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Aim: To provide a comparative dosimetric analysis of permanent implants of Ho166-seeds

and  temporary HDR Ir192-brachytherapy through computational simulation.

Background: Brachytherapy with Ir192-HDR or LDR based on temporary wires or permanent

radioactive seed implants can be used as dose reinforcement for breast radiation ther-

apy.  Permanent breast implants have not been a practical clinical routine; although, I125

and Pd103-seeds have already been reported. Biodegradable Ho166-ceramic-seeds have been

addressed recently.

Material and methods: Simulations of implants of nine Ho166-seeds and equivalent with HDR

Ir192-brachytherapy were elaborated in MCNP5, shaped in a computational multivoxel sim-

ulator which reproduced a female thorax phantom. Spatial dose rate distributions and

dose–volume histograms were generated. Protocol’s analysis involving exposure time, seed’s

activities and dose were performed.
MCNP Results: Permanent Ho166-seed implants presented a maximum dose rate per unit of con-

tained activity (MDR) of 1.1601 �Gy h−1 Bq−1; and, a normalized MDR in standard points

(8  mm, equidistant to 03-seeds – SP1, 10 mm – SP2) of 1.0% (SP1) and 0.5% (SP2), respec-

tively. Ir192-brachytherapy presented MDR of 4.3945 × 10−3 �Gy h−1 Bq−1; and, 30% (SP1), and

20%  (SP2). Therefore, seed’s implant activities of 333 MBq (Ho166) and 259 GBq (Ir192) produced
prescribed doses of 58 Gy (SP1; 5d) and 56 Gy (SP1, 5 fractions, 6 min), respectively.
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Conclusions: Breast Ho166-implants of 37–111 MBq are attractive due to the high dose rate

near 6–10 mm from seeds, equivalent to Ir192-brachytherapy of 259 GBq (3 fractions, 6 min)

providing similar dose in standard points at a week; however, with spatial dose distribution

better confined. The seed positioning can be adjusted for controlling the breast tumor, in

stages I and II, in flat and deep tumors, without any breast volumetric limitation.

©  2015 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.o. All rights reserved.
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.  Background

he breast cancer incidence grows at an alarming rate world-
ide. Its incidence has grown annually, also in young women,

eaching a factor of 10 from the 1970s to 2014. In 2015, 576,000
ew cases of cancer are expected in Brazil, in which breast
ancer will represent 75,000 new occurrences. Despite the
iagnosis and therapy improvements, the incidence of deaths

s increasing. For 57,120 new Brazilian cases of breast cancer
n 2014, 13,345 deaths occurred.1,2

Breast conserving cancer therapy aims not only to pre-
erve a cosmetically acceptable breast, but to diminish the
ecurrence of the illness.3 If the absorbed dose produced
y radiation therapy is not enough to eliminate the can-
erous cell residues in the surgical tumor bed, the local
ecurrence will lead to radical mastectomy raising the risk for
he patient and, consequently, the loss of the esthetic value
f the breast. Breast conserving therapy presents cosmetic
nd psychological benefits for the patient and, thus, an ade-
uate quality of life.4,5 It is not an isolated technique, since
he conserving therapy must be followed by breast radiation
herapy.6

The radiation therapy modality often used in breast cancer
s megavoltage teletherapy and cobalt therapy.7,8 In telether-
py, the breast is irradiated in parallel opposing fields with
o-60, 4 or 6 MV  LINAC, with 1.8–2.0 Gy dose fraction daily
p to 5000 cGy during 5.5–6 weeks, which may be followed
y a reinforcement dose in the quadrant of the tumor bed of
000 cGy in a limited field.9 Schemes of irradiation can also
nvolve fields of the supraclavicular fossa, posterior axillary
nd internal mammary.9,10

