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Dosimetric verification of volumetric
modulated arc therapy-based total marrow
irradiation using Eclipse treatment planning:

An anthropomorphic phantom study
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Supaporn Srisuwan, and Puangpen Tangboonduangjit*

Master of Science Program in Medical Physics, Department of Diagnostic and Therapeutic Radiology,
Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, 10400, THAILAND

Abstract

Introduction: The application of volumetric modulated arc therapy (VMAT) to treat total marrow irradiation
(TMI) requires several arc fields, which is possible to present hot and cold spots between the arcs and the
junctions between each planning target volume (PTV) subvolume. The objective of this study was to
determine the dosimetric accuracy of volumetric modulated arc therapy-total marrow irradiation technique
(VMAT-TMI).

Material and methods: The treatment planning of Eclipse AAA algorithm version 13.6 with dose grid size
of 2.5 mm was performed for VMAT technique. The PTV consisted of whole bone marrow from head to
mid femur. Plans with 10 arcs were optimized for 6 MV photon beams with the dose prescription of 12 Gy
in 6 fractions. This VMAT plan was evaluated by dosimetric verification using thermoluminescent dosimeter
(TLD) to measure the radiation dose in the target of the anthropomorphic phantom. Gafchromic EBT3 films
were also used to verify the planar dose at the overlapping regions and within some organs. The gamma
criteria of 3%/3mm and 5%/5mm were applied for planar dose evaluation. All measurements were repeated
3 times.

Results: The average %dose difference from TLD measurement in the H&N region was -1.39%, the chest
region was 1.80%, the pelvis region was 2.75%, the H&N-chest junction was 2.95% and the chest-pelvis
junction was -1.56%. The average %passing rate for gamma criteria of 3%/3 mm and 5%/5 mm from
Gafchromics EBT3 films measurement in lungs were 89.1 + 5.3% and 96.8 + 1.3% and at the chest-pelvis
junction were 84.2 + 2.7% and 96.0 + 0.2%, respectively.

Conclusions: The results confirmed the accuracy of dosimetry for the gamma criteria of 5%/5mm. The
VMAT-TMI plan could deliver radiation dose accurately and reliably with reasonable benchmark.

Keywords: Total marrow irradiation, Total body irradiation, Volumetric modulated arc therapy
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Introduction

Total body irradiation (TBI) is commonly used
with chemotherapy for patient treatment with
hematologic malignancy before stem cell
transplantation. The purpose of TBI is to destroy
malignant cell or cell with genetic disorders and
suppress immune of the patient to prevent the
rejection of the donor stem cell. The conventional
TBI technique has been developed in order to achieve
dose homogeneity within £10% at the patient’s mid-
line!”. There are two commonly-used TBI techniques
with delivered in parallel opposed fields? i.e.,
anterior-posterior/posterior-anterior (AP/PA) fields and
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right-left lateral (RL LAT) fields. Patient was positioned
from 3 — 5 meters from gantry isocenter and treated
whole body with sparing some normal tissues. The
problem of TBI technique is the variation of body
thickness facing difficulty to make uniform dose
distribution and long treatment time. The most
significant toxicity was lung toxicity causing the major
limit dose to TBI technique. Patients treated with TBI
technique increases risk for radiation toxicity. For
example, lungs with large radiation dose can lead to
interstitial pneumonitis which was a major cause of
mortality®. Therefore, the method to get rid of lung

toxicity is to use lungs shielding. Nevertheless, the



problem of using lungs shielding are decreasing the
radiation dose to bone marrow and making dosimetric
error because of inaccurate position of lung shielding.
So the total marrow irradiation (TMI) has been
developed to irradiate for only bone marrow. Due
to innovation in radiotherapy technique, the
therapeutic ratio can be improved by obtaining
tighter target coverage and reducing radiation dose
to normal tissue. Volumetric modulated arc therapy
(VMAT) has been developed by using customized
algorithm to deliver intensity modulated radiotherapy
(IMRT) in dynamic arc rotations around the patient.
For each arc, shape of beam aperture is defined by
multileaf collimators (MLC) while intensities are
modulated by varying gantry speed and dose rate
that improved dose conformality to target, decreased
radiation dose to normal tissue and the important
one, reduced the treatment time. The treatment plan
for VMAT-TMI is separated for three PTV subvolumes:
head and neck (H&N), chest, and pelvis. However,
the VMAT plan requires several arc fields, it shows
hot and cold spots between the arcs and the
junctions between each planning target volume (PTV)
subvolume. Dosimetric verification was performed to
verify the accuracy of radiation dose in VMAT-TMI
plan.

Material and methods

Simulation

An anthropomorphic Rando phantom (Radiology
Support Devices, Inc., CA, USA) was scanned using
the GE optima 580 CT simulator (GE Healthcare,
Chicago, IL, USA) with 512 x 512 pixels per slice. The
CT images were scanned from vertex of the skull to
mid-thigh of the phantom with slice thickness of 5

mm.
Treatment planning technique

The Eclipse treatment planning of Anisotropic
Analytical Algorithm (AAA) algorithm version 13.6

(Varian Medical System Inc., Palo Alto, CA, USA) using
dose calculation grid size of 2.5 mm was performed
for RapidArc technique (Varian Medical System Inc.,
Palo Alto, CA, USA) with the prescribed dose of 12
Gy in 6 fractions. The clinical target volume (CTV) was
consisted of whole bone marrow from skull to mid-
thigh of femurs and then margin of 2 mm was added
to generate PTV. The organs at risks (OARs) included
lungs were contoured by a radiation oncologist. The
PTV was divided into 3 subvolumes i.e., H&N, chest,
and pelvis subvolumes as shown in Figure 1. The
H&N and chest region were separated at C6 vertebral
level and chest, while pelvis region was separated
at L1 vertebral level. For the first arc, the range of
the gantry started from 181 to 179 degree, 185 to
175 degree and 181 to 179 degree for H&N plan,
chest plan, and pelvis plan, respectively. The second
arc of each plan was overlapping at minimum of 2
cm to prevent hot and cold spot between arcs. The

H&N plan, chest plan, and pelvis plan were used 3,

Figure 1 Three subvolumes (green region for head & neck,

blue region for chest, and pink region for pelvis subvolumes)
in VMAT-TMI planning with 10 arcs and multiple isocenters.
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4, and 3 arc fields, respectively. The collimator was
set to 90 degree except in chest subvolume that the
planning collimator was set to 10 degree. The 6 MV
photon beams was used in optimization with 10 arcs
and multiple isocenters. The chest subvolume was
selected as the first subvolume of planning, which
was based plan for H&N and pelvis subvolumes to
reduce the hot and cold spot between junctions.
The dose constraint for evaluation of VMAT-TMI plan
was that the volume of PTV received 12 Gy radiation
dose was more than or equal to 90%. The maximum
radiation dose of 130% was accepted and the OAR
at the upper dose limit (mean dose) for lungs was
less than 8-9 Gy.

Dosimetric verification

Point dose measurement

TLD calibration. The TLD-100 was used in this
study. The TLDs were annealed at 400°C for 1 hour
and 100°C for 2 hours. The TLDs reading were
performed with Harshaw 5500 TLD reader
(ThermoFisher Scientific, Waltham, MA, USA). The
sensitivity of each TLD was estimated by radiation
dose of 2 Gy with 1.25 MeV gamma ray of Co-60
machine at field size of 15 cm x 15 cm for source to
surface distance (SSD) of 80 cm. The bolus of 0.5 cm
was added on TLDs. The calibration factor of TLDs
was calculated from the sensitivity exposure of TLD
in order to convert charge reading form TLDs to

radiation dose.

Dosimetric verification plan using TLDs. To verify
accuracy of radiation dose, TLD-100 was used to
measure the radiation dose in the anthropomorphic
Rando phantom. TLDs were positioned in 52
difference locations and spread throughout the target
(bone marrow) and lungs in anthropomorphic Rando
phantom. The number of TLDs were 16, 18, and 8 in
H&N, chest, and pelvis region, respectively.

Furthermore, 10 TLDs were used for measurement
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in the junctions of H&N-chest and chest-pelvis region
to verify the accuracy of radiation dose and dose
homogeneity.

Planar dose measurement

Film calibration. The calibration curve in dose
range of 0, 0.2, 0.4, 0.8, 1.0, 1.2, 1.6, 1.8, 2, 2.2, 2.4,
and 2.6 Gy for 6 MV photon beams were measured
using Gafchromic EBT3 films LOT number 09071603
(Gafchromic, International Specially Products, Wayne,
NJ, USA), at depth of 10 cm of solid water phantom.
The reader of pixel value was performed using
VIDAR’S DosimetryPRO Advantage (Red) (VIDAR,
Herndon, VA, USA) with 71 resolutions and 16 bits
depth. The known radiation dose of 1 Gy and 2 Gy
were exposed at the same time to confirm the
accuracy of the measurement using both ionization
chamber and Gafchromic EBT3 films. Omnipro I’'mRT
software (Omnipro Systems Inc, San Francisco, CA,

USA) was used to analyze the film results.

Dosimetric verification plan using films.
Gafchromic EBT3 films were used to verify at the
chest-pelvis junction and chest. The measurement
was repeated 3 times. The planar dose results were
evaluated using 2 gamma criteria, including 3 mm
distance to agreement and 3% dose difference and
5 mm distance to agreement and 5% dose difference.
The former criteria was selected in order to follow
the protocol from Task Group number 119 and the
latter one was used also to compare with the study

from Mancosu et al.”

Results

The VMAT-TMI plan for measurement in
anthropomorphic Rando phantom was the plan sum
of H&N plan, chest plan, and pelvis plan. A total
number of monitor units (MU) in H&N plan, chest
plan, and pelvis plan were 973 MU, 1301 MU, and
1232 MU, respectively. The VMAT-TMI plan dose
distribution is shown in Figure 2. The H&N axial,



Figure 2 Isodose distribution of VMAT-TMI plan for an anthropomorphic Rando phantom in dose range of 6 Gy to 12 Gy in (A) H&N

axial plane (B) coronal plane (C) sagittal plane and (D) lung axial plane.

coronal, sagittal, and lung axial planes are shown in
Figure 2A, 2B, 2C and 2D, respectively. The figures
demonstrate remarkably successful dose coverage
to the target and sparing normal tissue. For the target
volume, the mean dose (Dmean), 95% of PTV volume
that received radiation dose (D95) and maximum
dose (Dmax) were 11.32 Gy, 11.83, and 14.87 Gy,
respectively. For the OAR (lungs), the mean dose was

7.06 Gy. The readings of TLDs confirmed the accuracy

of radiation dose. The good agreement was observed
in TLDs measurement. Table 1 shows average %dose
difference between dose calculation from treatment
planning and radiation dose measurement from TLDs.
The results of average %dose difference in all TLDs
position were within 5%. The average %dose
difference in the H&N region was -1.39% (range:
-7.87% to 7.77%), the chest region was 1.80% (range:
-4.33% to 8.41%), and the pelvis region was 2.75%

Table 1 The dose differences between dose calculation from treatment plan and dose measurement from TLDs.

Regions Average dose difference (%)
H&N -1.39+£0.68
Chest 1.80 £2.91
Pelvis 2.75+1.52
H&N-chest junction 2.95+4.68
Chest-pelvis junction -1.56 £ 1.42

Dose difference (%) = (Calculated — Measured)/Measured x 100
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(range: 0.28% to 6.01%). The dose measurement in
each junction showed excellent agreement for %dose
difference of 2.95% (range: 1.20% to 5.74%) and
-1.56% (range: -3.77% to 0.74%) in H&N-chest and
chest-pelvis junctions, respectively. The range of
standard deviation relative to the average dose in
each region of TLD measurement for H&N region was
0.27% to 1.32%, the chest region was 0.07% to 5.52%,
the pelvis was 0.47% to 4.95%, the H&N-chest
junction was 4.08% to 5.89% and the chest-pelvis
junction was 0.74% to 1.99%.

%passing rate for gamma criteria of 3%/3mm and
5%/5mm in chest region which were 89.1 + 5.3%,
and 96.8 + 1.3%, respectively, while the corresponding
rates for chest-pelvis junction were 84.2 + 2.7% and

96.0 + 0.2%, respectively.

Discussion

TBI is an important treatment for hematologic
malignancies in conjunction with intensive
chemotherapy. The commonly-used technique was

extended SSD with parallel opposed fields including:

AP/PA field and bi-lateral field. These TBI techniques

encounter difficulty to obtain dose distribution for

The Gafchromic EBT3 film was used to verify

planar dose distribution at the chest-pelvis junction

the homogeneity of +10% at mid-line because of the
and chest region. Figure 3A demonstrates example generty 7 o .
jation of patient’s body thickness. Th tional
gamma results according to 3%/3mm criteria for lung variation ofpatient:s bocythickness. The conventiona
TBI technique uses external shielding in normal tissue
plan evaluation and profiles along Y-axis for the 1queu X S| S5u
) ) ) to decrease radiation dose. However, the limitation
treatment plan and delivered dose comparison is

shown in Figure 3B. Table 2 reports the averaged of using the conventional T8I technique is lung
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Figure 3 Planar dose verification using Gafchromic fim. (A) example of the gamma result using 3% /3mm criteria evaluation in lung
region: in blue region showed area were less than 3%/3mm and in red color regions reported points which did not pass the criteria (the
gamma evaluations were more than 3%/3mm) and (B) profiles in horizontal axis from figure 3A comparison between profile from the
treatment planning (green color) and the delivered dose (red color).

