Feasibility of small animal cranial irradiation with the microRT system
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Purpose: To develop and validate methods for small-animal CNS radiotherapy using the microRT
system. Materials and Methods: A custom head immobilizer was designed and built to integrate
with a pre-existing microRT animal couch. The Delrin® couch-immobilizer assembly, compatible
with multiple imaging modalities (CT, microCT, microMR, microPET, microSPECT, optical), was
first imaged via CT in order to verify the safety and reproducibility of the immobilization method.
Once verified, the subject animals were CT-scanned while positioned within the couch-immobilizer
assembly for treatment planning purposes. The resultant images were then imported into CERR, an
in-house-developed research treatment planning system, and registered to the microRTP treatment
planning space using rigid registration. The targeted brain was then contoured and conformal
radiotherapy plans were constructed for two separate studies: (1) a whole-brain irradiation com-
prised of two lateral beams at the 90° and 270° microRT treatment positions and (2) a hemispheric
(left-brain) irradiation comprised of a single A-P vertex beam at the 0° microRT treatment position.
During treatment, subject animals (n=48) were positioned to the CERR-generated treatment coor-
dinates using the three-axis microRT motor positioning system and were irradiated using a clinical
Ir-192 high-dose-rate remote after-loading system. The radiation treatment course consisted of 5 Gy
fractions, 3 days per week. 90% of the subjects received a total dose of 30 Gy and 10% received a
dose of 60 Gy. Results: Image analysis verified the safety and reproducibility of the immobilizer.
CT scans generated from repeated reloading and repositioning of the same subject animal in the
couch-immobilizer assembly were fused to a baseline CT. The resultant analysis revealed a
0.09 mm average, center-of-mass translocation and negligible volumetric error in the contoured,
murine brain. The experimental use of the head immobilizer added *0.1 mm to microRT spatial
uncertainty along each axis. Overall, the total spatial uncertainty for the prescribed treatments was
*0.3 mm in all three axes, a 0.2 mm functional improvement over the original version of microRT.
Subject tolerance was good, with minimal observed side effects and a low procedure-induced
mortality rate. Throughput was high, with average treatment times of 7.72 and 3.13 min/animal for
the whole-brain and hemispheric plans, respectively (dependent on source strength). Conclusions:
The method described exhibits conformality more in line with the size differential between human
and animal patients than provided by previous prevalent approaches. Using pretreatment imaging
and microRT-specific treatment planning, our method can deliver an accurate, conformal dose
distribution to the targeted murine brain (or a subregion of the brain) while minimizing excess dose
to the surrounding tissue. Thus, preclinical animal studies assessing the radiotherapeutic response of
both normal and malignant CNS tissue to complex dose distributions, which closer resemble
human-type radiotherapy, are better enabled. The procedural and mechanistic framework for this
method logically provides for future adaptation into other murine target organs or regions. © 2008
American Association of Physicists in Medicine. [DOI: 10.1118/1.2977762]
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I. INTRODUCTION models would allow for the recapitulation of human cancer
treatments (combinations of chemotherapy, radiation therapy,
Animal models are an essential tool for the preclinical evalu-  and surgery) on a small-animal scale. However, animal on-

ation of novel oncological therapies. In an ideal world, these cological modeling has historically been limited by a lack of
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small-scale, conformal radiotherapy.1 Clinical conformal ir-
radiators, while highly accurate and precise, are impractical
for small-animal applications; smaller organs require smaller
field sizes and more precise beam localization. To maintain
conformality on a small-animal scale, error margins must be
reduced by one order of magnitude to ~*0.2 mm.>* Given
the dearth of animal-specific conformal radiotherapy systems
and the intransitivity of clinical conformal irradiators to the
animal arena, little progress has been made in animal-
modeled, targeted radiotherapeutic response studies. While
there has been progress in chemotherapeutic response experi-
ments, the lack of an adequate radiotherapeutic analog has
rendered the pursuit of combinatory cancer response studies
exceedingly difficult.!

Multiple studies involving murine brain irradiation have
been reported, all of which utilized x-ray sources and func-
tionally non-conformal approaches. Monje et al. delivered
whole-brain irradiation to adult rats by applying a full-body
field with selective body shielding, in an attempt to correct
for the excessive field size.* Mizumatsu ef al. and Yuan et al.
employed similar methods while irradiating multiple subjects
simultaneously.s’6 In most cases, treatment-related toxicities
were not reported, though Cotrim et al. noted a 60% de-
crease in salivary flow resulting from such an approach.7 In
all the above studies, there is no reported dose distribution
and no mention of dose homogeneity within the targeted
brain.

