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Assessment of combined modality therapy
for non-small-cell lung carcinoma:
A simulation study concerning concurrent

chemo-brachytherapy

ABSTRACT

Although surgery is the treatment of choice for early-stage non-small-cell lung carcinoma, almost two-thirds of patients do not have
acceptable pulmonary function for extensive surgeries. The alternative approach for this large group of patients is sublobar resection
along with low-dose-rate (LDR) brachytherapy (BT). However, patients with resected lungs have a high risk of recurrence and are
often treated with platinum-based (Pt-based) chemotherapy (CT). In this study, we aimed to evaluate the absorbed doses of lung
and other thoracic organs, considering concurrent chemo-BT with LDR sources in two modalities: conventional vs. unconventional
Pt-based CT. We used the MCNPX code for simulations and to obtain the lung absorbed dose, dose enhancement factor (DEF), and
Pt threshold concentration for the abovementioned modalities. Our results indicate that DEF correlates directly with Pt concentration at
prescription point and is inversely correlated with depth. Dose enhancement for conventional CT concurrent with BT is <2%, while it
is >2% in case of unconventional Pt-based CT wherein the Pt concentration exceeds 0.2 mg/g lung tissue. Also, the absorbed dose of
healthy thoracic organs decreased by 2—11% in the latter approach. In conclusion, the concurrent chemo-BT in the lung environment
could enhance the therapeutic doses merely by using unconventional CT methods, while lung Pt accumulation exceeds 0.2 mg/g.

KEY WORDS: Combined modality therapy, concurrent chemo-brachytherapy, low-dose-rate brachytherapy, non-small-cell lung

carcinoma, platinum-based chemotherapy

INTRODUCTION

Although lung cancer constitutes about
15% of all diagnosed cancers, it leads to the
highest mortality rate among both male and
female patients.!' With 80-85% prevalence,
non-small-cell lung carcinoma (NSCLC) is the
most common lung cancer.’?’ The standard
treatment for early-stage NSCLC is lobectomy or
pneumonectomy; nonetheless, about two-thirds
of patients do not have acceptable respiratory
conditions to undergo such extensive surgeries.”!
Furthermore, the 5-year survival rate is less than
50% following lobectomy or pneumonectomy."
An alternative approach for these patients is
to remove a smaller part of the lung by wedge
resection plus low-dose-rate (LDR) permanent
implant brachytherapy (BT), which has shown
promising local control and survival rates.®
In this technique, an implant is created during
surgery by weaving strands of LDR BT seeds into
a vicryl mesh which is then sutured over the

resection staple line with the goal of delivering
100-120 Gy to the prescription point./”*

Santos et al.”! reported 18.6% recurrence for surgery
alone versus 2% for wedge resection plus '*I seed
BT. Peters et al." reported about 50% recurrence in
less than 1 year after complete resection (surgery
alone) for patients in stages IB and II. Therefore,
for high-risk patients in early stages, adjuvant
chemotherapy (CT) with platinum (Pt)-based CT
drugs is recommended which can be concurrently
administered with BT.""'? On the other hand, Van
Dyk indicated that only a small increase in the
lung absorbed dose can significantly increase the
probability of radiation pneumonitis.™ So, it is
reasonable to assess dose changes in the lung and
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other thoracic tissues caused by the concurrent use of LDR BT

with Pt-based CT considering the following points:

1. Some studies have reported that lung Pt concentration
following conventional systemic Pt-based CT is in the range
of 1-10 pg/g lung tissue, independent from the number
of CT cycles and time since last CT.'*¢l Therefore, the
first question is whether conventional systemic Pt-based
CT concurrent with LDR permanent implant BT may
significantly change the lung absorbed dose.

2. Since the antineoplastic effects of Pt-based CT drugs are
due to Pt accumulation in the target tissue,'>'” several
prospective Pt-based complexes and novel methods have
been innovated to maximize target Pt concentration.4!
Thus, the second question is whether the novel drugs
and methods, which we call unconventional Pt-based CT,
can significantly influence the lung absorbed dose in a
concurrent chemo-BT with LDR sources. If so, what is the
Pt threshold concentration which leads to >2% increase in
the lung absorbed dose, and how will the dose to healthy
thoracic organs be affected?

Prior to this study, we had also performed related investigations
in a multistage project®424 which their results are used in
our simulations.

