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Abstract
Low-dose-rate brachytherapy (LDR-BT) is a an internal radiation therapy method for the treatment of localized prostate cancer The treatment 
modality has been known for several decades. The choice of the treatment modality for prostate cancer patients depends mainly on the stage of 
the disease and the prognostic factors. Brachytherapy monotherapy is a well-tolerated procedure compared to alternative treatments. Based 
on a literature review, we have considered a prospective study on the treatment efficiency after LDR-BT with a permanent iodine-125 (I-125) 
implant, compared to that of hypo-fractionated external beam radiotherapy (EBRT) alone. The working thesis is to present the advantages and 
disadvantages of LDR-BT for low-risk prostate carcinoma, compared to a similar group of patients treated with definitive intensity-modulated 
hypo-fractionated radiotherapy (IMHRT).
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Introduction
Prostate cancer remains the most common non-cutaneous cancer 
among US men, with an estimated 268,490 new cases and 34,500 
deaths in 2022 [1]. Low-dose-rate brachytherapy (LDR-BT) is 
a radiation method that has been used for several decades in the 
treatment of localized prostate cancer (PC) [2]. The choice of the 
treatment modality for prostate cancer patients depends mainly 
on the stage of the disease and the prognostic factors [3]. Some 
physicians suggest that radical treatment methods should be 
offered to patients with an estimated survival time longer than 
5-10 years [4]. Our goal in the forthcoming dissertation project 
is to present the advantages and disadvantages of LDR-BT in low 
and intermediate-risk PC after comparing it to definitive intensity-
modulated hypo-fractionated radiotherapy (IMHRT) in a similar 
group of patients. A prospective study is needed for the treatment 
results (local tumor control (LTC) and biochemical relapse-free 
survival (BRFS), acute and chronic radiation toxicity, and quality 
of life) in two individual patient groups after radiotherapy (RT) 
with the two radiation methods.

Literature Review
Independent predictive factors in prostate cancer
Initial PSA, clinical T category, and biopsy-based Gleason score 
have been shown to be independently predictive of various 

combinations of PC-related endpoints in a variety of treatment 
scenarios in the non-metastatic setting [5]. Gleason grading can 
be reported in a variety of ways, including primary, secondary, 
and tertiary; total Gleason score (sum of primary and secondary 
grades); modified Gleason score (e.g., 3+4 with tertiary pattern 
5 equals overall Gleason 8 cancer); and sub-classifications of 
Gleason scores (e.g., Gleason 7; 4+3 vs. 3+4) [6]. Gleason grading 
remains the main pathological reporting system for prostate cancer 
due to a consistently strong association with prostate cancer 
outcome [7,8]. Increasing levels of PSA prior to treatment have 
been shown to be associated with increasing tumor volume/stage 
and Gleason score, the risk of extracapsular/seminal vesicle or 
lymph node involvement or positive margins, and ultimately with 
prostate cancer outcomes [9,10]. Several risk stratification systems 
have been described and variously utilized, including risk groups, 
risk scores, and nomograms [11, 12]. Depending on the above 
predictive factors, prostate carcinoma is divided into three risk 
groups: low-risk, intermediate-risk, and high-risk stratification. 
The European Society for Medical Oncology uses a three-tiered 
system for risk stratification of localized prostate cancer [13].

● Low-risk–T1-T2a and Gleason score ≤6 and PSA ≤10 ng/mL
● Intermediate-risk–T2b and/or Gleason score 7 and/or PSA 10 to 
20 ng/mL
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● High-risk –≥T2c or Gleason score 8 to 10 or PSA >20 ng/mL 
(Table 1)

For asymptomatic patients with low- or intermediate-risk prostate 

cancer, the probability of nodal or distant metastasis is low [14-
16]. Therefore, abdominopelvic computed tomography (CT) scan 
(Figure 1) and bone scan are unlikely to be helpful and should not 
be routinely obtained [17-19].

