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MATERIALS AND METHODS

Previous simulations have demonstrated the
dependence of inhaled NP behavior on lung
volume, breath hold length, NP size and initial
number density. Until now, parameters used
have been average lung volumes and breath
hold lengths dictated by previously published
experiments. For two test patients, each lung
and bronchus were contoured and measured
for volume, length and diameter. This was
done both on a free breathing scan and a deep
inspiration breath hold scan. After their first
treatments, the surface guidance
measurement output was exported as a .CSV
file. Using this .CSV file, the change in mapped
surface area was measured again for free
breathing and deep inspiration breath hold.
From this data, the length of time each were
able to hold their breath was obtained as well.
Preliminarily, patients were assumed to be
cylindrical with lateral surface areas
determined via the equation 2rtrh where the
radius was assumed to be % the longitude
measured by the SGRT and h assumed to be
the latitude. Since the SGRT system is only
tracking the exposed surface, these lateral

surface areas were then divided in half (Table
2).

RESULTS

Preliminary data were analyzed for
changes in lung volumes (right, left and total),
bronchus length, monitored surface area and
breathing cycle lengths. Table 1 shows
bronchial expansion between free breathing
and DIBH conditions with a lengthening of
~0.5cm and ~0.8cm and widening of almost
0.2cm for both patients. The total lung volume
measured for DIBH differs greatly between the
two patients (~5300cc vs ~3000cc) but both
are smaller than the tidal volume used for
previous simulations (5600cc) (Table 1). Shown
in Table 2, the lengths of breathing cycles over
two fields for each patient are displayed.
Patient A’s breathing cycle averaged ~37s while
patient B’s breathing cycle averaged just under
15s. Both patients’ breath holding ability are
longer than the 10s used in the previous work.
In sum, this preliminary data demonstrates the
high variability from patient to patient,
highlighting the need for a higher level of
personalization.
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INTRODUCTION

Nanoparticles (NPs) made of high electron density materials are known to provide imaging contrast and have the potential to enhance radiation therapy. One material of

particular interest has been gold. When targeted with an external beam of sufficient energy, gold nanoparticles (GNPs) will produce secondary electrons, causing radio-sensitization
of the immediate surrounding area’?. Administration of these nanoparticles, however, requires further investigation. Traditional routes of entry typically include systemic delivery
and direct injection. When delivered throughout the whole body, there runs the risk for systemic toxicities. When directly injected, the payload leaks out from the target, reducing
its effectiveness. In an effort to avoid these complications, inhalation has been investigated as a feasible route of entry for GNPs. However, due to the complexities of lung
morphology and the impact it has on air travel throughout the lung, this approach is not without complication.

Previous work has investigated the behavior of inhaled nanoparticles for representative lung volumes with the goal of treating lung cancer. This previous work validated the use
of the computer code SAEROSA to simulate the coagulation and deposition of inhaled, aerosolized nanoparticles based on boundary layer theory as a component for future
treatment planning approaches3#>. Through this work, it was found that at therapeutically relevant concentrations of GNP (~1.5E8 NPs/cc air), significant coagulation occurs over a
10 second breathing cycle of inhale, breath hold and exhale. Importantly, coagulation dynamics impact where and in what quantity deposition occurs. The longer the particle-laden
air remains within the lung, the higher the likelihood for coagulation and deposition to occur. This behavior also impacts the level of dose enhancement once inside the tumor
because self-shielding can occur in large enough particle cluster sizes.

To advance the previous work towards clinical application, the current work focuses on leveraging the newly installed LAP Luna 3-D Surface Guidance (3D SGRT) technology in
combination with the deep inspiration breath holding (DIBH) technique®. Patients undergoing DIBH treatments have two CT simulations performed: one during free breathing and
one under DIBH, with the surface of their chest captured by the SGRT system. The parameters of the patient’s surface that are monitored throughout treatment include latitude,
longitude, altitude, yaw, pitch and roll. These captured parameters can be exported at the end of each treatment session. This exported data also includes the timing of each breath
hold, allowing investigators to determine how long each step of the breathing cycle takes for each patient. Using the CT images, the lungs and early airways are contoured to
measure their volumes, diameters and lengths. Collected data will be analyzed to determine the relationship between lung volumes and monitored surface area to be applied to new
simulations of inhaled GNP dynamics to optimize treatment payload and increase the simulation’s personalization.

