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Abstract 
Purpose: High dose-rate prostate brachytherapy has been implemented in Sweden in the late 1980s and early 1990s 

in six clinics using the same schedule: 20 Gy in two fractions combined with 50 Gy in 25 fractions with external beam 
radiation therapy. Thirty years have passed and during these years, various aspects of the treatment process have 
developed, such as ultrasound-guided imaging and treatment planning system. An audit was conducted, including 
a  questionnaire and treatment planning, which aimed to gather knowledge about treatment planning methods in 
Swedish clinics. 

Material and methods: A questionnaire and a treatment planning case (non-anatomical images) were sent to six 
Swedish clinics, in which high-dose-rate prostate brachytherapy is performed. Treatment plans were compared using 
dosimetric indices and equivalent 2 Gy doses (EQD2). Treatment planning system report was used to compare dwell 
positions and dwell times. 

Results: For all the clinics, the planning aim for the target was 10.0 Gy, but the volume to receive the dose differed from 
95% to 100%. Dose constraints for organs at risk varied with up to 2 Gy. The dose to 90% of target volume ranged from  
10.0 Gy to 11.1 Gy, equivalent to 26.0 Gy EQD2 and 31.3 Gy EQD2, respectively. Dose non-homogeneity ratio differed from 
0.18 to 0.32 for clinical target volume (CTV) in treatment plans and conformity index ranged from 0.52 to 0.59 for CTV. 

Conclusions: Dose constraints for the organs at risk are showing a  larger variation than that reflected in com-
pared treatments plans. In all treatment plans in our audit, at least 10 Gy was administered giving a total treatment of  
102 Gy EQD2, which is in the upper part of the prescription doses published in the GEC/ESTRO recommendations. 
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Purpose 
High dose-rate (HDR) brachytherapy (BT) has been 

a part of standard care of prostate cancer in Sweden since 
the late 1980s and early 1990s [1,2,3,4]. The technique was 
described by Borghede et al. [1], with a prescription dose 
of 20 Gy in two fractions (fx) using iridium-192 (192Ir) 
combined with external beam radiation therapy (EBRT) 
of 50 Gy in 25 fx. The national care programme [5] still 
recommends the same fractionation schedule, which 
is currently the only combined EBRT and BT fraction-
ation scheme recommended. The national care program 
does not include recommendation on how to perform 
the irradiation or which doses to accept for the organs 
at risk (OARs), neither to which volume the prescribed 

dose should be given. The early treatment results have 
been published, with various data of the method used for 
treatment planning. Table 1 presents a summary of plan-
ning aims and dose restrictions used [1,2,3,4,6,7]. 

In the beginning of prostate HDR-BT, all treatment 
plans have been created using forward treatment plan-
ning [8,9]. As treatment planning systems (TPSs) im-
proved, inverse treatment planning [10] became available 
[11,12]. The early inverse planning algorithms imple-
mented in TPSs were not producing acceptable treatment 
plans, and manual and/or graphical adjustments were 
therefore needed [13,14]. Manual adjustments were due 
to uneven distributions of dwell times, which made the 
dose distribution more uneven, with larger high- and 
low-dose regions, so-called “hot” and “cold spots”, com-
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pared with manual treatment planning. Even a  decade 
later, clinically available inverse planning algorithms of-
ten produced treatment plans that needed adjustments 
to achieve acceptable target coverage and OARs doses 
[15]. However, the inverse planning algorithms could 
decrease the planning time and make the process less de-
pendent on skills of individual treatment planners [16]. 

There are international recommendations and guide-
lines on HDR prostate BT, such as the Groupe Européen 
de Curiethérapie (GEC) and the European Society for 
Radiotherapy and Oncology (ESTRO) recommendations 
[17], and the American Brachytherapy Society (ABS) 
guidelines [18]. Though the articles [17,18] have presented 
various examples of used fractionation schedules, there 
is still no recommendation that can be utilized. GEC/
ESTRO have proposed some OARs constraints (Table 2), 
which apply for the whole treatment regime, and include 
only HDR-BT or both HDR-BT and EBRT. The reported 
dose to target should be the dose to 90% of the target, 
which may be the clinical target volume (CTV) or the 
planning target volume (PTV), which here is denoted as 
D90%

CTV or D90%
PTV. Treatment planning methods are men-

tioned in the GEC/ESTRO and ABS recommendations. 
GEC/ESTRO state that the treatment planning “can be 

carried out by conventional or inverse planning”, where 
“conventional” apply for manual and graphical optimi-
zation. The ABS propose that “a computerized optimiza-
tion program based on geometric or inverse planning al-
gorithm should be used, although manual optimization 
is also acceptable”. 

In Sweden, HDR-BT for prostate cancer was intro-
duced thirty years ago, and the equipment used, such as 
ultrasound (US) imaging and TPS, has developed over 
the years. Six clinics implemented the technique de-
scribed by Borghede et al. [1]. Clinical experiences have 
obviously affected clinical routines in the HDR-BT treat-
ment of prostate cancer, such as margins for treatment, 
planning aims for target coverage, and sparing of OARs. 
Furthermore, these aspects of practical routines could 
have been modified differently at different clinics since 
their implementation. The experience gained at different 
clinics might also affect the number of catheters used and 
the routine for placement of the catheters. 