In this study, we used the MCNPX code to simulate the thorax
phantom, including the lungs, heart, vertebral column, and
ribs, and tested different configurations of '*I and '°*Pd
seeds as well as various Pt concentrations (1-10 ug/g for
conventional vs. 50-500 ug/g for unconventional CT). In the
end, we calculated the lung absorbed dose, dose enhancement
factor (DEF), dose profiles, and Pt threshold concentration,
which led to significant dose enhancement.

MATERIALS AND METHODS

Pt concentration

There is limited data on the Pt content of human lungs
following Pt-based CT. Stewart et al."* reported postmortem
human tissue Pt concentration after cisplatin CT, obtained from
the autopsy samples of patients who had received cisplatin. Pt
concentration was highest in the liver, prostate, and kidney and
lowest in some tissues including the lung (0-3 pg/g). Another
study conducted by Kim"! reported lung Pt concentration in
the range of 0-8 ug/g following cisplatin and carboplatin
CT. We also measured Pt concentration in the lung tissue and
tumor by inductively coupled plasma spectroscopy in our
previous study.'® Our results showed that the Pt accumulation
in the lung was in the range of 0.17-7.23 ug/g (mean 3.12).
As a result, we considered 1-10 ug/g Pt concentration for
conventional systemic Pt-based CT in our simulations.

On the other hand, novel methods like regional CT,
intraarterial CT/isolated lung perfusion, can increase the Pt
concentration in the target tissue through the artery directly
linked to the lung. Also, new multinuclear Pt-based drugs

(e.g., bisplatinum and BBR3464) are reported to increase the
lung Pt accumulation because of the higher Pt concentration in
their nuclei. So, considering these novel methods and drugs
which lead to 5-100 times higher Pt accumulation,***! we
used 50—1000 ug/g Pt for unconventional CT approach in our
simulations (5-100 times higher than 10 ug/g).

Since the pharmacokinetics and distribution of Pt-based drugs
depend on different variables and are not yet clear following
CT, we considered a homogeneous Pt distribution in our
simulations.

Lung mesh implants

Lung mesh seed implants can be used to cover a target area
of about 50 cm?.*# We have previously evaluated different
configurations of '*I and 'Pd seeds in lung implantation.!**!
These implants were selected based on other studies done
by Chen et al.,* Johnson et al.,* and Sutherland et al.** Ten
seeds were put in each row with a 1 cm center-to-center
distance though with varying row spacing due to the different
number of rows. Row spacing was 0.8, 1, 1.3, and 1.5 cm
for 60, 50, 40(I), and 40(II) seed configurations, respectively.
Different arrangements were set up with the same total source
strength (air-kerma strength) to deliver a specific dose (100 Gy)
to the prescription point. Table 1 shows 4 mesh configurations
and their relevant source strength (per seed) modified for
lung heterogeneity by the present authors in."?! Figure 1a
demonstrates configuration II (40 seeds) versus IV (60 seeds)
ina5 X 10 cm? vicryl mesh.

Radiation transport

The MCNPX transport code version 2.6.0 (Los Alamos
National Laboratory, New Mexico, USA) was used to simulate
the thorax phantom including lungs with various Pt
concentrations (0—-0.5 mg/g) and four configurations of the I
and '°Pd seeds to calculate the lung absorbed dose in various
cases. Considering the energy range of '*I and **Pd seeds and
the detector size (1 mm? cubic voxel), electron equilibrium
exists and the collision kerma is a good estimation of the
absorbed dose. The F6 track-length estimator was used to
obtain dose per history and was converted to total absorbed
dose as follows!*®l:

Figure 1: (a) Configuration Il (40 seeds) versus configuration
IV (60 seeds) on a 5 x 10 cm? vicryl mesh. (b) Thorax phantom
cross-section, including the lungs, heart, ribs, and vertebral column.
Numbers 1-5 indicate the 5 mesh positions in the right lung
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Total absorbed dose (cGy) = MC output (MeV/g per photon) X
1/S, (cm*.MeV/g per photon)’ X S _(U) X z (h) (1)

where MC output is the F6 tally output (dose per history),
s, is air-kerma strength per history obtained from the
MC calculations, S, is the initial air-kerma strength in the
treatment, and 7 is the source’s mean lifetime (treatment time).
The calculation of air-kerma strength per history (s,) for a
particular seed is described by Taylor et al.” In total, 1.5 X 10°
photon histories were considered to achieve the maximum
accuracy (max error 1%). The default cross-sections of the
MCNPX were used for various Pt concentrations, and the
particle interactions were treated by (ENDF)/B library. The
cut-off energies for photons and electrons were set to 5 and
10 keV, respectively.

