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LearningObjectives
1. Considerthephysica agpectsof brachytherapy.

2. Understandhe physicallimitationsin clinical
applicationsof bractytherapy.

3. Know sorre of theemergingdewelopmentsn the
physicalaspect®f clinical applicationsin
brachytherapy

Limitations

Dueto file sizelimitationsfor this handoutmanyof the
figureshavehadto beremoved.| apolayizefor thelack
of clarity thatresults.
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Brachytheray

» Brachyherapywastheoriginal IMRT, delivering very

conformalradation to atargetwhile preserving

neighborirg structures Clinical ApplicationExample
« With differential soure strengthdwell time or source

placementdosedistributionscanbefinely controlled.

* Most brachytheapyhas beenimageguidedfor decales.

BreastBrachyherapy

Applicata PlacemenTechnques

* Interstitial:

— Templateguidedproneapproab - usesa
sterentacticcore biopsytablewith digital
mammograptd guidane

— Freehandsupineapproach usesultrasound
guidance

* Intracavitary: Ballooncathetemplacedeitherat
thetime of tylecony or soonthereafer.




TargetVolume Definition

TargetVolume
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GraphicalOptimization
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TargetLimitation

Bringing thetargetof the skin andpecs

Analyss of
Interstital Implants
* prvVigo > 98%.
» 150%isodosesurfacesdo not
coalesce.
* Skin< 100%.



Presribed Dose

IntracavitaryBreast

10fx of 3.4 Gy (34 Gy) for Brachytherapy
BEDg,,~45.6

PatientSelection

« Smalltumors< 1.5cmdiameer
® Roundishcavity
® Insertel duringor soonafter tylectomy

Courtesyof Jeffrey A Dorton
Proxima Therapeuticsinc.



Pregription Location

Theprescrbed doseis deliveredto
1 cmbeyondtheballoonsurface.
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And So

* In theay, thevolumeof the breasttreaed
isactuallyquitelarge.

* In fact, thereis little or no stretching, so
the effecive radiusfor volumetreatedis
exadly 1 cmbeyondthecavity: forad4 cm
balloon, 80 crm?.



Procedure

« PlacementOften by surgeon- could be
by radiationoncobgist.

* Localization:CT is necessarywe will
see why).

» Dosimety: Takeslittle time. (A little
longe if more than onedwell posiion
used.)

Planning Criterion 1

Applicator shouldbe atleastl cm away from the
skin.
*Acceptableascloseto skin as0.6.cm.
*Skinwill exceedl00%.
«Skin shouldnot exceed150%.
Example:(radiusto PD/radusto skin at0.6 cmy
=(3.0cm/ 2.6 cm)? = 1.33=> Skin dose= 133%.

PlanningCriterion 2

Source should be
centeedwith respect
to the applicator

(exceptwhen
avoidingtheskiniif
balloonis too close.)




Planning Criterion
3: BalloonShape
Theypushthetargettissue

away from the source.
Courtesyof Jeffrey A Dorton
ProximaTheraputics,Inc.
Possible Evaludion for Howeve...
Void Significance + Thesetreatmentsareintracavitary. The doe falls
continually from the suface,but not abruptly.
* Onecriterion: prV1,795% + While theedgeof thetissuebeyad theair pocket
— Don't includethevolumeof thebaloon in the PTV. may_n_ot rgcéve 95%, or 90%, of thedose, it may be
— Bubblemug < 8 mmfor a4 cmballoon. receving just 5% lessthanthat.
+ Anothe criterion: prD;07X% of PD * Thatmaybeenough
— To maintain >95% of PD, thebubblemust<0.8 mm. * Wedon't haveenoughinformation yetto judge.

— To maintain>90%, thebubde must<1 .6 mm



Air GapResolution Air PocketResoluion

* Theair podketsfill with fluid, ratherthan
deflate.

» Thetissuedoesnot moveback.
» Mostof thetime.

ImagesCourtesyof Jeffrey A Dorton
Proxima Therapeuticsinc.

