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Updateon Normal TissueInjury:Updateon Normal TissueInjury:
What us new sinceWhat us new sinceEmamiEmami??

LawrenceB. Marks, M.D.LawrenceB. Mar ks, M.D.

Radiation OncologyRadiation Oncology
Duke University Medical CenterDuke University Medical Center

Durham, North CarolinaDurham, North Carolina
Duke UniversityDuke University

EmamiEmami
•• Terrific PaperTerrific Paper
•• DoseVolume GuidelinesDoseVolume Guidelines

•• ReferencedandReferencedand misquotedmisquoted oftenoften
•• SurveySurvey
•• Extensive li teratur e reviewExtensiveli terature review

•• 3D provided information3D provided information
•• We needed to know how to act on the knowledgeWe needed to know how to act on the knowledge

•• Tremendously useful: early 3D era & todayTremendously useful: early 3D era & today

Duke UniversityDuke University

What is new sinceWhat is new sinceEmamiEmami??
•• The Hope:The Hope: ““ 3D information will set us free3D information will setus free””

•• Partly true: Major ProgressPartly true: Major Progress
•• DVH outcome(many organs)DVH outcome(many organs)
•• Goodbut NOT perfectGood but NOT perfect

•• Another Reality:Another Reality: ““ We donWe don’’ t know what wewant tot know what wewant to
measureand the information overload is killing usmeasure and the information overload is killing us””
•• Recognition of shortcomingsofRecognit ion of shortcomings of DVHsDVHs

•• Mathematical,anatomic/physiologicMathematical, anatomic/physiologic

•• Clarification of endpoints (clinicalClarification of endpoints(clinical vsvs subclinicalsubclinical ))
•• Moving target astechnology advancesMoving target astechnology advances

•• 19901990’’ s: 2s: 2 Gy/fxGy/fx, QD mostly, opposedbeams,limited chemo, QD mostly, opposedbeams,limited chemo
•• 20002000’’ s: IMRT, chemo,BID, etcs: IMRT, chemo,BID, etc Duke UniversityDuke University

Clear ProgressClear Progress
3D Dose/Volumes3D Dose/Volumes→→→→→→→→ OutcomeOutcome

•• Liv er (Michigan)L iver (Michigan)
•• Lung (many places)Lung (many places)
•• Parotid (MI R)Parotid (MI R)
•• Rectum (several,MSKCC)Rectum (several,MSKCC)
•• Brain (U Pitt)Brain (U Pitt)

Physicianshavea lot more informat ion to guide us!!Physicians havea lot more information to guide us!!
Thank you! Really.Thank you! Really.
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Parotid dose dry mouthParotid dose dry mouth

Duke UniversityDuke UniversityDawson et al. IJROBP 53:810-821, 2002

Observed and predicted NTCP, according to the LKB NTCP model vs. mean liver dose (in
1.5 Gy b.i.d.). Observed NTCP calculated from patients grouped in 4-Gy bins, with 80%

confidence intervals displayed. Predicted NTCP based on the LKB NTCP model, with n =
1.1, m = 0.18, and TD50(1) = 43.3 Gy.

Liver:L iver: UnivUniv MichiganMichigan

Exportability of predictiveExportability of predictive
modelsfrom one university tomodelsfrom oneuniversity to

another: Challenginganother: Challenging

Duke UniversityDuke UniversityXu et al. IJROBP 65:193, 2006

Michigan vs.China: Grade A RTMichigan vs.China: Grade A RT--induced liver disease.induced liver disease.
China: Primary liver Ca vs.Michigan: metastasesChina: Primary liver Ca vs.Mi chigan: metastases
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Duke UniversityDuke University

DosimetricPredictors of RT-InducedPulmonary ToxicityPulmonary Toxicity

MartelMartel **
Armstr ongArmstrong ** **
OetzelOetzel ** **
GrahamGraham ** **
K waK wa **
HernandoHernando ** ** **
YorkeYorke **
TsujinoTsujino **
RancatiRancati ** **
Wil lnerWil lner **
ClaudeClaude **
FayFay **
K imK im ** ** **

