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Introduction

Over the last decades, breast conserving sur-
gery followed by postoperative radiotherapy has 

obtained broad acceptance among radiation on-
cologists for treating early stage breast cancer [1]. 
Nowadays, for a selected group of patients, acceler-
ated partial breast irradiation (APBI) is an available 
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Background: The purpose of the study was to dosimetrically compare multicatheter interstitial brachytherapy (MIBT) and 
stereotactic radiotherapy with CyberKnife (CK) for accelerated partial breast irradiation with special focus on dose to organs 
at risk (OARs).

Materials and methods: Treatment plans of thirty-one patients treated with MIBT were selected and additional CK plans were 
created on the same CT images. The OARs included ipsilateral non-target and contralateral breast, ipsilateral and contralateral 
lung, skin, ribs, and heart for left sided cases. The fractionation was identical (4 × 6.25 Gy). Dose-volume parameters were 
calculated for both techniques and compared.

Results: The D90 of the PTV for MIBT and CK were similar (102.4% vs. 103.6%, p = 0.0654), but in COIN the MIBT achieved lower 
value (0.75 vs. 0.91, p < 0.001). Regarding the V100 parameter of non-target breast CK performed slightly better than MIBT 
(V100: 1.1% vs. 1.6%), but for V90, V50 and V25 MIBT resulted in less dose. Every examined parameter of ipsilateral lung, skin, 
ribs and contralateral lung was significantly smaller for MIBT than for CK. Protection of the heart was slightly better with MIBT, 
but only the difference of D2cm3 was statistically significant (17.3% vs. 20.4%, p = 0.0311). There were no significant differences 
among the dose-volume parameters of the contralateral breast.

Conclusion: The target volume can be properly irradiated by both techniques with high conformity and similar dose to the 
OARs. MIBT provides more advantageous plans than CK, except for dose conformity and the dosimetry of the heart and con-
tralateral breast. More studies are needed to analyze whether these dosimetrical findings have clinical significance.
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technique instead of conventional whole breast ir-
radiation (WBI) [2]. For APBI the irradiated vol-
ume is smaller compared to WBI, so patients can 
tolerate a higher fraction dose; consequently, the 
total treatment time for APBI is 4–5 days (instead 
of 3–5 weeks of conventional WBI) and, therefore, 
it is a very attractive option among patients. Fur-
thermore, because of the smaller irradiated volume 
the doses to normal tissues are decreased compared 
to the WBI.

Different techniques are available for APBI with 
the same aim to create conformal, homogenous 
dose distributions and to offer short overall treat-
ment time [3]. The first technique was the multi-
catheter interstitial brachytherapy (MIBT) which 
has excellent clinical results with the longest follow 
up [4–11]. For MIBT, there are recommendations 
for patient selection [12] and target volume defini-
tion [13, 14]. For the proper quality assurance of 
this technique, there are also practical guidelines 
available [15, 16]. For APBI among brachytherapy 
(BT) techniques, other modalities are also available, 
such as single or multichannel balloon therapy and 
seed implantation. Regarding the external beam 
radiotherapy (EBRT) for APBI, 3D conformal ra-
diotherapy (3D-CRT), intensity modulated radio-
therapy (IMRT), volume modulated arc therapy 
(VMAT), helical tomotherapy, CyberKnife therapy 
(CK), proton therapy and, as intraoperative meth-
ods, irradiation by electrons or low energy photons 
are to be mentioned [17, 18]. Since these techniques 
are routinely used in clinics, all of them provide ap-
propriate dose coverage and normal tissue sparing, 
but they slightly differ in dose distribution, inva-
siveness and treatment delivery.

For APBI with CK, several dosimetrical compar-
isons were performed. There are studies comparing 
CK with 3D-CRT [19–24], with IMRT [19,23,24], 
with VMAT [22, 23] and even with tomotherapy 
[21]. There are papers about comparison of MIBT 
against 3D-CRT [25], IMRT [26] and VMAT [27]. 
Our group published two papers about dosimetry 
of CK against MIBT, one comparing clinical CK 
plans with hypothetic MIBT plans [28] and another 
one with comparison between clinical plans from 
both techniques [29].

The goal of this study was to complete our inves-
tigations in this topic by performing the third type 
of dosimetrical comparison between the MIBT and 
CK for APBI using clinical MIBT plans and hypo-

thetic CK plans with identical CT images and criti-
cal structures with special focus on dose to organs 
at risk (OAR-s).