TreatnentPlanning IMRT for APBI
) . ¢ IMRT canmakea nicely uniform dosedistributionin
Obviouslyrequires CT treatment thetarget,with low dosesto theskin, heartand
planning.Maybe MRI. maybepecs
« Integraldoselikely high becaiseof the nurmber of
fields.

« Butthebigissueis immohilization and
reproducibilty.
— Boardsdon't cut it
— Moldsare betternat necessaryl okayfor PBI
— Adaptive,imagebasedRT couldbegoad.



IMRT for APBI - Doses Compaison of APBI Techniques

Thedosedistribution for extena-beamis muchmore

uniform thatfor brachytheapy of anytype. : Zﬁi:{igﬂ?ﬁ;ﬁ’;gsgﬁz g‘ggggiéi?g;”dthe
Forthesameperipheradose theEUD is lower. « Intersttial givesbeter control overthe dosedistribution
This mayhaveabiologicaleffect—we dori't know. — Conformanceo target Requireamore time andskill
To compensateprototnls call for higherperipheral — Shae of targetis unimportant Protectio of skin, lung, pecs body
dosedor IMRT APBI. « Intracavitay brachytherapy

— Mostlywill beontarget Hassimpler dosimetry

— Requiredessskill Giveshigher doses to surrondings

Prostae Implant Temphtewith
Ultra-soundPradoe

Clinical ApplicationExample

ProstateBrachytherapy




CT and MR of a Progatelmplant

n

Ty

MR showstheanatomymuchettér,buttheaxial
locationpoorly definedand the progate shapelistorted
by probe

ABS nomendature for differenttypesof
prostatebradytheapyplanning

Planning approach Definition

Preplanning Creationof a planoutsidethe opertingroom(OR) hours,
daysor weekshefore theimplart procedure

Intraoperatie Plancreatedn theOR. Thepatient remansstatianary
betweenthetime of the volume study andtheimplant
procedue.

Interacive Thetreatmenplanis revisedpetiodically during the
implantprocedureusng image-basedeedtackof nealle
positionto recatulatedose.

Dynamic dose calculaton Dosedistributionconinuosly updatecusing depaited

seedpositionfeedback. X
Slide from Wayne Butler

Live-time, 3-D
Ultrasound
Guided Prostae
Implart

¢ Optimizein theOR
¢ Marksourcesas
dropped

* Realculateand
reoptimize

Why not Planbeforethe OR

Paientinconveniere (althoudh, wouldn't you rather
beinconvenienced it could give a betterresult?)

Prostatesften changebetweenstudyandprocedure.
CT is nat thebestat evalatingthe size of the
prosate.

For plannedcase, muchof thetime s taken
dupicatingthepostion for the study.



Why plan prior to the OR? Mick applicata vs. pre-loadedneedles

« Cog effective « Mick applicator

. . . . — Unlimited flexibility in seed placementalongthe needletrack
— Dosimetrytime is cheapethanORtime ) y P 9
— Moretime consuminghanprdoaded
— Lessseedwaste — Every seedmustbe placed individually
« Betterdosimety * Preloadedneedes

— All teammembes havedeliberateénput - Diffic ult to deviatefrom the plan

Onti ani d first ¢ — Shater ORtimeif loadedpre-opeatively
- imum planis rarely doneon first tr . . !
P P y y « No eviderceyetfor adifferencein outcomeseweenthetwo
 Intraopeative planningremainsanoption approaches
Slide from Wayne Butler Slide from Wayne Butler
Loose seedwss. strardedseeds Loose seedsversusstrandedseeds
¢ Looseseeds
— Move with the surroundingissueto minimize the effectof edemaand — =] = =——1] = Prostate boundary
its resolution at the time of
— May movesignificant distancefrom intendedlocationor be lost to = WD — _GER — SN e implant
dosimetry
« Strandedseeds = = = = =\ _ .
— Lower probabiity of lossalthoughmaylosewhole strand _ o o _ th:?rzseg:n_lss%
— Easierto find postoperaively - - - -
— More expensve, difficult to cdibrate
« No convincingevidenceof better dosimetrywith one Edema resolv es
approachoveranother Ry P Ny o Ty
Slide mostly from WayneButler -

