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Detailed methods of the experimental setup

Dose calculation

A CT scan with a spatial resolution of 197 um whatmed at the CT component of a small animal PET C
scanner (Inveon, Siemens) as basis for the doseladbn. Monte Carlo calculation was conducteddorarray
of quasi parallel microbeams of 50 um width an@mtie-to-centre distance of 400 um for a field siz8.9 x
13 mm. Since the heart is the most important oegaisk with irradiation of the thoracic cavity etintegrated
dose to the heart was calculated.

Dose calculations were carried out using the Gelfladte Carlo tool package version 10.3.p3 and aitlyb
dose calculation algorithm [1]. Monte Carlo simidas were performed sampling®jghoton histories from the
standard MRT x-ray spectrum of the ESRF ID17 besardiccording. and assuming the source published
previously [2]. The dose was scored on the grithefCT separating peak and valley dose as deddnigg].
Peak dose was defined as the average dose inritral@0% of the peak region and valley dose astesage
dose in the central 60% of the valley region. Hdiefd units of the planning CT were converted intaterial
parameters following the approach of [4]. For tinegl in particular homogeneous mixtures of air aatew
were assumed. Statistical uncertainties of the Bl@g#rlo simulations were below 5% in peak and yalle
regions. Particularly at low photon energies, dasgorption is sensitive to material composition dedsity. In
order to minimize errors due to improper materaiversion, the CT was calibrated in advance wi¢h th
calibration phantom 062M (CIRS, USA). Dose deviasialue to material conversions uncertainties can be
reduced to around 2% by HU material calibrafoln

Unlike the brain, which has been the traditionedéa for MRT studies in the past, lung tissue is
inhomogeneous. The typical alveolar structure witlitiple non-serial interfaces between air, flurdisoft
tissue make dose calculations extremely challen@irgulations show that doses in inhomogeneous ligsge
can be vary by a factor of 1.7 [6], compared to bgemeous materials. In particular, valley dosesansitive
to dose variations due scattering electrons travelling large distaringbe air cavities.

The provided peak and valley doses were calculadéedming a homogeneous mixture of water and agrevh
concentrations depend on the observed Hounsfigtd. @onsidering the fact that beam distancestrelec
ranges and alveolar sizes are all in the same rdinigeapproach has to be regarded as a crudeifioation.

An accurate dose calculation in the lung cannotewtghe microstructure of the lung. Furthermohe, tonstant
volume change of the organ during the respiratggjeccauses the irradiation target to move permi@nander
physiologic conditions. Any movement would resulttie smearing of microbeam edges and thus a chiange
the PVDR. As a result, the normal tissue sparifigcebf the microbeams would be decreased.

A more accurate simulation of microbeams in luggue with reasonable computational expenditurebsill
subject to future research.

Positioning device

In clinical radiotherapy, the accelerator head #ngjtthe X-rays is moved around the patient in otdeeach
an entry point from which the X-ray beam enterstirget tissue. At the synchrotron, the beam géeeiia the
storage ring is guided through beam defining elémand vacuum pipes to the end station where &gipo is
kept as stable as possible. In order to adminibteprescribed X-ray dose, the patient, in our casmuse, is
moved through the path of the beam in verticalddiom. The speed of the vertical movement throunghtteam
and the dose rate of the incident X-ray beam deterthe value of the deposited dose. A stable iposituring
this movement is absolutely essential in ordersguee precise dose deposition.

In order to simulate an anterior-to-posterior (valhto-dorsal) irradiation, to achieve a high ddsgosition in
the right lung and to limit normal tissue exposaapecific positioning device was designed antt farithis
experiment. The positioning device consists of djnstable frame mounted on motorized translation- a
rotation stages which are part of the standard ehesprovided by the beamline. The custom-madedram
allows an adjustment of its height and width inesrtb have a stable fixation of the animal and robstructed
orientation of its lungs relative to the beam frdiffierent angular positions. To avoid anterior-gosir
movements of the animal’s body during the vertinavement of the stage, a thin PMMA plate was madinte



onto the frame to stabilize the body. A tooth haals inserted into the upper bar of the steel frantethe
animal’s body was taped to the plate (Figure S1).