An audit of treatment plans may highlight the differ-
ences in clinical routines. A clinical audit is a process aim-
ing to improve the patient outcome through a systematic 
review with explicit criteria. Such an audit is an import-
ant instrument for quality assurance in radiotherapy, 
which can be used as a tool to understand what different 
clinics are able to achieve with their equipment and meth-
ods [19]. 

The aim of this work was to analyze the dose con-
straints and planning aims at Swedish clinics, and to as-
sess how these are affecting treatment plans. Treatment 
plans were evaluated by using dosimetric indices (DI) 
recommended in the GEC/ESTRO and ABS guidelines 
[17,18]. We also compared some additional parameters 
that may highlight differences and similarities of the 
treatment plans, such as 2 Gy equivalent dose (EQD2) 
and mean doses of 5% and 1% coldest regions in the 
target volume. It was conducted under the premise that 

Table 1. Published Swedish planning technique data; where no data are presented, the article does not state 
the data 

Volume Borghede 
(1997) [1] 

Borghede 
(1997) [6] 

Åström 
(2005) [2] 

Kälkner 
(2007) [3] 

Lennernäs 
(2015) [7] 

Åström 
(2018) [4] 

Target Dmin = 10 Gy Dmin = 10 Gy
15 Gy to the tumor 

CTV covered 
with 10 Gy 

isodose 

10 Gy to PTV  Dmin = 10 Gy PTV encom-
passed by the  
10 Gy isodose 

Margin 2 mm 2 mm 2 mm 3 mm 3 mm 2 mm 

Number of 
catheters 

6-15 – 6-21 10-18 – 10-22 

Urethra 8-9 Gy < 8 Gy – – – 1995-1999: 
None 

2000-2008: 
< 12 Gy 

Rectum < 6 Gy – – < 6 Gy < 6 Gy 1995-1999: 
None 

2000-2005: 
< 6.5 Gy 

2006-2008: 
 < 5 Gy 

Data collected – 1988-1994 1988-2000 1998-1999 1996-2001 1995-2008 

Table 2. Organs at risk constraints proposed in 
the GEC/ESTRO recommendations and the propo-
sed constraints for the BT part of the treatment, 
if 50 Gy is received from EBRT 

Organ Constraints whole 
treatment 

Constraints HDR-BT,  
if 50 Gy EBRT 

Rectum D2cc ≤ 75 Gy EQD2 D2cc ≤ 6.5 Gy 

Urethra D0.1cc ≤ 120 Gy EQD2 
D10% ≤ 120 Gy EQD2 
D30% ≤ 105 Gy EQD2 

D0.1cc ≤ 11.8 Gy 
D10% ≤ 11.8 Gy 
D30% ≤ 10.3 Gy 

https://pubmed.ncbi.nlm.nih.gov/25493531/
https://pubmed.ncbi.nlm.nih.gov/25447341/
https://pubmed.ncbi.nlm.nih.gov/23773409/
https://pubmed.ncbi.nlm.nih.gov/22265435/
https://pubmed.ncbi.nlm.nih.gov/23773409/
https://pubmed.ncbi.nlm.nih.gov/22265435/
https://pubmed.ncbi.nlm.nih.gov/9380823/
https://pubmed.ncbi.nlm.nih.gov/33458374/
https://pubmed.ncbi.nlm.nih.gov/23773409/
https://pubmed.ncbi.nlm.nih.gov/22265435/
https://pubmed.ncbi.nlm.nih.gov/9380823/
https://pubmed.ncbi.nlm.nih.gov/9380822/
https://pubmed.ncbi.nlm.nih.gov/15734203/
https://pubmed.ncbi.nlm.nih.gov/17917823/
https://pubmed.ncbi.nlm.nih.gov/25362844/
https://pubmed.ncbi.nlm.nih.gov/29496280/


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

Audit of HDR prostate BT 61

the same delineation of prostate (CTV), urethra, and rec-
tum was used to isolate the comparison to the treatment 
planning process. Our audit was organised to assess the 
treatment planning process at the six Swedish clinics that 
perform HDR BT prostate treatments to gain knowledge 
of how the treatment plans are affected by the routines 
used today. It was set up as a questionnaire and a phan-
tom HDR BT prostate case. 

Material and methods 
Questionnaire 

A questionnaire was sent to six Swedish clinics, here 
represented by letters from A  to F. The questionnaire 
included ten questions about clinical routine and equip-
ment used (Table 3). In addition, the clinics were asked to 
produce a treatment plan for a phantom prostate patient. 

Treatment planning 

A  phantom study was performed employing ultra-
sound (US) images without any anatomical information, 
using Vitesse planning system version 2.5 (Varian Medi-
cal Systems Inc., Palo Alto, USA), and including markers 
to visualize possible positions in the catheter template. 
A clinical CTV (21.5 cm3) and sensitive organs (urethra 
and rectum) were taken from a  previously treated pa-
tient. The contours were pasted onto the phantom imag-
es in BrachyVision version 13.6 (Varian Medical Systems 
Inc., Palo Alto, USA). An example of US slice with con-
toured structures is shown in Figure 1. The study was 
exported in DICOM-format and sent to the six Swedish 
clinics with instructions. The instructions for the treat-
ment planning were to import the phantom study into 
the clinical TPS in use, and to perform treatment planning 
following their own clinical routine. The prescribed dose 
to the target volume was 10 Gy in one fraction. The target 
volume is often CTV (which here is the prostate without 
seminal vesicles), with a margin named as PTV. The PTV, 

if used, was contoured by the clinic, which means that the 
PTVs used in the clinics could be of different sizes. When 
the treatment plan was ready, it was exported and sent 
back with a report from the TPS, where each catheter and 
dwell time were presented. 