Table 2 The passing rate of lungs and chest-pelvis junction when using Gafchromic EBT3 films for measurement

compared with treatment planning system.

Gamma passing rate (%)

Regions
3%/3mm criteria 5%/5mm criteria
Lungs 89.1 +5.3% 96.8 £ 1.3%
Chest-pelvis junction 84.2+2.7% 96.0 £ 0.2%
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toxicity (interstitial pneumonitis) which related to the
mean lung dose™. Nowadays, IMRT technique can
deliver precise radiation dose to target and improve
dose homogeneity therefore it can increase high
radiation dose to target while reduce the radiation
dose to normal tissue. Previous study of intensity
modulated TMI (IM-TMI) reported that when
compared to TBI, IM-TMI was better target coverage
and dose reduction to normal tissue by 29 — 65%°".
The major limitation of IMRT was that the maximum
field size of 32 cm x 40 cm which was not enough
to treat shoulder and upper extremities with long
treatment time of 45-50 minutes”. The VMAT
planning has shown excellent target coverage and
lungs sparing, therefore the VMAT-TMI planning was
also successful as shown in Figure 2. This plan
consisted of 3 subvolumes: H&N, chest, and pelvis
subvolumes for optimization with 10 arcs and
overlapping fields to prevent hot and cold spots. This
technique could decrease mean lung dose for sparing
lung and critical organs. The result in Figure 2 shows
that the mean lung dose was 7.06 Gy. Della Volpe,
et al. reported that the risk of interstitial pneumonitis
was decreased from 19% to 4% when lungs received
dose below 9.4 Gy”.

In this study, dosimetric verification between the
dose calculation and dose measurement was
investigated for VMAT-TMI planning technique. The
TLDs were used for radiation dose measurement in
target (bone marrow) and lungs. In some TLD position,
the percentage dose difference was greater than 5%
because it might be gradient of the dose profile which
is sensitive to positional variation. Thus the variation
of dose profile might affect the dose measurement
by using TLDs. The largest percentage dose difference
was 8.41% in the lung region as high standard
deviation can be observed in this point also which
was 5.52%.

Moreover, in our experiment, Gafchromic EBT3
films were also used for measurement in lung region
and chest-pelvis junction. The planar dose distribution
in lung region and junction were verified because
lungs were inhomogeneity area and the junction was
overlapping fields. These region and junction were
needed to confirm the accuracy of dosimetric
verification. The H&N-chest region was not measured
by film in this experiment because this junction was
located by stems of Rando phantom which is too
narrow to insert the film. However, TLD could be
used in this junction and it found that the maximum
%dose difference from treatment planning calculation
was 5.74%.

According to the gamma analysis using Gafchromic
EBT3 film to compare with the treatment planning
dose calculation, the gamma passing rate with criteria
of 5%/5mm for both lung and chest-pelvis junction
were more than 95%. The results showed that VMAT-
TMI obtained good agreement in this planning
technique for gamma criteria of 5%/5mm. However,
when criteria of 3%/3mm is used, the % passing rate
at lung region was 89.1% and at chest-pelvis junction
was 84.3% instead. These results related to the study

“ reported that dosimetric

from Mancosu et al.
verification using Gafchromic EBT3 film to verify dose
distribution in phantom and patient, the gamma
passing rate with criteria of 5%/5mm and 3%/3mm
were greater than 95% and 64% respectively. As
expected for lung region, the accuracy of Eclipse
using AAA algorithm which is convolution-superposition
based algorithm could cause the differences up to
8% at low density tissue especially lung/soft tissue
interface when compared with Acuros XB (AXB)
(principle based algorithm which is closed to Monte
Carlo based) reported by Han et al.®’ Moreover, dose
at the chest-pelvis junction is the combination
between dose from lung and pelvis regions which

might cause hot and cold spots leading to high dose
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gradient region, however, with the ability of dose
smoothing technique as illustrated by Wilkie et al.%,
the hot and cold spots could be compromised.
Nevertheless, the accuracy of dose calculation in this
junction is still in controversy. Film’s result at this
junction shows the lowest value of %passing rate for
the criteria of 3%/3mm which is 84.3% but TLD
measurement shows the % dose difference of about

4% which sound agreeable.

Allin all, the accuracy of treatment planning to
calculate dose of VMAT-TMI technique was obtained
within 3% indicated by TLD measurement except at
lung region which showed 8% difference although
the %passing rate of more than 95% for gamma
criteria of 5%/5mm was achieved as evidenced by

Gafchromic EBT3 film measurement. However, in
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Abstract
Background: Brachytherapy patients should be obtained accurate dose in order to treat as intended.

Objective: To report retrospective comparison of measured reference air kerma rate (RAKR) for Ir-192
HDR(high dose rate) pellet source with the certificate issued by the manufacturer.

Materials and methods: The well-type ionization chamber was a measurement tool of 22 RAKR for Ir-192
pellet sources MicroSelectron V2 type. It was connected to the electrometer to read collected charge. The
pellet dwell position that presented the maximum reading of collected charge value was searched. The
collected charge reading at maximum reading dwell position was performed for 3 times for each 300
seconds dwell time. The averaged charge readings were corrected for source transit effect calibrated, air
density and charge recombination. The reading was calculated to RAKR and compared with the manufacturer's
one.

Results: The maximum charge reading position was found at 19th pellet dwell position. The RAKR differences
between measurement and certification were ranged from -0.76% to+1.15% with the average value of
-0.02+0.56%. The measured RAKRs were less than the certificate done for 12 out of 22 pellets. The differences
between measured and manufacturer’s RAKRs were larger than 1% noticed for 2 out of 22 pellets.

Conclusion: Each replacement of the new source, the medical physicist must verify the manufacturer’s
RAKR. It is an important process as the quality control in brachytherapy treatment. This study shows that
the differences between measured RAKR and the certificate are in the range from -0.76% to +1.15% which
is not more than +3% as required by universal standard.

Key Words:Ir-192 HDR, pellet source, reference air kerma rate
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The patient setting up comparison hetween
using two immobilization devices
for lung cancer patient
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Abstract
Background

Lung cancer radiotherapy requires high accuracy of radiation dose to the target volume. Thus, setup
reproducibility in the lung area is particularly important because there are surrounding critical organs such
as heart and healthy lung tissue. Currently, there are 2 types of the immobilizations including; long mask
(covered chest region) and wing board used to reduce patient setup error in our radiotherapy center. This
study would like to evaluate the accuracy of the used of long mask and wing board for patient setup error.

Objectives

The objectives of this study were to compare the patient setup error between using extended long
mask and wing board setting up and to monitor the patient pain level in different areas when long mask
and wing board were used.

Materials and methods

The 30 cases of lung cancer patients treated with TrueBEAM linear accelerator using VMAT technique
were collected. The patients were divided into 2 groups that used extended long mask group and wing
board group. The weekly CBCT images were taken to evaluate the patient setup error. For the patient pain
level in different areas of using immobilization, the 5 score level (from 1 to 5) in 4 areas including forehead,
shoulder, neck, and back were selected to evaluate the results.
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Results

The total of 180 CBCT images was analyzed. The average results of patient setup errors from long
mask group and wing board group was -0.04+0.37, -0.06+0.40, -0.05+0.33 cm. and 0.08+0.48, 0.14+0.52,
0.11+0.45 cm. for vertical, longitudinal and lateral directions, respectively. The patient setup errors using
long mask were significantly lesser than wing board for all directions supported by p-values, with the reduc-
tion in patient pain at shoulder region. However, the patient pain at forehead region increased when the
mask was used.

Conclusion

The weekly CBCT can be performed to verify the patient position error. Using the extended long mask
immobilization can reduce in patient setup error for all directions with lesser pain at shoulder level for
lung cancer patient treatment.

Key words: Lung cancer, Cone beam computed tomography, Immobilization, Volumetric modulated arc
therapy
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fUrsuzisUanuiausn Ao wiinine1s (Long mask) Aa
Al 1(n) agildnuasduuiunanainiidugaine nan
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ﬁﬂuﬁfuﬁrﬂ’ﬂ1aiﬁ’f%‘umsﬁi’waanmsma%@%mmm%aﬂ
LONTLII 1809155791 (SOMATOM Definition AS
64-slice configuration, Siemens Healthcare GmbH,
Erlangen, Germany) lufuusn aintuninienaisd
ARLA MDY (CT simulation) ﬁiﬁ%gﬂdaﬁﬂﬂﬁammu
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AuAAALAABUYBIUIINae3sEeeT 3 Firvng®
leiun firmsanunanaedouainusumthlugumds
yoagfle (Vertical) firvnamunanaadouainuuIfsus
Tumawihwesghe (Longitudinal) uagdirn1ananuaain
indouanuuidglurvesing (Lateral) nmsi3eu
Wisunm CBCT 1438nsusumnunaaindeusnlusia
NLUUATY (Image registration software) gntutin
Sansunndvinnsuiudisidislasgaindumisesioy
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mﬂﬁuﬁuﬁﬂﬂ'wmwmmﬂLﬂﬁaumaaﬂﬂwuau?{amam
pelusumisiigniesneurinnisansssd

ananitlupsslife Anade Andouuinasgu uay
Independent t-test IngdnaugIN1THRAUAINLANAIT
A1 p-value < 0.05
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Iéiuri 907l 1 Ao wirn (fore head) 3ol 2 fe Wlna
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WUANUN-189 ASwe-Uaneii Lazd1e-921 WUAD
ANNAAIALAABUIRABBYT -0.04+0.37, -0.06+0.40 UaE
-0.05+0.33 Y. AMUEIFU AIATUARIALAFOUVEINTTI
CBCT lufftheuziSaondlldgunsaidasiasaouuudld
wing board Tulwini-1ds Aswe-Uatein wazde-971
Wummmﬂamm?{amaﬁaaﬁ 0.08+0.48, 0.14+0.52
Ay 0.11x0.45 @, mud1AU

Ao (N«k)_;./
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Parameters “ININEND (dN.) Wing board (4a.)
UUN-URY Aqwue- ne-uan UUN-URY Aqwe- ne-uan
lanann lanann
Max 1.03 1.15 0.73 1.15 1.41 1.45
Min -0.99 -1.60 -0.89 -1.55 -1.80 -1.10
Mean -0.04 -0.06 -0.05 0.08 0.14 0.11
SD 0.37 0.40 0.33 0.48 0.52 0.45
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NHAHIN 1 2 3 4 5
wolvaagasdng 4 4 2 4 1
FuAAUNAT 1 1 2 5 6
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a Y] < P 2

AT 2 WAAITZAUAMNIUUINYDIRUIBNLTS
Yantldaunsaintiining1 viavue 15 518 Tusums
A199) leln wtwnn ilnaiaesdne furoaIunas uaz
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& v - o < o A a
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WURAUAIAWEDY A -0.04+0.37, -0.06+0.40 LAz
-0.05+0.33 a1, AUSIRU Busfidpuaanedoule
Tgunsalinn3afUasuuu wing board WUANAIILARIA

\ndeuil 0.08+0.48, 0.14+0.52 uag 0.110.45 wy. A
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wuhmisligunsnifanseineaossiniieuunnesng
Ausgneditdeddey (p-value = 0.040, 0.003, 0.006 Tutu?
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LBUDI5TAULANAIIIINTANEIIUT9HY AITRANTAUND
13ABU 9 33108 LU NeulsA primitive neuroectodermal
tumor (PNET) wagmistasunisnsianatutilaiiodudy

wenmlonnmsmsinnmduensuinnateuds Ty
nauEthefilenmsuarensuanssuandsiinisnsyane
veslsaludaudinludunas (spinal metastasis) waz/M3e
Lﬁaﬁuimﬁwé’q (leptomeningeal metastasis) AI5LH5U
mMsnsRnmdeniuInaludunds egininisnszane
Tugsudnadnanvielsl Saufunisinisinlodunds
(lumbar puncture, LP) wionsiainuiwaduzidalu
Pludunds (cerebrospinal fluid, CSF) wael Fanmed
aunsanuldifissyszann 5% vesing DIPG fuiud
ladndudevinisasnluduaennse Tnenisiene
ihlvdundaionsnilulviundaudsiidosssings T
ilesannuszanas 10% we3gftae DIPG nudiiausily
nelvanfisuzge S Fansishlodunddluding
ﬂ&juﬁ o1 liiAnnsindeuredanssaunUIINYos
\ousywirsanaaazlvdundsld (brain heriation)

i 1 pawdnensludilen DIPG; N A uananin T1 Tneiu

AauLdunaullans e hyposignal intensity, Nn B
3
WAPNIW T2, NN C WARNNIN T2 FLAIR Taaivisnin
B uaz C aziiufauidansne hypersignal intensity Wag
nendlam 4" ventricle, MW D w@AIn W T1 wasdn
N SR y ¥
Gadolinium Tanudnfeulifidnypnenuduuinay

(enhancement) '
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n1sMsaBULle na:we1sIngn

\losannisitadendnuedlsa DIPG Tuilagtu
aunsavhldmensasaninduenssuiunisdnuseIa
LAZATIIITIME Fetunisianzasianatuilesdlilede
Uaidmsunsitads aghdlsfiniu wmnennis ensuans
mssiulsa wazamduens liaenadestuiildnan

2 o UesueIN1sveslIAtUIuNY 3-6 ey,

STaN]
m3aalainu classic triad 38 Mwde sNUADUATOUARL
188N 50-60% VIWeY, intensity Tun W T1 wag T2
sfuiildnanutnedu wienuduiitusenlusuuen
yasiateu nstanztuiiaiiiensiaidaduenatinany