Animal model

The experiments were conducted at a dedicated biicaidbeamline of a3generation synchrotromxact
location removed for blinded review). All experimental protocols were approved by Eikics Committee and
by the French Ministry of Education and Researéhr{jission number363-20161026150 13147)The animals
were housed and cared for in a temperature-reglutatienal facility exposed to a 12-hour light/daykle. All
methods were carried out in accordance with relegaitelines and regulations.

The experiments were performed on 46 healthy malEBL6 mice (26-30 g) obtained from Charles River
France. Anaesthesia was induced by isoflurane atibal using an induction chamber at a concentraifdh5—
3% in air, followed by intraperitoneal injection kdtamine and xylazine (ketamine:xylazine = 9:1a 10
dilution in normal saline). Once the animals weeeply anesthetized, they were placed in a supisgi@o and
immobilized.

For the intubation procedure, a cold light sourees wointed at the upper thoracic cavity and neck@animal.
A custom-made retractor was used to depress tigeieompon which the vocal cords became well visilg2
G canula (Introcan Safety, Braun Melsungen, catsagumber 42535401) where the original steel mandrin
had been replaced by a plastic mandrin (Vasofix@&d#a, Braun Melsungen, catalogue number 4215095),
shortened so that it protruded from the tip of¢dhaula only minimally, was used as a tracheal @antivas
carefully introduced between the vocal cords up@piration. The plastic mandrin was then removetitha
correct position of the tube in the trachea wagieerby briefly connecting the tube to a waterkpafter which
the canula was connected to a small animal respijnatoviding 2.5% isoflurane in air (TEM SEGA, Di#diss
Healthcare). The animal was positioned into thelingl device (Figure 4) and volume-controlled vextidn
was initiated with a tidal volume of 0.25 ml, apeatory rate of 150, a positive end-expiratorygsuge of 6 cm
H,0 and FIQ of approximately 80 %.

Under clinical conditions in human patients, spaetaus or augmented breath hold (gating) would b@ftion
of choice to obtain a stable treatment target.ifgtance, at a beam scanning speed (vertical mavieoh¢he
patient through the beam) of approximately 14 mm/egen for a target height of seventy millimeageak
dose of 400 Gy could be delivered in approximafeseconds. Thus, the entire logistic chain inclgdire
command for breath hold, the opening of the shsifstem, the irradiation and the closing of thetteincould
be executed within a period of 10-12 seconds. Wit patients can be expected to reliably hold theiath
for the duration of such a short period of tim&niswn from the treatment of breast cancer patievitere
radiotherapy frequently is conducted under breatt n inspiration position to reduce dose entrytte heart

[7].

In animals, spontaneous breath hold is no optichaaugmented breath hold would require a highlynesfi
system which could trigger irradiation always ie fame position of the respiratory cycle. Thusnielating
physiologic lung movement by induction of apnoethes most easily feasible method to assure thabtiget
region is in the same position during the entireatian of the irradiation procedure. Considerinagtttine
administration of several hundred Gy in the peasedakes less than half a minute, irradiationasifde under
oxygen insufflation without lasting damage to timén@al. By setting a constant positive end expinagfmessure
(PEEP) during irradiation, we were able to stanidarthe experiment throughout all experimental gsyu
which is important for an accurate morphologicg@rogluction of the irradiation geometry in the tissu

After the end of the irradiation process, the ig@the supply was shut off, the animal was remoxeu the
holding device and placed in prone position oncsé small animal respirator until spontaneousthieg
resumed. The animal was then extubated and placeddovery in a warm cage. Once moving aroundragai
its own, the animal was placed back into its norcaaje.