Two clinics (A and B) also produced a second treat-
ment plan on another set of CTV (36.1 cm3) and sensitive 
organs from a  previously treated patient, following the 
above-mentioned method. 

The treatment plans made by clinic B were recalculat-
ed using different dose voxel sizes in x and y directions;  
0.05 cm, 0.1 cm, and 0.25 cm. In the z direction, the dose vox-
el size was set to the same as the slice thickness of 0.1 cm. 

Table 3. The questionnaire with 10 questions 
sent to the clinics 

Question 

1. Which TPS do you use in your clinic? 

2. Which type of radiation source do you use? 

3. Which CTV to PTV margin do you apply (if you are using 
PTV)? 

4. How many catheters did you use for the treatment plan? 

5. Which method for dose planning did you use? 
a. Manual, graphic, inverse, or a combination 

b. Write shortly about the dose planning method 

6. How did you place the source positions? 
a. Distance between the source positions? 

b. Did the offset from the catheter tip differ between the 
catheters or were the offsets the same? 

7. Which dose criterion are you aiming for? 

8. Do you have constraints on how to place the catheters  
in the prostate? If so, please describe. 

9. Which dose voxel size are you using for dose calculation? 

10. Do you use nominal source strength or actual source 
strength? 

Fig. 1. Ultrasound images from the phantom study sent out in the audit; A) one slice, B) a 3D projection. The contours rep-
resenting CTV (red), PTV with 2 mm margin (light blue), PTV with 3 mm margin (dark green), urethra (light green), rectum 
(brown), and the whole dose matrix (magenta). Only CTV, urethra, and rectum were sent to the clinics, the other volumes were 
used for the comparison 

A B
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Dosimetric indices 

Dosimetric indices (DIs) were collected from dose-vol-
ume histograms (DVHs), using BrachyVision for all treat-
ment plans, where information for contoured volumes 
were displayed. Therefore, volumes were created in 
BrachyVision. Two different PTVs, PTV2mm and PTV3mm 
were contoured, representing the most frequently used 
margins with 2 mm and 3 mm margins, respectively, in 
anterior-posterior direction and lateral direction, and no 
margin in cranio-caudal direction (Figure 1). A  volume 
for the entire image volume was also created. 

DIs were collected manually using the crosshair tool 
in BrachyVision. The DIs used in the audit, as proposed 
by the GEC/ESTRO, were for target volumes (CTV,  
PTV2mm, and PTV3mm): the dose that 90% and 95% of the 
volume receives (D90% and D95%) and the volumes that 
receive at least 100%, 150%, and 200% of the prescription 
dose (V100%, V150%, and V200%). For rectum, the dose that 
the hottest 2 cm3 receives (D2cc) was used, and for ure-
thra, the dose that the hottest 0.1 cm3, 10%, and 30% of 
the volume receive (D0.1cc, D10%, and D30%) was used. To 
be able to compare biological doses given, the EQD2 [20] 
was used and computed as: 

EQD2 = D                 ,� (1)d + α⁄β
2 + α⁄β

where D is the total dose, d is the dose per fraction, and 
α/β is the tissue-specific linear-quadratic parameter of 
the volume. For for prostate, we assumed a  value of 3, 
as this value is stated in the Swedish National Care Pro-
gramme [5] and for OARs, a value of 3 was also used. 

For CTV, PTV2mm, and PTV3mm, dose non-homoge-
neity ratio (DNR) [21] and conformal index (COIN) [22] 
were calculated, see equations 2 and 3 below. 

DNR =          ,� (2)V150
V100

where V150 is the volume of PTV (or CTV) that is en-
closed by 150% of the prescription dose, and V100 is the 
volume of PTV (or CTV) that is enclosed by the prescrip-
tion dose. A low value of DNR represents a homogenous 
treatment plan. 

COIN = c1 × c2,                                (3)
Here, 

c1 =                ,� (4)PTVref
PTV

and 

c2 =             ,� (5)PTVref
Vref

where PTV is the volume of PTV (or CTV), PTVref is the 
volume of PTV (or CTV) that is enclosed by the prescrip-
tion dose (Dref), and Vref is the total volume enclosed by 
the reference isodose, i.e., the prescription isodose. The 
ideal would be if both c1 and c2 had a value of 1, where 
c1 and c2 define how well Dref covers PTV; in addition,  
c2 describes how much of the normal tissue was irradiat-
ed by the prescription dose. 

The mean dose to the coldest volume (lower condi-
tional value-at-risk – LCVaR) [23] in radiation therapy is 
referred to as mean-tail dose, which is a measure of how 

low the dose is for the coldest part of target volume. An 
LCVaR near the prescription dose demonstrates a treat-
ment plan, which does not have any unwanted underdos-
age. LCVaR is calculated as: 

LCVaRα
s =                                             ,� (6)1

a|PS|
S

i ∈ PS:Dosei ≥ D1–α
s Dosei

where α is the percentage of the structure S, for which 
the LCVaRα

s is calculated. Here, α is 5% or 1%, and S is 
PTV2mm, PTV3mm, or CTV. 