¥ flpaanagfainateuwenlsanu

Sufuluginengui |
esenluauesdu 9 WU atypical teratoid rhabdoid
tumor (ATRT), primitive neuroectodermal tumor
(PNET) walsaitlalaifosondu o Idudnnsinide vie

hemangioblastoma

MsAnwIne Einen wuiniiieen DIPG dauanniiu
¥ila fibrillary astrocytoma @9iAuAd1eadaiy
astrocytoma i high grade lugumisdu 9 ¢
Aimy NM59UNLATAAIN WHO classification 819
§umsinzassie DIPG tusnavldenn esannsinw

WU DIPG agnansanulesaus WHO 1nsa 2 B4 1nsm 4
[15-17]

514 genals

ustlainy 1n3n 1 Fausnshafutoudeusnuiuaes
LM ReTaNsINY WHO 13a 1 59sels @ uenann
igmuirfirumainuaisveansa WHO vaaiiosen
DIPG lugftheeieaiu sadmsdatuie shvusin
Fnlnesevreaiosen deunatuiiedseraliiamis
osunednuuzne B Ineestousiun Insinz Ui
Tanansfioudainsa WHO e1aumnsinaiy * saufedinng
AU 1nsn WHO vas TsADIPG thy laifiennudinius
fumsnernsallsavesiilne ieAsunuauuInianis
fnwuiegslalutlagiiu fedunsinyiludagtuiiing
nsTuiTnde JajauiuRnfuanudunigseiu
luanaveslsa DIPG
Pnmsfnmnsesmatuessiulinanauardu
fifanntilutagiu shlideudlannfudssunes
Wevedlsa DIPG lagnuin 78% ¥04 DIPG aiinsnany
Wuguesduiiusznausedala (histones) Tag 60-70%
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wulu H3F3A (H3 histone, family 3A) Tngfinsunsn
TUsauladiu (lysine) srelusiuaminlotiu (methionine)
fidumids 27 (K27M) Ao Tnsnaneriug K27M-H3 dads
KanTT transcription Teawadifinunnntu Tnenns
naneg K27M-H3 4 axnuluiangiiiosen astrocytoma
WHO 1039 IV @ uagidoinonafinnuiiendesiu TPs3
wag/v3e msnaneiuguesiifu growth factor @
\Aerdesfiunmsimunvesaues n1suenwiinves DIPG 90
nsnaneiug wazseduluiana Jeenaiiusslenilunis
AnwiRgaiug e (targeted therapy) elulusunan

v o

uwana il JalinsAnwisainnnenstsd wazan
nsugasen (autopsy) wudn §Uae DIPG AunTeny
nMsnsEanevedlsalUnIu white matter tract U8 axes
du thalamus uae cerebellum $aude uenani dadl
fUasvanguiinTianunisnszangludauderfuanes
(leptomeningeal dissemination), UTkg subventricular,
frontal horn 484 lateral ventricle 1¢ fatunisaneded
anzaLiesegaien enaliifismelufiaenduil

n1ssSnun

Tutlgtu nsshwmdndmsulsa DIPG Flenisany
$@ 0 Tgmsrndindslifiunumlulsedl fesndou
unsnBunszaneegiuaes Safumsindnentoude
oonviaunIhlfAnanudssiundintuitan
anunsavila

nissnudovsiu

nsdnuidesduiuifngusvasdndniioussim
amsgthelaun n1sltienadiesess (steroids) lidnaylu
sULUUAn visesuwuuiy Tagdiuunnuds nstiealie
sosdannsavilionisvestinedtuldtanm dwsy
fUaedifinnzanudulunyivandsurgesaudie 019
fsanmissindauiieri CSF shunt iileussimienns
AeNE7

n1san9svd

nsessddunsinumdniugiae DIPG wavfiod
Wunneghausadiu (semi urgent) Fan1sanessdananse
WinedsegIuTEEEIaINITIenTinlaUssunn 3-6



wou M TaggUheaislasunisdiassnisaneeding
LONYLII ADUNILAMBS (computed tomography
simulation) wazthamitlglusa (co-registered) funn
o3 (MR) sieeavhmssiassnisaneSednaeneise
ARURIABS LaznNLONe1S (magnetic resonance
simulation) wazthamidewTIniy dmMsuIauAy

NM9219598 (treatment planning) Aaly

ushantunne (target volume) dmsunisanesed
AI599D9INANENDNS Tnenn T2-weighted MRI %138
T2-FLAR MRI asifunmiianunsauivveuiundoud
78 (gross tumor volume, GTV) d@1u5un1sanessdle
Aftganaziiunmioutmnglvgiige Ineitmanems
AN (clinical target volume, CTV) A59818310 GTV
Tssoudszana 1-2 wufuns Welinseuaquieadiie
sondiflvunadniuiisvuandiduldlunmiduens Tne
NARINVYY 1-2 [URLIASUAT Arsaunenieain
dwiiaeidlulu strong barrier TndiAss loun nszgn
n3oLae tentorium @1usutdruuielunisanauny
(planning target volume, PTV) Aasvenea1ntnune
neadinlagsoulszan 0.3-0.5 lguRllng ﬁuagﬁumﬁ@
$98MUNID (imaged guide radiotherapy, IGRT) 91
mmiauaﬂs‘fnmﬁﬂumima%ﬂ%LLm'azﬂ%qiﬁQﬂé’aq
udugiesle

wadialun1sane¥sddmiu DIPG Huaunsavild
viangImueamn anveusavantu dlutlagii
nsanesdvdausuanuuusuIused (intensity
modulated radiotherapy, IMRT) %38 N3 558@ 1085
YSuanuduuasvyuseudifUie (volumetric arc
therapy, VMAT) (it 2) T Duiifeudiuanntu egnsls
Anu nsanesedandii (2D technique) waznsanesed
anufifivly (3D conformal technique) Adunnssnun
Amnzammnannsnanszeznatiunsdsiagig ns
$1809n1321059@ MsaHUNIAE3E warnsiiuns
218598 Yo saneSeduila IMRT 3o VMAT I lneianne
Tugtaesefifiennisuazennisuansaslsaunnuazais
NsfuMssnwegnsaaiu dmsunisanesidlusneuly
it DIPG Ty Yaqtudilifvuifefivsdhanunsodia
nssauaulsa 8rTINNTIENTIN viTeanHATI9AY
Tuftheldl iflesanngftae DIPG fiffsegusteziiainissen

30 (median survival) &u fthenguiiieilomatossnn
fgldsunansenunaainafessseze s uARIINNS
peedviinlunou Wy MIUTEINaRIARNTATUTEUY
Uszam (neurocognitive function), szauaAtggn
(Intelligent Quotient, 1Q) wazuziSwiindy 9 fionaiin
Fuanmsnedad (second primary tumor)

Unaufsddm3ulsa DIPG Mumnmsgulutiagdu
fonsaedduiinsiuiuadanasgiu (conventional
fractionation) UsuNaussd 54-55.8 Gy Iaelnusuneased
§1u1 1.8 Gy flonss uazaneSednanun 30-31 ade el
szuznaUszana 6 duai IneuSunassddnsdudnla
daiﬁl,ﬁmwa%mﬁmmmﬂﬁmU%fqﬁ‘ﬁy’uwl,m (grade 3-5
toxicity) Tugae aghslsAmu ldfinnsAnuientu
Usinasseduazsiurunsanisane Sediiieiiudnsnnis
AuAulsA (local control) wazdlsegIuszeLiIAINTg
sen?in lnefinsAnuiifeafunisaieedudna
hyperfractionated radiotherapy luvate ¢ @a1du
Fauunsnszegi 1 lunguussmaeiuinmie *
TaeliiUsinasedUsyana 1-1.26 Gy flands a1e$edsuay
d0enss LLazﬂ'%mm%?ﬁmagjﬁé?ﬂLwi 64.8 f9 78 Gy i
geaniUBinasedsuiliiduinesgulutagtu ediuls
finuanmsAinedneiu Asegusseziain1ssentin
vosf{tawegdl 10-11 ey laifimuuansraiioifioy
seuienguitlédfuniseneiedunsgiy, nquildsused
Unal 70.2-72 Gy uaznguillduseduiing 75.6-78
Gy (p-value = 0.39) uasduiiunatnufessoRmilann
Fumusinaddniintu sudduiunadafosiuin
mnmsiadissesdiluszernanuiu uasnuiiing
hafsaieafuvasndenansiinie Inglanglungy
FFSUUSINSE 75.6-78 Gy sdenndasiuransine
szd Il 970 Pediatric Oncology Group (POG 9239)
1 fFguifieuseninenisanefedunnsgiu 54 Gy Ui
1.8 Gy sends funsaneedUsina 70.2 Gy U5
1.17 Gy londs anevduavansade faantsinwimun
Samnssen®ing 1 uag 2 U vesnguilane3sdumsg
otjil 30.9% uar 7.1% awdWU uazdnsINsTEnTind
1wy 2 U voenguilanessduiun 70.2 Gy oefil 27%
uaz 6.7% suaau BifiauuansnsedeitudAgng
a0 (pvalue = 0.65) wonniRdlinsAnw ey
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nsa1e5sdviln accerelated radiotherapy Tuuszine
ans1veundnsg Ingluusunased 48.6-50.4 Gy Usunal
1.8 Gy siends winne$edtuavasns Ingldsvezinarly
nsaesadavaiissszana 3 duan deduninsves
natevualunisatededdiuauadanasgiu lag
i’mqﬂszaqﬁﬂuaqmiﬁnmﬁ NIIEFNTNAANTNAUIN
vouilosonls FamanisAnwmuin Aufsegusseziim
n13509%3n, Ss1n1segsendl 17 uax 23 ogil 8.5 1Feu
waz 32% uay 11% auau hiflanuuansd1991nnis
ma%@ﬁa‘hmuﬂ%’jﬂmmiyu othdlsfnalunsinuniiny
1 flheaunsonunatiafesanmaine AR way
annsaanszezmMseglsmetaiiaiunsinuves
ftaela Y

nnstnululsemaansveandnsildnaly
Freuil Feirlinnstnunianunsaansyezianlunns
Wwrsunissnenlulsaneivia wu nisanesduie
accelerated hypofracUonated radlotherapy Iasuau
aulauarlimnuddnyfuannty Wleriuannmdinves
Hleuaraseunts lnednsfnuanussmasesuaud
Wibuleuszninensanessdviln hypofractionation fiu
ﬂﬁma%’qﬁﬁi’wu’mﬂ%ﬂmmgm Tnglunqunisaiessd

hypofrationation USuausedily Toun 39 Gy laelw

USinas 3 Gy siens vie YSunaided 44.8 Gy T3
2.8 Gy stonds meluszezinm 3-0 dUa dwdungu
nsmededdunuedunasgiudu WS 54 ey
Tnelvndeay 1.8 Gy Famamsinwmuin dn3IN1T0g500
7i 6,9, way 12 Weurein1sa1e$sd hypofractionation
agjﬁ 74%, 44% way 22% MUARU kazAlsegIuTEYY

1AINTTOATINYDINITANELUY hypofractionation Lag
nsaefdsuundenngiu 9871 9 uae 9.4 ey Ayl
a9 nuldfianuuanaiseg 198dud Ay n1sads
(p-value = 0.84) 52uDeANLlsEFIUTEELLIAINITNGULN
Wauwedlsa (median time to progression) 1uﬂ€jm7i
YUYV hypofractionation Way nsanesuauads
WAsgIU 0E71 5 uae 7.6 ey lifluumnsnsegediy
dAgnsadfruiy (p-value = 0.24) *
UsemalSamaiinudn nsaneded 45 Gy Tagliusune
Y48 3 Gy sonss TR IUITEZIAINIINAVLIRAILI
vodlsn uazAisegIUsTILIAMTTONTIN L7 5.7 Ly
oy 7.6 Wou dwansinwiduiiveniuld uarliifua
rafgeviinguuss (= grade 3) 31nn1sateded ©

ASANEIRIN

uennil faflnsAnueuaumsutangs (randomized
controlled study) lulszmnaddus Faflsunisanessd
hypofractionation USunausedsan 39 Gy g lrUsaunu
S48 3 Gy slonss way msmﬂiﬂammuﬂiﬁmmﬁm 54
Gy USinaud 1.8 Gy dends Sawansinunil aenndes
fuasansAnuitldnanlusuuu nanfe Aoz
3EZIIAINITIONTIALUNTAY hypofraction Wazn15ane
Y waundunnsgiu 09 7.8 iou uax 9.5 ou mu
dfu dasnnsegsendiviled egil 36.4+8.2% uaz
26.2+7.4% UEIRU lﬂﬁmmLLmﬂﬁmﬁ’uasmﬁﬁaﬁwﬁm
N19adf (p-value = 0.59) 4 ey anmsdneitldna
1919AU NSRBLUU hypofractionation Feeatlumnia

\donuila lun1s3nw DIPG Fslvinanisinwliuanseiy
ﬂﬁma%’qﬁa"wmuﬂ%ﬂmmgm wazdianunsnansrelIm
ns¥nwlulsmenafieofiuguamdiauniisuas
AsauAsila