Brachytherapy with Ir-192 high dose rate (HDR) or low dose
ate (LDR) based on temporary Ir-192 wires or on permanent
adioactive seed implants can be used as dose reinforcement
or breast radiation therapy. Brachytherapy reduces the risk of
ocal recurrence, preserves the cosmetic effect held in the con-
erving surgery and minimizes the early and delayed collateral
ffects. In Ir-192 HDR or LDR temporary Ir-192 brachytherapy,
he radioactive sources, in the form of radioactive HDR seg-

ents or LDR wires, are inserted through catheters on the
nterstitial glandular tissue. The gamma or X-rays emissions
referentially allow the dose absorption in the surrounding
olume near the tumor bed.11

The interstitial brachytherapy has often been used as rein-
orcement (boost) for the incision cavity. The protocol involves
omen with wide breasts, and deep tumors 4 cm beneath
he skin, with unknown and positive margins microscopically
nd non-submitted to re-incision, or with poor pathological
isk. The reason for a reinforcement dose is that such boost
can complement and extend the absorbed dose provided by a
conventional radiation therapy. The interstitial brachytherapy
can be used as a primary method to treat the tumor bed and
the adjacent tissue to the surgical excision spot.

Breast brachytherapy is safe and its results well established
with long time of following up.4,12 Brachytherapy can use mul-
tiple catheters placed in the bed of the resectable tumor, or
a sole catheter where it contains on its tip a balloon that
expands into the breast (Mammosite). A radioactive segment
of Ir-192 of high activity, guided by a steel wire,  is inserted
in the catheter(s) twice a day, for 5 days, by afterloading
equipment.12 Brachytherapy is appropriate to liberate an addi-
tional reinforcement dose to the tumor bed plus margin after
a standard teletherapy protocol of the entire breast. HDR Ir-
192 brachytherapy uses sealed sources of 7–10 Ci, fixed in steel
wires, that move into catheters and mechanical applicators
previously set up on the patient. The sources are placed tem-
porarily in the applicators. The dose distribution is generated
by the repeatable process of moving-stopping actions holding
the source in various internal patient’s positions. The space
distribution of accumulated dose is assembled in accordance
with the desired organ shape, the topology of the applicator,
the catheter spatial distribution, and the time of exposition.
The patient typically receives a total dose in a series of daily
fractions.6

In turn, a reinforcement protocol with Ir-192 HDR  con-
sists of 10 Gy in 2 fractions in 1 or 2 days, as example. For
dose reinforcement, LDR Ir192 wires can also be used. The
sole brachytherapy, as a primary protocol can be a choice. In
this case, Ir-192 HDR applies 34 Gy, in fractions of 3.4 Gy in 10
sections, twice daily in 5 days subsequent. In terms of com-
parison, a primary teletherapy can provide 45–50 Gy with dose
rate of 0.5 Gy h−1, and reinforcement provides 15–20 Gy with
0.5 Gy h−1.13

Permanent implants of radioactive seeds in breast can-
cer have not been a practical clinical routine; however,
there are some studies on this matter.14 Jakub et al., 2010,
reports implants of I-125 and Pd-103 metallic seeds in breast
cancer.15,16 In turn, permanent implants of biodegradable
ceramic seeds with Si, Ca and Ho composition have been
developed early.17–22 Such seeds have the length of 1.6 mm
and 0.5 mm in diameter, with a polymeric resin covering. Per-
manent breast implants can be produced by the insertion
of a set of fine hypodermic needles distributing those small
seeds on the tumor. In contrast to clinical implants of metal-
lic I-125 seeds with half-life of 59 d or HDR  of Ir-192 of 74 d
half-life, the Ho-166 seed implants are still in phase of in vivo

experimentation.22,23

The holmium, with atomic number 67 and atomic mass
164.93, is of the lanthanides series – rare-earth elements,
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being paramagnetic. The holmium was discovered by anal-
ysis of spectral rays, in 1878, by Jacques-Louis Soret and Marc
Delafontaine and, in independent research in 1879, by Per
Teodor Cleve, that provided the chemical separation of the
erbium and the thulium. The Cleve researcher called the
discovered element by the name of the capital of Sweden,
Holmia, his home city. The Ho-165, with 100% of abundance,
when submitted to a thermal and epithermal neutron sur-
gence, produces the radioactive Ho-166 isotope by means of
a nuclear reaction 165Ho (n, �) 166Ho, and preferential decays
by �-particle emission with 26.8 h half-life, transforming itself
into the steady-state element Er-166. The maximum energy of
�-particle is 1855 keV.24,25