Analysis of the treatment plan reports 

The dwell time pattern was compared using TPS re-
ports from the clinics. The dwell times were compared 
using nominal times based on a  source strength of  
40.7 mGy/h, which corresponds to an activity of 370 GBq. 
Several clinics are planning treatments based on the ac-
tual source strength; here, these values were adjusted to 
40.7 mGy/h for comparison. In the reports, number of 
catheters and number of source positions were listed, 
including every dwell time for the treatment plan and 
placement of dwell positions in relation to the tip of cath-
eter. The dwell time positioning pattern was described 
using a  definition of Yoshioka et al. [24]. Cylindrical 
dwell position (CDP) is when in all catheters, the same 
offset to the catheter tip is used; anatomy-based dwell 
position (ABDP) is when the offset for the first dwell po-
sition from the catheter tip is decided based on the dis-
tance to the prostate contour (Figure 2). Total reference 
air kerma (TRAK) [25] was also included in the reports 
from the treatment plans and used for the comparison. 
Moreover, linear regression was applied to estimate re-
lations between different dependent parameters (i.e., 
number of catheters, TRAK, total treatment time, target 
coverage, high-dose areas, and OARs doses) and inde-
pendent variables (dose or relative volume). 

Uncertainty analysis 

The BT treatment process includes a series of steps, all 
of which are related to some uncertainty [26]. In Kirisits 
et al. [27], an example of uncertainty analysis for HDR-BT 
treatment of the prostate using US images has been pub-
lished. Our audit compared DIs from the treatment plans; 
therefore here, the uncertainty should be less than the  
total of 5% (k = 1) that Kirisits states. According to Van 
der Meer et al. [28], the number of dose points to achieve 
DIs with a confidence interval of 95% is 32,000 points for 
the target and 256,000 points for every organ at risk. The 
commercial TPSs have different settings for the struc-
tures, such as how the interpolation of structures and the 
inclusion or exclusion of intersecting structures, such as 
urethra for prostate, are performed. The use of one TPS to 
derive the DIs excludes these types of uncertainty. 

Results 
The results were provided from all six clinics in Swe-

den, where HDR-BT is performed for the treatment of 
prostate cancer. For the treatment planning part of the 
audit, one clinic (F) had some technical problems with 
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data transfer, and data from this clinic were not includ-
ed in the treatment planning part. A clinic that uses Vi-
tesse could not import the study and chose to plan the 
treatment in BrachyVision to be able to participate in the 
audit. One clinic (B) changed their planning aims during 
the audit. This clinic provided two answers to the ques-
tionnaire, where applicable, and two treatment plans, 
where the old method was denoted as B1 and the new 
technique as B2. 

Questionnaire 

The planning aims and dose constraints for the clinics 
are presented in Table 4. The planning aims for the target 
were 10.0 Gy for all the clinics, but the volume to receive 
the dose differed from 95% to 100%, while the dose con-
straints varied up to 2 Gy for OARs. 

Responses to short-answer questions of the question-
naire are listed in Table 5. There were only two vendors 
in the clinics: BrachyVision and Oncentra Prostate (Elek-
ta Instrument AB Stockholm, Sweden). The clinics with 
BrachyVision were using a dwell step size of 5 mm, and the 
clinics with Oncentra Prostate were employing 2.5 mm.  
The Oncentra Prostate clinics were using a  dose voxel 
size of 0.1 mm in all three dimensions, while the voxel 
size varied for the BrachyVision clinics. All clinics were 
using a slice thickness of 0.1 mm as the voxel size in the 
z direction. The voxel sizes in x and y directions varied 
from 0.25 mm to 0.05 mm. These variations resulted in 
a difference of the number of dose voxels for the volumes. 
The number of voxels for the target volume ranged from 
approximately 3,300 to 82,800. For rectum, the number of 
dose voxels varied from approximately 500 to 13,200, and 
for urethra from approximately 100 to 2,800. 

Fig. 2. Schematic figure to illustrate the difference between A) cylindrical dwell position and B) anatomy-based dwell position. 
The ellipse represents the target volume, the arrows are the catheters and the rectangles are the dwell positions 

A B

Table 4. Planning aims and dose constraints for the six clinics, the clinics are denoted as letters from A to F. 
Clinic B changed methods during the audit and provided two answers: B1, the old method and B2, the new 
method 

Volume A B1 B2 C D E F 

PTV D100% = 10 Gy Dmin = 10 Gy Dmin = 10 Gy V100% > 95% V100% > 95% V100% > 95%

V150% < 55% V120% < 70-75%

V150% < 30-35%

D90% > 9.5 Gy

CTV – – – D90% > 100% – – V100% > 97%

D100% > 90%

Urethra Dmax < 12 Gy Dmax < 10 Gy Dmean ≤ 11 Gy Dmax < 120% Dmax < 11 Gy Dmax < 12 Gy Dmax < 110%

Dmax < 11.5 Gy D0.1cc < 11.4 Gy

Rectum D2cc < 7.5 Gy Dmax < 6 Gy Dmax < 6 Gy Dmax < 80% Dmax < 7 Gy Dmax < 8 Gy D10% < 65%

D2cc < 60% D2cc < 5.5 Gy

Bladder – – – – – Dmax < 7.5 Gy –

D2cc < 5 Gy
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Table 5. Answers to questions in the questionnaire. Numbers in brackets correspond to question numbers  
in Table 3. The six clinics are denoted from A to F 