FigureS1. Original design of the frame (A) and the animaliposed in the holding device (B).

Pre-irradiation imaging

Pre-irradiation imaging in irradiation position weenducted to assure that the heart was outsiderdutation
field.

At the biomedical beamline ID17, pink-beam imagwith a fast alignment procedure was developedif8].
this normal tissue study of mouse lung, the tatgéte irradiated was visualized by projection insged the
irradiation field was defined by the individual ammical landmarks of each mouse. For every aniora,
image was obtained and the irradiation field wgsstdd accordingly by a lateral and /or horizoiahslation
of the animal in order to avoid the heart, respect safety margin of ~1 mm.

The wiggler gap was opened to 100 mm in orderdoce the extremely high photon flux and as a rebalt
applied dose. A 2D X-ray detector setup was instiadlbout 3 meters downstream the animal goniometer
support. The detector is a Fast Readout Low Naseeca (FReLoN based on a 2048x2048 CCD chip coupled
with a scintillator and an optical lenses systein The ultimate pixel size is 23 pm but the redoluttan be
adjusted by binning to obtain a good compromisgeeh a sub-millimetric resolution (approx. 100 emyl a
reasonable contrast at a dose as low as possialéédtd of view of up to 50 mm in height.

Irradiation procedure

In irradiation mode, the wiggler was set to its imuam gap (24.8 mm) in order to benefit from the maxm
available photon flux. Attenuators were adjustedltain the spectrum that is standardly used folTMRthis
beamline, typically 50-350 keV with a maximum irgéy at 102keV [10]. The beam defining slits were
adjusted to the planned irradiation field. Thetislit collimator was inserted in the beam and FifReLoN
camera was removed into a radiation protecting ézduinet. Those changes in the experimental settypelen
imaging and irradiation modes are carried out aatarally, which allows to toggle between the twodes
within a very short time (less than 4 min). Sublimetric targeting is made possible by using taes beam
for imaging and irradiation, without the need fepositioning of the animal between the two procesur

Targeting the right lung of the animals, we irrdeéhwith an array of quasi-parallel microbeams®f{i3n width
and a centre-to-centre distance of 400 um. The §igle was 3.9 mm (width) x 13 mm (height), coroegfing



to 9 microbeams. Peak entrance doses were 40 &300Gy and the valley doses were approx. 0.42 ghd 4
Gy, respectively. Thus, the peak-to-valley dosm redliculated using Monte Carlo was approximaté&ya®a
depth of 3 mm. The dose rate under broad beamerefe conditions was measured according to thequbt
described by Fournier et al. [11] for a 2 cm x 2feetd in 2 cm depth. Monte Carlo calculated peall valley
dose profiles were calibrated with respect to thregerence conditions.

At machine storage ring currents between 154.7 nmiAl®6.9 mA, dose rates between 69.3 Gy/sec/mA and
70.5 Gy/sec/mA were achieved. Thus, even peak dds&30 Gy were easily deposited within a few seson
However, the spontaneous respiration rate of 8@aye per minute in adult mice breaks down to mbas tone
respiration cycle per second. The lung volume diffiee between inspiration and expiration positiores
mouse is significant at approximately 50 % of thiectional residual capacity [12]. With an overaladiation
time of approximately 10 s, the lung excursionstighout the respiratory cycles would prevent a dose
deposition in a microbeam pattern with clearly dedi peak and valley dose zones. Exact dose cadnulat
would be extremely difficult in this case, if at pbssible. More importantly, as a consequencé®fespiratory
lung excursions, the valley dose zones which deteritme normal tissue tolerance would receive nhigher
X-ray doses. This would result in a higher degrieecomal tissue damage. In order to assure thaptbecribed
peak doses are deposited in the tissue accorditg tplanned irradiation pattern, a stable bodytiooswas
secured and the controlled ventilation was pausadPEEP of 10 cm 4D during irradiation.