2NN 20 LaAIN1INsEanadTNNSA (dose distribution) TunnsanafedmaiiaLliuaaudinged (IMRT)
Tuditle DIPG Tunnya sagittal (A), N coronal (B), kazn I axial (C) *?
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Tnelu mevdinsane¥edasuud ensvesithe
daunnagitu Tnsmnensguasitu mefuunng
aunsnanUiinaifissesdlinaurdun i 2-3 veq
Nsnesed uavdiunnanusavgreaiiusesdlineu
efidnsy lnenatnuAeINNIsANead Wy sesuns
vostmiinanieed dhasfitunely 1 Savinds
21e5adasu amnensudanisanesdasulszann 1
Wou dnazuansliliiuianisnevausssanisine lay
AIINTIAFAAMLDINTUALINTUARIVRIEUIY TIUTIN M
WSuerfesasialilomn 4 3-4 ifeu

81 systemic treatment

Tutlagtu meshwissealividadalddiunumin
Tufthe DIPG ® Tasiivany 9 msfinw Adeuiiioy
griumIeTdiiesed1ufe uaznisatesadmueiu
msenaithtn uas/sse o1 systemic viadu o Wy

lomustine (CCNU) wag vincristine ®%, cisplatin ** %39

[35]

cisplatin $9uAU cyclophosphamide ®, etoposide

(VP-16) uag thiotepa ", temozolamide *”, topotecan

[40]

8 thalidomide ®”, carboplatin “”, methotrexate "

Dusu wuihnsiisenanil Wlddediudnsmsegsen

520 genglsAnny Tnng

WIdnIInNsAuANlsAuEle |
AnwAeafunslien nimotuzumab Fudukeufved
U epidermal growth factor receptor (EGFR) (anti-
EGFR monoclonal antibody) sauifunislaenaiivrdn
%iln vinorelbine w¥ou 9 funisanedidsiuauads
UINIFIU 54 Gy waglvien nimotuzumab wag vinorelbine
serfesaunineiinendunedlsa wuihinsnevaues
FONITINYIADN 96% LAZAILITOEATZEZIIAINITNAULN
vadlsalduuds 8.5 Weou sufwadradesfufiveusu
¢ awunathadesszesdulunsanuni 2 egslsfinu
miﬁﬂmﬁﬁﬁmmﬁﬂwvﬁﬁwLﬁEN 25 Ay fauS sy
fossenanisfnmlunguitaesiuaunnning uaznis
Anwwiadinmsudsngueuedioudiou ileduduna
MIAN vﬁ’nﬂfumi%’ﬂmmmgmiuﬂwﬂ’u Jadumsane
Sediigsegnafendunan
Mnmsunumsnaneusvestululsa DIPG Al¥
nanaludhesiu ilitagdulimsAnunialareatue s
WhunnTu wWu endhu EGFR, PDGFRA, VEGF, mTOR,

Farnesyl transferase, Integrins Wag Histone de-
) ¥ 1 < LY L e =

acetylase 1usiu agdlsfinutagiudiludnisfnuile
fianunsaduduladn msivemalazaunsaiiusn

ANa o v A o v o '
nmssentinvesthelddlofisuiunisaesediniesedi
Wed uananil dulinsAnwszesd 1 AsRun1IsnE
yilandidumu (immunotherapy) lneins@aipduidl
drulsznavvesnaudtaulnalonn laun EphA2,
interleukin-13 receptor alpha2 (IL-13R02) 1&g survivin
Tugrednlnalemndldsunissnuunasgiu Fdungui
a Yo 1 v 1 Vo v a
fae DIPG $asiy wudhgdigansnsanunatiades
M 3Snuilad Fseraduwuamdunsfinwudangy
szeedl 2, 3 Aolulusuan

mswensnilsa

Tunguiifosenluaues uazifosenfuauomnais
Tugfthendin wudilsa DIPG fimswensallsafiueiian ™
“Naganuaiy 9 MIfn¥nuinAisegIusEELIaINI3
senTinogiuszana 8-14 ey wazdiesnin 10% v
Fhefiannsalidinegsealsuniiu 2 I nevdanis
Aady [20, 45, 46] fUeuszan 80% wuindinismey
auastensaeFeaia waslenmsitulutainsaiesd
warndan1sanesadasy egalsiniy fUiediuunnadl
nsndunnvedlsa lagedsegIusEezIaINITNEUNN
Wauveslse ogiuszann 5-6 ey ogdlsin ms
wennsallsalufineengtioonin 3 I wuiAnigaei
fiongannnin 3 9 1dndes swdeineifnsduiulsa
wunh axdinmennsallsafidningiheifnsduilse
liuu saudsUaefinimduers (MR) nu ring
enhancement Tut93tady enanuidinisnensellsa
fugnin

mss$nuiidaiinisnauuivevlsna (recurrence)

9113 ©IM3UANS waznmBuevealliefiinien
dunnveslsa (recurrence) aglianwaglndlAesiu 01ng
9nsuans waznmiduendiieidedels DIPG Adiusn
wilutheuasy N13nTIaN BN SO U NYAILNIS
pevpagaangluiiney (intralesional necrosis) %3
dnwar enhancement iasunasluldniendanis
Haite
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dlefinsnduinvedlsaniendanisine nslen
afiesedzanunsadisanein1svesiaeld saudieens
firrsannisaeadsilugiisunens Taoamznguit
iwzLaawc??aLwi§uqmmi%ﬂwwuﬁmiﬂé’ummaﬂmmu
11nN21 6-9 1nou Inedin1sfine pilot (pilot study) WU
nsae$ed 20 Gy Usinadidndias 2 Gy lugfe DIPG
fifinsnduvesisn aansavhldennsitu % saudls
fimsenululssnadaaiietumsmeddndusn 54
Gy T3NSR nimotuzumab wag vinorelbine way
finsaedddmdmninsnduinvedsaameiumis
(local relapse) lufjtheuiese Tneusanassaiilssiogi
19.8 Gy afiay 1.8 Gy wuAlsegIusEYEAINTSTeN
FAavdsnsaneadenegil 6 Wou wadisegusves

19nd158109v

namssendinsmegil 16 ey Tuvaiifiediing
nfvsedsaudlalliTunisanefddiaisogusves
naMssenTinsmegil 12 ey dedimnuuandnaiiu
agelitadAgyM19ada (pvalue = 0.03)

dmfunsinuuiefinisnduunveslsadiseiiadl
Uiin w3ewn systemic treatment u q 1y lutagiu
WuUsEa 80% Ul DIPG agin1snateiugues
histone TuBunufildnanludrasu fedu ludlagiudad
nsAnwnAgatunsinuisaduludinisnaneiug
wien Inetawzngueviath Sedadosfamunanisfing
soluluaunan
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nsaesadseTusneu (proton) Wsuaruaulamnniu esanaaautifinisiindvedusneuazenenensd
Usinaigslugsgmuaneiidgelutoidevieanilusmounynadoud 3o Bragg peak nisantuliinusdaranas
ogaming defudadeunfviooturzinafssinaduntuasfundmestouuniedsldfuuinusitesun
Faupnsnensdteonaisindeaugaildiusnaunsvanslutagiuvidelnnou (photon) ﬁmsﬁﬂmmmmaﬁuam
Immummmmmaﬂ‘uima‘lﬂ,uﬂWiaﬂﬂ'ﬁmmiaalﬂamm“maLﬂmma organs at r|sk (OARs) " FayziSafisurnay
deeidunidlulsauziSangtaelssunatnafesssminuazaevdinsasisdunn WesnfeunsiSuaseorzing
AesogluszazUssdaiu inmeardunsneiidluimSsdsssuardroiontlduslovinnguautimmeduineu
Pndwuzthiudleuenislduaznindniedienisanssidiusneulag American Society for Radiation Oncology
¥38 ASTRO model policy waunslull 2017  l§¥auziiedsuzuardnoszorqnanansiviessey T4 uielsl
annsasndald uzSevedlnasleda uazamSeiifosnssede oglunguuniaiivingrumenatinfladuayunisld
Tusmeu unauatuiddldnumumingiuwessnidesing eafunisaieisddelusneululsnuefefsusuas
dmefinuldios dagnanidaly

u:iSousiorulwsooynua:lstia (Sinonasal tumors) mii”ﬂ‘mﬁwmimﬁmmuﬁwmimai”qﬁ Fa9m91n15

ey

mmaﬂsmawww (local control) 71 5 ﬂaemaaﬁa‘v 40-60

uziSeuTalnssaynuazledadnnuuiinm o

maxillary sinus 3nnNIUTIMINTAYN wagdszneuly wififthesnmanndussezapanaaned (ocally
advanced) wagldanusaviinsedinle (unresectable)
uziSulngnalufnetenzddey wu g Wudszaimm
(optic nerve) Auauas (brainstem) @uoIdIUNTN
(frontal lobe) wagauosdu temporal lobe vilsilal

AusaR1eTadUTIINgats 70 138 (Gy) wiieunnnily

pasaanunidanalesia WU squamous cell
carcinoma, minor salivary gland neoplasms Iagtaniy
adenoid cystic carcinoma, mucosal melanoma Lay

neuroendocrine carcinoma {UaesvzisuAulnlasy
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fifounziald dnsnmsmunslsanziivazdnsns
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mumsilsranzidndliftn uflugaveansaie3sduiu
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(IMRT) ™ FsileuAdoifsrdunisanesedlaeynin
Tusmeulunzfilnssagnuarlsdaifniudwaun Tas
Jamdinsannnzunsndeusos iz diafsuasiiia
$asnmsmunulsa s 2 msfinwnuuiieszsieAuny
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wavun Tuudremathafssnmsamesidsaelusnou na
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waes1ea 1 Y GeeSungldinmaiianisane$ed
Wsneulusisaudrulugiiunisansuuy passive
scattering @ UNATNALNTEUZE15EAU 3-5 (grade 3-5
late toxicity) wulgszanadesay 20 sidlunisaneed
aumdansenga 2 waznisanefedlulsadiindalald U
FadusnnilndiAssfunsanessdmelnnewndo IMRT
osuneldmnfouniSefignrusalunsinuvesilus
mounayIwmoulusyoy T4 fe¥ovay 70-100 aenslsfmu
finsAnwilae Nishimura wazaasz ™ finuiwadnadies
svezeszaU 3 Tuluflavewieidulszamaniuie
nzlufUasiifiilsadedugnawlvaneaniodu
Uszamaudauiniu wandiifiuiananuanunsares
Tusnelunsanssduiinagaludsetoariilifedeatu
flsalel

Squamous cell carcinoma

MIANEINANITANYTIEMElUTNOUA LN INITHIAR
ﬁﬂmyﬂmzﬁifﬁ'ﬂmﬂ Massachusetts General Hospital
19 FnwuuudounddlugUisuziSalnseaynuazleda
sveeil 3-6 9in squamous cell carcinoma 911U 54 AU
Alssumssnuselusnou Inegthesesas 63 fszed
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Mendinsasafsmuduianiou 7 U wuiidnsinig
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24 au RansrEuredsAuInateuLzS ey (ocal
recurrence) uazgithe 7 aufinnsiisureslsaiireuth
LRDIUSLIUAD (regional recurrence)

nuAdBLUUlUTantn (prospective study) Liies 1
NuitefidnunsTssdaiivhdasaudu (concurrent
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squamous cell carcinoma ﬁﬁiuﬂiaLWﬂiﬁﬂuIﬂ&J
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(mucositis) Tnetia 2 naziAalusedy 2 dunatiafies
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Mucosal melanoma
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19 & _a vl
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mumilsalanzif 1 U Tugteiildfumsanesdse
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32 AU wunsaTIMsAuANlsalenzdin 1 JAndusos
ay 758 Wwagdninisseadindl 3 JAndufosay 46
shslsinuanngndnvensidedininanunsnszane
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Adenoid cystic carcinoma
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Unauguanes vilinnsatesadmeUsunagdia 70 1nsd
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proton therapy #58 IMPT aunaan1snisndnale >
nanlagasuie Wemeulrnsauaulsaameilusgise
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Sinonasal undifferentiated carcinoma (SNUC) ua:
neuroendocrine neoplasm
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NevewernEInareRAsLlFT UM Tese e
#I fls1ga1uan Mayo clinic Tugte 40 au senined
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¥dlUsmeufiunaztiesnslinsanesduinaine
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15 AU fifwaduziswdn SNUC warlddunmssnwuwuy
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(induction chemotherapy followed by concurrent
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Wuszozna 2 Ynuidanmsmunulsaansiuas
gnsnssentinAndusesay 100 ualdUae 2 au dinns
fi3uredlsaudinmeToaedu (recurrence at distant site)
TneiinatneAsTsusIBuUnduna sz ze1Aoul 19t
wazliifnnnethaneuiassdu 3 e fuanfovar 48 1d
aelomssewhmeddusiioutommannsathane
genléil 6 ieundinissnw vennilsenuiisiizan
FUrsnguiieafunuItnznsnauiaunanianale
(objective swallowing dysfunction) Aedutiosning
seunnuiIteluen ©