Our group has developed and described a novel, small-
animal conformal irradiator named microRT, following the
standard naming convention used to distinguish between hu-
man and animal use. microRT integrates multi-modality im-
aging capabilities, a custom treatment planning system, and
submillimeter accurate animal positioning and dose delivery.
However, no reproducible, conformal microRT methods have
been published to date. We now propose such a method for
conformal radiotherapy targeting the murine brain, both in
whole and in subregions. This novel method utilizes pretreat-
ment CT imaging, custom head immobilization, and confor-
mal radiotherapy planning to allow for the assessment of
both normal and malignant tissue response in a prospective
fashion. In this report, we investigate and report on the fea-
sibility of using the microRT system in preclinical studies
requiring murine brain irradiation. Components of the mi-
croRT system evaluated included the subject immobilization
and target delineation accuracy; treatment planning, delivery,
and throughput; and acute tolerability of the fractionated
treatment regimens applied.
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Il. Methods and Materials
Il.LA. microRT

The components of the microRT system have been de-
scribed previously.” In brief review, microRT utilizes: (1) a
clinical, high-dose rate (HDR) remote after-loading system
with a 3.6 mm length X 0.65 mm diameter, cylindrical Ir-192
source (Nucletron, Columbia, Maryland); (2) a custom alu-
minum collimator assembly with tungsten collimator inserts
(0.375 in. thickness X 3.8 mm ID opening) at the 0°, 90°,
180°, and 270° treatment positions; (3) a translational three-
axis motor assembly for couch positioning (Velmex, Bloom-
field, New York); (4) a multi-axis stepper motor amplifier
(Primatics, Tangent, Oregon); (5) a LABVIEW-based software
interface to control the motor assembly; (6) a custom Delrin®
animal couch with fiducial markers for CT registration; (7) a
spatial digitizer for pretreatment couch-to-collimator calibra-
tion (Immersion, San Jose, California); (8) a DICOM-
compliant custom treatment planning system, microRTP,
based on a downloadable, in-house MATLAB-based software,
CERR:® and (9) a rapid dose calculation model, based on
Monte Carlo simulations and a modified parametric beam
model.?

I1.B. Animal models

All animals were used in accordance with an established
animal studies protocol approved by the Washington Univer-
sity School of Medicine Animal Studies Committee. We uti-
lized multiple small-animal models for the multiple CNS
studies performed using microRT. For tumor control and the
evaluation of novel drugs in conjunction with radiotherapy,
we utilized a well-described nude/nude mouse model (Jack-
son Laboratory, Bar Harbor, Maine) with intra-cranially im-
planted U87 tumor cells.” For normal tissue studies, we uti-
lized nude/nude and C57BL/6 mouse strains (Jackson
Laboratory, Bar Harbor, Maine). In all cases, the care, feed-
ing, and use of any drug or radiation therapy was defined by
the specific animal studies protocol and the methods for each
experiment. In most cases, the subject animals were in the
6—10 week age range during treatment. For imaging and re-
producibility of setup experiments, we utilized animals
across this range of ages in order to assess if animal size
drastically impacted setup uncertainty.

FiG. 1. (1) Custom head immobiliza-
tion (HI) device showing (a) bite bar;
(b) ear prongs; (c) slide adjustor and
(2) microRT couch-HI assembly.
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II.C. Anesthetization and immobilization

Prior to both imaging and irradiation, each subject animal
was anesthetized via intra-peritoneal injection, using 5 ul/g
mouse weight of a standard cocktail of 78.1% dH,0, 19.0%
ketamine (100 mg/mL), and 2.9% xylazine (100 mg/mL)
by volume. Once full anesthesia was established, each sub-
ject was positioned within a custom, adjustable head immo-
bilization (HI) device affixed to the microRT couch (Fig. 1).
Immobilization was provided via three-point contact be-
tween (1) the HI device’s bite bar and the animal’s top teeth
and (2-3) the HI device’s prongs positioned within the ani-
mals ear canals (Fig. 2).