““ PredictedPredicted”” ComplicationComplication
Probabilit y (NTCP)Probability (NTCP)

VV ““ 2525””
(% > 25(% > 25 GyGy))

Mean LungMeanLung
Dose(MLD)Dose(MLD)

Duke UniversityDuke University

Fan, JCO 19(2):543, 2001, DukeFan, JCO 19(2):543, 2001, Duke UnivUniv ..

From Graham IJROBP 1999From Graham IJROBP 1999
Washin gton UniversityWashington Uni versity

From Stepp enwold e & Lebesque
Sem Rad Oncol 11:247, 2001

r > 0.94 High correlation isHigh correlation is
technique dependenttechnique dependent

R=0.92R=0.92

Duke UniversityDuke UniversityKong, UKong, U MichMich, IJROBP 2006, IJROBP 2006 Duke UniversityDuke University
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UU MichMich Data, DoseEscalationData, DoseEscalation

•• 109 patients109patients
•• 19921992--2002, excellent FU data2002,excellent FU data

•• RT doseper VRT doseper V effeff
•• ≈≈ 15%15% pneumonitispneumonitis raterate
•• Predictors of lung injuryPredictors of lung injury

•• MLD, V20, NTCP, etcMLD, V20, NTCP, etc
Kong IJROBP 65:1075,2006Kong IJROBP 65:1075,2006

Duke UniversityDuke UniversityKong, UKong,U MichMich, IJROBP 2006, IJROBP 2006

Duke UniversityDuke UniversityKong, UKong, U MichMich, IJROBP 2006, IJROBP 2006

17/109with MLD >2017/109 with MLD >20
70% x 17 =70% x 17 = 12 patients12 patients

92/109 with MLD < 2092/109with MLD < 20
10% x 92 =10% x 92 = 9 patients9 patients

SensitivitySensitivity

11 –– SpecificitySpecificity

1.01.0

0.00.0

0.80.8

0.60.6

0.40.4

0.20.2

0.00.0
0.60.6 0.80.8 1.01.00.20.2 0.40.4

BetterBetter

FairFair

chancechance

ROC Curve
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ROC areastypicallyROC areastypically ≈≈ 0.550.55--0.75for Mean Lung Dose0.75for Mean Lung Dose

Duke UniversityDuke University

Kong,UKong,U MichMich,,
IJROBP 2006IJROBP 2006

AUCAUC ≈≈ 80%80%

Duke UniversityDuke University

Functional Factors Pollute Lung AnalysisFunctional Factors Pollute Lung Analysis

•• Tumor shrinkageTumor shr inkage
•• Baseline low PFTBaseline low PFT ----> more SOB> more SOB

•• Yes: Marks,Yes:Marks, ChoiChoi, Monson,, Monson, RobnettRobnett
•• No: Graham,No: Graham, SunyachSunyach, Kong, Kong

•• Distribution ofDistribution of ““ functioningfunctioning”” lunglung
•• SPECT perfusion > CT volumesSPECT perfusion > CT volumes
•• Duke,NKI,Duke,NKI, ChoiChoi, Curran, Curran

•• Exercisecapacity ?Exercise capacity ?
•• Mill er,Mill er, IJROBP 2005IJROBP 2005

Duke UniversityDuke University

PneumonitisPneumonitis is subjectiveandis subjective and
inexactinexact

•• 19911991--20032003

•• 47/251(19%) grade47/251(19%) grade ≥≥22
pneumonitispneumonitis

•• 13/47confounding issues13/47confounding issues

•• KocakKocak,, IJROBP 2005IJROBP 2005
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Exacerbation
of COPD