Materials and methods

Multicatheter interstitial brachytherapy
Treatment plans of thirty-one patients treated 

with MIBT at our institute were selected for dosi-
metrical comparison. Thirteen patients (42%) had 
right sided and eighteen (58%) left sided tumour. 
Among the thirty-one patients, eighteen (58%) had 
tumours in the upper quadrant of which twelve 
(39%) were in the inner and six (19%) in the outer 
quadrant. Out of the thirteen (42%) lower quad-
rant tumours, nine (29%) were in the inner and 
four (13%) in the outer quadrant. The treatment 
plans were optimised with an inverse optimisation 
method (Hybrid Planning Optimization — HIPO), 
and these plans were used for the treatments and 
for the comparison. The treatments were performed 
by a high-dose-rate afterloader (microSelectron V3, 
Elekta, Brachytherapy, Veenendaal, The Nether-
lands) with Ir-192 stepping source. The GEC-ES-
TRO guidelines were followed for patient selection 
and target volume definitions [12, 14]. For treat-
ment planning Oncentra Brachy v4.3 planning sys-
tem (Elekta, Brachytherapy, Veenendaal, The Neth-
erlands) was used with calculation algorithm of the 
TG-43 formalism [30]. The mean catheter number 
was 15 (range, 7–28).

CT scans with 3 mm slice distance were ac-
quired for target definition and treatment plan-
ning. During lumpectomy surgical clips were 
placed in the cavity wall which help the delinea-
tion of lumpectomy cavity. 20 mm safety mar-
gin (surgical plus irradiation) was added to the 
lumpectomy cavity to get the CTV in all main 
six directions [14]. The CTV was always limited 
in the breast, no skin, thoracic wall, and pectoral 
muscles were included. The PTV was always equal 
to CTV. The outlined and examined OARs were 
as follows: the ipsilateral and contralateral lungs 
and breasts, heart (in the left sided cases), skin 
and ribs. An additional volume, the non-target 
breast was created from the ipsilateral breast with 
a subtraction of the PTV. The skin was defined as 
a 5 mm layer below body surface.

The required target coverage was at least 90% 
by the prescribed dose (PD) while keeping the 
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dose distribution as homogenous as possible. To 
quantify the dose homogeneity, the dose-nonuni-
formity ratio (DNR) was used, which is the ratio 
of volumes irradiated by 1.5 times of the PD and 
the PD (V1.5xPD/VPD). The constraint for DNR was 
less than or equal to 0.35. The target coverage was 
prioritized if the dose coverage and the homoge-
neity constraints could not be fulfilled at the same 
time. Dose objective was applied for the skin dur-
ing treatment planning, the surface skin dose was 
maximized in 70% of the PD to avoid skin toxicity. 
For the other OARs the parameters were only reg-
istered. The PD was 25 Gy (4 × 6.25 Gy) and the 
irradiation time ranged between 5-15 min depend-
ing on the activity of the source.

CyberKnife treatments
For CK planning, the same CT data sets with 

the same contours as for MIBT were used except 
for the PTV. To imitate the real CK treatments, 
a 2 mm additional margin to CTV was used to 
create PTV according to our clinical protocol 
[31]. For evaluation purpose, PTV_EVAL was 
created from PTV with subtraction of the skin 
layer if needed. The prescribed dose was the 
same as in MIBT. The CT slice thickness was 
resampled to 1.25 mm because this resolution is 
routinely used in our clinic for CK planning in 
the Precision 2.0.0.1 (Accuray, Sunnyvale, CA, 
USA) software. VOLO optimization method us-
ing InCise 2TM MLC method with step-and-shoot 
IMRT technique was applied with a finite size 
pencil beam (FSPB) dose calculation algorithm 
for optimization and plan evaluation. During the 
optimization, the contralateral breast and lung 
were allowed with “exit only” direction to avoid 
the beams with very long path in the body from 
the surface to the PTV. The aim was to achieve at 
least 99.5% of V95 for PTV_EVAL and keep the 
maximum point dose under 115% of the PD [31]. 
Our acceptance criteria for OARs were as fol-
lows: V50 ≤ 50 for NTB, D2cm3 ≤ 70 for ipsilat-
eral lung, D2cm3 ≤ 45 for heart, D1cm3 ≤ 100 for 
both skin and ribs, and D0.1cm3 ≤ 10 for contra-
lateral breast. Three shells (one voxel thick ring 
ROI 4 mm, 15 mm and 25 mm away from the 
PTV) were used to ensure the high conformity 
and high dose gradient of the dose distribution. 
All of the treatment plans were clinically accept-
able according to our institutional protocol [31]. 