Question A  B C D E F 

TPS (1) BrachyVision 
13.6 

BrachyVision 
13.6 

BrachyVision 
13.6 

BrachyVision 
13.6 

Oncentra  
Prostate 4.2.2.4 

Oncentra  
Prostate 

Radiation source 
(2) 

MicroSelectron 
V2 

GammaMed 
plus HDR 

GammaMed 
HDR 

VariSource MicroSelectron 
V2 

MicroSelectron 
V2 

CTV to PTV 
margin (3) 

2 mm lateral 
and anterior- 

posterior 

3 mm lateral and 
anterior- 
posterior 

2 mm lateral 
and anterior- 

posterior 

3 mm lateral and 
anterior- 
posterior 

2 mm posterior, 
lateral, superior 

and inferior; 
1.5 mm anterior 

No PTV use 

Number  
of catheters (4) 

17 15 14 17 16 18 

Dose planning 
method (5A) 

Inverse, graphi-
cal and manual 

Inverse Inverse and 
graphical 

Manual and 
graphical 

Inverse and 
graphical 

Inverse and 
graphical 

Distance 
between source 
positions (6A) 

5 mm 5 mm 5 mm 5 mm 2.5 mm 2.5 mm 

Geometry of 
source positions 
(6B)* 

Different (in this 
case CDP) 

ABDP ABDP CDP ABDP ABDP 

Dose voxel size 
(9) [cm] 

0.1 × 0.1 × 0.1 0.05 × 0.05 × 0.1 0.25 × 0.25 × 0.1 0.05 × 0.05 × 1 0.1 × 0.1 × 0.1 0.1 × 0.1 × 0.1 

“Planning source 
strength” (10) 

Nominal Nominal Nominal Actual Actual Actual 

*ABDP – anatomy-based dwell position, CDP – cylindrical dwell position 

Table 6. Dosimetric indices extracted from the dose volume histogram for clinical target volume and organs 
at risk for the audit case. The six clinics are denoted from A to E. The values in parenthesis are for the com-
plementary treatment plans made by the A and B clinics. The uncertainty for the dosimetric indices is less 
than 5% 

A  B1 B2 C D E 

D90% (Gy) 10.8 (10.8) 10.5 (10.4) 11.0 (11.1) 11.0 10.7 11.0 

D95% (Gy) 10.5 (10.5) 10.2 (10.2) 10.7 (10.8) 10.7 10.2 10.8 

V100% (%) 99.9 (100) 96.5 (97.0) 98.5 (99.0) 98.7 96.0 99.9 

V150% (%) 17.8 (20.6) 24.0 (21.8) 27.7 (29.9) 32.0 22.5 22.4 

V200% (%) 5.3 (5.9) 8.9 (7.3) 8.2 (9.0) 9.9 6.4 7.0 

D2cc      (Gy) 4.7 (4.2) 4.5 (3.8) 4.8 (4.0) 4.9 4.4 4.7 

D0.1cc     (Gy) 10.6 (10.9) 10.3 (10.2) 10.8 (10.9) 10.8 10.5 11.1 

D10%     (Gy) 10.7 (10.9) 10.3 (10.2) 10.9 (10.9) 10.9 10.6 11.2 

D30%     (Gy) 10.5 (10.7) 10.2 (10.1) 10.7 (10.8) 10.7 10.5 10.9 

CTV

CTV

CTV

CTV

CTV

rectum

urethra

urethra

The clinics had different rules and practices regarding 
how to place the catheters. Two of the clinics (B and C) 
stated that the catheters should pass through the prostate 
capsule (CTV) in at least one image slice, and two clinics 
(A and D) indicated that all catheters should go through 
PTV in at least one image slice. Also, most of the clinics 
stated that a catheter should have at least a 5 mm distance 
to the urethra, whereas two clinics (C and D) confirmed 
that a catheter could be as close as 3 mm to the urethra, 
but the nearest dwell position should not be closer than  
5 mm. Only one clinic (A) allowed catheters above the 
urethra (high in the middle column in the template), 
which was one of the clinics with the best target coverage 

(Table 6). The distance between catheters should be larger 
than 5 mm (A, B, and C), but preferably not more than  
7 mm apart (C). One clinic (F) had a template with pos-
sible catheter positions 2.5 mm apart instead of the more 
common distance of 5 mm. 

The clinics’ methods for drawing the urethra were 
not explicitly questioned, but two clinics stated that their 
routine was different from the drawing included in the 
audit case. In the audit, the urethra was presented with 
a diameter of 5 mm and was drawn as a Foley catheter 
inside the urethra. One clinic was using a  diameter of  
6 mm, and one clinic was using contrast in the urethra, and 
could thereby contour the urethra instead of the catheter. 

urethra
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Fig. 3. One slice from the treatment plan from the six clinics, denoted as letters from A to E, showing the dose distribution in 
color wash. The regions with color receive 10 Gy or more, the red regions receive 20 Gy or more; A) A with the color bar, B) B1, 
C) B2, D) C, E) D, F) E. The contours represent CTV (red), PTV with 2 mm margin (light blue), PTV with 3 mm margin (dark 
green), urethra (light green) rectum (brown). The white dots and letters are from the ultrasound, for visualizing the templates 
holes and the index names of holes 

A

C

E

B

D

F
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Treatment planning 

The three-dimensional dose distributions from the 
treatment plans (i.e., the DICOM-RT part) were imported 
to BrachyVision for viewing and extraction of dose vol-
ume histogram (DVH) information. All treatment plans, 
except one, were successfully imported to BrachyVision 
v.13.6. A central slice of the treatment plan for all partici-
pating clinics is shown in Figure 3 with dose color wash, 
where the colored regions received 10 Gy or more. 