Tumor
Regrowth /
Progression

Infection
Cardiac
Disease

3

11

3 2

2

1

13/47 (28%) of Patients “ Hard To Score”
Kocak (Duke) IJROBP 2005 Duke UniversityDuke University

Predictions are ok, not great:Predictions are ok, not great:

Biologic and anatomic factorsBiologic and anatomic factors

beyondcontrol ofbeyondcontrol of DVHDVH ’’ ss

Lousyendpoint, inexact, not quanti tativeLousy endpoint, inexact, not quantita tive

Lung is particularly challengingLung is particularly challenging

COPD, tumor effects,etcCOPD, tumor effects, etc

PneumonitisPneumonitisLung 3D RT DoseLung 3D RT Dose

Duke UniversityDuke University

MeanHeart Doseis associated with Heart ToxicityMeanHeart Dose is associated with Heart Toxicity
p=0.01p=0.01

0

10

20

30

40

50

60

70

0 10 20 30 40

Mean Lung Dose (Gy)

No Toxicity
HeartToxicity

Mean
Heart
Dose
(Gy)

11% (5/47)11% (5/47)
2% (1/46)2% (1/46)
2% (1/45)2% (1/45)
0% (0/45)0% (0/45)

Pericarditis 5, CHF2
Pericarditis/effusion1
Atrial fib 1, MI 1

p=0.01p=0.01

Patients divided into quartiles by Mean HEART DosePatientsdivided into quartiles by Mean HEART Dose

Mar ks 2005Mar ks 2005
Duke UniversityDuke University

But what about IMRT?But what about IMRT?

•• IMRT changesa lotIMRT changesa lot
•• Fraction sizeFraction size

•• NonNon--uniformuniform

•• Neighborhood effectsNeighborhood effects
•• Dosimetric parameters lesswellDosimetric parameterslesswell

relatedrelated
•• Time to deliver RT (minor effect)Time to deliver RT (minor effect)

•• NonNon--uniformuniform



7/24/2006

L. Marks/jh 7

IMRT delivershighly variableIMRT delivershighly variable
fr action sizesto normal tissuesfr action sizesto normal tissues

FractionFraction--sizecorrectedsize corrected DVHDVH ’’ ss

Assumeswe know how to correct!Assumeswe know how to correct!

Duke UniversityDuke University

APPA, and thenAPPA, and then
LAO/RPO, beamsLAO/RPO, beams

treatedtreated sequentially,sequentially, ≈≈
22 GyGy/day everywhere/day everywhere

Multiple beamstreatedMul tiple beamstreated
concurrently,concurrently,

variable fraction sizesvariable fraction sizes

Fractionation rears it ugly headFractionation rears it ugly head

Duke UniversityDuke University

Cumulative incidence ≥ Grade 2 RT pneumonitis

Non-randomized comparison.

Tsujino et al. IJROBP 64:1100-1105, 2006

Tsujino, et al IJROBP64:1100,2006
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Planning in the postPlanning in the post--EmamiEmami eraera

Using 3D dosesto predict outcomeUsing 3D dosesto predict outcome
data derived predata derived pre--IMR TIMRT
is it applicable?is it applicable?

But, 3DBut, 3D
““ conventionalconventional”” dosedistributionsdosedistrib utions
beamorientationsarebeam orientationsare ““ usualusual””
we can rely on prewe can rely on pre--3D knowledge3D knowledge

IMRTIMRT
unusual dosedistribu tionsunusual dosedistributions
we are DEPENDENT on the DVHwe are DEPENDENT on the DVH

3D and IMRT are BOTH3D and IMRT are BOTH
DVHDVH --basedplanning exercisesbasedplanning exercises

CTCT

Beams
Apertures Contour

Segment

Dose
Constraints

3D IM RT

ComputerComputerComputerComputer
MagicMagicMagicMagic

Treat
DVH

Assess
DVH’s

Assessdosesand
beam

orientation &
aperture

DVH
O.K.