Of the 46 mice, 36 underwent microbeam irradiatibthe right lung. Eighteen mice each were irragtiatith

a peak dose of 40 Gy and 400 Gy, respectively. baipg on the electron storage ring current, thenats

were moved through the beam along the z-axis wiheed of between 14.58 mm/sec and 17.52 mm/ s to
deliver a peak entrance dose of 400 Gy. In ordeetiver a peak entrance dose of 40 Gy, the hotitailits
defining the beam height were changed from 500anito 100 micron and the speed of the movemengalon
the z-axis was varied between 26 and 35 mm/ seendiépg again on the electron storage ring current.

Radiosensitive Gafchromicfilm was used to record the irradiation pattetrshowed that there was a runout
problem of the motorized stage, which was useddweenthe animals vertically through the beam. Thissed
some lateral displacement of the microbeam arrélyeatime of our experiment, however, the microbgarare
still parallel even after the displacement. Thatfbration was due to the runout of the mecharsgatem and
not due to respiration of the animal was verifigchtoving a film without an animal through the beamthe
same motorized stage. The patterns recorded wittw@hout the animals on the stage were identical.

Figure S2. Irradiation pattern recorded on Gafchromiim.



Tissue harvesting and immunofluor escent staining

Animals were sacrificed and lungs were harvestétatt8 and 72 hours after irradiation (n=6/grodmur
animals underwent apnoea and ventilation but raliation. Six healthy male mice served as non-atad and
non-ventilated controls.

The harvesting method for the lung tissue is ctuoi@reserve tissue morphology in correlationh® t
irradiation pattern. The procedure used in thiseeixpent is described as follows:

Mice were sacrificed with aimtraperitoneainjection of sodium pentobarbital (200mg/kg BW). #cision was
made in the skin of the anterior part of the naul the trachea was exposed. Thuspg-mortem tracheotomy
was performed, a 20 G catheter (32 mm length) waced into the trachea for circa 1/3 of its lengtil fixed
with a 4-0 surgical thread. The abdomen was opanddan incision was made in the diaphragm to odpen t
thoracic cavity. Mice were perfused though the trigintricle of the heart with 5 ml 1x PBS to flusht the
blood that exited from an incision made in the vea@a inferior. Then, the tracheotomy catheter ezasected
to a 10 ml syringe containing the fixative soluti@¥% PFA in 1x PBS buffered at pH 7.4). The syringgst be
positioned at the exact height of 20 cm from thdase of the work bench in order to provide theiropt
pressure to fix the lung in the inspiration positi©nce the PFA solution stopped flowing and theyfuwere
completely filled with the fixative, the tracheotgroatheter was removed and the trachea was tiédanstiture.
Finally, the lungs were gently dissected from tbecage. After an overnight fixation in PFA, thexjs were
incubated in a solution of 40% sucrose in distilleater for 24 hours. Next, the lungs were embedded?.5%
gelatine and 15% solutioisigma, catalogue number 10407005809 stored at -80°. Cryostat sections of 50
pum thickness were mounted for immunofluorescenistg. The sections were incubated with rabbit-anti
gamma H2AX-phospho S139 (Abcam ab11174) as primatipody followed by the donkey anti-rabbit
secondary Ab Alexa Fluor488 (Life technologies A206) and DAPI. Images were acquired with a ZeiskILS
880 confocal microscope. Eight serial z-slices veerguired for a total z image size of 24 pm. Imaayes
shown as maximum intensity projection.

The graph in Figure S2 illustrates the increasiagugma H2AX staining intensity between 24 hours ahd 7
hours after irradiation. To obtain these values,fite most intense areas of the gamma H2AX statrigh
resolution images were chosen and the median gwdaa (in arbitrary intensity units) was determimnec 50
pum x 50 um field using the colour histogram funetaf Image J [13]. All images were obtained withntical
image acquisition parameters.