Dosimetric indices 

The dosimetric indices were extracted and calculated 
for target volumes with the urethra excluded. Table 6 lists 
the DIs for CTV and OARs. In international guidelines 
and recommendations, D90% is chosen as the prescrip-
tion dose. If all the clinics were prescribing the dose to 
CTV, prescription doses would range from 10.5 Gy to  
11.0 Gy, which in 2 Gy, equivalent doses were from 28.4 Gy 
to 30.8 Gy. If the volume that the different clinics were us-
ing as a target (PTV with margins as described in Table 5)  
was applied, the prescription dose ranged from 10.0 Gy 
to 11.1 Gy, and corresponded to EQD2 from 26.0 Gy to  
31.3 Gy. Including the EBRT part of the treatment of 50 Gy  
and two fractions of BT, equal to an EQD2 ranging from 

102 Gy to 112.6 Gy. The recommended OARs constraints 
from GEC/ESTRO (Table 2) were met for all the clinics, 
except for the D30%

urethra which only one treatment plan ful-
fills (B1). 

The DIs for the second prostate case that two clinics 
made treatment plans for are included in Table 6. The 
results were consistent with those for the smaller pros-
tate. The treatment plans calculated with different dose 
voxel size were for D2cc

rectum and D0.1cc
urethra, giving the same 

values. D90%
CTV obtained the same value. However, for 

V100%
CTV, V150%

CTV, and V200%
CTV, there were small changes in 

values: the changes were greater for the audit case than 
for the additional case.

DNR, COIN, and LCVaR values are presented in Ta-
ble 7. DNR for the treatment plans differed at maximum 
for CTV with 0.14, which was due to the difference in size 
of the high-dose regions (Table 6, V200%

CTV). For COIN, the 
range for PTV was 0.06, and for CTV, it was 0.07. A COIN 
value above 0.64 was the preferred target according to 
Baltas et al. [22] and for PTV, the audit COIN value was 
at least 0.70. For CTV, the COIN values were under 0.64, 
which in this case depended on irradiation of tissue out-
side the CTV, as the clinics were aiming to apply doses 
to larger PTV. For an α of 5%, LCVaR differed by 1.15 Gy 
and for an α of 1%, LCVaR varied by 1.89 Gy. 

Table 7. The calculated dosimetric indices for the target volumes; dose non-homogeneity ratio (DNR), confor-
mal index (COIN), and mean dose to the coldest volume (LCVaR). The clinics are denoted from A to E. Clinic B 
changed methods during the audit and provided two answers: B1, the old method and B2, the new method 

  DNR COIN LCVaR 

PTV2mm PTV3mm CTV PTV2mm PTV3mm CTV CTV α = 5% CTV α = 1% 

A  0.21 0.21 0.18 0.74 0.80 0.55 10.34 10.07 

B1 0.27 0.27 0.25 0.75 0.78 0.59 9.40 8.65 

B2 0.30 0.29 0.28 0.76 0.82 0.57 10.17 9.35 

C 0.33 0.31 0.32 0.70 0.78 0.52 10.21 9.41 

D 0.25 0.24 0.23 0.75 0.83 0.56 9.35 8.33 

E 0.24 0.23 0.22 0.74 0.80 0.55 10.50 10.22 

PTV – planning target volume, CTV – clinical target volume 

Table 8. Dwell time data from the report of treatment plans, derived from the individual clinics’ (denoted from 
A to E) treatment planning systems. The times are recalculated to nominal source strength of 40.7 mGy/h  
and are listed in seconds. Some clinics have dwell positions with 0 s in between non-zero dwell positions, 
the positions with 0 s are not included in the analysis. However, for clarity, the 0 s positions are included in 
parenthesis in the Table (including 0 positions) 

Parameter A  B1 B2 C D E 

Mean 2.55 3.03 2.99 3.29 2.39 1.15 

Median 2.2 1.9 2.4 3.0 2.2 1.0 

Max. 9.9 10.8 10.4 10.0 5.3 4.4 

Min. 0.4 0.3 0.3 0.7 0.6 0.03 

SD 1.75 2.86 2.58 2.02 1.14 0.7 

#Positions 
(incl. 0 positions) 

101 
(101) 

76 
(76) 

83 
(83) 

78 
(112) 

99 
(107) 

219 
(219) 

Total time 257.4 230.1 248 256.8 236.3 252.8 

TRAK (mGy at 1 m) 2.91 2.60 2.81 2.90 2.67 2.9* 

*Only 2 decimals from the TPS was obtained, SD – standard deviation, TRAK – total reference air kerma 

https://pubmed.ncbi.nlm.nih.gov/9457842/
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Analysis of the treatment plan reports 

Dwell time data are shown in Table 8. One clinic (E) 
used a dwell step size of 2.5 mm and the others, 5 mm, 
which was why the maximum dwell time and the num-
ber of dwell positions for clinic E differed with a factor of 
approximately 0.4 and 2.5, respectively, compared to the 
other clinics. The minimum dwell times did not consider 
positions with zero dwell times; the treatment plans from 
two of the clinics (C and D) included some zero dwell 
times. Two examples of the distribution of dwell times 
can be seen in Figure 4. 