Not
O.K.

Apply prior knowledge
Beamorientations, “ apertures,”
intensity mapsnot intuit ive.

O.K.

Not
O.K.

Duke UniversityDuke University

DVH ShortcomingsDVH Shortcomings
•• DVH vs.DFHDVH vs.DFH
•• Spatial information discardedSpatial information discarded
•• Fraction size (can correct)Fraction size (can correct)
•• Volume?Volume?



7/24/2006

L. Marks/jh 9

Duke UniversityDuke University

What is Volume?What is Volume?
•• External ContourExternal Contour
•• Functional vs.AnatomicFunctional vs.Anatomic

LungLung KidneyKidney
•• Expanding/Contracting tissuesExpanding/Contracting tissues

EsophagusEsophagus RectumRectum
•• Organ HeterogeneitiesOrgan Heterogeneities

LungLung Kid neyKidney
BoneBone

Duke UniversityDuke University

Esophaguscontours:Esophaguscontours:
variable area (volume)variable area (volume)

Duke UniversityDuke University

SuperiorSuperior InferiorInferior

Duke UniversityDuke University

esophagealesophageal
contourscontours 3D metrics3D metrics

OutcomeOutcome
RTOG acuteRTOG acute

& late toxicity& late toxicity

CTCT

““ correctedcorrected””
3D metrics3D metrics

correctioncorrection

UnivariateUnivar iate and Multi variateAnalysesand Multivar iate Analyses
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Duke UniversityDuke University

AcuteAcute ≥≥ grade 2grade 2 0.0080.008 0.0050.005

AcuteAcute ≥≥ grade 3grade 3 0.050.05 0.0030.003

LateLate ≥≥ grade 1grade 1 0.140.14 0.080.08

Toxicity = f (Dosimetric Parameters)Toxicity = f (Dosimetric Parameters)

V 50V 50
CorrectedCorrected

Adapted fro m KahnAdapted from Kahn et al.et al. 2004 (Duke)2004 (Duke)

V 50V 50
UncorrectedUncorrected

pp--valuesvalues

Duke UniversityDuke University

APPAAPPA

APPAAPPA
ObliquesObliques

ObliquesObliques

Duke UniversityDuke UniversityMarks IJROBP 34:1168, 1996
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Duke UniversityDuke UniversityMarks IJROBP 34:1168, 1996 Duke UniversityDuke UniversityMarks IJROBP 34:1168, 1996

Duke UniversityDuke University

SeriesSeries ParallelParallel
• Cord
• Esophagus

• Hot Spot

• Lung Li ver
• Kidney

• Volume Effect

Duke UniversityDuke University

Cord: Classical SeriesStrictureCord: Classical Series Stricture
Length of CordLength of Cord

Treated (mm)Treated (mm)
Dosefor 50%Dosefor 50%

injury rate (ED 50)injury rate (ED 50)

Van der Kogel

2 88
4 54

8 25
20 20
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Duke UniversityDuke UniversityBisl et al. IJROBP 64:1204-1210, 2006

Rat Proton Cord RT
ED 50 (Gy) to “ showe r”

No bath (control): 88 (dose in peak)

4 Gy bath , both side s 61

4 Gy bath , one side 69

18 Gy bath, both sides 31

Wide showe r, 8 mm No bath effect

ShowerShower

BathBath

Serial vs.parallelSerial vs.parallel
Lesswell definedLesswell defined
Migration of stemcellsMigration of stem cells
Cytokine/neighborhood effectsCytokine/neighborhood effects
VascularVascular

NeighborhoodEffectsNeighborhood Effects

Duke UniversityDuke University

Rectum: MSKCC, Prostate CancerRectum: MSKCC, Prostate Cancer

• V 70 – V77 bleeding
makessense:local hot spot

• Independentassocalsowith V46!

• “ large surrounding areasof intermediate
dosemay interfere with the ability to
repair the effects of a central high dose
region.”