The Monte Carlo technique propitiates a numerical solu-
tion for nuclear particle transport in the human body,
simulating the trajectories of the particles in function of its
probabilities of interaction in the multiple voxels or in the
surrounding environment. The MC  technique interprets the
complex process of particle-atomic interactions.26 It has been
avoided to be used in the medical radiation therapy cen-
ters due to the high computational cost. MC can predict
the absorbed doses generated on radiotherapy and radiology
applied to human being through the direct simulation of the
dynamics of nuclear particles in the subject in question. In
this direction, the MC method is essentially simple and gener-
ates a macroscopic approach of the particle distribution and
energies in the human body through the simulations of the
electron, neutron, proton or photon microscopic interactions
in the electronic and nuclear atomic level. The solution is
determined by the multiple random sampling of the physi-
cal microscopic interactions between particles and target until
convergence of the results occurs.26 Deterministic fast solu-
tions, with low computational cost, are recommended for
problems of low degree of complexity; while, the Monte Carlo
technique becomes advantageous in the analysis of prob-
lems with complex geometries and diversity in material and
chemical composition exemplified by radiotherapic protocols
applied to human beings.

SISCODES, a computational system for dosimetry of neu-
trons and photons by stochastic methods is a tool for preparing
a computational simulator for radiation therapy. It provides
an analysis of the particle transport made by stochastic
codes, such as MCNP.27,28 This system allows the conver-
sion of a set of tomographic images creating a voxel model
linked to a data base of chemical compositions of tissues
and nuclear data. The SISCODES allows the association of
nuclear and chemical data to each voxel through the iden-
tification of a tissue by Hounsfield number or user’s election,
as well as the positioning of the brachytherapy and telether-
apy sources. The system uses the MCNP for the simulation
of the nuclear particle transport in the model. From the
results, the dosimetric data are extracted and presented by
means of space dose distributions and dose versus volume
histograms.27 There were no needs to validate the SISCODES
for brachytherapy photon transport, since SISCODES only gen-
erates an input file for running on MC  code and manipulates

its code’s output. Therefore, particle-transport validation will
be done on the level of MC  code. However, MCNP has been
already accepted for electron and photon transport found in
brachytherapy.
iotherapy 2 1 ( 2 0 1 6 ) 240–249

Radioactive sealed sources are often applied on brachyther-
apy in order to provide a suitable spatial dose distribution in
source’s neighboring tissues. The required unit quantity for an
Ir192 gamma-emission source is the reference source strength
in both reference air kerma strength, SK, given as units of
�Gy m2 h−1, and contained activity in Bq. Air Kerma Strength
Unit, namely U, is equal to 1 �Gy m2 h−1 or 1 cGy cm2 h−1.29

Brachytherapy source strength is specified in terms of air
kerma rate at a point in air taken at the perpendicular bisec-
tor of the source segment, being the product of air kerma rate
times the distance to a point, usually 1 m.  Air kerma strength
conversion for 192Ir of 1 �Gy m2 h−1 is equal to 8.991 MBq.29–31

A conversion factor of 1.0891 × 10−5 U to 1 Bq of Ir-192 is also
found. In addition, the recommended quantity for specifying
a beta-emission source is the reference absorbed dose rate in
water at a reference point of 2 mm from the seeds taken at
the transverse direction from the source’s longitudinal axis
at its center. Such quantities and units are used on source
specification and calibration. On the other hand, on simula-
tions, the Monte-Carlo code provides dose per particle emitted
by source. A simulated history reproduces the interactions
that occurred with an electron or photon particle emitted by
source up to its absorption or leakage. The number of his-
tories will be related to contained activity by disintegration
probabilities and yields addressed on the radioactive decay-
ment. Thus, it can be mentioned that Monte-Carlo models
predict dose rate per unit contained source activity in units
of cGy h−1 Bq. In order to compare the predictions of a model
to dose rate measurements involving two distinct emitting
sources, the source in question will be addressed as contained
activity. Contained activity of a beta-source may be deter-
mined by dissolving the source material in a liquid medium
that holds the total contained activity enclosed in an aque-
ous solution. An established reference absorbed dose rate per
unit activity conversion factor for a particular source is used
to convert contained activity to reference absorbed dose rate.
These conversion factors are generated using a combination
of Monte-Carlo calculations and absorbed dose rate experi-
mental measurements.29–31