The number of catheters and the size of the relative 
volume of the CTV that received at least 200% of the pre-
scription dose had the strongest dependence of param-
eters and variables (Figure 5); the more catheters, the 
smaller the relative volume of 200% dose in CTV. The 
correlation between the relative volume of CTV that re-
ceived at least 100% of the dose and the dose to urethra 
was not strong, with an R2 value of 0.55 (Figure 6A). More-
over, there seem to be no correlation between the num-
ber of catheters and the dose to the urethra (Figure 6B),  
which showed a low R2 value. 

Discussion 
The audit was constructed to highlight different clin-

ical routines for treatment planning, regarding technical 
and dosimetric aspects. As the clinics were using differ-
ent CTV to PTV margins, the prescription dose was pre-
scribed for different volumes, which complicated even 
more the comparison. The comparison showed the dif-
ferences in dosage a patient would have received, if he 
had been treated at different clinics, under the assump-
tion that all the clinics would contour the prostate (CTV), 
urethra, and rectum equally. 

The prescribed dose to the prostate according to the 
international recommendations is based on D90% value, 
which in our audit was one parameter used to compare 
the treatment plans. According to answers for questions 
provided in the questionnaire, the planning aims were to 
give 10.0 Gy to 95-100% of PTV. The Swedish National 
Care Programme does not state to which volume (CTV 
or PTV) the prescribed dose should be given. As the pro-
posed dose constraints for OARs were fulfilled (except 
for D30%

urethra), it could be favorable to give a higher dose 
to the target volume, as the prostate is not a  functional 

Fig. 4. The dwell times for the catheters one after another for two of the clinics, denoted as B2 (the clinic has made two treatment 
plans) and D, A) B2 and B) D. Histogram for distribution of dwell times for clinic C) B2 and D) D
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organ. The proposed dose constraint for D30%
urethra did not 

seem to be a constraint, which the Swedish clinics have 
adopted, as only one treatment plan in the audit was 
fulfilling that criterion. It could be that the clinics are 
not willing to give less than the prescription dose to the 
urethra as a caution against underdose of the target vol-
ume. The dose constraints for the urethra for the clinics 
differed with up to 2 Gy, and none of the clinics had any 
constraint for D30%

urethra. As for rectum, it differed with  
2 Gy. The treatment plans did not reflect these differ-
ences in planning aims; urethra differed with less than 
1 Gy for the DIs used in the audit and rectum with  
0.5 Gy. A higher urethral dose could increase the number 
of higher incidence of urethral strictures; however, the 
loss of dose to the target near the urethra could compro-
mise local control.

The DIs uncertainty for the treatment plans depend-
ed on the voxel size used for the final dose calculation. 
A larger dose voxel size generated lower maximum dos-

es, as the regions near dwell positions were averaged. 
The values of the DIs used in our audit were most likely 
not affected by the dose voxel size, as the maximum dos-
es were not included and the DIs for OARs were not close 
to the maximum doses, such doses were found near the 
dwell positions. However, for some structures and clin-
ics, the number of dose points were far less than the num-
ber of points recommended by Van der Meer et al. [28] to 
achieve a confidence interval of 95%. 

The treatment plans varied in the number and ge-
ometry of the catheters. Some clinics had only straight 
catheters (parallel to the US probe) constrained to the 
template grid; others applied catheters in between the 
template grid or skew catheters that were not parallel to 
the US probe. This is seen in Figure 3, where high-dose 
regions are not always centered around the white dots 
representing the holes in a  template. The effect of such 
strategies for placing catheters were not considered in 
the evaluation of the results; although it could be a way 
of getting more dwell positions inside the PTV, and in 
that way achieving a better target coverage with less ir-
radiation of the normal tissue surrounding the target. It 
is an interesting observation, as this could be a strategy 
in some clinics to try to place the catheters skewed to get 
a better target coverage. The placement of dwell positions 
could also affect the possible number of dwell positions 
inside the target volume. The more dwell positions, the 
more degrees of freedom in the dose optimization. The 
rules for catheter positioning also affect the result of the 
D90% as, for example, the possibility to position catheters 
above the urethra (high in the middle in the template), 
which results in the best target coverage. The possibility 
to place catheters near the urethra and outside PTV could 
also help to improve the target coverage. The dose con-
straints for OARs also affected the target coverage, as the 
clinic that changed the dose constraints during the audit 
improved the D90%. It could also be seen that the clinics 
with the least restrictive dose constraints to OARs were 
the clinics with the highest LCVaR, i.e., having the small-
est number of cold spots. 
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Fig. 5. The relative CTV volume that receives more than 
200% of the dose as a function of number of catheters, yield-
ing the equation V(200%) (CTV) = –1.359x + 28.9. The five 
clinics with data are named from A to E, with clinic B hav-
ing two treatment plans due to changing methods during 
the time of the audit. R2 is the coefficient of determination  

