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学 位 授 与 の 要 件  学位規則第４条第１項該当 

            医学系研究科保健学専攻 

学 位 論 文 名  A MONTE CARLO DOSE CALCULATION SYSTEM FOR ADVANCED RADIOTHERAPY 
            TREATMENT PLANNlNG 
            （高精度放射線治療計画のための Monte Carlo 線量計算システムの開発） 

論 文 審 査 委 員  （主査） 
            教 授 手島 昭樹 

            （副査） 
            教 授 春名 正光  教 授 村瀬 研也 

論 文 内 容 の 要 旨 

 Radiotherapy has become increasingly conformal since the advent of three-dimensional (3D) conformal 

radiotherapy (CRT), intensity-modulated radiotherapy (IMRT) and stereotactic radiotherapy (SRT).  Although 

such advanced radiotherapy techniques would achieve better dose distributions conformed to the targets while 

sparing the surrounding normal tissues, they are less forgiving in terms of treatment uncertainties.  The 

accuracy required for dose computation is generally between 1% and 2% ; however, large errors in the doses 

computed by conventional dose calculation algorithms exceeding that criteria have been reported. 

 The rationale of this thesis was to develop and commission an integrated Monte Carlo (MC) dose calculation 

system, MCRTV (Monte Carlo for Radiotherapy Treatment plan Verification).  MCRTV has been developed for 

clinical treatment plan verification and can be used for both conventional photon beam calculation and advanced 

radiotherapy treatment planning including 3D-CRT, IMRT and SRT.  It is now well accepted that MC is the 

most accurate dose calculation method.  Theoretically, once an MC dose calculation system is properly 

commissioned, it can provide the dose calculation benchmark results.  The MCRTV system consists of the 

originally written EGS4/PRESTA MC codes and the associated software.  MCRTV has an interface with a 

commercial treatment planning system (TPS) (Eclipse, Varian Medical Systems, Palo Alto, CA, USA) and reads 

the information needed for MC computation transferred in DICOM-RT format.  The phase-space data of our 15 

MV photon beam from Varian Clinac 2300C/D has been developed and several benchmarks have been performed 

under homogeneous and several inhomogeneous conditions.  The MC results agreed with the ionization 

chamber measurements to within 1% and 2% for homogeneous and inhomogeneous conditions, respectively.  

The MC calculation for a clinical prostate IMRT treatment plan validated the implementation of the beams and 

the patient/phantom configuration in MCRTV.  

 A specific MC code for a CyberKnife stereotactic radiosurgery system has also been developed.  Stereotactic 

beams make it difficult to measure the accurate dose due to lateral electronic disequilibrium.  We have 
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calculated the in-water depth dose curves for field sizes of 5, 15, 30 and 60 mmφ and compared with those 

measured with a diamond detector.  It was observed that the calculated and measured depth dose curves for the 

60 mmφ field were in relatively good agreement (less than 2%), whereas there were considerable discrepancies 

for other smaller fields. 

 SRT for extracranial tumors has been performed to treat primary and secondary lung cancer and has 

subsequently been named stereotactic body radiotherapy (SBRT).  The promising results of several clinical 

studies on SBRT have been reported mainly from Japan.  Dose calculation accuracy is diminished due to 

heterogeneous anatomies such as lung and bones especially in the thoracic region for conventional dose 

algorithms, which have been used for most studies.  MC is expected to provide the accurate doses delivered to 

patients and the clinical outcomes would then be evaluated properly. 

論 文 審 査 の 結 果 の 要 旨 

 本論文では、放射線治療において最も高精度な線量計算アルゴリズムとして認知されている、Monte Carlo（MC）

法を用いた線量計算システムを独自に開発し、その精度検証を行っている。汎用 MC コードの EGS4/PRESTA をベ

ースに、直線加速器の詳細なモデリングから X 線の発生過程、患者体内の線量計算までを行うプログラムを独自に作

成し、最も予想される代表的な３種類の条件で計算モデルの検証を行った結果、必要な精度（＜＝２％）を達成した。

また、商用治療計画システムとのインターフェースを開発し、臨床応用の基盤を構築した。 

 当システムは、複雑な治療技術でも高精度な線量データを提供することが可能であり、治療計画の品質保証（quality 

assurance：QA）における臨床的有用性は極めて大きい。特に、当計算コードは将来的に希望施設に配布予定であり、

放射線治療の質向上への貢献が期待できる。 

 したがって、本論文は大阪大学博士（保健学）の学位授与に値する。 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