1 40 Gy 24 hours

S = 400 Gy 24 hours
< B 400 Gy 48 hours
c
; 301 mEm 400 Gy 72 hours
D
| =
[ 7]
€ 254

0 l

Hours after irradiation

Figure S3. The gamma H2AX staining intensity increased corttiraly within the first 72 hours
after irradiation.



The median values are 6.3 (3.9-8.4) for 40 Gy dt@4rs, 18.4 (15.2-21.9) for 400
Gy at 24 hours, 24.9 (16.6-37.2) for 400 Gy at d8rk and 50.5 (38.4-59.9) for 400
Gy at72 hrs after irradiation.
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A mouse model for microbeam radiotherapy of the lung



ABSTRACT

Purpose: Radiotherapy is an important treatment componentpitients with lung cancer.
However, the survival time gained with clinical iattierapy techniques is relatively short.

Data from pre-clinical experiments suggest thatchyotron microbeam radiotherapy (MRT)
could be much better suited to control malignaairbtumours than current clinical concepts of
radiotherapy. Even at peak doses of several hun@sedthe extent of functional deficits is
amazingly low.

Methods and Materials:. We have developed the first mouse model to stiny dffects of
microbeam irradiation in lung tissue.

Results: Up to peak doses of 400 Gy, no acute adverseteffezre seen.

Conclusion: This model is well suited to explore the potentBMRT in the treatment of lung

cancer, the response of normal lung tissue anchergfrisk.



I ntroduction

Lung cancer is reported with an incidence betwe3f 8nd 60 in 100,000, accounting for more
than 10% of all new cancer cases annually. [1,&].nkany of those patients, radiotherapy is an

essential component of the interdisciplinary thetag approach.

Dose prescription to the lung is limited becausa bifgh risk to develop pneumonitis, an
inflammatory condition of the lung tissue causedriadiation which frequently results in lung
fibrosis, leading to a severely reduced qualitlifef[3]. The fairly recent concept of stereotactic
body radiotherapy (SBRT) offers patients with srhatlg tumours a much shorter treatment
concept. However, such concepts are applicabletordaylimited number of small peripheral

lesions. High toxicity has been observed afterttneat for central lesions.

Stereotactic radiotherapy works on the basis dii@pdose fractionation at the milimeter range.
Over the last decades, the new concept of microbadimtherapy (MRT) has been developed in
pre-clinical studies. MRT can be considered staam radiosurgery with spatial dose
fractionation at the micrometer range. In braisugs it has already been shown in small animal
models of malignant brain tumours that the tumauntol and normal tissue sparing achieved
with MRT are superior, compared to broad beam iataxh [4,5,6]. The better morphologic
preservation ohormal tissue structuressulted in a well-sustained brain function in draab

large animal models [7,8].

Two phantom studies of microbeam irradiation inltireg were published in the 1990s [9,10].



We have now designed and conducted the first féiagitudy to investigate the acute response

of lung tissue to microbeam irradiation in mice.

Materials ad M ethods

The experiments were conducted at a dedicated biicalebeamline of a"3generation
synchrotron. All experimental protocols were apaby the Ethics Committee and by the

French Ministry of Education and Research (permissiumbei7363-20161026150 13147).

A fixed space multislit collimator, the design ohish has been described in detail previously
[11], was inserted into the X-ray beam generatethkysynchrotron source to generate an array
of quasi parallel microbeams. The result was anonmtgeneous dose distribution with

periodically alternating sequences of peak dosgh(lkiose) zones and valley dose (low dose)
zones in the target tissue. The individual beamttwitas 50 um and the centre-to-centre

distance was 400 pm.

