the group with ADT was 0.10 (range 0.001-
1.34) and 0.485 (range 0.058-1.7) in the group with no ADT (p = 0.011). 31 from 39 patients
reached nadir PSA below 0.2 ng/ml. Biochemical failure occurred in 6 cases. The actuarial 5-
year biochemical failure-free survival (BFFS) was 87.02% (Fig. 1). Median time to BF was
32.75 months (IQR 21.52-60.55). There was no statistically significant difference in BFFS



between groups with ADT and without (p = 0.439) (Supplementary File — Fig. S1). Analysis
also showed no impact on BFFS of each intermediate group risk factors: initial PSA (iPSA) (p
= 0.595) (Suppementary File — Fig. S2), Gleason (p = 0.671) (Supplementary File — Fig.
S3) and tumor stage (p = 0.694) (Supplementary File — Fig. S4). There were no statistically
significant differences in BFFS depending on number of those factors (p = 0.330) (Fig. 2).
The actuarial 5-year BFFS in the group with nadir < 0.2 ng/mL was 88.11% and 80% in the
group that did not reach < 0.2 ng/mL nadir level (p = 0.180).

There was only one case of RTOG grade 3 acute toxicity. No other acute or late
toxicity higher than grade 2 was reported. Pre-treatment IPSS was scored only in 9 patients,
with a mean score of 4.22 (range 0-10); 28 IPSS were collected at the first follow-up visit
with a mean score of 12.29 (range 1-31). The mean score of the last recorded IPSS during

follow-up (n = 32) was 6.09 (range 1-25) (p = 0.264) (Supplementary File — Fig. S5).

Discussion

The uLDR brachytherapy has well-defined efficiency in the treatment of low and
favorable intermediate-risk prostate cancer, with 10-year BFFS of around 80% [11, 12].
Therefore, it is one of the recommended treatment options for these patients, concurrently
with prostatectomy and EBRT [3]. There are no randomized trials comparing those modalities'
effectiveness, but reports claim that BT has the lowest toxicity among those three [13, 14].
However, it is not recommended in IUR patients due to insufficient solid evidence, as no

prospective randomized trials has compared this modality with standard treatment yet.

Prostatectomy or EBRT followed by BT boost, combined with ADT, are two options
that are standard of care in this group [3]. Reliable evidence that one of those modalities is
superior is lacking, and the difference in cancer-specific survival between both options is
probably lower than 1% [15]. It was shown that the BFFS rate after prostatectomy in IUR is
lower than in the favorable intermediate risk (FIR) group and amounts to 68% at four years,
which may be linked to a higher rate of positive margins in this group in comparison to FIR
(29.8% vs. 21.8%) [16]. Adding short-time ADT to high-dose radiotherapy improves 5-year
BFFS in the intermediate group up to 84% [17]. Those rates are comparable to those achieved
by BT monotherapy in some previous reports and with our findings. Frank et al. examined the
efficiency of uLDR BT as monotherapy in the intermediate group. Selected patients with

unfavorable risk factors were also enrolled in the study, as inclusion criteria were: stage up to



T2bNO, Gleason 6, with PSA level 10-15 ng/mL; or Gleason 7 with PSA < 10. The 5-year
biochemical failure-free probability in the trial was 97.3% [5].

In another series, Pickles et al. researched effectiveness of this modality only in the
IUR group, finding no difference if ADT was added with 5-year biochemical control of 86%
in the ADT group and 85% without ADT [4]. This result corresponds to our findings.

In RTOG 0232 trial, Michalski et al. observed no difference in freedom from progression
between uLDR brachytherapy alone and combined uLDR-BT with EBRT in selected TUR
patients. Notwithstanding, combined treatment was linked with higher toxicity [18]. Those
results correspond to the findings of Willen et al. which reported only a difference in toxicity
between HDR-BT alone and combined with EBRT in IUR patients [19]. One of the studies
showed an advantage of mono uLDR-BT compared to combined treatment with EBRT [6].
On the other hand, in validation of the NCCN subgroup conducted by Tom et al., authors
observed that in the ITUR group 5-year biochemical failure rate was significantly higher than
in the FIR group (17% vs. 4%), and was higher in group with more risk factors. Once again,
no impact of adding ADT was found [7]. Although these findings suggest that treatment
escalation in the IUR group is justified, biochemical failure rates are similar to those reported

in studies concerning standard treatment [16, 17].