Slide from WayneButler



Useof third-party seedoading and Seedandneedleplacement

source calibrationsavices approaches
« Corvenient,time-saving « Nomogramepproaches
« Radiofharmagy assayof seelsdoesnotremove your — 75%of volume deteminedseed strengthto be placedon the periphery
respondility to assy * Uniform loadng

— Initial Seattleappro@h assume little cumulativedosmetiic effects
from verylow erergyseeds
« Modified uniform/peripheraloading
— Basisof mog manuéplanring
« Perpheralloading
— Assunessignificantlong-rangecumuldive do effects most

¢ TG40, 56,and64 guiddines remain
— Assay 10 % of orderor 10 seeds,whicheeris greater
— Meanassayshouldagreewith manufacturer' s certificate to + 5 % or
else actto resolvediscrepancy
— With sterile souceasemblies eitherorder> 1 loosesourcefor assay
or assiy 10 % of assembliesisingsterile well chambe inserts

Slidefrom WayneButler appropriatefor HDR Siide from WayneButler
Sourcesfor Pernanentinterstifal Implants A Little ProstateBiology
Material ~ Avg. Photon Half life ~ HVL Pb * Progatecances grow slowly
Energy[keV] [dayd [mm] « Fewcellswill bein thesensiive partsof thecell cycleat
(Racbn) 830 3.83 12 ary giventime.
Au-198 412 2.70 3 « Therefome, theconventionalthoughtwas it would be
1-125 27 60 0.025 goodto carry therapyover along period.
Pd-103 21 17 0.008 » Thuscameaboutthe useof 123 with its 60 d half-life.

Cs131 30 9.7 ~004



A Little ProstateBiology

« Foraggressivéumors(morequickly growing) some
peope usel%3Pd.

« Interestingly somepractitinersuse!o3Pd for all
tumors anddon't seemto haveanyworse results.

New brachythergy radioruclide:
Cs131

* Meanphobnenergy- 29 keV
— 1-125~27keV; Pd103~22keV
— Radialdosefunctionfalls off mare graduallythan I-125andPd-103
« Halflife =9.7days
— Initial doserateto delivertotal doseof 100— 120Gy is 7.15— 8.58 Gy/day
— Acutereactiongmorelikely
« Potentiradobiologicaladvantge,partiaularly for aggessivecances

* 16%doseratecongantuncertainty
— 0.915cGy/h/UatUniv. Waghington

— 1.062cGy/h/UatYale
Slide mostl from WayneButler

A Little New Prostae Biology

New studiesareshowingthat prostatecancerhasa low
a/P, aboutl5- 2.

Low a/B ratiosindicatethat for the mostdamagesmall
largefractionsshaild beused,

Or thedosedeliveredin a shorttime (Shorte thanwith
103pd, for examplewith 131Cs)

Possibilites?Justexternal beamor implantswith 19Au.

HDR ProstateBrachytheray

« Shouldbegoodfor thelow o/3

e Similarin approactto LDR

» FractionateckitherBID or QIW

¢ Plannedand” Optimized onthespd



Template Design

Standard but Flexible Template Pattern
Fewertracks than LDR

TemporaryL DR for ProstateTreament

Slide from Eric Hendee

« Lower o/f tumorof 1.5 Gy thannormaltissueof 3 Gy prefers
hypofractionatecHDR (>2 Gy per fx)
« Slowertumor repairat4 hourthannormaltissueat 1.5 hour

prefersLDR

« TemporaryLDR would maximize the benefits of each
 More efficient towardstumor responsehan late comgications

OneSample HDR Fradionation

. aa5&ipdgleof Many

« 2first day(noan ard 5:30)
« 2 secondday(8amand2pm)

« Externalbeam= 23 x 200cGy

Brachytherapys.
Phdonand Praon XRT

NTD, tumorsard normal

TempLDR (403 Gy

HDR (9.5Gyby | Pemanentld5 | Permanent25
41x)

