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Abstract
Purpose: Endobronchial brachytherapy (EB) is one way of treatment of patients with advanced lung cancer. Tech-

nological progress and the introduction of computed tomography for use in 3D planning allows one to define the area
being treated very precisely, which gives an opportunity to extend survival, even in groups of patients receiving pallia -
tive care. 

Material and methods: In 2011, in the Brachytherapy Department of the Subcarpathian Oncological Center, a group
of 12 consecutive patients with advanced cancer of the bronchus underwent palliative EB. We compared the coverage
of GTV (gross tumor volume), seen in the computed tomography study with intravenous contrast, by the PTV (plann -
ing target volume) planned in 3D and 2D. 

Results: In 2D planning GTV coverage ranged from 15% to 89%. By analyzing the isodose of 90%, it was found that
2D planning covered GTV in 15-35% of the dose. In 3D planning, this coverage changed positively, and ranged from
85% to 100%. The GTV coverage in 3D planning was 100% by definition. In addition, it should be noted that in the 3D
planning one can spare critical organs or pacemakers.

Conclusions: Planning for HDR brachytherapy in all locations should be based on dynamic imaging at present, espe-
cially in centers that are equipped with CT. Evaluation should be a routine test in treatment planning. The use of CT, even
in palliative treatment planning, allows for much better coverage of GTV areas as well, which is very important to reduce
radiation doses to critical organs and thereby reduce the toxic effects of treatment. 
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Purpose

Endobronchial brachytherapy (EB) is one way of treat-
ment of patients with advanced lung cancer [1,2]. Exophy -
tically spreading tumors, restricting or obturating the bron -
chus in most cases, manifest disturbances of breathing,
dyspnea, and sometimes hemoptysis. Routinely used tech-
niques (external irradiation and/or chemotherapy) do not
produce the desired effect, and often the cost of treatment
is significant. The use of brachytherapy in these cases brings
results in a very short time (even after the first fraction of
irradiation) by improving ventilation and often relief of he-
moptysis. Brachytherapy as a topical treatment in palliative
care, inherently conformal, provides tangible benefits to the
patient by improving the general condition and reducing

the stress level because of limitation of problems, giving time
to implement systemic therapy [1,3]. Technological progress
and the introduction of computed tomography for use in
3D planning [4] as a routine allows one to define the area be-
ing treated very precisely, which gives an opportunity to ex-
tend survival, even in groups of patients receiving pallia-
tive care [5,6].

Material and methods

In 2011, in the Brachytherapy Department of the Sub-
carpathian Oncological Center, a group of 12 consecutive
patients with advanced lung cancer was treated with pal-
liative EB. Two irradiation regimens were used, 4 × 6 Gy
and 3 × 7 Gy to the PTV volume, and the selection of patient
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for the group was random [1,7-10]. Patients were treated
with a microSelectron unit (Nucletron®) with an Ir192 source,
nominal activity of 10 Ci. Each treatment was planned on
an Oncentra Masterplan Brachy 4.0 (Nucletron®). All pa-
tients had both orthogonal radiographs (simulator Simulix
Oldelft, Nucletron®) and chest computed tomography
(CT GE BrightSpeed 8®).

We compared the coverage of GTV (gross tumor volume),
seen in the computed tomography study with intravenous
contrast, by the PTV (planning target volume) planned 
in 3D and 2D. During the planning we selected both the PTV
area (equivalent in 3D planning with GTV) and critical or-
gans (area of myocardium, aorta, spinal cord and healthy
lung tissue). In case of implanted pacemakers their volume
was also contoured.

Length of the area irradiated with a 1 cm margin around
the applicator was marked on the orthogonal 2D fluoroscopy
studies, based on the descriptions of bronchoscopy. In the
case of a single applicator the obtained PTV-2D region was
in the form of a cylinder. Then, the area was transposed into
a computer planning system, resulting in close to the actual

2D-planning PTV-2D area. Treatment planning was then
performed according to the 2D rules. When planning the
‘pseudo 2D’ was established, the isodose of 100% had to cov-
er PTV-2D by 100%, without taking into account the dose
or volume of critical organs (Figs. 1A, 2A, 3A).

After that, 3D planning was performed according to Inter -
national Commission of Radiation Units and Measurements
(ICRU) standards, but with the aim not to exceed the maxi-
mum dose to critical organs (heart, aorta, healthy lung tissue,
spinal cord) and the present pacemakers (Medtronic® – 
average dose < 5 Gy; other brands < 2 Gy) (Figs. 1B, 2B, 3B).