Fig. 6. The dose to the 10% of urethra that receives the highest dose as a function of A) the CTV coverage (the relative volume 
of CTV that receives 100% of the dose) and B) the number of catheters. The functions for the linear dependence are A) D(10%) 
(urethra) = 0.1366x – 2.66 and B) D(10%) (urethra) = –0.023x + 11.1. The five clinics with the data are named from A to E, with 
clinic B having two treatment plans due to changing methods during the time of the audit; the old method is named B1 and the 
new technique is named B2. R2 is the coefficient of determination 
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The results seem to indicate that it is good to have 
as many catheters as possible to get as small high-dose 
(≥ 200 %) volume as possible (Figure 5). However, too 
many catheters can increase the risk of urinary toxicity 
[29]. A  number of studies have looked at the optimal 
number of catheters [30,31,32,33]. The ABS recommends 
the use of at least 14 catheters [18], while the GEC/ 
ESTRO suggests that the catheters should be placed not 
further apart than 1 cm to achieve a homogenous dose 
distribution. Charra-Brunaud et al. [30] did not observe 
any statistically significant difference in the dose distri-
bution between groups of 15 to 21 catheters. In our au-
dit, it could be noted that the lowest DNRs were for the 
clinics with the least number of catheters. Baltas et al. [34] 
and Mavroidis et al. [35] indicated that if there is no infor-
mation about the necessity of a hot spot, then hot spots 
should be avoided. The studies of Baltas and Mavroidis 
are in the field of monotherapy, where the entire dose to 
the target is given by HDR-BT. It can also be mentioned 
that any relationship between toxicity and the volume of 
hot spots in the normal tissue or the target volume has 
not been well established [36]. 

There are no recommendations for acceptable values 
of DNR and COIN; however, these parameters are fre-
quently used for comparison of treatment plans. In our 
audit, the DNR for the treatment plans were in the same 
range as in published results [24], and the homogeneity 
of treatment plans was good with one treatment plan 
(A), considered as the most homogenous treatment plan. 
COIN values for PTV are all in the upper part of the pub-
lished data [14]. Here, the COIN values for the CTV were 
all in the lower part of published data, due to the irradia-
tion of tissue outside CTV, since the clinics were treating 
the PTV. Both DNR and COIN indicated that there was 
no significant difference in the treatment plans. COIN can 
alternatively be calculated with an additional parameter 
with organs at risk taken into account [22]. This was not 
used in our audit, as the urethra was situated inside the tar-
get volume and therefore given the prescribed dose. The 
LCVaR values for an α of 5% were all, except two, above 
the prescription dose, and the values for two treatment 
plans below the prescription dose were at most 0.7 Gy  
under. In LCVaR for an α of 1%, two of the clinics still 
had values above the prescription dose, which also can 
be seen in Table 6, as these clinics present V100%

CTV values 
of 99.9%. The clinics with the lowest LCVaR for an α of 
1% were over 8 Gy, which would give a treatment dose 
of approximately 85 Gy EQD2. The published planning 
aims according to the GEC/ESTRO recommendations 
[17] specify doses of approximately 70 Gy EQD2 to 105 Gy  
EQD2. The Swedish equivalent treatment regime with 
only EBRT is in concordance with the National Care Pro-
gramme of 78 Gy in 39 fx. 

The total treatment time and the TRAK were both 
within approximately 10% for all the treatment plans, 
showing resemblances among them. The mean times and 
the maximum times were also within the same size for 
three clinics A, B, and C, with less than 1 s difference. 
Two clinics (D and E) deviated from the other clinics, 
for which one of them (E) could be explained by another 
dwell step size and vendor. Multiplied by a factor of two, 

the mean and maximum time would be 1.3 s respective 
8.8 s for clinic E, which still were smaller than clinic A, 
B, and C. Different vendors have different inverse opti-
mization algorithms, which could explain the deviation 
in the mean and maximum dwell times. Clinic D was the 
only clinic that was not using any inverse planning; this 
could be the reason for a low maximum time and a low 
standard deviation. This is shown in Figure 4, where the 
dwell times vary more for clinic B2, which used inverse 
treatment planning, than for clinic D, where manual and 
graphical treatment planning were used. The histogram 
for clinic D was more centered around the low dwell 
times (Figure 6C and D). The different minimum dwell 
times could be due to different optimization techniques 
or different precautions of the transit dose [37]. 

A  limitation of our audit is that it only consists of 
one prostate case that all clinics participated in, and an 
additional prostate case for two clinics only. The treat-
ment planning was assumed to be planned by one person 
and should represent the treatment planning process of 
the clinics, although the treatment planning was carried 
out under other circumstances, which differ from clini-
cal practice. The treatment planning time is, for example, 
not a limiting factor. A complicating factor for the audit 
is that the handling of DICOM-RT files were not consis-
tent between different TPSs. This must first be resolved in 
order to be able to perform an audit, where all different 
clinics with different TPSs could participate. 

Conclusions 
The dose constraints for the clinics participating in the 

audit are showing a larger variation between the clinics 
than visible in the treatment plans compared. The largest 
variation in the treatment plans are for urethra and the 
sizes of hot spots in CTV. A higher dose to the urethra 
could provide a higher incidence of complications to the 
patient. The consequences of the sizes of hot spots in the 
prostate are not well established. 

All the treatment plans in the audit follow the Na-
tional Care Programme in applying 102 Gy EQD2 to the 
prostate, even though, the prescription doses for some 
of the treatment plans are exceeding the dose by up to  
10 Gy EQD2. The recommended prescription doses 
in Sweden are in the upper part of the fractionation 
schemes in the GEC/ESTRO recommendations [17]. 
The treatment plans are also fulfilling the proposed con-
straints to OARs in the GEC/ESTRO guidelines, except 
for D30%

urethra, which only one treatment plan was fulfill-
ing. The results have been shared with the clinics that 
participated in the audit. 
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