II.D. Reproducibility of immobilization and contouring

Following anesthetization and positioning within the mi-
croRT couch-HI assembly, the same subject animal was CT-
scanned using a Phillips Brilliance 16-slice Big Bore CT
Scanner (Phillips Medical Systems; Bothell, WA) and was
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FIG. 2. Side/top views of subject ani-
mal positioned within the microRT
couch-HI assembly, demonstrating the
elevated head.

then removed from the assembly, repositioned, and res-
canned for a total of three scans. The resultant DICOM im-
ages were then imported into CERR using the custom
“DICOM-import” CERR tool and were contoured (both brain
and skin) using the custom CERR contouring tools.® Then,
using the “image fusion” tool in CERR, the three scans were
fused using 6 degree of freedom rigid registration (resulting
in couch assembly overlays) to an arbitrarily assigned base
scan (one of the three aforementioned scans) registered in the
custom microRTP treatment planning space. This registration
was performed using CERR and a rigid registration algorithm,
which generates a pure rotational and translational Euclidian
transformation matrix with no scaling.8 Custom-written MAT-
LAB analysis was subsequently performed on the fused scans
to assess the translocational and volumetric deformation er-
rors resulting from subject repositioning within the immobi-
lizer. Center-of-mass (COM), bounding box (3D-cube en-
closing a structure), and volumetric values for the contoured
brain were calculated and compared to those of the base

FiG. 3. CT image of a subject animal in microRT couch-HI assembly, contoured and registered in microRTP: (a) transverse view; (b) sagittal view; (c) coronal

view.
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FIG. 4. Conformal radiotherapy plan and resultant dose distribution (summation of lateral beams) for whole-brain irradiation: (a) transverse view; (b) sagittal
view; (c) coronal view. Dose units were set arbitrarily in the planning system and subsequently renormalized to the prescribed 5 Gy dose.

scan. In a similar manner, the brain structure from a single
scan of the same subject animal was recontoured three times
and analyzed to determine the amount of error attributable to
human contouring inconsistencies.

ILE. Treatment planning

Under anesthesia, subject animals were positioned within
the couch-immobilizer assembly and a CT scan was ac-
quired, as described above. The CT images were imported
into CERR, contoured, and registered in microRTP as above
(Fig. 3). Conformal radiotherapy plans were then constructed
for two separate CNS studies; one a whole-brain irradiation
and one a hemispheric (left-brain) irradiation. Within the
microRTP/microRT planning system, it is possible to vary
the isocenter position, use one of four beam positions (cur-
rent system), and vary the size of the tungsten collimators to
generate different size beams. For both studies, the radio-
therapy plans were designed to minimize exposure to the
mucous membranes of the oral cavity, oropharynx, nasal
structures, esophagus, trachea, eyes, and ears. For the whole-
brain irradiation, the final treatment plan consisted of two
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fields per fraction, utilizing equally weighted lateral beams
(left and right) at the 90° and 270° microRT treatment posi-
tions (Fig. 4). For the hemispheric irradiation, the final treat-
ment plan consisted of one field per fraction, utilizing an A-P
vertex beam at the 0° microRT treatment position (Fig. 5).
Dose-volume histograms were generated for each plan (Fig.
6). The 3D coordinates corresponding to the physical mi-
croRT treatment space for the constructed plans were then
outputted in CERR for pre-treatment motor positioning.

IL.F. Subject positioning

Before each treatment session, the microRT’s three-axis
motor positioning system was recalibrated to the physical
coordinates of the microRT treatment space. In the original
version of microRT, a spatial digitizer was used for the cali-
bration procedure.2 In these studies, the digitizer calibration
was replaced by a LABVIEW-based program, which compared
the rigid position of the microRT stage to the rigid positions
of the limit switches on each of the three axes of the motor
positioning system. Previously, the microRT positioning er-
ror during treatment was =0.5 mm, which was thought to be
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FIG. 5. Conformal radiotherapy plan and resultant dose distribution for hemispheric (left-brain) irradiation: (a) transverse view; (b) sagittal view; (c) coronal
view. Dose units were not specified in the planning system and subsequently renormalized to the prescribed 5 Gy dose.

due to the =0.3 mm error of the spatial digitizer.2 Using the
mechanical switch-to-stage calibration, that source of error
has been eliminated. Once microRT had been properly cali-
brated and anesthesia and immobilization had been adminis-
tered, the subject in couch was loaded onto the microRT
stage and positioned to the CERR-outputted coordinates using
the software interface.