Results
Comparison of GTV coverage in 3D planning (with the

assumption of 100%) as compared to 2D planning showed
significant differences between those two planning systems.
In 2D planning GTV coverage ranged from 15% to 89%. 
By analyzing the isodose of 90%, it was found that 2D plan-
n ing covered GTV in 15-35% of the dose. In 3D planning,
this coverage changed positively, and ranged from 85% to

A B

Fig. 1. A) Patient with one catheter inserted. Comparison of GTV coverage by the 90% isodose achieved in 2D planning system.
Legend: purple triangles – GTV volume; orange cylinder – 2D 90% isodose; brown – heart; blue – catheter. B) Patient with one
catheter inserted. Comparison of GTV coverage by the 90% isodose achieved in 3D planning system. Legend: purple triangles
– GTV volume; orange volume – 3D 90% isodose; brown – heart; blue – catheter

A B

Fig. 2. A) Patient with two catheters inserted during regular 3D planning. For the 2D planning only one of them would be used
(the one inserted into the bronchus with visible obturation). Comparison of GTV coverage by the 90% isodose achieved in 2D
planning system. Legend: purple triangles – GTV volume; orange cylinder – 2D 90% isodose; blue – catheter. B) Patient with
two catheters inserted. Comparison of GTV coverage by the 90% isodose achieved in 3D planning system. Legend: purple trian-
gles – GTV volume; orange volume – 3D 90% isodose; blue – catheters 
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A B

Fig. 3. A) Patient with three catheters inserted during regular 3D planning. For the 2D planning only one of them would be used
(the one inserted into the bronchus with visible obturation). Comparison of GTV coverage by the 90% isodose achieved in 2D
planning system. Legend: purple triangles – GTV volume; orange cylinder – 2D 90% isodose; brown – heart; blue – catheter. 
B) Patient with three catheters inserted. Comparison of GTV coverage by the 90% isodose achieved in 3D planning system. 
Legend: purple triangles – GTV volume; orange volume – 3D 90% isodose; brown – heart; blue – catheter 

100%. In addition, it should be noted that in 3D planning
we can spare critical organs and the pacemakers [7].

Due to the short observation time and a limited (pilot)
group of patients the survival time as well as local effects
were not a subject of analysis.

Discussion
Since the development of HDR brachytherapy techniques,

many radiation oncologists have counted treatment of bro -
nchial cancer as a field of interest. Experience of the 1980s
and ’90s showed the efficacy of the HDR technique, espe-
cially in palliative treatment. The introduction of stenting
techniques at the turn of the century greatly reduced the use
of brachytherapy. This was due to both the simplicity of en-
doscopic techniques, as well as a severe drop in prices of
stents used in the treatment of neoplastic diseases of the
bronchial tree. At the same time, the weakness of HDR
brachytherapy was the use of 2D visualization, which great-
ly limited, and often prevented proper determination of 
the irradiated volume. The gradual introduction of imag-
ing with the use of computed tomography, and particularly
the introduction of so-called virtual bronchoscopy, has al-
lowed the return of the application of HDR brachytherapy
in the treatment of bronchial carcinoma. It is increasingly
appearing in publications, showing a definite advantage
with the use of CT 3D imaging over 2D imaging. It is the
proof of the correct path of the choice of procedure. 

Conclusions 
Planning for HDR brachytherapy in all locations should

be based on dynamic imaging at present. GEC-ESTRO rec-
ommendations explicitly mention that in centers that are
equipped with computerized tomography, evaluation
should be a routine test in treatment planning. The use of
CT, even in palliative treatment planning, allows for much
better coverage of GTV areas as well, which is very impor-
tant, to reduce radiation doses to critical organs and there-
by reduce the toxic effects of treatment undertaken. The prop-

er use of 3D planning assumptions in palliative treatment
can be assessed after a longer period of observation and
a larger group of patients treated using this technique of plan-
ning. It should also be noted that the use of 3D planning
based on computed tomography does not extend the plan-
ning time greatly, and using modern image reconstruction
algorithms allows one to perform virtual reconstructions. This
type of equipment allows for non-invasive monitoring of tu-
mor size directly before brachytherapy and with changes sig-
nificantly obstructive of the bronchial tree, it is the only test
for the actual definition of its extent (length of infiltration).
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