2.  Aims

The present article presents a dosimetric intercomparison
of breast implants simulated by the radioactive sources
in geometric conditions and similar spatial distribution of
the permanent Ho166 seeds and temporary radioactive Ir-
192 HDR segments. It made use of the spatial dose rate
distributions normalized by the source contained activ-
ity and in an equivalent spatial point of references. The
dosimetric intercomparison is possible in similar anatomy
(geometry and material) and equivalent time of exposition.23

Here, the reproduction of such equivalent conditions is
achieved by computational methods so that the dosime-
try produced for permanent Ho-166 seed protocol, in study,

and HDR Ir-192 protocol, already established in the prac-
tical clinic, can be compared and analyzed, in a way
that such conditions cannot be reached in real clinical
situations.

dx.doi.org/10.1016/j.rpor.2015.11.007
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Table 1 – (a) X-ray and gamma  emitted by Ho-166; (b)
maximum and average energies of the � radiations
emitted by Ho-166 [24].

Energy (keV) Intensity (%)

80.574 6.71
184.40 0.0020
520.80 0.00033
674.00 0.0194
705.30 0.0131
785.89 0.0119

1263.08 0.0014
1379.40 0.93
1447.59 0.00098
1528.20 0.0002
1581.89 0.187
1662.48 0.120
1749.91 0.0277
1830.49 0.0085

Emax (keV) Emean (keV) Yield (%)

1854.7 693.6 50.0
1773.1 650.9 48.7
1068.0 369.0 0.0061

394.0 114.9 0.95
reports of practical oncology and 

.  Material  and  methods

.1.  Simulator

 computer tomography scan (CT) of a female thorax
hantom21 provided a set of images for mounting a com-
utational breast model. The images were taken on the GE
T Healthcare. A radiotransparent support was placed on

he thorax phantom, positioned in the dorsal decubitus. A
urrent and voltage of 80 mA  and 120 kV were selected, cor-
espondent to a routine thorax CT. The scanning length was
84.5 cm,  with 2.0 mm thickness, totaling 91 sections. The
T images were used for elaboration of the voxel model of

he breast phantom using the SISCODES code. The model
as mounted through the identification of similar gray level,

orrespondents to the synthetic tissues. These tissues had
een identified in a database of tissues connected to SIS-
ODES in which the chemical composition and the mass
ensity of synthetic tissues were registered equivalents to

CRU-44.25

.2.  Ho-166  seed  protocol

he implant simulation was performed on the voxel model
f the synthetic breast of the thorax phantom.28 The voxel
imension in X and Y was 1.87 mm and 2 mm in Z. Nine seeds
f Ho-166 had been distributed, arbitrarily implanted in the

eft breast, in three insertions (equivalent to a triangle) each
ertex receiving three seeds spaced 10 mm from each other, on
he following positions (−8.0, 7.5, 5.0); (−7.15, 7.0, 5.0); (−8.0,
.5, 5.0); (−8.0, 7.5, 4.0); (−7.15, 7.0, 4.0); (−8.0, 6.5, 4.0); (−8.0, 7.5,
.0); (−7.15, 7.0, 3.0); (−8.0, 6.5, 3.0). The seeds of Ho-166 have
ctive nucleus of 0.4 mm of diameter and 1.12 mm of length,
oated with 0.05 mm of plastic resin. Table 1 specifies the ener-
ies of the particle emission from Ho-166 simulated on the
CNP code. A continuous spectrum of beta-particle emissions
as adopted. Table 1 presents the � and � energies of the Ho-
66 radiations, respectively, including its maximum, average
alues and relative intensity in percentage of occurrence. Fig. 1
resents the physical and geometric structure of these Ho-166
eeds.