The calculated mean estimated treatment time 
was 31.1 min (range, 26–37 min).

Dosimetrical evaluation and statistical 
analysis

The dose volume histograms (DVHs) were the 
basis of the treatment plan evaluation. The relative 
(eg. V100) and absolute volumes [eg. V100 (cm3)] 
receiving a percentage of the PD (eg. 100%) were 
calculated. Furthermore, the relative doses of the 
PD in percentage to relative volumes (eg. D5 for 
5%) and to absolute volumes (eg. D1cm3) were cal-
culated. The conformity of dose distribution was 
characterized with the COIN [32].

For reporting of the treatment plans, descriptive 
statistics were calculated. Shapiro-Wilk-W-test was 
used on dose-volume parameters’ distributions to test 
normality. The Wilcoxon-Matched-Pairs-Test was 
used for comparisons with Statistica 10.0 software 
(StatSoft, Inc., Tulsa, OK, USA), because almost none 
of the parameters followed the normal distribution. 
The p < 0.05 value was stated statistically significant. 
All the patients were treated according to our insti-
tutional protocol, and in this dosimetrical study we 
retrospectively collected and evaluated the treatment 
planning data, so no ethical approval was needed.

Results

The mean volume of the ipsilateral breast was 
817.1 cm3 (range, 386.9–2097.5 cm3). The mean 
volume of the PTV was 59.1 cm3 (range, 26.6–173.6 
cm3) for MIBT plans and 82.3 cm3 (range, 
40.3–223.3cm3) for CK plans which was signifi-
cantly higher (p < 0.0001). For MIBT the V100 for 
PTV was 91.6% (range, 87.9–96.4%) meanwhile the 
DNR was 0.35 (range, 0.24–0.44). For PTV_EVAL 
of CK patients the V100 and V95 was 98.9% (range, 
96.4–99.9%) and 99.9% (range, 99.9–100%), re-
spectively, and the mean of the maximum dose was 
114.5% (range, 111.1–117.6%). The D90 value was 
102.4% (range, 95.9–112.1%) for MIBT and 103.6% 
(range, 102.3–105.2%) for CK without statistical 
significance (p = 0.0654).

The absolute volumes encompassed by the ref-
erence dose (100%), 0.5 times and 0.2 times the 
reference dose (Vref, V0.5ref, V0.2ref) were significantly 
smaller for MIBT than for CK as shown in Table 1. 
But related these volumes to the volume of the PTV 
the ratios of Vref/VPTV, V0.5ref/VPTV and V0.2ref/VPTV are 
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1.16 vs. 1.08 (p = 0.001), 3.17 vs. 3.39 (p = 0.002) 
and 9.33 vs 9.44 (p = 0.5306) for MIBT and CK, 
respectively.

The dose conformity was very high for both tech-
niques (Fig. 1). The V100 value of non-target breast 
was greater for MIBT than for CK: 1.6% (range, 
0.4–4.2%) vs. 1.1% (range, 0.2–4.3%), p = 0.0002, 
but the other dosimetrical parameters for ipsilateral 
non-target breast were smaller for MIBT. The high 

dose conformity for both techniques is demonstrat-
ed by large conformity indices. The COIN was 0.75 
for MIBT and 0.91 for CK patients (p < 0.001). 

All examined parameters of the ipsilateral lung, 
skin and ribs were significantly smaller for MIBT. 
The maximal dose to the ribs never exceeded the 
PD in MIBT plans [V100(cm3) = 0], and among CK 
plans there was only 1 case when the 100% isodose 
line reached the rib.

Table 1. Dosimetry of organs at risk for multicatheter interstitial brachytherapy (MIBT) and CyberKnife (CK) treatments. 
Significant p-values are in bold