Thorax phantom

By using quadratic equations, we simulated a thorax phantom
including lungs, heart, ribs, and vertebral column with
their constituent compositions and densities. We simulated
the thorax as an elliptical cylinder with a 20 X 30 cm?
cross-section, including two other elliptical cylinders as lungs
with cross-sections of 12 X 16 cm? The heart was simulated as
an oval with 3, 4, and 5.5 cm diameters so that two-thirds of
it lied to the left of the midline. A part of the right lung with
a 50 cm? cross-section was removed as the resected part and
the seed mesh was placed on it. The composition and mass
densities of the thoracic organs are mentioned in Table 2.1484°
Figure 1b illustrates the cross-section of the simulated thorax
phantom and 5 mesh positions in the right lung. In each
program, a particular setup in a specific position was used.

125] Seed (Amersham, model 6711)
The T source (model 6711) was simulated based on an actual
three-dimensional source by MC simulation and benchmarked,

in our previous study.?) A titanium capsule of density
4.54 g/cm?® filled with argon gas (p = 1.784 g/cm?), contained
a silver cylindrical marker of density 10.5 g/cm?, with 2.8 mm
length and 0.254 mm radius, was covered with a 2-um Br,I,
layer (p = 6.245 g/cm?). The source’s effective length was
2.8 mm, and its end was curved by 0.045 mm at 45° angles. The
average energy, half-life, and mean life-time of the '*I source
are 28.37 keV, 59.4, and 85.7 days, respectively.

103pq Seed (Theragenics, model 200)

The '°Pd seed (Theragenics, model 200) was simulated based
on an actual three-dimensional source and benchmarked, in
our previous studies.*>*% This seed contained two cylindrical
graphite rods of density 2.22 g/cm?, 0.56 mm in diameter, and
0.890 mm in length, which were coated with a thin layer of
radioactive Pd of density 12.03 g/cm® and 2.2 um thick. The
graphite cylinders were separated by a lead marker of density
11.4 g/cm?, 0.5 mm in diameter, and 1.09 mm in length. This
compound was enclosed in a cylindrical titanium capsule
of density 4.51 g/cm? 0.826 mm in external diameter, and
0.056 mm thick. The total length of this source was 4.5 mm
with an effective length of 4.23 mm. The average energy,
half-life, and mean life-time of the '®*Pd source are 20.74 keV,
16.99, and 24.5 days, respectively.

AAPM task group No. 43 (TG-43) parameters

The dosimetry parameters of the '*I and '®Pd sources were
calculated and benchmarked in our previous studies, based
on the AAPM TG-43U1 protocol. According to this protocol,
the dosimetry parameters of BT sources are governed by the
following equation:

D, 6) =S,A4[G (1, 0)[G (r, 6)] g (1) F (1, 0) (2)

where D(r, 6) and S, are dose rate and air-kerma strength of

Table 1: Initial air-Kerma (source) strength per seed (U/seed) per prescription dose (100 Gy) for various configurations of %l
and "Pd brachytherapy sources. Source strengths are modified for lung heterogeneity by the present authors in ref. 43

Various Mesh Arrangements

Modified Source Strength* (U/prescription dose)

Configuration No. of Seeds RowsxColumns Row Spacing (cm) 125) 193pd
| 40 4x10 0.61 2.88
Il 40 4x10 0.56 2.53
1 50 5x10 0.41 1.90
1% 60 6x10 0.33 1.58

*Based on the AAPM TG-43 protocol, the dosimetry parameters of low-dose-rate brachytherapy sources are calculated in a homogeneous water phantom.
According to significant differences between the homogeneous water and the inhomogeneous lung, we have previously modified the '2° and '®*Pd source

strengths at the prescription point for lung heterogeneity®!

Table 2: Elemental composition and mass densities of thoracic tissues used in our simulations*4!

Organs Elemental Composition (mass %) p g/lcm?
H C N (o) Elements with Z >8
Soft tissue 10.2 11.2 3.0 74.5 Na (0.1), P (0.2), S (0.3), Cl (0.1), K (0.4) 1.05
Lung 10.3 10.5 3.1 749 Na (0.2), P (0.2), S (0.3), Cl (0.3), K(0.2) 0.26
Heart 10.3 121 3.2 73.4 Na (0.1), P (0.1), S (0.2), CI (0.3), K (0.2), Fe (0.1) 1.06
Ribs 6.4 26.3 3.9 43.6 Na (0.1), Mg (0.1), P (6.0), S (0.3), CI (0.1), K(0.1), Ca (13.1) 1.41
Vertebra 3.4 15.5 4.2 43.5 Na (0.1), Mg (0.2), P (10.3), S (0.3), Ca (22.5) 1.92
Water 11.22 0.0 0.0 88.78 _ 0.998
Air (TG-43) 0.07 0.01 75.03 23.61 Ar (1.27) 0.0012
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the source, respectively, A is the dose rate constant at the
reference point (1 cm, 7t/2), and G (t, 0), g (r), and F (r, 0) are
geometry, radial dose, and anisotropy functions, respectively.
In our previous studies, these parameters were also compared
with those from other studies, and in this study, the previously
validated sources (programs) were used.