Bronchus Bronchus LeftLung RightLung Total Lung
Length Diameter Volume Volume Volume
(cm) (cm) (cc) (cc) (cc)

Free Breathing 11.88 1.3 1594.61 1756.31 3350.92

Table 1Lung parameters measuredfrom CT PT A DIBH 1232 147 246846 282017 528863

in free breathing and deep inspiration breath Difference 0.44 0.17 873.85 1063.86 1937.71
hold conditions for two preliminary patients.

The difference between free breathing Free Breathing 13.23 1.53 361.91 1058.04 1919.95

parameters and DIBH are also included.
PTB DIBH 14.05 1.65 1369.99 1626.8 2996.79
Difference 0.82 0.12 508.08 568.76 1076.84

DISCUSSION

Lateral Surface Breathing Cycle

Area (cm2) Length (s) Since the ultimate goal of inhalable gold nanoparticle therapy is for them to
Field 1 Field 2 Field 1 Field 2 accumulate within the tumor and be used both as fiducials and radio-
enhancement, it would be ideal for NP administration to occur before the patient
Free Breathing -0.1639 -0.1296 has their CT simulation. This is so treatment planning can focus the treatment on
PT A DIBH 0.1333 0.1762 41.234 | 31.984 the accumulated NPs to elicit the secondary radiations discussed in the
Difference 0.2979 0.3058 introdtfction. For pro!oer selectic?n of initial airborne .conce.nt.ration and number of
breathing cycles required to attain proper accumulation within the tumor,
Free Breathing 0.0860 -0.1090 personalized NP deposition simulations would need to be run. Therefore, there is
PTB DIBH 1.8663 1.0189 15 44 13.02 a neces§ity for individ.ual lung dimension estimatgs pric?r to imaging proceqlures.
Using surface guidance technology, the relationship between change in lung
Difference 1.7803 1.1279 dimensions and change in external surface contour is sought to provide these

individual estimates. Interestingly, the preliminary test data indicates larger lung
volume changes corresponding with a smaller change in surface area. However, a
larger sample size is necessary to actually establish this relationship.

Table 2: Lateral surface areas in free breathing and DIBH conditions calculated from SGRT captured
parameters for two treatment fields. The breathing cycle lengths (inhale, breath hold and exhale) for the
same treatment fields.

CONCLUSIONS REFERENCES

Inter patient variability of lung volumes, breath holding ability and breathing cycle 1. Yao Hao et al 2015 Phys. Med. Biol. 60 7035 DOI 10.1088/0031-9155/60/18/7035
|engths dev|ate S|gn|f|ca nt'y from pa ra mete rs used du”ng previous S|mu|at|on5’ 2. Sajo E, Zygmanski P. Nanoparticle Enhanced Radiation Therapy: Principles, Methods and Applications: IOP Publishing: Bristol UK; 2020.
demonstrating the need for increased personalization. The ablllty tO monitor the _:;]eraAp;q(s}v;/zret;r/.F;ol\;i/\:aD\i/Z;j:;ic;i;'ii(;zl\i):nrizl;llnl\g/l:;?:ggggsNanopartlcle Cluster Sizes in Inhalation Based Nanoparticle-Enhanced Radiotherapy, SU-330-GPD-T -

patlent's SuUu rface Wh||e UndergOlng treatment prOV|deS d fu rther avenue fOF 4. Sajo E, GengJand Park H. SAEROSA: Single-species aerosol coagulation and deposition with arbitrary size resolution. RSICC Code Package PSR 573. Radiation
. . . . . . Safety Information Computational Center: Oak Ridge National Laboratory, 2012.

simulation personalization, so long that the relationship between lung volume and

patient surface area can be elucidated.

5. Gengl, Park H and Sajo E. Simulation of Aerosol Coagulation and Deposition Under Multiple Flow Regimes with Arbitrary Computational Precision. Aerosol Science
and Technology. 2013; 47: 530-42.

6. © 2026 LAP GmbH Laser Applikationen



	Slide 1