FI1G. 6. Immobilized subject animal positioned within the microRT collima-
tor assembly at the 90° and 270° microRT treatment positions, respectively,
for whole-brain irradiation.
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I.G. Irradiation

For the whole-brain irradiation, each animal (n=38) was
treated with two lateral beams at the 90° and 270° microRT
treatment positions, 2.5 Gy per beam, prescribed to midline,
for a total of 5 Gy per fraction per animal (Fig. 6). Each
animal received six fractions for a total dose of 30 Gy. For
the hemispheric irradiation, each animal (n=10) was treated
with one vertex beam at the 0° microRT treatment position,
prescribed to midline, for a total of 5 Gy per fraction per
animal (Fig. 7). Half of the animals in this study received six
fractions for a total dose of 30 Gy, while the other half re-
ceived 12 fractions for a total dose of 60 Gy. For the 30 and
60 Gy dose levels, fractions were delivered 3 days/week
(Monday, Wednesday, Saturday) over two- and four-week
periods, respectively. The animals were treated according to
the generated radiotherapy plans using a clinical Ir-192 HDR
remote after-loading system (Nucletron, Columbia, Mary-
land) collimated via the microRT collimator system. Given
the inputted couch coordinates and the targeted fraction dose,
treatment times were calculated using the modified paramet-
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1]

FIG. 7. Front/rear views of an immobilized subject animal positioned within
the microRT collimator assembly at the 0° microRT treatment position for
hemispheric (left-brain) irradiation.

ric beam and dose models previously described by Stojadi-
novic et al.” The delivered dose rate averaged ~90 cGy/min
over the treatment course.

lll. RESULTS
lll.LA. Immobilization and contouring accuracy

The fused 3-CT scan set and the 3 X-recontoured CT scan
used to assess immobilization and contouring reproducibility
can be found in Figs. 8 and 9, respectively. By visual inspec-
tion, the two figures exhibit a relatively equivalent (low)
level of contour variation, indicating that a substantial
amount of immobilization reproducibility error may be ex-
plained by contouring inconsistencies. A more quantitative

4740

TaBLE I. Average translocational and volumetric deformation errors from
Fig. 8 analysis of brain contours (3-CT fused scans).

Translocation error X y z
Bounding box (mm) 0.08 0.34 1.53
Center of mass (mm) 0.07 0.16 0.17

Volumetric error
Volume (mm?) 6.30

comparison, resulting from the aforementioned MATLAB
analysis, can be derived from Tables I and II. For the fused
scans across all axes (Fig. 8), the Matlab analysis revealed
the following averages: COM deviation of 0.12 mm, bound-
ing box deviation of 0.65 mm, and volumetric deviation of
6.30 mm?. Similarly, for the recontoured scan (Fig. 9), COM
deviation was 0.04 mm, bounding box deviation was
0.52 mm, and volumetric deviation was 3.56 mm?. Bounding
box deviation proved rather ineffective as an error gauge,
due to its sensitivity to singular stray contours. Conversely,
volume differences were observed to be small in both cases.
When adjusted for contouring inconsistencies, the fused im-
ages recorded a small 2.74 mm? average volume difference,
roughly equivalent to a 1% change in brain volume (from an
average volume of 270 mm?). The most quantitatively sig-
nificant finding was an average adjusted COM translocation
of 0.09 mm across all axes. The use of the HI device effec-

FIG. 8. Translationally and rotationally fused CT scans of the same subject animal re-positioned and rescanned three times in the microRT couch-HI assembly:

(a) transverse view; (b) sagittal view; (c) coronal view.

Medical Physics, Vol. 35, No. 10, October 2008



4741 Kiehl et al.: microRT: CNS Radiotherapy

TaBLE II. Average translocational and volumetric deformation errors from
Fig. 9 analysis of brain contours (3X recontoured CT scan).

Translocation error by y z
Bounding box (mm) 0.19 1.31 0.05
Center of mass (mm) 0.01 0.01 0.10

Volumetric error
Volume (mm?) 3.56

tively added an additional 0.1 mm to the existing microRT
margins.

lll.B. Treatment throughput

The pretreatment setup, which includes couch-to-
collimator calibration and the loading of treatment plan data
into both the source and microRT software interfaces, ini-
tially took ~30 min to complete. By the last fraction, setup
time had been optimized to ~15 min. Over the course of the
fractionated treatment period, the air-kerma strength of the
Ir-192 source ranged from 1.705 to 3.010 cGy m?/h. Conse-
quently, the treatment times varied in turn; a summary can be
found in Table III. In total, the treatment times per 5 Gy
fraction/animal averaged 7.72 min for the whole-brain plan
and 3.13 min for the hemispheric plan. The lower average
treatment time per unit dose delivered for the hemispheric
irradiation was due to the setup geometry, which allowed for