Figure 1: Computed tomography that outlines targeted volumes and normal organs and structures in the preparation of external beam 
radiotherapy.

Low risk Intermediate risk High risk
NCCN T1-T2a and GS 2-6 and PSA≤10 not very 

low-risk AND very-low risk category: T1c 
and GS≤6 and PSA<10 and Fewer than 3 
biopsy cores positive and ≤50% cancer in 
each core

T2b or T2c and/or GS =7 and/or PSA>10-
20 not low-risk

T3a or PSA >20 or GS 8-10 
not very high risk AND very 
high-risk category: T3b-4

ESMO T1-T2a and GS ≤6 and PSA<10 Not high risk and not low risk (the 
remainder)

T3-4 or PSA >20 or GS 8-10

Table 1: Risk groups stratification of patients in prostate carcinoma.
In patients with low- or favorable intermediate-risk prostate 
cancer stratification electing RT, clinicians can offer dose-
escalated hypo-fractionated EBRT (moderate or ultra), permanent 
low-dose rate (LDR) seed implant, or temporary high-dose rate 
(HDR) prostate implant as equivalent forms of treatment. (Strong 
Recommendation; Evidence Level: Grade B) [17-19].

Radiobiology of prostate cancer
Technological developments, such as intensity-modulated 
radiation therapy (IMRT) and improved target localization, 
including the use of nanoparticles as targeted therapy, have been 
combined with radiation biology to generate enthusiasm for hypo-
fractionated regimens [20,21]. The modern radiobiology began 
with the creation of the linear-quadratic model (LQ) formalism for 
mammalian cell killing caused by radiation. This model predicts 
that the survival rate of the cell depends on factors such as the 
overall radiation dose, dose per fraction, and the overall treatment 
time [22].

The alpha/beta ratios of prostate tumors appear to be as low as 
1.5 Gy (95% confidence interval 1.3-1.8 Gy), in contrast with the 
value of about 10 Gy for most other types of tumors [20]. Brenner 
and Hall [23] were the first to point out (in 1999) that there is 
clinical evidence supporting the idea that prostate tumors have 
exceptionally low values of alpha/beta. They used the documented 
result that similar biochemical long-term control is achieved 
using external beam doses of about 70 Gy in 1.8/2.0 Gy fractions 
and a dose of 145 Gy from permanent Iodine 125 low-dose-rate 
irradiation. α/β values for prostate cancer ranging from 1 to 4 have 
been addressed, but they are based on clinical datasets for patients 

with early and intermediate-risk prostate cancer [24-26].

Emerging evidence accumulating from multiple recent studies 
indicates that more convenient and efficient shortened courses of 
radiotherapy for prostate cancer yield outcomes that are equivalent 
and possibly superior to the lengthier standard regimens. The 
scientific rationale for such “hypofractionated” treatment lies in 
the unique radiobiologic properties of prostate cancer [27]. The 
brachytherapy method has the capability to eliminate the errors 
of the internal organ movement and set-up variability, which are 
concerns in external beam radiotherapy. These parameters enable 
accurate high-dose delivery to the clinical target volume (CTV) 
while protecting the organs at risk [22].

Hypofractionated EBRT
Conventional fractionation of 1.8-2.0 Gy/day is based on the premise 
that the therapeutic ratio, defined as the chance of eradicating tumor 
cells divided by the risk of normal tissue injury in late-responding 
normal tissues, is optimized by using small doses per fraction [27]. 
The α/β ratio for prostate cancer is believed to be in the range 1-4 Gy 
[26,28]. Based on the α/β model for prostate cancer radiobiology, 
hypofractionation would theoretically offer increased therapeutic 
benefit with improved tumor control, without increasing late 
toxicity [23]. There are several advantages to a hypofractionated 
radiation treatment regimen, including convenience for patients, 
increased treatment capacity, and decreased cost [29].A Canadian 
hypofractionated randomized trial compared a conventional dose 
of 66 Gy in 33 fractions, to a hypofractionated regimen of 52.5 Gy 
in 20 fractions (dose per fraction  2.625 Gy) in men with low- and 
intermediate-risk prostate cancer, showing slightly better results 
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for the conventional fractionation, but in that study both doses 
were suboptimal according to the current understanding of dose 
response in prostate cancer[30]. 