< [ = a v ! <
uziSeneveenasinsaynilonaintugiienguian
warogu Judunguiiaemingldvsslovianmsay
FdlUsneulnenisannatnufesszerend Tulaqiudslil
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nsfnwideiunsanesdlusmeulufthennidulse
uziSsnoveenadlnsaayn Hifles 1 180uiiae (case
report) lne Oshiro wagang “ Felieuadivrimineu
Asanesedlusneu wunldifnnsiiatewias kil

v 2 8 o a v <
miﬂauLﬂuemsuaﬂiiﬂmwaamimmmgmmﬂunm 4
way 6 Unuanau

nuaReafunsaesddelusneululsaueise
ﬂwawé”ﬂwatw;gﬂLﬁwﬁuﬁauﬁwﬁas Wiguiuusuna
MR UlsALSRsvTLATaIRa Y o Freniin
ngURinisalvedlsausiisnevesndslnssaynluyii
nzSumnaeuthatiosiiouiuluriede msrzaiunis
Anwranaaitunazlssmeivianis 9 Tuniveedadl
anudndu iefnwinarigaiuszaniaimueanisly
WaneulunmsShwilsauzisinereendslnsaynsely

u:1Svnanasdouuin (Oropharyngeal cancer)

mssnumessdlulsauziSsmevesdiulin i funum
TulspuziSeitliamnsoddals lsAuzSaanatuanizd #4i
wazanededmuvdanisiidnlulsaqnatuanizil waz/
vaeiltadedosnsnduidudronuamanesineran
MINAR MsAneIMNeSsdAdin (dosimetric study) wans
TudeUselovivasnsanessdlusneunuu IMPT Tuns
anAadUSIsaEluseTosdafies Wy feslin
WAuYUIN NI NRBARINIT TINTIAUIAIUANNTT
owdsuluanes Wefisuduununsinwlugiae au
denfuiildnsmeddlnneuiuu IMRT ““ Tagagnan
fanazdenvesUsunusdnoe foislasnadnaufsauns
dau oail

Ma:ns:ANMY (osteonecrosis, ORN)

Uinnsvaansegnnsmitlé3usad 50 (vV50) ua 60
36 (v60) (unilsludiaduideadivinliiin ORN Tu
FthonziFeevesdiuniilifunisaresaduuy IMRT
Taefignsin1siin ORN 7% Tu 3 T Fsanms@nwiuuy
dounduluffine 534 au AFFU IMRT wagitas 50 Au
gy IMPT wuinisldeynelusnouannsaan V50
uay V60 lemgnsditiuegdfty (V50 = 34 vs 17%, V60 =
18 vs 7%) ﬁu%ﬂaﬂﬂ"]LQ§HU§M1m§J§%aJﬂSSQﬂﬂSWN
(Mean dose 41.2 vs 25.6 Gy, p<0.001) WonaNiIsns



n3tAn ORN 71 3 Flugthediléu IMPT Anwdu 29% ey
fu 7.7% TudUaenlasu IMRT

msldanslfionnis (feeding tube)

msldanglems eratiuldindunadnsnisdeu
(surrogate outcome) fiusuanianiiznduinund
(swallowing dysfunction) sgau 3 in1sAnwInNIsnAaes
MUHURESIE (comparative treatment planning) Tu
AUasuziSerevesdiuln g3 IMRT way IMPT fag
UURANIATIFIS o Aunaswuy waliuTusaa
Adunesgiude 70 way 54 1nsd RBE lUgaiaunsds
ﬂgmgmaw%nmﬂaﬁ”’q 2 dhamuddty defnwAade
Usinauddseatensiifinasenisndu (swallowing oreans
at risk, SWOARs) wazthefildmuaadluaunisauu
azfureansiianadiafssandsd (normal tissue
complication probability, NTCP) wui1n1sle IMPT an
AedoUSunasidues SWOARs ¢ wenaniainnns
Aad NTCP dsanloniaiinniznduianunfszau 2-4
fiusvdfiulaounmdasdorar 17.2 WewSsudisuiunis
14 IMRT 2

nan1sAnwIneadidnuuudeundslugusuziie
Aoy NTIlFEUNMIRe3aE IMPT Wisuifisuuuy
Fugruitneilasumsassad IMRT wuidasnsldans
TiownsTu IMPT AaluSosas 19 Wisuiu IMRT Aaudu
Sovay 46 " uonainil SsdinisAnwnuuludremdan
MD Anderson Cancer Center wansllfiugssnsinisld
anglormsiivesadlugUaelsauzi3snanesdiudin
F1uau 50 ey AldFunisaneeduuy IMPT lneithedu
Tvajegflustosil 3-4 (98%) uardrluajfunziseudna
sounouda (54%) AnfseguuTunditouusitie
70 136 duvinusesthivdesiieeldfusd 5a - 63
\n36 (RBE) fthefevas 80 ldfunisaneiediine 2 dns
wargthe 1 au lasunsaneSsdnundnisnidin nanis
Wenungthe 12 au (Fesag 24) sealasunislaasl
ownslusgiemsane$ad  dedosnidnnanmea
flow 9 vean1sae$aELuY IMRT Jaulddosay 47

n2:inangliv (xerostomia)

amzihasuwiadunidusadrafesdinutesiign
FEVINUAEAENAINTANETIE Lasiinadenun nTInTe
dUaeluszeren nan1sAinvinesidadiavalesney
wandliduinlusmouansoanyiinnsedlgreuhans

drannydradertulunmsaedidine 2 g

wazan
Unadsdludwoniharsdrsnnnilswsetmuasdey
thagldindlunisane¥edfirednadien ™ daduiiinnn
wirhazilgnisannatnafesifanalslusesuaadn
aghslsfimusenunsinelag Sio uazans WU
ihaneuksiifiheusiinenesdnuinUssdudionuies
(patient reported toxicity) laglduwuvaouaiy MD
Anderson Symptom Inventory for Head and Neck
Cancer (MDASI-HN)lsiumnsnafulugineildsunisane
Fedselusnouuazinneu mnnsiiuteyaludramiily
nauEeg1sAilaFu IMPT 35 Au uay IMRT 46 au " ui
WU IMPT @ansnandgymidiunissuse nMsnau way
Anuog NS ffiatedunatnguiegieild IMPT
Tunsfinwlae Sio wavmueilsvesiounziigugll (T
stage) wazszozAouiMde (N Stage) ﬁﬁaﬂmfmfcjm
IMRT winduiidruaugihomnniildiasivatnineu
a18¥3d Faafivrdmirdinssnufunaunindinves
Hthelaense Jealinadiumsuszdiulaglduuuaeuniy
"L@’]’ [52]

dnsimssenidinia:ansinisnouAulsa

wizlinansfinwiannungeyunialusneuaunse
anwataennsaesdld egdlstnululaqiud
Lifimsfnwinuy randomized fiuanslifiuinnsane
fedmuaynalusnouildnin1ssendinuag/m3edns
nsmuaslsafinnniinmsaefedmelineu usnsanw
wuuludrawitiwes MD Anderson Cancer Center “* Ty
FUhouziSsnevosdIutin 50 AU flaneSsduuy IMPT
MeaudnTnssendind 2 Yanduiesas 94.5% uag
Sarmsmunilsail 2 VAnduiesas 88.6% Faludng

AieuAelanunanissnyee IMRT
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u:1§useutnansua:u:18odontio (Salivary gland
and skin cancers)
mﬁm'auﬁwmaLLazuzﬁqamﬁqssazqﬂmmaww
7 Wuusdsnafseruazdrediflonialasunisans
SedUsaARLAYINSD unilateral neck irradiation #1149
nuziSidseruavanedu o idwlnglasunisansyed
ot 2 419 31 2 eITeneSdndndnuUsineseE
aferrdradeldfuainnisaresediinedaieaae

WimeuUiauiieudulnaey ® * wuhauadeusu
%’q%’t‘uaw'aufﬂma%wnmgﬁjnma%’m (contralateral
parotid gland) seuthaneldaataests (ipsilateral and
contralateral submandibular gland) saueosUn
(oral cavity) anasegnfiterddayiionsununissnwm
mgaunAllInoY Anaderesniuizdu 9 wazwaiai

Tsasulumisned 1

151991 1 dselunsSeeuihanswarusSdiandausnudsveiazdine

U Swisher-McClure et al. ** Kandula et al. ** Romesser et al. **
‘g,‘ﬂLLumﬁuaﬁﬂ Retrospective, dosimetric Retrospective, dosimetric Retrospective, phase |
ALY (Aw) 8 5 41
13m Parotid cancer Skin, tonsil, buccal mucosa Salivary gland and squamous
cancer cell cancer of skin
N193N1E 5 pt definite, 3 pt PORT 2 pt definite, 3 pt PORT Definite or PORT; 11 pt CCRT

Funousad (nael, 60 Gy RBE

Definite 66/60/54 Gy RBE in 30

(7 ptin IMRT, 4 pt in PBS)
70/60-66/45-54 Gy RBE

Gy) Fx; PORT 60-66/57/54 Gy RBE
in 30 Fx
mallAnnranesed 5-fled IMRT vs PBS; 3 pt 7-field IMRT vs SSPB (2-3 4-to-6-field IMRT vs PBS (2-4
received ipsilateral neck RT beams); all pt received fields); 26 pt received
ipsilateral neck RT ipsilateral neck RT
NANISANEN* IMRT Proton IMRT Proton IMRT Proton
Mean dose (Gy)
Temporal lobe 9.6 2.9 - - - -
Oral cavity 13.5 0.6 17.6 4.6 20.6 0.9
Contralat PG 4.6 0 5.3 0.5 1.7 0
Ipsilat SMG 38.9 16.6 - - - -
Contralat SMG 5.3 0 6.4 0 4.1 0
Dmax (Gy)
Brainstem 30.9 71 34.2 13.8 36.3 1.9
Spinal cord - - 36.9 20.4 29.7 0.6
Others V50 mandible 12.8 vs 7.4 Gy - - Grade 2-5 toxicities

Dysgeusia 65.2 vs 5.6%
Mucositis 52.2 vs 16.7%
Nausea 56.5 vs 11.1%
Dermatitis 73.9 vs 100%

Agia: IMRT, Intensity modulated radiotherapy; PBS, pencil beam scanning; SSPB, spot scanning proton beam; RT, radiotherapy; CCRT,

concurrent chemoradiation; PORT, post-operative radiotherapy; RBE, relative biological effectiveness; Fx, fraction(s); Contralat, contralateral;

Ipsilat, ipsilateral; PG, parotid gland; SMG, submandibular gland; Pt, patients

* yxanisAnssauandlumssuanses i cdAymeaiia p-value <0.05
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NMIANYIMUUEDUNFIIN Memorial Sloan
Kettering Cancer Center ﬁﬂmé"m']mimugﬂiﬂl,aww
fuardmsinissendind 1 U sauvlwadiafesssey
deundusewisanesedlufteunSetonthane s
a1 ay finne3eddelusneu (18 au ) Wisuifiaufums
218598 IMRT (23 ) §Uae 37 au lasusvdniendanis
HsinnazdUae 26 au lasunsanesadusnunetis
Wiy lngAndsegunisnsaafaauwintu 8.7 ey
wuEmsnsauaslsalanzil (local control, LO) uag
§n51n19500 30 (overall survival, ) 71 1 Tesisaes
naulaunnenaiu (LC 80 vs 95.5%, p-value 0.473; OS
83.3 vs 93.3%, p-value 0.083) n1sae5sdamelusnau
Wiguiiguiu IMRT d8nsn1siinanuiinuniivenis
Susasesu 2 Tuludesndn (5.6 vs 65.2%, p-value
<0.001) wazandmsnsineydesndniausziu 2
FulU (16.7 vs 52.2%, p-value 0.019) ™ 91nran1sAnen
finlugeuifonuuludremdissesd 2 (phase I
prospective study) i an1tuifieadudiiofnwiuieu
\isusanmaiAniBoygesundnausedu 2 Tuldlu
fUelsnuziSeroutihans usissimtsiinaunista
(squamous cell) uaziialua (melanoma) fiaead
MENAINSHIFA (adjuvant radiation) InglHlusnowdisu
U IMRT U3anauded 60-66 138 Tnsauideiiiedlu
szpziivfoya

Re-irradiation in head and neck cancers

msanesedlulsauziSefsuvelazdinesvesiisy
e I@aLawwmimsﬁﬁﬁ%ﬂuﬁﬂwﬁ wnelasusadna
v liAnnad adssgunssdahlidonunndinuay
onaludunsoroTiald Wy nneiuaendelileaues
A8 Lﬁm?jaﬁnmmw%amz@ﬂma AsunLiune
Wudenuiinmeiilugnnisdensenyiuiaminain
dudonuns wSe carotid blowout ¢ 1udiu Faan
Ansrgvideyauuu systematic review lugthefildFunis
ausedsndelnous o 1,556 au Fildsuusinaded
idlefinsenedidsnunnnia 40 nsdwuiiidnsinsian
carotid blowout Ingsafevas 2.6 usminiAnanziudn
wienTInInegtiedesas 76 Dale uazany 1891y
§as1n15LAn carotid blowout Mewmdsnisatesadandag

TWsnounseiveuluithe 49 au lnegthedesas 18
I¥sunsaefedandaelusnou adfsogruuiinased
Wiy 56 138 RBE Wudgnsinisiin carotid blowout
ogiisenay 2.7 11 19 * {AdeliAudoyausinasds
fidudonuns carotid artery léuannsane¥ednnads
widialinuauaenndesiunisiin carotid blowout 4
msaziimsfinwsield