IJROBP 49:685,2001 Duke UniversityDuke University

Predictors of Bleeding: Prostate Cancer Treated to 75.6 Gy

JacksonIJROBP 49:685,2001
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Organ interactionsOrgan interactions

Duke UniversityDuke University

LuijkLuijk CaCa
ResRes65:6509,65:6509,

20052005

ProtonProton
RT inRT in
Rats:Rats:

RespResp RateRate
= f (lung= f (lung
and heartand heart

RT)RT)

Heart + 50% lungHeart + 50% lung

Heart + 50% lungHeart + 50% lung

50% lung50% lung

50% lung50% lung

Duke UniversityDuke University

10
20

30
40

15
30

45
60

-60

-30

0
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60

Mean lung dose (Gy)

Lung and heart doses and %reduction in DLco

Mean heart dose (Gy)

%
R

e
du

ct
io

n
in

D
Lc

o

Lung and Heart Interacti ons?Lung and Heart In teractions?

%%
reductionreduction
in DLCOin DLCO

Jing ZengJing Zeng 2006, Duke Medical Student2006, Duke Medical Student
Duke UniversityDuke University

Current PredictorsCurr ent Predictors

•• Based on conventional techniquesBasedon conventional techniques

•• Probably NOT applicablewithProbably NOT applicablewith
new treatment techniques?new treatment techniques?

•• But may be okBut may be ok

•• Fractionation, chemotherapy, etcFractionation, chemotherapy, etc
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Duke UniversityDuke University

Ar e we ready to basetreatmentAre we ready to basetreatment
decisions ondecisions on DVHDVH ’’ ss??

•• Yes! I hopeso, sincewe are doing itYes! I hopeso,sincewe are doing it
•• Overtly or indirectlyOvertly or indirect ly

•• Monit or what we are doingMonit or what we are doing
•• Vendors needto help usVendors needto help us

•• Readyaccessto dosestatisticsReadyaccessto dosestatistics
•• UserUser--defined figur esof meritdefined figures of merit

Duke UniversityDuke University

SummarySummary
•• SinceSince EmamiEmami

•• More 3DMore 3D dosimetrydosimetry----> toxicity data> toxicity data
•• Liver, Parotid, lung, esophagus,brain, rectumLiver, Parotid, lung, esophagus,brain, rectum
•• DVHDVH --basedpredictions subbasedpredictions sub--optimal (physiology?)optimal (physiology?)

•• Is the pr ior data still applicable?Is the pri or data still applicable?
•• 3D beams3D beams----> IMR T> IMRT

•• Beamnumber, fr action sizeBeamnumber, fr action size

•• ChemoChemo-- moving targetmoving target
•• BID RTBID RT

•• Challengesfor normal tissueinj ury studiesChallengesfor normal tissueinjury studies
•• Relianceon technologyto reducemorbidityRelianceon technology to reducemorbidity

•• IMRT, OBI, CBCT, etcIMRT, OBI, CBCT, etc

Duke UniversityDuke University

Old fashionedwaysto reducetoxicityOld fashionedwaysto reducetoxicity

•• PositioningPositioning
•• NeckNeck
•• DecubitalDecubital

•• Reducing skin foldsReducing skin folds
•• Barium in bowelBari um in bowel
•• Careful teamworkCareful team work
•• Keep it simple!!, usetime wiselyKeepit simple!!, usetime wisely

Applicable in Modern Era!Applicable in Modern Era!
Duke UniversityDuke University

Reducing toxicity in the modern era?Reducing toxicity in the modern era?