Structure Parameter MIBT CK p–value*

Body

Vref (cm3) 67.1 (28.9–193.8) 88.5 (45.6–238.0) < 0.0001

V0.5ref (cm3) 160.5 (73.4–444.2) 236.4 (138.1–531.1) < 0.0001

V0.2ref (cm3) 473.0 (253.4–1078.1) 657.7 (395.1–1205.0) < 0.0001

PTV

V100 (%) 91.6 (87.9–96.4) 98.9 (96.4–99.9) < 0.0001

V90 (%) 96.2 (93.5–98.5) 99.9 (99.9–100.0) < 0.0001

D98 (%) 84.2 (74.8–108.5) 100.9 (98.8–102.6) < 0.0001

D90 (%) 102.4 (95.9–112.1) 103.6 (102.3–105.2) 0.0654

D50 (%) 138.7 (126.2–182.2) 107.7 (106.3–109.6) < 0.0001

D2 (%) 472.0 (402.2–548.4) 112.2 (109.6–114) < 0.0001

Non–target breast

V100 (%) 1.6 (0.4–4.2) 1.1 (0.2–4.3) 0.0002

V90 (%) 2.7 (0.6–8.1) 4.6 (0.9–13.2) < 0.0001

V50 (%) 12.6 (3.1–35.4) 18.0 (4.8–43.1) < 0.0001

V25 (%) 31.4 (9.4–68.4) 37.5 (12.2–59.5) 0.0011

Ipsilateral lung

MLD (%) 4.9 (1.9–11.1) 6.2 (1.3–12.2) < 0.0001

D0.1cm3 (%) 41.2 (10.1–61.5) 56.2 (9.0–78.8) < 0.0001

D1cm3 (%) 36.2 (8.7–55.8) 49.8 (8.1–70.6) < 0.0001

D2cm3 (%) 33.8 (8.0–52.5) 46.7 (7.6–67.2) < 0.0001

V5 (%) 30.6 (5.1–50.0) 38.0 (2.2–77.6) 0.0001

Skin

D0.1cm3 (%) 70.9 (21.8–164.2) 82.3 (38.2–105.6) 0.0005

D0.2cm3 (%) 66.6 (21.0–140.7) 80.1 (36.4–104) 0.0004

D1cm3 (%) 55.9 (18.1–97.1) 72.1 (29.6–98.9) < 0.0001

Ribs

D0.1cm3 (%) 54.1 (8.1–92.7) 71.2 (7.6–100.2) < 0.0001

D1cm3 (%) 43.3 (5.3–76.4) 60.3 (5.8–93.4) < 0.0001

V50 (cm3) 2 (0.0–16.4) 3.4 (0.0–10.3) 0.0018

Heart

MHD (%) 4.1 (1.0–7.7) 5.4 (0.3–12.9) 0.0641

D0.1cm3 (%) 21.8 (4.0–47.2) 23.4 (2.3–49.6) 0.1988

D1cm3 (%) 18.6 (3.2–42.3) 21.3 (2.0–44.8) 0.0526

D2cm3 (%) 17.3 (3.0–40.0) 20.4 (1.8–43.9) 0.0311

V5 (%) 29.9 (0.0–62.5) 40.2 (0.0–93.6) 0.0641

Contralateral breast
D0.1cm3 (%) 4.2 (0.0–9.8) 3.4 (0.1–8.7) 0.4927

D1cm3 (%) 2.7 (0.0–6.4) 3.1 (0.1–7.8) 0.1950

Contralateral lung
D0.1cm3 (%) 5.7 (1.7–11.7) 6.9 (1.6–11.8) 0.0186

D1cm3 (%) 3.8 (0.0–8.3) 6.1 (1.1–10.4) 0.0001

*Wilcoxon matched pair test
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In heart dosimetry of patients with left-sided le-
sions, MIBT provided less doses, but the difference 
was significant only for D2cm3 (17.3% vs. 20.4%, 
p = 0.0311) in favour of MIBT.

For contralateral breast and lung, volumetric 
dose parameters were very low for both techniques, 
but MIBT resulted in significantly lower values in 
the case of contralateral lung, but for contralateral 
breast the difference was not significant. The de-
tailed dosimetrical results can be found in Table 1.

Discussion

During the last decades several techniques have 
been introduced for APBI, and obviously the ques-
tion is interesting which option is the best for pa-
tients. The last one in the line of the techniques is 
the CK, the first report on using stereotactic ra-
diotherapy for breast tumours was published by 
Bondiau et al. in 2009 [33]. The feasibility of APBI 
treatments with CK was confirmed by studies, Ver-
meulen et al. reported about nine APBI patients 
treated with CK in 2011 and about 21 patients in 
2014 [34, 35]. In another retrospective study the 
dosimetrical results of 10 CK treated patients were 
analyzed by Obayomi et al. [36]. Lozza et al. [37] 
reported mainly the clinical results of a study with 
twenty APBI patients treated with CK. Several pa-
pers have been published about comparisons be-
tween different APBI techniques, CK comparing 
other external beam techniques [19–24], and MIBT 
against external beam techniques [25–27]. There is 
no consensus on which comparison method should 
be used for making judgement on different irradia-
tion techniques. There are studies in which either 

BT [26] or EBRT [27, 28] CT images are used as 
a reference image set for comparison. Another way 
of comparison is when separate patient cohorts of 
two different techniques are analyzed [29,38]. Our 
group has published two papers about MIBT against 
CK, Fröhlich et al. [28] performed a matched pair 
analysis of treatment plans using CT scans taken for 
CK and Herein et al. [29] compared clinical plans 
of separate patient groups of both techniques.  In 
this paper we completed our previous investigation 
of APBI with a matched pair analysis of treatment 
plans of CK and MIBT, using the MIBT datasets.