Low-dose-rate brachytherapy (LDR-BT)
Brachytherapy is used as the sole treatment method mainly in the 
low-risk group of patients. A large number of individual LDR-BT 
procedures are performed in this group of patients worldwide. This 
is supported by the very good treatment results reported in various 
publications, the relatively small number of side effects, and the 
short time of treatment [31-36]. Progress in LDR brachytherapy 
as it relates to prostate cancer biology, local control, toxicity 
reduction with function preservation, external beam integration, 
medical event prevention, patient selection, and comparative 
brachytherapy is reviewed [37].

The principle of brachytherapy is the rapid decrease of the 
radiation dose (inversely proportional to the square of the 
distance) with increasing distance from the radioactive isotope. 
The application of permanent seed implants is a curative treatment 
alternative in patients with organ-confined cancer, without 
extracapsular extension of the tumor [38-42]. Compared with 
radical prostatectomy, permanent seed implantation is a short, 
one-day therapy with a lower complication rate during and after 
the procedure (bleeding, urinary incontinence, impotence) [36]. 
A D90 value of >140 Gy showed improved biochemical control 
[33]. Low-dose-rate (LDR) prostate brachytherapy involves the 
insertion of radionuclides (e.g., iodine-125 [I-125], palladium-103 
[Pd-103], or cesium-131 [Cs-131]) into the prostate gland under 
trans-rectal ultrasound (TRUS) guidance (Table 2).

Half-life (day) Avarage energy 
(keV)

Year introduced Typical monotherapy 
seed strength

Suggested monotherapy 
dose (Gy)

Iodine-125 59,4 28,4 1965 0,4-0,8 144-145
Palladium-103 17,0 20,7 1986 1,5-3,0 125
Cesium-131 9,7 30,4 2004 1,6-2,5 115

Table 2: Radionuclides for permanent prostate brachytherapy.

Specific selection of radioactive isotopes and their correct local-
ization allows a high dose to be deposited into the prostate with a 
rapid fall-off of the dose outside the area of treatment and, at the 
same time, better preservation of organs at risk (OARs) [43,44]. 
Patients who are appropriate candidates for LDR monotherapy 
usually belong to the low or sometimes intermediate-risk group 
according to ABS (American Brachytherapy Society) [45]. Al-
though brachytherapy monotherapy is associated with increased 
urinary obstructive and irritative symptoms that peak within the 
first 3 months after treatment, the median time toward symptom 
resolution is approximately 1 year for iodine-125 and 6 months for 
palladium-103 [46]. Biochemical recurrence was defined as any 
PSA increase to >2 ng/mL above the nadir value (ASTRO Phoenix 
definition) [47]. Patients should have a prostate anatomy suitable 
for implantation, as assessed using transrectal ultrasound (TRUS), 
computed tomography (CT), or MRI.

Contraindications for brachytherapy
The most frequently cited contraindications for brachytherapy are 
a life expectancy of less than 5 years, distant metastases, a history 
of transurethral resection of the prostate (TURP) with chronic sig-
nificant damage to the gland within 3 months before brachythera-
py, and recurrent hematuria [2]. Relative contraindications include 
severe urinary irritative/obstructive symptomatology, extensive 
TURP defect, substantial median lobe hyperplasia, prostate di-
mensions larger than the grid (>60 mm in width and >50 mm in 
height), severe pubic arch interference, gross seminal vesicle in-
volvement, prior pelvic radiotherapy, inflammatory bowel disease, 
and pathologic involvement of pelvic lymph nodes. Absolute con-
traindications for TRUS-guided prostate brachytherapy include an 
inability to tolerate general, spinal, or local anesthesia in the dorsal 

lithotomy position, absence of a rectum, active inflammatory bow-
el disease, or unacceptable operative risks, distant metastases, and 
life expectancy<5 years [3,45,48].