NUITBLUY treatment comparative planning 270
Useimetgosiuuansliifiuiinisldlusneuaiuisnan
UsnasedlueTorzdradesla Tny Eekers wavamz ©7
nmensdreuinnesvesilisuziefisueuazdine
SpEERIEURNZTITIUIL 25 AU 1ARDITIALNITANY
Fsdarelnmeuwnaiin volumetric modulated arc
therapy (VMAT), Wsnou uaza1ivey iieiliaudioy
Viinafadnludietorinades wuinnsldeynianin
anunsnanUsnusidlugiaues ludunds wazdesuin
IdegeiifeezdrfgiiowSeuifivuiunsld VMAT
uaﬂmﬂﬁﬁﬁamWiﬂamﬂ§mwm§ﬂﬁiﬂzj carotid artery i
aseinuldfeforay 85-100 eglsinudoyanismadn
é’qaﬁ'mmﬁwL‘t“]w,ﬁaﬂgaﬂdﬂmiamawaw%mm%ﬁﬁ%
ihlugnmsanasomatnuissannisaieiddviel
M3 2 agUiansAnwan 3 uAdeuuudeoundas
1 uAfeuuuluhamtlunsaneSedausnadsvsuas
aaenelusneu aziulandiauisaianadnafes
JuusaTEAU 4-5 167 ueTlEtheduaulaieriifinisaauns
Tsaiifuaziinissendinlusser 12 Indanrnnisany
S9dla

P

msAntdanwUosna:n1sdins1:inunu-Us:ansnw

Mnfinananitsuadisiy adiuimdnguviesu
WenemdtnlulseuziSedsveuazanoduluaiduns
Anwuuuieundawideddnnuifithetes Feenaliifeme
sonsudndunisldlusneulidunisinuviuinsgiulu
uziiefsuzuazanenily msvhanAdemarddnuuugu
38 randomized controlled trial 3sinaglvinaunssana
wazgatiuaUNaN1IANYILUY retrospective %30
dosimetric study kU agrelsRaunisvhauise
WUU randomized controlled trial W3BUWEUTENIN
Tusmeufulineuenaifnauldenn iesmnindngiums
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A1519f 2 AdelunzSEsysiardreflssunisanesdsiselusnau

o

NUIRE Romesser et al. ®  McDonald et al. Phan et al.® Hayashi et al. ©*
gﬂLL‘LIm’]u%’%’EI Retrospective Retrospective Retrospective Prospective
Avineise (p.A.) 2011-2014 2004-2014 2011-2015 2009-2014
Anuaugtlog (Au) 92 61 60 34
FEUZNAFARNNNA (lﬁﬂu) 12 15.2 13.6 25
sreznaMAIRna SaAATILIN 34.4 23 471 N/A
(median time to re-RT,
P2
1sn 85% OPC 32 pt SCCA 40 pt SCCA (15 pt 80% SCCA 100%
OPC, 5 pt NPC) oral cavity
N195NEN Salvage sx before Salvage sx before Salvage sx before  No salvage sx, CRT

13unuFeR (1nsef, Gy RBE)

WMARANNIRNL5E

HANTANL
LRC
DMFS
0s
Grade 3-5 acute toxicities
Mucositis
Dermatitis
Dysphagia/feeding tube
Odynophagia
Esophagitis
Bone/soft tissue
Any grade 5
Grade 3-5 late toxicities
Skin
Bone/soft tissue
CNS
Feeding tube
Any grade 5

RT 39%

60.6 Gy RBE
PBT

At 1 year
75%
84%

65.2%

9.9%

9.1%

9.1%

Bleeding 2 pt

8.7%

71%

RT 47.5%, CRT
27.9%

66-70.2 Gy RBE
Scanning PBT

At 2 year
80.3%
61.7%
32.7%

2 pt
3 pt
3 pt

CNS 1 pt

10 pt
3 pt

CNS 1 pt, bone/soft
tissue 1 pt

RT 58%, CRT 73%

66 Gy RBE

PSPT 25% IMPT
75%

At 1 year
68.4%
74.9%
83.8%

10%
13%
10%
10%

2 pt

3%

10%
Bone 2 pt

with IA 100%

50
PBT

At 1, 2 year
LC: 77%, 60%

62%, 42%

32%

29%
35%

3%

Agia: RT, radiotherapy; PBT, proton beam therapy; IMPT, intensity modulated proton therapy; PSPT, passive scattering proton therapy, OPC,

oropharyngeal cancer; NPC, nasopharyngeal cancer; RBE, relative biological effectiveness; LRC, locoregional control; LC, local control; DMFS,

distant metastasis free survival;, OS, overall survival; Sx, surgery; Pt, patient(s); Yr, year(s); SCCA, squamous cell carcinoma; CRT, concurrent

chemoradiation; IA, intra-arterial chemotherapy; CNS, central nervous system
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AatnununeaiuayuilusneuanUIinudres iy
d1aLAge SIUNTIVNNISANWINUI1BANAT 1AL Y
A28 wiagdaluiivdnguuudainlusnoutieiiy
o aa & a | Yo o
gn3INsTenTIavsariuNITAIUALlsA win1sldsedEln
souailonainnatnafsannnitlungudiegnfens
aziduniseanwuuruddenldwunzaudnaiundn
238555 wazilaIINNITVIALAALMENg UTUTEINY
971 randomized #38 prospective trial Hlod F9diA13
nenelumsdaidengUienagliusylovianainnis
edsdmeluinoulaunisld model-based approach
B8Ol 481D YIIN1TINGkEUNTA185d@n e lunauLay
WaneulufUienafeaiu widiaildainnsanun
Tuameaunsanuavduremsiinnadnafes
L I | = o 1 1

In5aEuse NTCP Ingin1siviuaf1ANLBANAISYDINNT
e5edns 2 wuuliarmth mnlusmeudianuuiazidu
=4' v a v P A Svua &
Aagaanatnanealsunnniaidalifnsdenldlusneau

WidunsfndendUaenagld cost effectiveness 410
v oy = o ' ' =3
e fidmelsneudadinnginitineu egslsing
Jodnrinvesislfeaun1s NTCP a3199unTeyavednis
aesadmelnineu uavaunisdslinseunguradnades
AsUNNETU 1 13573 patient reported toxicity

asu

msanesedalglusneululsauziSefsusuavdaine
anunsnanUTnad i@l e et afodiddoylduas
ausnanNatnafssuseginnseElaiaUsey
Wieuiulnnou widliflndsefivansdanisiiusnsns
muAslsauazSnNITenTinuesiine wasaztunns
Gonldnsmesedlusnoulufinefivmnzay uazasd
nsfnwuuulviamiludUsussdsveunasdinese
W Faeadeuuuludrmmiiimdsiniuegfaagulu
miwﬁ 3

a av o Y g ° Ao & o a e a .. . 1
M19199 3 FTeRgiulUsreulunsSadsysuaganemasiduegnameideulu www.clinicaltrials.gov Tasa a

Sudt 19 fuenou 2561

Outcome(s) of

Study type Intervention Disease Time frame Center )
interest
Prospective, IMPT vs TORS Low risk 2016 — 2019, MDACC 6-month objective
observational oropharyngeal recruiting functional
SCCA outcome using

digital wristband,

PRO
Prospective, Durvalumab plus  Head and neck 2018-2020, Samsung medical 2-year response
phase Il single Tremelimumab SCCA recruiting center rate by RECIST
arm combined with 1.1

PBT
Prospective, Proton therapy in ~ Head and neck 2012-2019, MDACC 7-year overall
observational head and neck malignancy recruiting survival
malignancy
Prospective, IMPT vs IMRT Oropharyngeal 2013-2023, MDACC, NCI, Late toxicity
phase II/l1 SCCA recruiting NIDCR, MGH grade 3-5, 3-year
randomized PFS
Prospective, Mucosal sparing Resected 2016-2020, Mayo clinic 2-year LC
observational PBT oropharyngeal recruiting
cancer

Journal of Thai Association of Radiation Oncology |
Vol. 24 No. 2 July - December 2018 | 57



@

a1319¥ 3 AdafeaiulysreulunsSsdsusuazdneiiridainiiuegfiamezileuluy www.clinicaltrials.gov Joya o
Tui 19 fugneu 2561 (sa)

Outcome(s) of

Study type Intervention Disease Time frame Center )
interest

Prospective, Proton boost Locally advanced 2012-2016, CNAO National Local response,
phase Il single (Hadrontherapy) head and neck completed Cancer of acute toxicity at 3
arm after IMRT tumors Oncological months

Hadrontherapy,

Italy
Prospective, SBRT vs IMRT/ Small inoperable  2017-2022, MDACC Late toxicity
phase Il IMPT head and neck recruiting grade 3-5 at 2
randomized tumors year
Prospective, Proton vs photon  Unilateral head 2016-2021, MSKCC, Mayo Acute toxicity
phase Il and neck cancer  recruiting clinic grade 2-5
randomized
Prospective, Proton/photon Cancers of nasal ~ 2006-2015, University of Xerostomia grade
observational therapy cavity and completed Florida 3-5

paranasal sinus

Prospective, Proton vs IMRT Locally advanced 2011-2018, MGH 2-year LC
phase Il sinonasal cancers active, not
non-randomized recruiting

Agia: IMPT, intensity modulated proton therapy; TORS, transoral robotic surgery; PBT, proton beam therapy; SCCA, squamous cell carcinoma;
PRO, patient reported outcome; MDACC, MD Anderson Cancer Center; NCI, National Cancer Institute; NIDCR, National institute of dental and
craniofacial research; MGH, Massachusetts General Hospital; MSKCC, Memorial Sloan Kettering Cancer Center; CNAO, Centro Nazionale di

Adroterapia Oncologica; PFS, progression free survival; LC, local control
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faas auauglie o Fractionation (Gy/fractions IBTR(%
< d Anmanu 1) lonation (Gy/fractions) (%)
Ciervide™ 145 5 42/15 4.1%
40.5/15 + SIB 7.5/15 ( no invasive)
Hathout™®” 440 4.4 42.7/16 + SeQ 10/4 3% (30% invasive)
Williamson®®! 266 3.76 50/25 6%
42.4/16 7%
40/16 + 12.5 boost
Lalani® 1609 9.2 50/25 42.4/16 LFS 86%
89%

Agia: IBRT : ipsilateral breast tumor recurrence

LFS : local recurrence-free survival
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n1sa189Svuauuu partial breast irradiation

VANNSUALVIANAYDINN TR TIAUUU partial breast
Lﬁﬁ]ﬂ?\]’]ﬂﬁ’lu‘lﬁﬂjﬂﬁﬁ”lL%ULQW’]%?“U@QISM?‘IJ fruiind
FUWVLLAL 1518398V partial breast onaNITan
snunfieinsanediduda Saanathafowessidly
Froferzdradeeiie 33n1sHi5uldly invasive wu
Wentu anuan1sAnulunissd 5 Fauszneulusae
nanewmailn®*? Ty ASTRO guideline U 2009 “ l¢dn
1% DCIS eglungu cautionary usldiudsuidungy
suitable Tu guideline U 2017 lngazsnsfiinasinemaly
ﬁwﬂ%’aléjLLﬁ WU DCIS 7 screen-detected, low %30
intermediate nuclear grade, YUANEAIINTOIVNAY
2.5 . uay margin faus 3 uy Fuly &7

nsfinw RAPID™ AnwilugUae 2135 Aueny 40 U
Ty 10 DCIS vise invasive TuwaliiiAu 3 au. uaz
negative margin uwusfUeduasingude nquaiesed

A1519%0 5 LAnIN1SAN®IURY partial breast iradiation wanuatewaa |

v

whole breast lagil#ia conventional wag hypofraction
regimen wardnngufeanesed partial breast wuu
external beam 14Us1nassed 38.5 Gy Tu 10 a%a nanns
Anwnunnlafinatnafes grade3 waznuinisa1esad
WUU partial breast lina cosmesis 7 3 Yugninisane
FasanneUssiduresunmdiin nerutauazgiing

nnsfnwnde NSABP B 39 & Anwnlugitheiidu
DCIS ua invasive fiawlsiiiu 3 gu. wisthedu 2 ngu
¥ur whole breast (50-50.4 Gylu 25-28 a%e) uazau
e boost i1 60-66.6 Gy wagBnnguAe partial breast
TagldFed@inwinateinaiinde multi-catheter
brachytherapy #5e balloon catheter 34 Gy (3.4Gy/F),
external beam 38.5Gy (3.85 Gy/F) Lﬁ'aaﬂmméﬂﬁlﬂﬂ
a1 WounuhlifienuuanesluiSomatrafsssewing
ﬂfjw?l'ma whole breast fiungy partial breast

29-35]

- furugilie  gzEzioan  ARTINTMIBLIRNIE  WAUNSNTaw/ANY
nN19ANEN HiAUag APBI u - o
(AU) AnmN (1) N /289N
William interstitial 199 10 12yr LR 3.8% WBI vs
Beaumont™ 5% APBI
GEC ESTRO™” interstitial 1184 6.5 5yr LR 0.9 WBI vs reduced breast pain in
1.4% APBI APBI
RTOG 951787 interstitial 99 6 5yr LR 3-6% 66% excellent
cosmesis, 13% grade
3 skin toxicity
Mammosite mammosite 1449 5 5yr LR 3.8% 91% excellent/good
registry®™ interstitial cosmesis
NSABP B 39™7 external beam 1367 3 3% grade 3 fibrosis
RAPIDY external beam 2135 3 increase adverse
cosmesis in APBI
RTOG 03197 external beam 520 5 5yr IBTR 1.5% reduced acute and

chronic toxicity with
APBI, improved
cosmesis with APBI

APBI : accelerated partial breast irradiation
LR : local recurrence
IBRT : ipsilateral breast tumor recurrence
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n1sa19$vA1HUUSIOU tumor bed (tumor bed boost)

finanenisinwfidu retrospective fidnw
Uszlewiveans boost Mlauselevidmiunisannis
fisuamzivield et 6 atuldiivenis
Fwiiseanunain boost Iduazlalldusslend Weglu
eazdunveudaznisAnuimudt TunsAnil boost
Iusslowidu dnvarvosfihsenaiiduieitos wu
n3fine Omlin ™ fthelumsfinuniiiiongliosnd 45 9
wusaedu 3 nqudie nauldledvdndinisnisin ngu