•• Lack of portal films to detectsetup error s,Lack of portal films to detectsetuperrors, andand
normal tissueexposurenormal tissueexposure

•• Therapist interest/involvementTherapist interest/involvement
•• complacency/boredom? More of acomplacency/boredom? More of a ““ techniciantechnician””
•• Old: set upOld: setup →→→→→→→→ seelight field on targetseelight field on target (Think !)(Think !) →→→→→→→→ shootshoot

•• Light fields madesense,related to irradiated volumeLight fields madesense,related to irradiat ed volume

•• I t must be right, the computer said so!I t must be right, the computer said so!
•• Application of technology without clear indicationApplication of technology without clear indication
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Duke UniversityDuke University

New York TimesNew York Times
Tuesday,April 11,2006Tuesday, April 11,2006

Duke UniversityDuke University

FieldField
MarginsMargins

Certainty of GrossAnatomyCertainty of GrossAnatomy

Physically orPhysically or
biologicallybiologically
necessarymarginnecessarymargin

More conservative approachMore conservative approach

Too cavalier:Too cavalier:
marginal missmarginal miss

Duke UniversityDuke University

Radiation Oncology:Radiation Oncology:
LawrenceMark s,M.D.LawrenceMarks, M.D.
Zafer KocakZafer Kocak, M.D., M.D.
StephanieYu, M.D.StephanieYu, M.D.
M ing Fan, M.D.M ing Fan, M.D.
RoxanneRoxanneWoelWoel
BariBari LevinsonLevinson
M elahat GaripagaogluM elahat Garipagaoglu, M.D., M.D.
M itchellM itchell AnscherAnscher, M.D., M.D.
TimTim ShafmanShafman, M.D., M.D.
PehrPehr Lind, M.D., Ph.D.Lind, M.D., Ph.D.
Zeljko VujaskovicZeljko Vujaskovic, Ph.D., Ph.D.
K eith Mille r, M.D.K eith Mill er, M.D.
Beth Evans,B.S.Beth Evans,B.S.
JingJing FangMao, M.D.FangM ao,M.D.

Radiation Physics:Radiation Physics:
SuSu--M in Zhou, Ph.D.M in Zhou, Ph.D.
K im Light, R.T.T., C.M.D.K im Light, R.T.T., C.M.D.
JunanJunan Zhang, Ph.D.Zhang, Ph.D.
Gunilla BentelGunilla Bentel, R.N., R.T.T., R.N., R.T.T.
M ichaelM ichaelM unleyM unley, Ph.D., Ph.D.
Phil AntoinePhil Antoine
JaneJane HoppenworthHoppenworth

Data/Statistics:Data/Statistics:
Robert CloughRobert Clough
Donna Holl is, M.S.Donna Holl is, M.S.
AndreaAndrea TischTisch, R.T.T., R.T.T.

Nuclear Medicine:Nuclear Medicine:
Terry Wong, M.D.Terry Wong, M.D.
Salvador BorgesNeto, M.D.
RonaldRonald JaszczakJaszczak, Ph.D., Ph.D.
R.E. Coleman,M.D.R.E. Coleman,M.D.

NIH grants CANIH grants CA--69579 and R0169579and R01--CA33541,and DOECA33541, and DOE
grant DEgrant DE--FG05FG05--89ER60894,DOD89ER60894,DOD

Cardiology Mi chaelBlazing
Pulmonary: RodneyFolz

UNC:UNC: JulianJulian RosenmanRosenman, PLUNC, PLUNC

Duke UniversityDuke University

•• Stop hereStop here
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Duke UniversityDuke University

IMRT Technical Issues:MDIM RT Technical Issues:MD

•• Segment(contour) everything (Segment (contour) everything (hourshours))
•• Anatomy knowledge(atlases)Anatomy knowledge(atlases)
•• Dose/volumelimitsDose/volumelimits
•• Plan reviewPlan review

•• Beamplacement is easierBeamplacementis easier
•• Planning will reduceweightsofPlanning will reduceweights of ““ badbad”” beamsbeams

•• LessQA (for MD); only setLessQA (for MD); only set--up filmsup films
•• No portal filmsof each fieldNo portal fi lms of each field

Duke UniversityDuke University

IMRT Technical Issues:TherapistsIMRT Technical Issues:Therapists
•• Therapist complacency/boredom?Therapist complacency/boredom?