Before irradiating the animals, absolute dosimetag performed following the protocol
developed by Fournier et al. [12]. The active voduoh a PTW PinPoint ionization chamber
(Type 31014, PTW, Freiburg, Germany) was alignetthéncenter of a 20 x 20 mm? field and
placed at 20 mm depth in a water-equivalent plastire phantom to determine the beam dose
rate. The ionization chamber was calibrated at TH2@iation source to match the energy
spectrum of the synchrotron radiation used inégeriment. The minimum field size
measurable by the PinPoint chamber was respecteterithese reference conditions, the dose
rate of the X-ray beam was determined in Gy/s/m#hwan uncertainty of 4.4% ¢2. At the

4



beginning of each irradiation procedure, the actledtron current of the synchrotron storage
ring was considered in order to determine the datein Gy/s to deliver the prescribed target

dose.

Healthy male C57/BL6 mice obtained from CharlesdRivrance underwent microbeam
irradiation of the right lung with an array of qugsrallel microbeams. General anaesthesia with
isoflurane, tracheal intubation and mechanical ilegian allowed a reliable induction of an
inspiratory apnoea of a duration of approximatéys&conds, that was sufficiently long to
conduct microbeam irradiation at peak doses u@@Q@y. The duration of the entire procedure,
including the induction of anaesthesia and intumgtpositioning of the animal in the beam and

irradiation, ranged between 15 and 20 minutes.

Since no previous studies existed regarding th@orese of cardiac tissue and the impulse
conduction system of the heart to the high MRT pades, irradiation of the heart was avoided.
Pre-irradiation imaging was conducted in irradiagmsition and the position of the animal was

corrected where necessary to assure that thewasutside the irradiation field (Figure 1).

The typical alveolar structure of the lung withntsiltiple non-serial interfaces between air, fluid
and soft tissue makes dose calculation extremeilestging[13]. The peak and valley doses
were calculated assuming a homogeneous mixturaternand air, where concentrations
depended on the observed Hounsfield units of Ch sbtained with a spatial resolution of 197
pm using the CT component of a small animal PETs€anner (Inveon, Siemens). This CT scan

was also used to outline the heart and the spardl@as organs of risk. Monte Carlo calculation



with the Geant4 tool package was conducted foeld §ize of 3.9 x 13 mm, corresponding to 9
vertical microbeams, in the right lung of the ansn&ncertainties of the Monte Carlo

simulations for peak and valley doses are estimadéalv 7%.

A more detailed description of the experimentaliges provided as supporting material.

Results

We conducted a pilot experiment with two differpetak doses (n=18/group). The peak entrance
doses were 40 Gy and 400 Gy and the valley doses maminally 0.42 Gy and 4.2 Gy,
respectively. Thus, the peak-to-valley dose ratitha beam entrance was approximately 95 at a
depth of 3 mm. The dose on the heart, the mostrit@poorgan of risk with irradiation of the
thoracic cavity, was calculated to be on averafé Gy for a peak dose of 40 Gy and 1.1 Gy for

a peak dose of 400 Gy (Figure 2).

No signs of potential adverse effects due to pulthon cardiac toxicity such as audible breath
sounds, pulmonary distress or decrease of generaityawere seen in the mice at any time
during the 72 hours observation period after mieesh irradiation. No motor deficits as signs of
spinal cord toxicity were observed. The observatwais conducted continuously for approx. one
hour after the irradiation in a wake-up room seftin two-hourly intervals for the following

eight hours and three times daily thereatfter.

Aiming for a constant post-end-expiratory presgeeEP) during irradiation, we were able to
standardize the experiment throughout all expertaigmoups. Furthermore, we also

6



successfully standardized the harvest of the lissgi¢, to reproduce the irradiation morphology
as close as possible. The gamma H2AX immunostajpresenting the number of DNA double
strand breaks caused by the irradiation, resultedt€nse fluorescence along the microbeam
paths in all irradiated groups. After irradiatioittwpeak doses of 400 Gy, the intensity of the
immunofluorescence was increasing continuouslyngduttie first three days after irradiation
(Figure 3 and Supplementary Figure S3). This caexipéained by delayed cell death due to
secondary processes, including radiation-inducetilogler effects. The intensity of the gamma
H2AX stain along the microbeam paths is signifibaldwer after irradiation with peak doses of

only 40 Gy.