Absorbed dose and dose enhancement factor

The purpose of putting mesh with LDR seeds is to deliver 100 Gy
dose to the prescription point. To obtain depth dose with
high resolution, 50 cubic detectors with 1 mm?® volume were
considered on the central axis at a 5-cm depth. We also
used 1 mm? detectors at the center of the lungs, heart, and
vertebral column. Considering Equation (1) and the F6 tally
output, absorbed dose was calculated in the lungs and healthy
thoracic tissues for 0-0.5 mg/g Pt concentrations. The DEF in
the lungs and other thoracic tissues due to Pt presence were
calculated as follows:

DEF = D,/D, 3)

where D, and D, are the absorbed dose at a particular detector
with and without Pt, respectively.

RESULTS

Following the simulation and validation of the '*I and '®*Pd
sources, 4 mesh configurations [Table 1] were simulated
on the resected part of the lung (five positions mentioned
in Figure 1b) and the lung absorbed dose was calculated for
various Pt concentrations (0—0.5 mg/g lung tissue) up to 5 cm
in depth. In addition, DEF per depth, per Pt concentration, and
at the center of healthy organs were also obtained.

Figure 2a and 2b illustrate lung depth dose for configurations
[-IV up to 1 cm (PDD = 70%) for the *°I and '®Pd sources,
respectively. These figures show the comparison of the
mentioned arrangements in the case that no CT was
administered. The relative standard deviation (%RSD) of
configurations I-III with respect to the 50-seed arrangement (III)
is presented in Table 3 for both sources. Table 4 indicates
the lung absorbed dose per depth in the case of concurrent
Pt-based CT and LDR BT with the 50-seed configuration
up to 5 cm (PDD = 10%) in depth. Both conventional and
unconventional CT were considered and are shown in the table.
DEFs per Pt concentration in the lung are indicated in Figure 3a
and 3b for the I and 'Pd sources, respectively. These data
are presented for the prescription point (d = 0.5 cm) and some
further depths. Table 5 demonstrates the DEF at the center of
the right and left lungs, heart, and vertebral column in the
case of concurrent unconventional Pt-based CT and mesh BT
for 0.2 and 0.5 mg/g Pt concentrations.

DISCUSSION

Figure 2 indicates lung depth dose for 40-, 50-, and 60-seed

[ =]
g g A1(40)
€ 1m0 o @
g Q —11(40)
=4
8 100 a o (s0)
? e}
2 8 o1V (60)
g 90 A
= B o
g’ 80 8 a
— o 24
70 =]
a | 0 0.25 0.5 0.75 1
g ' a B £1(40)
= A § —11(40)
Pl o
8 100 —o a o (s0)
[ A
£ 8 01V (60)
g 9 A
2 6,
-]1]
g 80 0 4
= 8 a
70 g
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Depth (cm|
b pth (cm)

Figure 2: Lung absorbed dose per depth for 40-, 50-, and 60-seed
configurations of the (a) 125| and (b) 103Pd sources mentioned in
Table 1

Table 3: Relative standard deviation (%RSD) of mesh
configurations I, I, and IV with respect to 50-seed
arrangement (lll) in lung tissue (without chemotherapy) for
25| and "°*Pd brachytherapy sources

Depth 125] 103pg
(Cm) I () " () IV () I () " (m IV ()
0.1 10.03 1085 11.66 697 1071  9.09
0.2 1.77 2.20 3.89 1.87 5.40 4.97
0.3 1.35 0.44 0.88 1.37 0.45 0.89
0.4 0.47 0.94 0.01 0.47 0.94 0.02
0.5* 0 0 0 0 0 0

0.6 1.06 0.64 0.21 1.51 0.58 0.21
0.7 1.98 1.42 0.05 1.98 1.42 0.51
0.8 2.41 1.95 0.49 2.60 1.95 0.55
0.9 2.23 2.15 0.13 2.30 1.29 0.99
1.0 2.19 2.02 0.86 2.40 1.04 1.06