4741

a shorter source-to-target distance at the 0° treatment posi-
tion. Repositioning times between opposed lateral beams and
between subject animals decreased by half to ~30 s at the
completion of the studies. Conversely, the time required to
remove and store this system remained relatively constant
throughout at ~10 min. Postoptimization, a cage of five
mice treated with a 5 Gy fraction required an average of
68.1 min and 42.7 min for the whole-brain and hemispheric
irradiations, respectively.

lll.C. Subject outcomes

No complications were observed related to either the HI’s
bite bar or its ear prongs positioned within the subject’s ear
canals (Fig. 3). Both prescribed radiotherapy plans (Figs. 4
and 5) provided adequate avoidance of the tissues that were
to be avoided, although the whole-brain plan was slightly
more conformal in this regard. The hemispheric plan did
display slightly elevated dose levels (~2.2 Gy, 44% of max
dose) near the esophagus and trachea (Fig. 5). Overall, both
regimens were tolerated well. Minimal skin erythema was
observed and the subject animals were not in distress, dehy-
drated, or suffering from mucositis. Of the 48 total animals
irradiated in both studies combined, 43 survived the entire
treatment course (90%) with three mortalities attributed to
anesthesia, resulting in a procedure-induced mortality rate of
6.3%.

FIG. 9. The brain structure from one CT scan of the same subject animal from Fig. 8 contoured three times to measure the relative amount of error attributable
to human contouring inconsistencies: (1) transverse view; (2) sagittal view; (3) coronal view.

Medical Physics, Vol. 35, No. 10, October 2008
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TaBLE III. Summary of irradiation times for whole-brain and hemispheric irradiations.
Per beam Per fraction
Irradiation time Min (s) Max (s) Avg. (s) Min (s) Max (s) Avg. (s)
Whole-brain 181.4 281.5 231.5 362.8 563.0 462.9
(3.02 min) (4.69 min) (3.86 min) (6.05 min) (9.62 min) (7.72 min)
Hemispheric 141.3 234.4 187.9 141.3 234.4 187.9
(2.36 min) (3.91 min) (3.13 min) (2.36 min) (3.91 min) (3.13 min)
IV. DISCUSSION device and revealed a minimal, ~=*=0.1 mm increase in

Using the described procedures, we have developed and
characterized a conformal method of murine CNS radio-
therapy. Our novel method is the first standardized approach
that utilizes microRT to deliver conformal irradiation to an
immobilized, small-animal target organ or region. Improve-
ments in microRT error margins resulted in radiotherapy
with increased conformal character, which was administered
in an efficient manner well-tolerated by its animal subjects.
With a targeted region of the murine brain, this method can
be employed (and adapted) to conduct a myriad of preclini-
cal studies assessing the radiotherapeutic response of both
normal and malignant brain tissue with or without additional
treatments (chemotherapy, surgery, etc.).

Unlike previous methods of small-animal brain irradia-
tion, our technique is more conformal and provides 3D dose
distribution information as well as dose-volume data. Prior
preclinical brain irradiations have been predominated by
nonuniform, nontargeted dose delivery resulting from full-
body radiation fields with selective shielding.“f7 Utilizing
pretreatment imaging and custom treatment planning, our
method delivers targeted, uniformized radiation to the mu-
rine brain and its substituent regions. The surrounding tissue
is effectively spared from excess dose, without the use of
body shielding.

As opposed to clinical conformal devices, which carry
average treatment uncertainty of =2 mm?, microRT provides
accuracy to within 0.2 mm in all translational axes, cover-
ing a wide range of potential treatment areas, including the
murine brain. This level of accuracy represents a 0.3 mm
improvement over the original version of microRT due to
improvements in the calibration procedure and elimination of
the spatial digitizer error. Previously, microRT possessed
maximum spatial errors of *£0.5 mm, more accurate than
human conformal irradiators by a factor of 4, yet still shy of
the targeted factor of 10 for true, small-animal conformality.2
The improved *£0.2 mm spatial uncertainty is more in line
with the relative size differential between human and animal
subjects.

Additionally, the microRT system integrates many mod-
ern clinical radiotherapy features, including 3D dose distri-
bution analysis, custom immobilization, image guidance,
multi-beam treatment planning, and computer-controlled po-
sitioning. Our method utilized a custom immobilization de-
vice in combination with the existing microRT hardware for
the first time. CT imaging and the subsequent MATLAB analy-
sis validated the safety and reproducibility of the novel HI

Medical Physics, Vol. 35, No. 10, October 2008

overall microRT treatment margins (to =0.3 mm) when uti-
lizing the head immobilization system. The multi-modality
imaging compliance of the couch-HI assembly (Delrin®
composition for both) and the slide adjustability of the HI’s
bite bar further allowed for the pretreatment imaging and
conformal treatment planning of subject animals of a variety
of ages and sizes. We constructed and deployed two such
conformal plans in separate studies, a multi-beam, whole-
brain irradiation and a single-beam, hemispheric irradiation.
However, given the availability of four microRT beam orien-
tations, our method would allow for the similar construction
and deployment of additional, multi-beam, conformal plans
including sub-total irradiations (e.g., quarter-brain) and more
complex dose distributions.