•• More of aMore of a ““ techniciantechnician”” than before (vs. therapist)than before (vs. therapist)
•• Old: set upOld: setup →→→→→→→→ seelight field on targetseelight field on target (Think! )(Think!) →→→→→→→→ shootshoot

•• Light fields madesense,related to ir radiated volumeLi ght fields madesense,related to irradiated volume

•• IMRT: setupIMRT: setup →→→→→→→→ shootshoot
•• Set upSet up isoiso--center may NOT relate exactly to targetcenter may NOT relate exactly to target

•• Treatment time (increasedbeamon time)Treatment time (increasedbeam on time)
•• Personneldose:radiation safetyPersonneldose:radiation safety
•• Machine lifeMachine life
•• Longer time slots(at fi rst), then declineLonger time slots(at first) , then decline

•• IMRT can be very fastIMRT can be very fast
•• SetSet--up and shot. Techsdo NOT go into room betweenbeamsup and shot. Techsdo NOT go into room betweenbeams

Duke UniversityDuke University

IMRT Technical Issues: Physics/IMRT Technical Issues:Physics/DosimetryDosimetry

•• Planning timesPlanning times (hours)(hours)
•• VagueMD direction (we do not know what to askVague MD direction (we do not know what to ask

for). Fangfor). Fang--Fang YinFang Yin-- Fuzzy LogicFuzzy Logic apporachapporach
•• QA (faith)QA (faith) (hours)(hours)
•• Storageof dataStorage of data
•• Reduces opportunity for creativityReduces opportunity for creativity

•• Old: geometry,weighting, dosegradients,Old: geometry,weighting, dosegradients, artart
•• IMRTIMRT : computer takes care of it.: computer takescare of it.

•• poor plan, no problem, adjust constraints and repoor plan, no problem, adjust constraints and re--optimizeoptimize
•• Good solutionsoften not intuitiveGood solutionsoften not intuitiv e
•• I missthe 3D planning exerciseI missthe 3D planning exercise Duke UniversityDuke University

Shortcomings/Limitations of IMRTShortcomings/Limitations of IMRT
•• Dosimetric: dosegoessomewhereDosimetric: dosegoessomewhere
•• Biologic: low dosevolume increasesBiologic: low dosevolume increases
•• Work FlowWork Flow

•• Physician: hours, anatomyPhysician: hours, anatomy
•• Therapists: exposure,boredomTherapists: exposure,boredom
•• Dosimetrist/Physicist: intuition gone?Dosimetrist/Physicist: intuition gone?

•• MachineIssues: longevity, doseMachine Issues:longevity, dose
•• Resources:money,timeResources: money, time
•• QA: challengingQA: challenging
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Duke UniversityDuke University

Work Flow: Quality AssuranceWork Flow: Quality Assurance
•• ImagesegmentationImagesegmentation——hours!hours!
•• Physics/Physics/DosimetryDosimetry Planning/Q.A.Planning/Q.A.——hours!hours!

•• and much Q.A. is not greatand much Q.A. is not great

•• Therapist complacency/boredom?Therapist complacency/boredom?
•• Dept Q.A.Dept Q.A.

•• No port films of field, justNo port films of field, just isoiso--centercheckscenter checks
•• There is no easyway to checkthe fieldsThere is no easyway to checkthe fields

•• Old days:Old days: ““ Funny looking fieldFunny looking field”” testtest
•• Seeing tumor in the portal fi lmsSeeingtumor in the portal film s

•• Chart RoundsChart Rounds →→→→→→→→ problematicproblematic
•• Needbetter QA toolsNeed better QA tools
•• Vendors need to help us hereVendors needto help us here Duke UniversityDuke University
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Terry Wong, M.D.Terry Wong, M.D.
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