APBI treatment with CK is feasible and pro-
duce usually better dosimetrical parameters of the 
OARs compared to other external beam techniques 
[19–21]. In a very thorough analysis of nine pa-
tients examining 3D-CRT against CK with Iris and 
Multileaf collimator Goggin et al. [20] found that 
CK gives better parameters for the lung and ipsi-
lateral breast, except for the V5 of lung. The V5 
for the lung was significantly lower for 3D-CRT 
than for CK-Iris and CK-Multileaf, 6.2% vs. 39.4% 
and 17.9%, respectively. Xu et al. [19] examined 
CK against 3D-CRT and IMRT and found CK to 
be more conformal than the other two techniques. 
They reported better dose sparing for OARs of CK 
except for the extremely low dose region. Further-
more, the ratio of V20% to V100% of the breast 
was the smallest for CK. Rault et al. [21] examined 
the effect of respiratory tracking on dosimetry of 
OARs. They compared CK against Tomotherapy 
and 3D-CRT, and found dosimetrical advantages in 
dose to non-target breast for the CK which was the 
consequence of the non-coplanar beams. In a ten 
patient study, Bonfantini et al. [22] compared CK 

Figure 1. Representative comparative dose distributions for multicatheter interstitial brachytherapy (MIBT) (A) and 
CyberKnife (CK) treatment (B). Planning target volume (PTV): red, ipsilateral breast: yellow, contralateral breast: pink, ribs: 
green, heart: orange, ipsilateral lung: dark blue, contralateral lung: light blue, skin: tomato

A B
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against 3D-CRT and VMAT. Except for the heart, 
they found significant differences in OARs dosime-
try. Based on their analysis 3D-CRT gives reduction 
of the dose to OAR-s except for ipsilateral breast 
where V50 was significantly lower for CK than for 
3D-CRT (16.3% vs. 26.0%, p < 0.01).

Major et al. [26] compared MIBT against co-pla-
nar IMRT showing that MIBT provides better nor-
mal tissue sparing (except for the heart) than IMRT. 
Similar to our current work they created IMRT 
plans on MIBT CT-datasets and contours and per-
formed a matched pair analysis for comparison. 
Weed et al. [38] examined MIBT against Mam-
moSiteTM and 3D-CRT techniques and found that 
doses to the breast tissue were significantly lower 
for both BT techniques (except for the volume ir-
radiated by the PD) compared to 3D-CRT.

CyberKnife can provide dose distributions with 
steep dose fall-off around PTV because of the 
non-coplanarity of many used treatment fields, 
likewise in MIBT where the similar dose distribu-
tions outside the PTV occur because of the high 
dose gradient around BT sources. Inside the PTV, 
there are large differences, the maximum dose in 
CK is aimed to be under 115% of PD but the most 
exposed small volumes in MIBT can be over 400% 
of PD. In our examination the similar D90 value 
for PTV (102.4% vs. 103.6% for MIBT and CK, 
respectively, p = 0.0654) served as a base for the 
comparison of treatment plans of the two tech-
niques, so we focused to the OAR’s dosimetry. The 
absolute volumes in whole body irradiated by the 
PD (Vref), 50% of PD (V0.5ref) and 20% of PD (V0.2ref) 
are significantly larger for CK as shown in Table 1, 
which is the consequence of the significantly bigger 
volume of the PTV of CK (59.1 cm3 vs. 82.3 cm3 for 
MIBT and CK, respectively, p < 0.0001). But the ra-
tio of the irradiated volume by PD, 50% of PD and 
20% of PD to the PTV, which clearly refers to the 
technique, reveals that for high doses CK provides 
better values (Vref/VPTV for MIBT and CK are 1.16 
and 1.08, p = 0.001). For smaller doses (50% of PD 
and 20% of PD) MIBT irradiates smaller volumes 
even relative to the PTV, but the difference is signif-
icant only in the case of 50% of PD. Based on these 
observations, the similarity of the dose distribution 
outside the PTV (except for high doses) can be con-
sidered to be confirmed. For non-target breast we 
found CK better only in the V100 parameter (1.6% 
vs. 1.1% for MIBT and CK, respectively, p = 0.002), 