Fig. 1 – (a) Images of [Si: Ca: Ho] seeds and (b) [Si:
325.7 105.1 0.0024
191.5 51.9 0.307

23.4 5.9 0.0362

3.3.  Ir-192  HDR  brachytherapy

The simulation used the same voxel model of the synthetic
breast with the same voxel’s dimensions. An Ir-192 HDR after-
loading brachytherapy protocol was considered. A radioactive
segment was assumed located into catheters placed in the left
breast following nine similar Ho-166 seed positions holding
equal exposure time in each position: (−8.0, 7.5, 5.0); (−7.15,
7.0, 5.0); (−8.0, 6.5, 5.0); (−8.0, 7.5, 4.0); (−7.15, 7.0, 4.0); (−8.0, 6.5,
4.0); (−8.0, 7.5, 3.0); (−7.15, 7.0, 3.0); (−8.0, 6.5, 3.0). The metal-
lic linear segment of Ir-192 had an active nucleus of 1 mm  of
diameter and 5 mm of length, coated with 0.05 mm of steel.
The emissions of Ir-192 were taken from ENDFBVI.33
3.4.  Software

The SISCODES/MCNP computational system was used in the
simulations. After the simulation of the implants on MCNP

 Ca: Ho: Zr] seeds in stereoscopic image 80×.

dx.doi.org/10.1016/j.rpor.2015.11.007
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Fig. 2 – (a) Physical thorax phantom; (b) axial thorax section of the computational voxel model generated in the SISCODES
interface; (c) an axial CT section of the thorax phantom.

Fig. 3 – Spatial dose rate distribution normalized in function of the contained activity of the seeds, induced by photons of
q−1.
the Ho-166 decayment, with MDR  of 1.6756 × 10−3 �Gy h−1 B

(version 5.2), the normalized values of dose rate per unit of
contained activity were exported to SISCODES. Thus, the spa-
tial dose rate distributions were generated for each procedure.
The values were normalized in function of the total contained
activity of the seeds. The contained activity of the seeds was
calculated in order that the control point achieves a dose close
to 60 Gy (equidistant of the 03 seed punctions). With this con-
tained activity, the doses in the target region and adjacent
tissues were evaluated and represented by color isodoses in
intervals.
3.5.  Uncertainties

The computational uncertainties were generated for each
voxel of the model for the MCNP5 code. Those were

Fig. 4 – Spatial dose rate distribution normalized in function of t
the Ho-166 decayment, with MDR  of 1.1585 �Gy h−1 Bq−1.
dependents of the running particle number. The uncertain-
ties had been kept for each voxel inferior to 5% for voxels into
the mammary  tissue. These values get lower in function of the
proximity of the radioactive sources due to the increase of the
number of events.

4.  Results
The results of the computational simulations of the radio-
therapy protocols reproducing the permanent implants of 09
Ho-166 seeds, in the same positions, and the linear segments
of Ir-192 are presented.

he contained activity of the seeds, induced by electrons of

dx.doi.org/10.1016/j.rpor.2015.11.007
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Fig. 5 – Spatial dose rate distribution normalized in function of the contained activity of the seeds, induced by electrons and
p −1 B
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hotons of the Ho-166 decayment, with MDR  of 1.1601 �Gy h

.1.  Breast  computational  simulator

he breast computational simulator was reproduced mim-
cking the physical breast phantom. Image  of the physical
imulator and axial sections from the set of CT images and
rom its computational model are shown in Fig. 2.