Risk Group Brachyth erapy IMRT Proton

(> 100 8-10 yr bNED 8 yr bNED 8 yr bNED
patie nts/group) Top 5 reports MSKCC Loma Linda
Low 90 — 98 % 89 % <90 %
Inter mediate 88 — 96 % 76 % <81 %
High 78-88 % * 67 % <62 %

tissues in42hr) Gy 2 Gy 1opd

tumorresponse 127.2Gy 1194 Gy 79.0Gy 97.4Gy

late complications 56.0Gy 950Gy 91.4Gy 86.5Gy
therapeuticratio (TR) 2.27 1.26 0.86 113

Slide mostly from Liyong Lin

* Combined with photon XRT

Some photon therapy added. Results not reported by risk group

Slidefrom Wayre Butler



Reasons$o Moveto

« We have%%%gggmgggs%%y@ﬁ%nti)ased

ontarge volumes
Clinical Application Exam p|e « Radiographiédmagng fails to delineatesofttissues-
eithertarget or organsatrisk.
« Thusonly with volumeimagingcanwe asses or control
treatmats with the cortrol we areuseto in external
beamradiotheray.

3-D, Intracavtary Cervical Brachytherapy

Radiographiand

Intracavtary DoseSpecificaton Fluorosopic Imaging

« Mostaccuratenodality for soucelocalizaion
« Readilyavailable

« Volumedosespecificationmay notbe appropriate.
« Treatnmentexperence basedon a dosefall-off, and

thatdosebeyondthetargetmaybe essentialto » Cannotimagetarget
treatmensuccessasmight bethevery highdose « Hey,it cannad image thenormalstructureseither
nea theapplance (cantry to usesurrogatessuchasa Foley, but that

doesnotindicatemost of the orgars at risk)



Ultrasound US TreamentPlanning

» Canbevery usefulduringtandeminsertion
— Localizingthe cervical cannewhenobscuedby tumor,
— detectingaretroverteduterusbeforetandeminsertion

¢ Also very helpfulin assessintheuterinewall thickness

* TheUSusd in cenical localization normallyis
freehandsodoesnot produce a volumeimage.

N ; ) » USsystemscancreatevolume imagesby

for placemenbf optimizationpointsfor endometrial — Sequentiatuts, suchasin prostae bractytheray, but this
cancer(butthisis a different,althoughequally recuiressteppng theprobein arigid holder, of
interestingopic).

— Swe@ing the beamthroughavolume.
Thus,it cannotbe usedfor treatmenplanning
IF we wentback to theold B-scannersye could.

US TreatmenPlannirg - 2 ComputedTomography

» USwould alsohavea very difficult time imaging » CTistheobviouscanddae for volumeimaged

sourcesimulatingmarkersin anapplicator.Us basedreatmenplanningfor cervical intracavitary
compatibleapplicatorsvould haveto bedeveloped. brachyherapy.

— Long experiencen treatmem planning for externalbeam.

— Fairly goodsoft-tissie cortrast,visualizingbladderand
rectum.

— Theimagesareradiologicalquantiies usedin dose
calculations

— Oftenreadily availablein radotherapydepartmergor
nearby



CT TreatmenPlannirg - 2

Problemswith CT treatmentplanningfor Cx TP:

1. Requires spedal applicators.
2. Requires moving the patientafter localization to
thetreatmen room

4. Localizingthesoures

Magnetc Resonance

« MR candifferentiatebetweenuterus,uterine
tumors,andotherpelvic tissues aswell as
showingtheregional orgars atrisk.

¢ MR doesproduceatruevolumeimage.

CT Treatmen Planning-
Summay

CT treatmentplanningfor cervica intracavitary
brachytherapyasbee done (sinceScloepple
et al, 1989),andit is away of detemining the
doseddeliveredto organsatrisk, but not for
tumordosedistribution.

MR Treatnent Plaming- 2

Problemswith MR treatmentplanningfor Cx TP:
1. Requiresspecialapplicators.

2. Requiresnoving the patientafterlocalization to
thetreatmentoont

4. Localizingthesaurces
*A few facilities haveHDR in the MR room.



CervicalVolumesof Interesg

These diferent target volmes
acconing to cancer cell density
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Conclusions

. Clinical brachytherapys highly coupled
with physics.

. Mostof clinical brachytheray is changing
fairly rapidly.

. Thisisafuntimeto bedoing
brachytherapyhysics