which means a better conformity of CK plans, but 
we received significantly higher values at smaller 
doses (V90, V50 and V25) for CK compared to 
MIBT. This is similar to what Fröhlich et al. [28] 
found in a matched pair analysis where the V50 
value was 3.3% vs. 10.5% for MIBT and CK, respec-
tively.  The very small value of V50 for MIBT can 
be attributed to the ideal implant of virtual MIBT 
plans. Furthermore, Herein et al. [29] found that 
with comparison of clinical plans every examined 
parameter of non-target breast is lower for CK. That 
is because in that comparison the mean volume of 
PTV of CK plans was 71.7 cm3, while in this study 
this value was 82.3 cm3. We found every examined 
parameter of the ipsilateral lung significantly lower 
for MIBT than for CK, and this was true for the 
most exposed small volumes (D0.1cm3, D1cm3) in 
other two comparisons as well [28, 29]. For the skin 
and ribs, we also found significantly lower doses 
in every examined parameter for MIBT than for 
CK. In heart dosimetry we obtained smaller values 
in every examined parameter for MIBT than for 
CK, but only the D2cm3 was significantly different. 
By the comparison of clinical plans, CK produced 
smaller volumes in every examined parameter of 
the heart without statistical significance [29], and in 
the other matched pair analysis CK provided small-
er doses in the examined two parameters (D0.1cm3 
and D1cm3), but only the D0.1cm3 was significantly 
different. The strongest effect of the lesion’s position 
can be expected in the case of heart dosimetry, so 
the matched pair analysis, which is based on the 
same anatomy, is more valid to discover the differ-
ences between parameters of the two techniques. 
But based on the matched pair analysis there is no 
clear result. Current study found slightly smaller 
values for MIBT than for CK, while Fröhlich et al. 
[28] found significantly smaller D0.1cm3 parameter 
for CK (12.8% vs. 12.1% for MIBT and for CK, re-
spectively, p = 0.0476). For the contralateral breast 
and lung, very low values were found. Current study 
found only significant differences in parameters 
of the contralateral lung, MIBT produced smaller 
D.01cm3 and D1cm3 values than CK (5.7% vs. 6.9% 
(p = 0.0186) and 3.8% vs. 6.1% (p = 0.0001), respec-
tively). For the contralateral breast, no significant 
differences were obtained.

The limitation of our study is that the dosimetri-
cal evaluation was performed by the comparison 
of real clinical and theoretical treatment plans. But 
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the existing differences between the two techniques 
could be discovered mainly with this method, be-
cause in this way there are no differences in patient 
characteristics and individual anatomy, and the dif-
ferences reflect the dosimetrical characteristics of 
the two techniques only. The CK plans were not 
made on the same anatomy as would be the case in 
a real clinical situation due to the slightly pressed 
breast by the fixation buttons of implanted cath-
eters. Consequently, the shape of the breast and the 
body contour is different from the real condition of 
CK treatment, which is a consequence of this type 
of comparing technique. It has to be also mentioned 
that the catheters and markers used in the MIBT 
technique induce a small tissue inhomogeneity ef-
fect, but the changes in dosimetry are around 0.5%, 
so there is no relevant influence of the catheters on 
the result [26].

Based on our findings MIBT protects better the 
OARs than CK, except for the contralateral breast, 
where significant differences could not be estab-
lished; however, the dosimetrical parameters of CK 
plans are also clinically acceptable. In the light of 
the superior dosimetric parameters of MIBT and 
based on the long-term clinical evidence [6], MIBT 
should still be the first choice of APBI regarding the 
dose to OARs in well selected patients.

Conclusions

In APBI the dose distributions of MIBT and CK 
are similar regarding doses smaller than the PD; 
both techniques provide appropriate dose coverage 
of the PTV, and there are small, but significant dif-
ferences in some dosimetrical parameters of OARs. 
Based on our examinations, we conclude that all of 
the OARs can be better protected with MIBT, ex-
cept for the contralateral breast and the non-target 
breast regarding the PD. Further clinical investi-
gation would be needed to decide whether these 
small, but significant dosimetrical differences in 
OAR parameters have effect on clinical results.
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