The voxel model is representative of the physical tho-
ax phantom.32 The right breast is constituted of gelatinous
issue, homogeneous and equivalent to human glandular tis-
ue. The simulations had been executed in the left synthetic
reast. The left synthetic breast is constituted of synthetic
lastomer, adipose and glandular synthetic tissues. The radio-
ogical equivalence could be evaluated in the CT images of
he left breast phantom with the human breast, previously
escribed.32 Fig. 2 presents a section of the computational
oxel model and the corresponding CT section. It is possible
o distinguish three tissues: glandular (1), adipose (2) and skin
3) constituent of the phantom.

The computational voxel model of the whole breast was
laborated on the SISCODES using the set of 91 CT images
enerated on the female thorax phantom. Fig. 2(b) shows the
oxel model of the thorax phantom in the axial section. This
odel was constructed in accordance with the characteristics

f the constituent tissues by means of a database connected
o the SISCODES code, in which defined the chemical com-

osition and mass density of the equivalent tissue is defined.
his model is useful in dosimetric studies applying the MCNP
ode.

ig. 6 – Spatial dose rate distribution normalized in function of th
HDR brachytherapy) induced by photons of the Ir-192 decaymen
q−1.

4.2.  Ho-166  seed  implants

Fig. 3 illustrates the spatial dose rate distribution in func-
tion of the total contained activity of the seeds, due
to the photon emitted by the radioactive Ho-166 seeds.
The values were converted of MeV  g−1 t−1 (t = transition) for
�Gy h−1 Bq−1. Such distribution of seeds produced normalized
dose rates referent to the maximum value at 100% equal to
1.6756 × 10−3 �Gy h−1 Bq−1 for photon emitted by Ho-166.

Fig. 4 presents the spatial dose rate distribution normal-
ized in function of the total contained activity of the set of
seeds, in the lateral, sagittal and axial sections. These partial
results are referring to electrons emitted by the continuous
spectrum of the beta-decayment of the Ho-166. The units were
converted of MeV t−1 (energy deposited in each voxel for tran-
sition) into unit of �Gy h−1 Bq−1, then divided by the weight of
each voxel. The MDR value of 100% was 1.1585 �Gy h−1 Bq−1

(after unit conversion). For example, the value of 0.05% repre-
sents 0.0579 �Gy h−1 Bq−1.

Fig. 5 illustrates the spatial dose rate distribution nor-
malized in function of the contained activity of the Ho-166
seeds, summing the emissions of betas (electrons), gamma-
rays and X-rays. The values had individually been evaluated
in each voxel and added after being converted into the
same unit of �Gy h−1 Bq−1. The maximum value of 100% was

−1 −1
1.1601 �Gy h Bq in the voxel (39, 17, 20) (after unit conver-
sion). The value of 0.05% represents 0.0580 �Gy h−1 Bq−1 and
occurs 9 mm from the Ho-166 seed out of the implant.

e contained activity of the radioactive segment of Ir-192
t, with MDR  of 4.3945 × 10−3 �Gy h−1 Bq−1.

dx.doi.org/10.1016/j.rpor.2015.11.007
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Fig. 7 – Spatial photon dose rate distribution for (a) HDR
Ir-192 and (b) Ho-166 seeds at the first three color intervals
(0.1,1); (1,3); (3,5) in %, normalized in function of the
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contained activity.

4.3.  Simulation  with  Ir-192  HDR

Fig. 6 presents the spatial dose rate distribution normalized in
function of the contained activity of the source distributed in
the 09 equivalent positions covered for the radioactive Ir-192
segment of 259 GBq, produced in automated HDR brachyther-
apy, in the lateral, saggital and axial sections.

Fig. 7 depicted the dose rate distributions at 0.1 up to 5%,
normalized in function of the contained activity for HDR Ir-
192 and Ho-166 seeds. A larger dose rate spreading over the
internal organs can be observed to HDR Ir-192 in relation to
the Ho-166 distribution. Also, the dose rate values for Ho-166
were 40% lower than HDR Ir-192, on this interval (Fig. 7).

4.4.  DVH  histograms

The dose-volume histograms at the lung, skin, fibroglan-
dular and adipose breast tissues for Ho-166 seed implants
and HDR Ir192 brachytherapy, based on equivalent physical
and geometric simulation conditions, are presented in Fig. 8.
The histogram demonstrates that the Ho-166 seed’s implant
provides an absorbed dose more  confined on the implant’s
volume than the HDR Ir192 brachytherapy. Such results are
relevant especially to skin and lung tissues.