*Equal prescription dose (100 Gy) due to the same overall source strength

arrangements up to 1 cm in depth. As it is shown, the
prescription dose at d = 0.5 cm is equal (100 Gy) for all seed
configurations according to the same overall source (air-kerma)
strength. Total source strength for each arrangement was
obtained by multiplying seed number by the source’s
initial air-kerma strength (U/seed), mentioned in Table 1.
At other depths, minor differences were observed between
different cases (I- IV). Table 3 shows relative standard
deviation (%RSD) for the 40- and 60-seed setups with respect
to the 50-seed arrangement for both sources. As expected,
%RSD at d = 0.5 cm is 0. %RSD is highest at the initial
distances (prescription area: 0.1-0.5 cm), 10-12% for the
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Figure 3: Dose enhancement factor (DEF) per lung platinum
accumulation at the prescription point (d = 0.5 cm) and some further
depths for the (a) 1251 and (b) 103Pd sources. The trend line shows
a direct correlation between DEF and platinum concentration at the
prescription point

125] source and 11-16% for the '®Pd source at d = 0.1 cm. In
this area, the lung absorbed dose for all cases is higher than
the prescription dose by 100-120 Gy [Figure 2]. However, at
further depths, the RSD% decreased beneath 2% for all cases.
Since we evaluate the absorbed dose and the DEFs beyond the
prescription point (d > 0.5 cm) and most of the %RSDs were
minor, the 50-seed arrangement data is adequate. For other
mesh configurations, the same trend and similar results were
observed.

Table 4 presents the lung absorbed dose up to 5 cm in depth in
the case of concurrent Pt-based CT and LDR BT with various Pt
concentrations (0-500 pg/g). As explained in the section “2.1
Pt Concentration,” 1-10 and 50-500 ug/g Pt were considered
for conventional'® and unconventional®*“! Pt-based CT,
respectively. Since the calculation accuracy was 1% in our
simulations and only >2% differences were considered
significant (based on the ICRU standard), the dose changes
were not meaningful (<1%) in the case of conventional
CT (1-10 ug/g). Therefore, no significant changes were
observed for the concurrent chemo-BT with conventional
Pt-based CT. However, in cases where lung Pt accumulation
exceeded 200 ug/g, the dose increase surpassed 2% for both
seed arrangements. As shown in Table 4, the absorbed dose
(and consequently the DEF) correlates inversely with depth.

Table 4: Lung absorbed dose per depth in the case
of concurrent platinum-based chemotherapy and
low-dose-rate mesh brachytherapy with 50-seed
configuration (lll)

125] (Amersham 6711)

Depth
(cm)

Platinum Concentration (ug/g Lung Tissue)

No CT Conventional Unconventional CT

Systemic CT

0 1 5 10 50 100 200 300 400 500

0.1 97.3 975 975 97.7 98.0 98.6 99.8 101 102 104
0.5 100" 100 99.9 100 101 101 103 104 105 106
1.0 69.6 69.6 69.7 69.9 70.0 70.4 71.3 721 73.0 73.7
1.5 512 513 514 517 515 51.7 52.3 52.8 53.5 54.1
2.0 39.3 394 39.6 39.5 39.3 39.5 39.9 40.3 40.7 41.0
2.5 30.5 30.5 304 30.3 30.6 30.7 31.2 31.5 31.7 31.9
3.0 241 240 240 241 242 243 245 2477 24.8 251
3.5 19.6 19.5 19.6 19.7 19.7 19.7 19.8 20.1 20.3 20.3
4.0 16.0 159 159 16.0 16.1 16.2 16.3 16.3 16.5 16.7
4.5 13.2 132 132 13.2 13.2 13.2 13.3 13.4 13.6 13.5
5.0 1.1 1.0 11.0 109 111 111 111 11.2 11.3 113

193Pd (Theragenics 200)

0.1 100 101 101 101 101 102 102 103 105 105
0.5 100" 101 101 101 101 102 102 103 104 104
1.0 68.7 689 689 69.0 69.1 69.4 70.0 70.2 70.8 70.8
15 49.6 50.0 50.0 50.0 49.8 50.4 50.3 50.2 50.8 50.3
2.0 353 356 356 356 355 36.0 35.9 36.0 36.3 36.2
25 271 273 273 273 271 273 27.2 271 274 27.3
3.0 20.7 20.8 20.8 20.8 20.8 20.8 20.6 20.6 20.6 20.5
3.5 16.7 16.8 16.8 16.9 16.7 16.6 16.5 16.5 16.5 16.7
4.0 13.0 13.0 13.0 13.0 13.0 129 13.0 12.6 12.3 125
4.5 10.2 10.3 10.3 10.3 10.1 10.1 10.2 10.2 10.1 10.1
5.0 823 8.11 8.11 8.09 8.22 822 8.05 7.99 7.99 7.96
‘Prescription Point=0.5 cm from seeds mesh’ Prescription Dose=100