A15199 6 WARINISANWINISIA tumor bed boost Tu DCIS

21859801 boost wavnguRe$Idll boost Han13ANW
dy v v a0 ¥

HagUldinnisanessdvaean local relapse 19 lnenis
boost azan local relapse lounTu 8nnsAnwives
“O Gafinwgde DCIS wagdl margin closed
38 positive lUSBULgUNTAESYdILaY boost Bl
71% WisuiieuiumMssnAndnAssalliig 29% nanns

Monteau

Anwmuin 7-yr locoregional failure rate ivapengulaidl
anuuansaiusazlinuiuigUieidl close/positive
margin kugilviane$sdias boost LiveLiis local control

38-45]

o . o - NSRUNNAFINITOAN
A998 mmuuﬂ’m (ﬂu) FEEULLAINAAMNTN GJ) v '
a a IBRT lansaly
Oomlin®! 316 6 5
Jiveliouk™®” 107 4 134
Monteau™™! 208 7.4 G
Wail™ 482 9.3 1adl4
Meattini®“”! 389 7.7 i
Rakovitch!®” 1895 10 1314
Kim™“4 728 6.7 1ol
Cutul* 819 75 13l

IBRT : ipsilateral breast tumor recurrence

nsAnwdeunawed Moran ! sausiugiUae 4131
AU 581iU 1980 - 2010 AnwimnudAgues boost
WU boost Wean ipsilateral breast tumor recurrence
(BRT) l@aensfitivasdfny (HR 0.73, 95% Cl 0.57-0.94,
p=0.01) wag ipsilateral breast tumor recurrence - free
survival Teieghaditdoezddny Tu multivariable analysis
WU boost fansan IBRT Ideehadituerddey Tnelitu
flue1guaynsle tamoxifen

Guideline @1gnves ASTRO 2018 * wuginlw
boost Tu DCIS Futeluil Feangtiosndt 50 T wde high
grade %50 il close/positive margin 1ng close margin
Atioendn 2 . LLazéﬂwﬁiﬂﬁ‘hLﬂuﬁm boost A® DCIS
flegannnit 50 U wawiifevsiyndeseluiite screen
detected, vunnauliiiu 2.5 9., low-intermediate

nuclear grade Wagiiail margin 131 3 wyl. §Uae
Moy = Y ' Yy = Y '
nladldegludauludinan asdeaiinisUSnwiusening
windgSnwuasgney

¥

mmzﬁﬁmiﬁﬂmﬁﬁwé’qﬁwaﬁa n15AN®1 BONBIS
1 JunsAnwinuuduseninenguiiléinisane$ad whole
breast 50Gy fiudnngufie whole breast wag boost 16
Gy TngsmamsrfUaeid1saulasanis 1950 au primary
endpoint A local relapse free survival Bnn1sAnw
#® Trans Tasman Radiation Oncology Group (TROG)
0701 " WHunsAnwitgudtandu 4 ngu léun nau
whole breast 50Gy, ﬂ&jm 50Gy + boost 16Gy, whole
breast 42.5Gy Wag whole breast 42.5Gy+boost 10 Gy

primary endpoint A8 time to local recurrence
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n1svAldun1sangsSud

nsAnw1 ECOG 5194 7 Hgfheaeansgy nguusn
Aorae 541 AUy low-intermediate grade wuna
AU 2.5 9. uagnguiians 104 au high grade yuglsl
A 1 o, diednwlenmansiiSuiithadiu 7127 (12-
yr risk of ipsilateral breast event) ma&ﬁﬂwﬁiﬁ%’umi
idnuuvanuduarldlimesdiasy defamuly 12
Ywuinduaelunauusn £12-yr risk 14.4% uaznguiiaes
24.6% wamsfnwiiasuigihe DAS ulfnaeiidnuae
favorable figaflgnsmsmiSuiitanndunuszezinand
Aoy dafuumduagdiaedosfinauinumsauiui
anunsageusulananismisulaunndesualuuiilians
J9EPUNAINIIHGIR

Wong ® Ainwngfie 158 AU low - intermediate
nuclear grade vu1alaitiu 2.5 @31, margin 41NAT7 1 3.
Tasunisuadanuvanuauutaglilasunisanesed
Aanuly 11 Pl nudndl 13% fimsndudugilu 8 9 1u
Sty 68% Wumsiisuidu Das way 329% u
invasive Ty 74% \Aafl quadrant ia dnsn1stEy
wadedeTegil 1.9%

msfiny1 RTOG 9804 " fithe 636 Audulu DCIS
UINLBENIN 2.5 3. NULFAINN1IATITUNTULATY YA

19nd158109v

H1ARLUUATIUANE margin 19031 3 wy. duEieeen
Dugesnguonguatessduarluldanesidnumds finany
U 7 9 wuimsihiFuemngiiae 0.9% lungugtasae
Yaduas 6.79% Tunguitliildiane¥sd nathafeauuu acute
52U1,2 1Andu 30% uaz 70% Tunguitliilfaneiuiou
Wisufuane3sd uasnainafessysu 3,4 1Anf 4% Tungy
flsildaneriu 4. 29%lunguilaneed feasuvesnsiinuil
fio e DCIS My good risk figssiFuTialy
nauitlallfanesad egndlsfimunisanesadmundsdufly
Usglemdannistduameiildegafitodfyase uag
mﬁﬁmﬁaﬂmmalﬂmwﬁuLﬁa@é’mﬂmsﬁﬁuLa‘wwsﬁ

asu

nsanefednunainsidnauauslugUae
wzdadmuuszer DAS Fududndudiotioiudnm
nsmuelsaannzil dagtudilivusilisniunsas
Fefoumndaugdrazdungu favorable risk 1y low-
intermediate grade, AUAtRYNI1 2.5 4. Lag margin
NN 3 . walimadenuntulneunnd Sdsnw
A1150219598LUY partial breast irradiation #3013
SOTIEAE L QTR IRY hypofractionation &1%5un13
boost tumor bed g1 dudossenasinnisAnun
BONBIS wag TROG 0701
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Proton therapy in
hepatocellular carcinoma
unungavMssSnyIRdgaunAlusnau
TulsAu:1SuAuUgLND

wiy. ns. il ansdiaug

AT AZNATITNE
MABTIREINE AnizUNNEANARS A1aenTalNNINeAE
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unun
lusfinnisanesadludseslsaludumelnneu (photon) w3 $3dnd (X-rays) tu Gslunumiles 1Henlyl
anunsalivsinasedngameniazaiuaulse insegnindameysinassdnieduunitrafissaylasu gailsian
\deasionsifin radiation-induced liver disease (RILD) Insiamglugthoussiuugugll Fafinisvhenvessduiily
Und esanlsadiuwdenidnnuidulsaiuguia

lemadavesnisane¥eddelnmeu (photon) fimsiaumnniy silfaunsali¥duimagilugssesTsn Tu
yuzflanUsinaddludeSeasdnidrades weadawmani Wiud intensity modulated radiotherapy (IMRT),
volumetric modulated arc therapy (VMAT) #se stereotactic body radiotherapy (SBRT) Wudu vhlinnsane
FedeTnnouludsuiuiunumnnilunsinvusieiulgugiues ssdaminssnglugatu @

nsaefadmesidounialusneu (particle beam

therapy, PBT) Uu {UBANLAUBNIT NITRIYINENIY Photons

Dose

InmouiiosnAau AT e nEndauNINTE
918598 (dosimetry) AiliUsuUTdRRLTDITg
fnan warUdeenaanuguilefernuanmil (Bragg-

peak) flan1nil 1 wenantussdounindadl penumbra Protons

\

uauniFidivinow warddudeatuayulunsl4sd
aymalunisshwiseslsaludu Wesn awnsald -

Depth

Ysuuddgaunnneazatuqulsaianisiuagli .
2 1 AusnlEnsiAndinunisnszanefsdaeseynialilsney
Lﬁmﬁﬂuﬁu‘ﬂﬂmﬂu Adapted from Rath AK. Particle Radiotherapy:
An introduction. In: Rath AK, Sahoo N, editors. Particle

\in RILD radiotherapy: Springer India; 2016. p. 2.
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nisidengUosiiiosunissnemoasodeynin
[Usmau (Indication, patient selection)

nsidengUasuzifeiuiiozrfunsnunieied
oynmelUsneutiu livdnmslndifsstunadeniiheie
Sunissnwmesedlineu uwiadumsiarsaniade 2
nqulug) 9 Ao Yadeifeafumilsn (disease-specific
factors) uartladefisrfindunisiauresiuung (liver

function-specific factors)

NNsANSEEET 2 (phase Il study) Aeaffusa
nsfnwvessideynialusneu inusin1sAndenngy
fhegnadrsaunsine (Inclusion criteria) T Usyneu
et

1 ufUasuziSaiulgugdl fia hepatocellular
carcinoma fAtaduanduile (histologic diagnosis)
309NN MN9TIFITATY (imaging diagnosis)

2. felaifinsunsnszaneveslsneanuondu

3. Liver cirrhosis with Child-Turcotte-Pugh class A
30 B

4. Eastern Cooperative Oncology Group (ECOG)
performance status 0-2

5. 91U 59815A (lesion) Wosnin 3 Nau

6. llanunsasnulacmen1swisna (resection) Wie e
msugnenedu (liver transplant)

wazn1sRasdonnsSnviud esfiansan
Hadedu 9 sade Wy vwevesieu fiswesteu Tnd
iU porta hepatis %38 8T UNRLUNIAALDIMNT *sO
As§nwduiiansnsarild 1wy thermoablation %3e
transarterial chemoembolization (TACE) Fee199y
A5 Wumadenvesnisinw wiatdunissnm
iy @

Jodemuinalafifgodevinavdoistunlunisis
PBT Tunis$nuuziSuiudguni

PBT damaudRInmizgnianuildnd @mamﬁa‘ﬁ'
dnfiidesfinnsanlunisld PBT flensavdmaliiAn
auRIAAAeY (Uncertainty) Ao mnliladiaueves
fnana (heterogeneity) Y04ANUNUIMUUTDIDIANATOU
(electron density) Tus1ame sewinemsiieymelusaou

Ja Wy dlduasiede foviwanonisnsyated
veseynAlusnousnnd leFouifisuiudvswasie
nsnszanesdvedlnney nsnnesdidufigeynin
Wimeuiidomsseds Ao maadeulmvesdiuniunis
wigla meinavesiuiiogindsossioszninansysau
wazten wie Indnudld 1Dudu

nmsmuauanLlitivouduAnannisiadeulm
voufutu ansnsnvhldvansds Tiun

- Respiratory gating
- Abdominal compression
- Breath hold

nMsATIvEeUuLsnauaneSdRtaudRLn
wuiu wedaildiulndideriv medansanedddae
wATiAASIEIMNAR (stereotactic body radiotherapy,
SBRT) Sefeanisaanuusiughunnuiu®

\iosan PBT ﬁ?uﬂmmwmanmw (imaging) 74l
nsFuaauiu Mslden electron density figndasusiuen
Thisirudndaann egnslsfia luunnsdienaiinunaia
wiouvasnndildlun1siuans (imaging uncertainty)
WaYAIUAAIALAR DUV (geometric uncertainty)
Feluilaqiu Tusunsunsununsaneddid sanediiy
FunngiiSondn Robust optimization 8111509 8aALAL
\AuNaTiina N uncertainty waniils @

nangaununisuwngifganuwanissnyiuevnisis
PBT Tun1s$nuu:1Susulgug

Fenunnsemsiietunsld PBT Tunisinw
ugifaruugunPlugasuan Aeduiiussmaditu Tl e,
1983-1990 Tsujii thazane™ " lasreaunanisiy PBT Tu
FasuzSeduugugiinliannsoridalddnou 16 au
Tngl¥i PBT Usnnau 66-96.8 gray equivalent (GyE) \de
86.7 Gy WU 8m51N13300T30d 2 T (2-year survival
rates) Tugthefifinisviiauvessiu Child-Pugh (CP) A
way B AU 68 % wazlu CP C Wiy 18 % 21nn13
Anwnilfisedaguin msld PeT eliSsauinaigdly
Sareuluiuiidnnin 10 Lﬂjuammﬁuﬁﬂwﬁimiﬁwm
vaeiu CP A ua B 1 ilunsihwiiduszavanin Tu
n3fnwee 9 wilae Chiba wazanez™ vinisfnwiwuy
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retrospective NEUIENzIS WU Y1aseningd e
1985-1998 §131 162 AL WU TidnTnssending 5 U
(5-year survival rate) uaz $aTIMsAUALlsALRNIZTT
5 3 (5-year local control rate) infiu 23.5 % Wag 87 %
AINEIFU

nsl4 PBT lumsnwmmiSeUgugiivessu Fuiinng
14 warsreaumansanuunty endvejinannuszne
aedenyTuoon wazanigendni esnilaruegn
voalsagauaziivszaunisallunisld PBT 1Juszes