5.  Discussion
Table 2 presents values of the accumulated total dose eval-
uated on the simulations of the two protocols. The protocol
of permanent implant of nine seeds of Ho-166 [Si: Ca: Ho]

Ta
bl

e  

2

Pr
ot

oc

[H
o:

Si
:C

H
D

R
-I

r1

N
ot

es
:  A

a
Pe

rm
a

b
PR

 

=

 

p
c

FD

 

=

 

d
d

FA

 

=

 

fa
e

M
D

R
1

f
n  

n
u

m

dx.doi.org/10.1016/j.rpor.2015.11.007


reports of practical oncology and radiotherapy 2 1 ( 2 0 1 6 ) 240–249 247

Fig. 8 – Dose-volume histograms at the lung, skin, fibroglandular and adipose breast tissues for Ho-166 seed implants and
HDR Ir192 brachytherapy, based on equivalent physical and geometric conditions.
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roduced an accumulated total dose of 58 Gy at the con-
rol point, equidistant to the three punctions (6–8 mm)  each
eing punction with a set of 03 seeds. Positions next to the
eeds have higher dose values. The total dose produced by
he implant is superior to the prescribed dose provided by
adiotherapy as megavoltage teletherapy of 25 fractions of
00 cGy, being also superior to a dose of reinforcement as
0–15 Gy. However, it was limited to the implant volume and
t was not distributed over the whole glandular tissue as pro-
ided by the teletherapy of 6 MV  with two parallel opposing
elds of 10 cm × 10 cm.  The spatial dose rate distribution at
he permanent implant of Ho-166 seeds showed that the dose
ccumulates into the defined volume of the implant, pre-
erving the lung at the distance of a few centimeters. The
ncertainties of the doses calculated by the computational
odel, in voxels into the implant volume are in order of

.5–1.0%. These uncertainties increase toward out the implant
ising from 1.0 up to 5.0%; however, such voxels are irrelevant
or this analysis whose doses are lower than 0.001% MDR.

The dosimetric intercomparison of HDR Ir-192 brachyther-
py of 259 GBq and the permanent implantation of Ho-166

eeds at the same source positioning showed high doses
onfined to the implant volume, and demonstrated that
oth are of high rate. For example, in the central point of
he implant (control point – 6 mm equidistant) HDR Ir-192
produces 113.75 Gy h−1 with 259 GBq; while the seeds of Ho-
166 produce 1.55 Gy h−1 with seed’s contained activity of
74 MBq. HDR Ir-192 brachytherapy is temporary and occurs in
the 10 fractions of 6–10 min, as example, which allows a time
factor of accumulation of 0.0999–0.1699. The Ho-166 seeds are
implanted permanently; however, due to half-life of 26 h, the
total dose is also deposited in one week, with a time factor
of accumulation over 37.51 at 5 days. It was an option on
this study making use of a set of nine seeds to compose an
irradiated volume holding it sufficiently limited. The present
situation mimics tumors in initial staging, in situ, resectable
or not.

6.  Conclusions

Protocols of implants of Ho-166 ceramic seeds for breast
radiation therapy are attractive due to their high dose rate
equivalent to Ir-192 HDR brachytherapy, providing possible
similar accumulative dose in reference’s points; however, with
spatial dose distribution confined into the implant volume.

Both treatments can be accomplished in one week. The per-
manent Ho166 seed implant produces a profile of high doses
in limited volume, predefined in accordance with the distri-
bution of the seeds. The three-dimensional dose profile can

dx.doi.org/10.1016/j.rpor.2015.11.007
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be adjusted for controlling the breast tumors, in I and II stage,
being able to be used on tumors located 02 cm from the skin or
deeper, without breast volume limitation. The seeds must be
distributed on the tumor volume or at the tumor bed, spaced
maximum 10 mm apart.
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