Required measures to prevent radiation side effects to adjacent 
normal organs (bladder and rectum) after LDR brachytherapy: 
Brachytherapy monotherapy is associated with transient urinary 
irritative symptoms that peak within the first 3 months of treat-
ment and tend to resolve toward baseline at 1 year for I-125 and 
6 months for Pd-103. Special consideration should be made for 
patients with large prostate glands, large median lobes, or a pri-
or history of transurethral resection of the prostate (TURP) [49]. 
Patients with large prostate volumes (>60 cc) may benefit from 
a TRUS [50], CT [51], or MRI-guided [52] volume study to en-
sure minimal pubic arch interference. Such patients may also be at 
greater risk of urinary retention [53] and late urinary toxicity [54].

Radiobiological advantages and disadvantages of LDR brachyther-
apy: As monotherapy, LDR-BT seems to be a reliable choice for 
early-stage prostate cancer, considering the low morbidity rate, 
good results, and short hospitalization. It is a curative alternative to 
radical prostatectomy and external beam radiation (e.g., 3D CRT, 
IMRT) with comparable long-term survival, biochemical control, 
and favorable toxicity [55]. With brachytherapy, a high radiation 
dose can be locally delivered with a steep dose gradient in the 
surrounding healthy tissues [56]. Lee et al. found the number of 
needles and prostate volume to be significant factors predicting 
urinary retention after brachytherapy [57]. Early et al. found that 
excessive radiationto the apical and peri-apical urethra was associ-
ated with a higher incidence of an urethral stricture [58]. Daphna 
et al showed a grade 1 and 2 rectal toxicity in 9.5% of the patients 
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after brachytherapy with a peak at 8 months, all resolved in 3.5 
years [59,60]. Using the International Index of Erectile Function 
(IIEF), brachytherapy induced erectile dysfunction and occurred 
in 50% of the patients at 3 years; Others mentioned a global re-
duction in all areas of the questionnaire after 12 months of com-
pletion of brachytherapy [61,62]. Brachytherapy monotherapy is a 
well-tolerated treatment compared with the alternative modalities. 
Although brachytherapy is associated with increased urinary irrita-
tive symptoms that peak within the first 3 months after treatment, 
the median time toward symptom resolution is 1 year for I-125, 
and 6 months for Pd-103 [63].
 
Technique for LDR Prostate Brachytherapy with Iodine-125 
[I-125]
The team of specialists required for the placement of sources in 
LDR-BT is interdisciplinary and includes a radiation oncologist, 
medical physicist, radiotherapy dosimetrist, urologist, nurse, and 
support staff. Effective communication, a well-defined workflow, 
and understanding the roles of team members are crucial for 
maximizing treatment outcomes. Seed implantation can be 
performed using pre-loaded needles with sources arranged at 
appropriate distances or through the use of a Mick® applicator 
with a cartridge containing a specific number of seeds (Figure 
2A,B).

Currently, a combination of transrectal ultrasound (TRUS) and 
guidance from a coordinate grid (Figure 2C) is commonly used. 
However, some experienced brachytherapists choose not to use 
ultrasound to avoid interference from the pubic arch, which can 
lead to errors in source positioning. Biplanar transrectal ultrasound 
guidance allows visualization of needles in both axial and sagittal 
planes, significantly improving the accuracy of source placement. 
To ensure precise dosing within the prostate, the use of nomograms 
(accounting for adequate activity per volume) combined with 
real-time TRUS and treatment planning system is essential [64]. 
Both loose and stranded seeds can be used for prostate seed 
implantation. Loose seeds are loaded in sterile cartridges, while 
stranded seeds can be delivered using pre-loaded needles or 
constructed intraoperatively [49].