LAWY PananluAS1eR 101

A13197i 1 Selected studies in PBT in hepatocellular carcinoma

Stud Patients cP Tumor size RT regimen Local Progression- Overall
v (n) (cm) (GyE/fractions) control = free survival survival
Mizumoto et al Ai87% 113 2-yr 94% 2-yr 38% 2yr57%
: 53 B:11% 5 72.6/22 (80.5 Gy EQD2 2 3 3!
(2008) e Median= 4.3 220 Y EQD2,q) 3-yr 86% 3-yr 25% 3-yr45%
Fukumitsu et al. A: 80% 0.8-93 3-yr 95% 3-yr48%
(2009) 51 B: 20% Median= 2.8 66.0/10(91.3 Gy EQD2,0) 5-yr 88% N/A 5-yr 39%
A: 74% 66.0/10 (91.3 Gy EQD2,,)
I -
Na“go";;]e‘ c 318 B: 20% N/A 72.6/22 (80.5 Gy EQD2,,) N/A N/A :Y: i::
C: 2% 77.0/35 (78.3 Gy EQD2,,) y
Nakayama et al. o :f I;: - 72.6/22(80.5 Gy EQD2,,) | 3-yr88% ;;: 23: 3yr50%
(2011) 6% 77.0/35 (78.3 Gy EQD2,,) 4-yr 88% ayr17% 4-yr34%
Bush et al LY 2L
) 76 B: 47% Mean 5.5 63.0/15 (74.6 Gy EQD2,,) 3-yr 70% N/A Median 36 mo
(2011)
C24%
Kim et al. - A: 89% <5:81% gg'ggg gig g; E%i”; 3-yr 80% 3yr17% 3-yr 56%
. . ' . 10 ¥ - g
(2015) B:11% »5:19% 72.0/24 (78.0 Gy EQD2,,) S-yr 64% S-yr0 S-yr42%
A:73% Median 58.05/15
Hong et al. ’ 1-yr 56% 1-yr 77%
iggfsla i ca0% Madian 20 (67.1 Gy EQDZ,0) 2y 247 40% 27 63%
N/A: 7% Range, 15.1-67.5/15 y Y

MsAnIaIn Tsukuba Usemadtu 2 14 dose-
fractionation 3 wuumusIwnUsvesneuludy lay
NTUTTETNNAIN porta hepatis waz oieazluniaiu
019113

1) f’fauﬁ'agjmamn porta hepatis kagaivizuns
TumaiuemsuInna 2 wuduns I 66 GyE
Tu 10 fractions

2)  foufiegindeizunlumaiuestesni
2 wudtuns 1 77 GyE Tu 35 fractions

3)  fioufieglnd porta hepatis tiognin 2 wufiuns
1% 72.6 GyE lu 22 fractions

v

FasheUiinusidfingnn sanmsmunulsaans
i1 37 (3-year local control rates) 985114 88-95%
Felaupnsnaiulusie 3 nau wagdarnssendingl 3 ¥
(3-year overall survival rates) 85114 45-65%
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76

M13AN®131N Loma Linda Usemeaansgewisni ™
Tuifthe 76 au Al PBT V3maidsd 63.0 GyE Tu 15
fractions WUl §hnN1ssenTinlasuaennisiiiud 3
U (3-year progression-free survival ratesﬂuﬂﬁimﬁvﬁ'ﬁlﬁ
»7u Milan criteria for liver transplant “* iU 60%
waglunguiiiiffe 18 auilldsnwsesenisugnanesiu
(Liver transplant) Sdlunguilil snsin1szendinil 3 T
(3-year survival rate) Wiy 70% FadlewUSeuiisusu
nquiililsugnanesiu §nsnnssendindl 3 T (3-year
survival rate) wirfiu 10%

KATNSANNIINANTULESNINR USenenva

19 GyinsAinwingIfunsid SIS s@Larkananns
AuAulsn tngly dose-fractionation 3 WUy A 60 GyE
Tu 20 fractions, 66 GyE Tu 22 fractions way 70 GyE Tu
24 fractions WuingnsnseunLAvesseslsa (complete
response rates) WU 62.5%, 57.1% Wag 100% n1y
a o aad a X o A -
YSunudedniudy snsinsatuaulsaanieiin 3 U



(3-year local control rates) Wi1fiu 79.9% uazlungui
seglsagunintiuildnsimInuaulsalmed ganings
nseelsnguliinun agreditosyddiy (90% VS 40%, P =

0.003) fAfeladeaguiianinainnsinuilin asld

USuaussd 2 Gy equivalent dose (EQD2) unnnin 78
Gy FglvinanismivaulsAmE NN

nsAnweednady Wunsanvianiznanis
$hwan PBT wirdilaglulldvimsiseudieusunis
$nw1Bu 9 fin1sAneniannn Loma Linda Uszne
ansgowini” FaiinisdnwiIeulisuuuugy
(randomized trial) 3231319 TACE iU PBT $1847UNANT
Anwndosdu wuh HUay 69 aufidnléiu Milan wie
San Francisco criteria for liver transplant " fU3g 36
Aulasunissnwiiie TACE waz {Uae 33 auldsunis
Snweng PBT 70.2 GyE Tu 15 fractlons (EQDZ 85.9
Gy) 1N19ILATIE mmamiﬂﬂmwawu (mterlm
analysis) wuihdasinssendind 2 U (2-year overall
survival rate) Tugthesausis 2 ndu ity 59% laiumn
Fafiusyninengs I58g11N1558ATIM (median survival)
WinAU 30 e (95% confidence interval 20.7-39.3
months) wagnudrdiuuliudl ngu PBT aziidnsnis
muaﬂimawwﬁﬁqmiﬁ (2-year local tumor control)
88% LUy 45% (P=.06) 8n51n1550nT I neUaonn s
s 2 T‘Jﬁqmjﬂ (2-year progression-free survival)
48% Liguriu 31% (P=.06)

Padenennsallsa (prognostic factors) finuannnis
Anwmanil Wéud CP score, Milan criteria, n13§nw7sia
shensugnanesiu uazUsinassailisuiiganin 78 Gy
EQD2,  \Tushu

wazanudngIumMenIskndvand viliud e,
2017 American Society of Radiation Oncology (ASTRO)
lAUszne Proton Beam Therapy Model Policy " GN
AvuslilsauziFesugund eglungalsangud 1 dadl
Joganenisunndsessuiisane fernudndu deudld
wazUsyansnmveINTinm

n1slg PBT Tunduidossnw:

fauddmsinwfinanuidiadiu Tauansliiduds
Uszdvznnuarannuuaendeves PBT usiluduieu
naudalalivineglunmsinwidnediu 1wy gUhenidl portal

vein thrombosis Fefimswensallsadilsid, nauified
fouslvunalvg), faonguilldsunisans¥eden Wusiy
Tunquiihefiseslsagnanudlulududendu 4
\Dunguitinswernsallsaiilid wag dniadenlunis
$hwndnin wardldsegun1ssentinegsening 2-3 Loy
7 sl PBT Tudthenguiifinsenumaaindnean
Tsukuba Uixmﬂiﬁﬂu[z” HUqe 12 Audd tumor
thrombus Tunvusmanaes portal vein IuInvoInNoU
SN 4-11 wufuns USunasda @il 50-72 GyE lu
10-22 fractions lUgsfou waz tumor thrombus Han13
Ainwinudn progression-free survival rates Winfiu 67%
7127 wag 24% 7 5 U Asfseguves progression-free
survival lifiu 2.3 ¥ nsfinwdeunanaaiduin® Tu
ftae 35 aulneliuiinasedgetudu 726 GyE Tu 22
fractions TUgsludaiau uaz tumor thrombus lungu
nsnnd PIANBUBYTENIN 2.5-13 LuRuAT 679
M350nT3nTi 2 waz 5 U wihifu (overall survival rates
at 2 and 5 years) WU 48% and 21% AUAIAU WAy
T55UNTTONTIN WNAU 22 1iiou 395ening 2-88
eu SnsinsuaeansiGuiangdi 7 2 war 59 (local
progression-free survival rates) WU 46% wag 20%
AUEIRU ASANEIIINAITUNLIS MR Usine
g 22 Iuﬂéuéﬂaﬂﬁﬁ portal vein thrombosis WU
11 583141550039 (median overall survival) Ly
30.4 \feu SnnisaennisriBuamsd 7 2 Yuas
Sn3nssenTind 2 T Wi 88% uaw 51% AudIdy
ﬂaumhawlmuﬂimmqamr\mﬁ 80 Gy EQD2 | il
n13MeUALBIYRT tumor thrombus Faniuasiuualiy
fazdidnsnssendinfigandi

nauifthefifouiivinalvgnin 10 wufms s
wensallsadilald ! Sasanissendiait 1 Jwinfdu
23%uarii 3 U osndt 10% T1897URARINANEIR1N
Tsukuba ‘Uivmmﬂu I feduau 22 audilivuaneu
Tnginin 10 WwuRLung Faus 10-11 wudans Psugu 11
WUALAS UTN1ns target volume Fausl 335-1398
aﬂmﬂmmummm (em?) g 567 cm > fsugudsunm
%48 72.6 GyE lu 22 fractions faust 47.3-89.1 GyE lu
10-35 fractions amﬂmsmuquiimawww (local
control rates) 2 U 87% warsnsnssondind 1 uaz
2 Ywinffu 64% uaz 36% ganinsAnunfisnuse s
3u
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msaesadinseslsarisuiiy Hulssduiideudng
Ve esan ausiad e U SiEva Iy
waz osawluszuumaiuemnsinalAes Mennaudd
FUAWIENUNINTEL5IEVR PBT 9l n1sanesed

P2
o

iidulaglaiiin madhafessuusaiy Sanumdululun
fu MenuraNAnwan Tsukuba Useweddu® &
dUae 27 au uay 68 seelsa lasunisatesadaiy PBT
1NN 2 58U ANSIBEFIUVDITEELIANTENINNNTRNTE
50Ul 1 warseudl 2 Wiy 24.5 1feu (3.3-79.8 Lew)
Usinaudedildlunns$eddn 66 GyE T 16 fractions $a51
n330aTInd 5 DReudmsanededadaun whiu 55.6%
wazslsEgIUNTTONTIN WU 62.2 16iBU BRTINTTAIUAN
Tsamnedi 71 5 T wihiu 87.8% nafinwsesnainaaii
Wwia? wudn Andisegu vosUianaused lunismendad 1,
2, 3 waz 4 1Wnu 71.0, 70.0, 70.0, uag 69.3 GyE a1y
diu Lifinadrafssiisuusede RILD uaeiisegiums
s00Tn NMIREATILIN Wiy 61 ey Shsinssen
Find 2 uar 5 winfu 87.5% (959%Cl: 80.2-94.8%) uae
49.4% (95%Cl: 37.6-61.2%) AR vaI TN usdlU
U (mean liver dose) 5¥w34 5.4 3 66.5 GyE (ade:
24.23 GyE) asulddnisansfeddndae PBT dud
UszdnSnmuaziianuaonsi

Dose specification

MsmevaLeashouiy dmnuulsiunseiuUsine
$@TlATU anmsAnefinanaundrsdiu wudn el
USinnudadiiunnndi 78-80 Gy EQD2, aslinanismauny
Tsalddniiuay o1maziiudnsn1ssentinge

#78¢19 dose-fractionation 210 Tsukuba univer-
. Ay =g o A 4
sity UseinegyJudaiduaganvuniiuseaunisalgniuiuneg
Inssganumsfnwunnign

1) f’fauﬁ'agmamﬂ porta hepatis kagaivizuns
TumaiuemsuInna 2 wudiuns I 66 GyE
Tu 10 fractions (91.3 Gy EQD2, )

2) feudeglndeiisunilumadiuemnsdeenii
2 wudwns 19 77 GyE Tu 35 fractions (80.5
Gy EQD2 )

3) feudieglng porta hepatis togndl 2 l9uALIAS
13 72.6 GyE T 22 fractions (78.3 Gy EQD2, )
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wadviAgvd1n PBT (Acute and late toxicity)
Nat1aARaiinIulendaann PRT wlsmueieie Ao

~ §U 91994R0 RILD %38 CP score fiugad 910
ANV NAUNUI ﬁi@mmﬁammjﬂuéﬂwﬁﬁwm%
vhaesiuitug il el wuidles 4% 7Tl P score
\inguvdeannld PBT

- MAAUDINIT BRTINSIAANATINLAEN Grade 2
FulU agszwing 1-7% nmsAnudne ua 8.5% Wle
feusglndfueiszuniluniaiuems

- wilsresen (chest wall) Yeung et al® @nwn
fthae 39 au nutlunisaneed 15 A% mut chest wall
pain grade 2 Tuld dladn Va7 20 cm?, V50 >17 cm?,
uay V58 >8 cm”® 484 chest wall dauduiusiusns

N3iAin chest wall pain Mgty

Future direction

vdngunensLmdsananulumaia PBT 78
lidudeuannidn taqiiu iadaves PBT dufinisifann
Idann wu pencil beam scanning, intensity modulated
proton therapy, %38 wAllAvaY treatment planning
system LU robust optimization, dose repainting i
Fwan uncertainty Wemafian1satesidindeulmen
nsmela wani ensazdierilinanmsnuiiaty ds
AYIZABITINANISANYIReLY

sl PBT saufunissnudu 4 e1vvzdaelunis
mualsALay IiNSHTINITenTAn Felivanonisineil
mMasliunmsfinwagui

wazaninetadanisdu biology ladnazidu
relative biological equivalent (RBE) Faoraaziianday
Tun"s optimization %38 gene-associated personalized
medicine ﬁLﬁEJ’J‘?JIENﬁ’U radiosensitivity 219l Judady
lunisidengUiedmiunisine uaskaves PBT e
immune system wazadululavasnslyd PBT sau
U immunotherapy fAfaduidefiduiiiaulauasdos
Sesonan1sinwfiufiusely
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