In our analysis, 5-year BFFS was 87%, which is consistent with previously published
studies. Also, similarly to other authors, we found no relevance of adding ADT, which has to
be taken with caution, as disproportion between the number of patients that were given ADT
and treated without it is relevant in our group. We found no statistically significant differences
in BFFS, depending neither on risk factors nor number of those factors. However, it may be
biased by a small number of subjects, as a trend toward a worse outcome with more risk
factors is visible, similarly to findings of other authors [7]. We also did not observe significant
variance depending on whether the patient reached the nadir level of less than 0,2 ng/mL,
which is proven to be a significant factor associated with uLDR treatment success [20].
However, it may be due to a small number of patients that did not reach that level in our
group. Our study has numerous limitations, such as its retrospective nature which leads to the
lack of some data in a few subjects; the number of positive biopsy cores was not reported in
all cases, which would provide further insight into the role of this risk factor in outcomes of
uL.DR treatment in this group. Lack of systematic and homogenous staging before treatment
as not all patients were staged with one modality, which is a standard in prospectively

conducted trials, made it impossible to correlate MRI findings with other clinical factors.



Another limitation is the small number of subjects in analysis and lack of 10-year BFFS
endpoint with median follow up of only 56 months. Nevertheless, we believe that this study
adds to the discussion whether uLDR BT may be effective in IUR prostate cancer. Prospective
assessment of this treatment modality in this group of patients should be carried out, as should

be randomized trials comparing it with standard treatment.
Conclusion

The uLDR-BT may be an effective option for selected IUR prostate cancer patients.
There is a scope for prospective studies to fully establish this method's effectiveness in

treating IUR prostate cancer.
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Figure 1. Kaplan-Meier graph presents the cumulative proportion of biochemical failure-free

survival (BFFS) in patients after low-dose-rate brachytherapy of unfavorable intermediate risk

factor (IUR) prostate cancer
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Figure 2. Comparison of the cumulative proportion of biochemical control in patients after
low-dose rate brachytherapy of unfavorable intermediate risk factor (IUR) prostate cancer

depending on the number of intermediate group risk factors (p = 0.330)
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Table 1. Patient's characteristics
Age of patients [years]
Median [IQR] | 69 [64-75]
TNM
T1cNOMO 6 (15%)
T2aNOMO 9 (23%)
T2bNOMO 10 (26%)
T2cNOMO 14 (36%)
Gleason Score
Gleason 3 + 3 11 (28%)
Gleason 3 + 4 15 (39%)
Gleason 4 + 3 13 (33%)
ADT
Yes 29 (74%)
No 10 (26%)
iPSA
iPSA [ng/mL] | 10,61




<10 ng/mL 15 (39%)
> 10 ng/mL 24 (61%)
Number of IUR

1 7 (18%)
2 27 (69%)
3 5 (13%)

IQR — interquartile range; TNM — tumor—-node—-metastasis; ADT — antigen deprivation

therapy; iPSA — initial prostate-specific antigen; [IUR — unfavorable intermediate risk factor
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Figure S1. Comparison of the cumulative proportion of biochemical failure-free survival

(BFES) in patients after low-dose-rate brachytherapy of unfavorable intermediate risk group

of prostate cancer with antigen-deprivation therapy (ADT) and without ADT (No ADT, p =

0.439).
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Figure S2. Comparison of the cumulative proportion of biochemical failure-free survival
(BFFS) in patients after low-dose-rate brachytherapy of unfavorable intermediate-risk prostate

cancer group depending on initial prostate-specific antigen (iPSA) (p=0.595).
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Figure S3. Comparison of the cumulative proportion of biochemical failure-free survival
(BFFES) in patients after low-dose-rate brachytherapy of unfavorable intermediate risk factor

(IUR) prostate cancer depending on Gleason (p = 0.671)
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Figure S4. Comparison of the cumulative proportion of biochemical control in patients after
low-dose-rate brachytherapy of unfavorable intermediate risk factor (IUR) prostate cancer

depending on tumor stage risk factor (p = 0.694)
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Figure S5. Comparison of the International Prostate Symptom Score (IPSS scale score
collected: A — before treatment, B — the first follow-up after one month, C — the last

recorded scale score during follow-up) (p = 0.264)