For the administered treatment plans, the radiation regi-
men was tolerated well with minimal side effects, a low
treatment-related mortality rate (6.3%), and relatively high
average animal throughput. This reflects well on the future
feasibility of similar, large-scale studies delivering conformal
radiation using microRT (to the murine brain and elsewhere),
though future systems may utilize gas anesthetics in an at-
tempt to reduce the rate of anesthetic-related mortality. The
combination of *0.3-mm-accurate radiation, custom immo-
bilization, multi-modality pretreatment imaging, conformal
radiotherapy planning, and high subject tolerance and
throughput in this study effectively renders this first targeted
microRT method the most efficacious and efficient small-
animal model of clinical, conformal CNS radiotherapy to
date. The comprehensive, conformal nature of microRT pro-
vides the fundamental framework to improve radiation
therapy studies on tumor kinetics and therapeutic response
and to pursue combinatory cancer studies including confor-
mal radiotherapy approaches. Our method would be easily
adaptable to conformal radiotherapy of other murine target
regions via the creation and integration of additional immo-
bilization devices and alternate conformal treatment plans.

Multiple areas for improvement do still exist within the
microRT and microRTP frameworks. Although the improved
error margins for microRT satisfy the targeted order of mag-
nitude accuracy increase compared to human conformal de-
vices, the inclusion of HI elevates the overall treatment mar-
gins, albeit slightly, above the targeted =0.2 mm threshold.
Additionally, the previously verified accuracy of microRT
dose delivery to within 10% of the prescribed dose (using
radiochromic film measurements)” still exceeds the clinically
accepted 5% error level. It has also occasionally proved dif-



4743 Kiehl et al.: microRT: CNS Radiotherapy

ficult to provide the desired level of dose uniformity through-
out the targeted tissue in the microRTP system (Fig. 5). Thus,
while the described microRT method is currently the most
conformal approach on a small-animal scale, it remains shy
of true conformality. Further fundamental microRT accuracy
and uniformity improvements should and will be pursued.

The inclusion of additional, bracketed treatment positions
beyond the current four would allow for the creation of more
complex multi-beam radiotherapy plans and, hence, more
complex and uniformized dose distributions. One potential
solution that has been both researched and proposed is a
hardware conversion to an kV x-ray radiation source featur-
ing a rotational immobilization system and a static gantry.10
Such a system could provide both translational and rotational
conformal functionality and may potentially increase the set
of deliverable radiotherapy plans. With respect to methods
improvements, throughput could potentially be further in-
creased through the integration of a shielded, multi-subject
loading device with gas anesthesia. Such a device should
decrease intra-plan and inter-animal repositioning lag times
and is currently in the prototyping phase awaiting testing.
Additionally, while the current couch and head immobiliza-
tion are compatible with CT and microCT, microMR, micro-
PET, microSPECT, and optical imaging modalities, the cur-
rent microRTP couch registration process has only been
tested using CT. The revision of the CERR software to allow
for registration with all compatible imaging modalities
would increase the functional use of a wider variety of im-
aging options and would create a system of co-registration;
this research is currently ongoing. Lastly, experimentation in
methods expansion into other immobilized murine target re-
gions will be pursued.

V. CONCLUSIONS

The method described exhibits conformality more in line
with the size differential between human and animal patients
than provided by previous prevalent approaches. Using pre-
treatment imaging and microRT-specific treatment planning,
our method can deliver an accurate, conformal dose distribu-
tion to the targeted murine brain (or a subregion of the brain)
while minimizing excess dose to the surrounding tissue.
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Thus, preclinical animal studies assessing the radiotherapeu-
tic response of both normal and malignant CNS tissue to
complex dose distributions, which closer resemble human-
type radiotherapy, are better enabled. The procedural and
mechanistic framework for this method logically provides
for future adaptation into other murine target organs or re-
gions. Multiple studies of murine CNS response to radiation
therapy delivered using the microRT system are ongoing.
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