Discussion
This was the first time that the lung of mice wdssen as target organ for microbeam
irradiation. We have shown that no acute adversetsfoccurred after MRT with peak doses up

to 400 Gy.

In the current study, the irradiation dose was d@seMonte Carlo simulations designed to
simulate both the reference conditions and theliateon geometry in the animals. An
experimental dosimetry study for the microbeandiaton was not performed. The
development of specific phantoms to reproducertiaeliation geometry in the animals in

combination with high resolution detectors couldabenteresting theme for future studies.

The diameter of an alveolus, the structural unwimch the gas exchange takes place, is about

200pum in humans and 35-45n in mice [14]. Thus, dose calculation in humanegrdas might



be somewhat easier with respect to the changes /olid / soft tissue interfaces, but more
demanding because of the increase in scatter exgpatthe larger target areas in human

patients, which would result in a decrease of ¥iBR [10].

To allow irradiation of irregular (not rectangulahaped targets without risking functional
cardiac damage, the experimental setup shouldfimede One could introduce a multileaf
collimator which allows the temporary blocking ofcmobeam paths in analogy to clinical
radiotherapy. Another solution might be the ingertof a radiopaque mask protecting the heart.
Provided that a low toxicity profile can be showsoan long-term studies after MRT in the

lung, we suggest to test a scenario where MRTad as a simultaneously integrated boost (SIB)
in a clinical radiotherapy schedule, in order thiage a higher single fraction dose. Clinically,
the SIB concept has been shown to result in lologad recurrence-free survival in patients with
NSCLC [15]. This could be an especially interestapgroach in patients with a low percentage

of PD-L1 positive tumour cells reported in theiaihistology.

A high percentage of PD-L1 positive cells withituanour correlates to a high responsiveness of
the tumour to newly developed check-point inhitstand thus to a better tumour control and
longer survival times [16]. Recent data suggedthigpofractionated radiotherapy might support
the induction of PD-L1. This radiotherapy-inducdd-P1 expression has been reported to be
stable and long-lastinag vitro as well as clinically [17,18,19]. MRT can be calesied a
hypofractionated radiotherapy approach par exce#lewith between one and three fractions

reported in the literature. It would be interestindollow up the work hypothesis that MRT



induces the check point inhibitor PD-L1 and thupliaves tumour responsiveness to

immunotherapy.

With its extremely good preservation of normaldiss$unction observed previously in brain
tissue, MRT might also prove to be a good appraéachcrease both the quality of life and the

recurrence free interval for patients with lung@am

Conclusion

Microbeam irradiation studies in the lung of miece technically feasible, although technically
challenging. The mouse model can therefore be dereil a suitable tool for further preclinical

studies focused on the treatment of lung cancetlandtudy of normal tissue tolerance.
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Figurelegends

FIGURE 1.
Screen shot of the control room terminal with theral positioned in the beam (A) and the pre-

irradiation X-ray image (B), both with the beamagrentry zone marked.

FIGURE 2.

Dose-volume histogram (DVH) for peak dose and yalleses expected for the non-irradiated
lung, the heart and the spinal cord after microb&eadiation with peak doses of 40 Gy (B) and
400 Gy (C). Similar to the valley dose curves,shape of the curves for peak doses of 40 Gy

and 400 Gy is identical but the values differ haetor of 10.
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FIGURE 3.

Microphotographs of lung tissue after gamma H2AXniamostain.

The staining intensity is much less intense at@4r after irradiation with peak doses of 40 Gy
(A), as compared to 400 Gy (B). The staining initgriacreases continuously until the end of
the observation period at 72 hours after irradmtas shown in the immunofluorescence images

at 48 hours (C) and 72 hours (D) after irradiatioth peak doses of 400 Gy.
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