Gy (through permanent implantation)

Table 5: Dose enhancement factors (DEFs) at the center
of the heart, vertebral column, left and right lungs in
the case of concurrent Pt-based chemotherapy and
mesh brachytherapy for 0.2 and 0.5 mg/g lung platinum
accumulation and 5 mesh positions (according to
Figure 1b)

125] (Amersham 6711)
0.2 (mg/g) Pt 0.5 (mg/g) Pt
1 2 3 4 5 1 2 3 4 5
Right Lung 0.98 0.99 0.99 0.98 0.97 1.00 1.01 1.02 1.01 0.99
LeftLung 0.93 0.94 0.95 0.94 0.96 0.90 0.92 0.93 0.93 0.95
Heart 1.00 0.99 0.98 0.97 0.95 0.99 0.97 0.97 0.95 0.93

Vertebral 0.95 0.97 0.97 0.99 1.00 0.91 0.93 0.95 0.98 0.99
Column

Thorax
Organs

1%3pd (Theragenics 200)

Right Lung 0.96 0.97 0.98 0.97 0.97 0.98 1.00 1.01 1.01 0.98
LeftLung 0.93 0.94 0.94 0.95 0.96 0.90 0.92 0.91 0.93 0.94
Heart 0.99 0.98 0.98 0.95 0.93 0.97 0.96 0.97 0.94 0.90
Vertebral 0.93 0.96 0.97 0.98 0.99 0.89 0.92 0.94 0.97 0.97
Column

*DEFs for different mesh configurations are similar (RD<1%) due to same total
source strength

Figure 3 demonstrates DEF per lung Pt accumulation
(0.1-0.5 mg/g) at the prescription point and some further
depths. Figure 3a and 3b are relevant to the '*I and **Pd
sources, respectively. The trend line shows a direct correlation
between DEF and Pt concentration. In addition, the DEF
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gradient for [ is slightly steeper than that for '®Pd. For both
sources, the DEF at the prescription point passed 1.02 when
Pt concentration exceeded 0.2 mg/g. Although this increasing
trend was observed at other distances, the DEF at further
depths or lower concentrations is <1.

Table 5 indicates the DEF at the center of healthy thoracic
organs (lungs, heart, and vertebral column) in the
cases of concurrent chemo-BT with 0.2 and 0.5 mg/g Pt
concentrations (unconventional CT). These results were obtained
for the five different mesh positions shown in Figure 1b. In
general, the DEF at healthy tissue was less than 1, which shows
the reduction of absorbed dose by 2—11%, due to increased
photoelectric absorption caused by high Z Pt. Moreover, the
absorbed dose and the DEF at healthy thoracic organs decreased
with an increase in lung Pt accumulation. Since the right lung
contained the seed mesh, the DEFs at its center are higher
than 1 due to increased photoelectric absorption adjacent
to the prescription area. At further distances, the dose and
DEF values decreased due to photon fluence reduction. When
the mesh was close to the heart (position 1) or vertebral
column (positions 4 and 5), the DEF surpassed 1.

In a nutshell, the DEF correlated directly with lung Pt
concentration and inversely with depth. Conventional systemic
Pt-based CT concurrent with permanent implant BT does
not significantly change the lung absorbed dose, whereas
unconventional Pt-based CT may lead to >2% dose increase in
cases, where Pt concentration exceeds 0.2 mg/g lung tissue. In
this case, the absorbed dose of healthy thoracic organs is reduced.

CONCLUSION

The results of this study show that the concurrent chemo-BT with
conventional systemic Pt-based drugs, could not significantly
change the lung absorbed dose while using the unconventional
CT (multinuclear Pt-based CT drugs/regional CT), would lead
to >2% dose changes when the Pt concentration exceeds
0.2 mg/g lung tissue. In the latter case, the absorbed dose of
healthy thoracic tissues is also reduced. As clinical evaluations
are not included in this simulation study, more complementary
studies are required based on patients’ dataset for lung
concurrent chemo-BT.
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