During digital examination, physicians and physicists should 
obtain isodoses that overlap the gland at various percentages (50%, 
80%, 90%, 100%, 150%, and 200%) of the prescribed dose and 
compare them to dose-volume histograms (DVH) from previous 
CT scans [3]. Intraoperative planning with careful seed placement 
is necessary to achieve a high D90 while avoiding proximity to the 
penis, apical urethra, and rectum [65]. The prescribed dose in the 
planning target volume should not exceed 150%, and adjusting the 
number of seeds can help mitigate potential “hot-spots” [40].

Figure 2: A) Mick® TP/TPV LDR-BT applicator; B) Mick® seed cassette with I-125;  C/ Steper-stable module for the coordinate grille 
to which application needles are attached to (Eckert & Ziegler BEBIG Company).

Patients with permanently placed radiation sources require isolation 
in specially protected premises due to the potential radiation 
danger they pose to others. To address this issue, two approaches 
are commonly employed: 1) the use of sources with very low-
energy photon radiation that is fully absorbed within the patient’s 
body, and 2) the utilization of radionuclides with short half-lives to 
reduce the duration of stay in isolated hospital rooms. Permanent 

implantation sources emitting low-energy photon radiation are 
widely utilized.

Discussion
Phase II prospective RTOG 9805 study enrolled 101 low-risk 
disease patients treated with I-125 monotherapy (145 Gy). Among 
94 eligible patients with a median follow-up of 8.1 years, the 
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8-year cumulative incidences of biochemical failure and metastasis 
were 8% and 1.1%, respectively [66]. Two single institutional 
randomized trials conducted by Giberti et al. reported no difference 
in biochemical progression-free survival (bPFS) between LDR 
brachytherapy and radical prostatectomy at 5 years [67] and 2 years 
[68] for low-risk disease. Other studies have demonstrated similar 
outcomes between LDR brachytherapy and conventional external 
beam radiation therapy (EBRT) alone [69]. However, there is a lack 
of prospective studies comparing treatment outcomes and radiation 

side effects between LDR-BT and definitive hypo-fractionated 
EBRT alone for prostate carcinoma (Figure 3). Therefore, a 
prospective study comparing treatment efficacy after LDR-BT 
with permanent I-125 implantation and hypo-fractionated EBRT 
alone is needed to evaluate the advantages and disadvantages of 
LDR-BT for low-risk prostate carcinoma compared to a similar 
group of patients receiving definitive intensity-modulated hypo-
fractionated radiotherapy (IMHRT).
  

Figure 3: Definitive intensity-modulated hypo-fractionated radiotherapy by VMAT method with daily dose of 3 Gy up to a total dose of 
60 Gy/ 20 fractions BED=120Gy; EQD2=72Gy.

The patient population of interest comprises individuals undergoing 
primary treatment for NCCN-defined low and intermediate-
risk prostate cancer. The study will consist of two groups, each 
consisting of 35 patients. The prospective study will evaluate 
various treatment outcomes, including local tumor control (LTC), 
disease-free survival (DFS), disease-specific survival (DSS), 
overall survival (OS), biochemical recurrence-free survival 
(BRFS), or biochemical freedom from failure rate (BFFF). It will 
also assess acute and chronic physician-assigned toxicity and 
patient-reported quality of life during the first, second, and third 
years following radiotherapy. Patient follow-up will occur at 1 
month, 3 months, and annually for the first, second, and third years 
post-procedure.

Conclusion
Brachytherapy monotherapy is a well-tolerated treatment option 
compared to alternative modalities. To further explore its treatment 
efficacy, a prospective study will be conducted to compare LDR-
BT with a permanent I-125 implant to hypo-fractionated EBRT 
alone. The study aims to present the advantages and disadvantages 
of LDR-BT for low-risk prostate carcinoma in comparison to a 
group of patients who underwent definitive intensity-modulated 
hypo-fractionated radiotherapy. 
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