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Limitations

Dueto file sizelimi tationsfor this handout,manyof the
figureshavehadto beremoved.I apologizefor thelack
of clarity thatresults.

LearningObjectives

1. Considerthephysical aspectsof brachytherapy.

2. Understandthephysicallimitationsin clinical
applicationsof brachytherapy.

3. Know some of theemergingdevelopmentsin the
physicalaspectsof clinical applicationsin
brachytherapy.
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Brachytherapy

• Brachytherapywastheoriginal IMRT, delivering very
conformalradiation to a targetwhile preserving
neighboring structures.

• With differential source strength,dwell time or source
placement,dosedistributionscanbefinely controlled.

• Most brachytherapyhas beenimageguidedfor decades.

Clinical ApplicationExample

BreastBrachytherapy

Applicator Placement Techniques

• Interstitial:
– Template-guidedproneapproach - usesa

stereotacticcore biopsytablewith digital
mammographic guidance

– Free-handsupineapproach- usesultrasound
guidance

• Intracavitary: Ballooncatheterplacedeitherat
thetime of tylecomy or soonthereafter.



TargetVolume Definition

TargetVolume

Lumpectomy
cavity/surgical clips + 2-
cm margin

TargetLimitation

Bringing thetargetof theskin andpecs

GraphicalOptimization
Analysis of

Interstitial Implants

• PTVV100 > 98%.

• 150%isodosesurfacesdo not
coalesce.

• Skin < 100%.



PrescribedDose

10 fx of 3.4Gy (34 Gy) for
BEDGy10=45.6

IntracavitaryBreast
Brachytherapy

Two MammoSite® RTS Devices

• 4-5 cm sphere

• 5-6 cm sphere

Courtesyof Jeffrey ACourtesyof Jeffrey A DortonDorton
ProximaProxima Therapeutics,Inc.Therapeutics,Inc.

PatientSelection

• Small tumors≤ 1.5cm diameter

•Roundishcavity

• Inserted duringor soonafter tylectomy



Prescription Location

Theprescribed doseis deliveredto

1 cmbeyondtheballoonsurface.

MammoSiteDepth Dose

Courtesyof JeffreyACourtesyof Jeffrey A DortonDorton
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TheoryBehindTreatmentVolume

•Theballoonexpands the
cavity from 1.5cm to 4.0
cm.

•The1 cm margin for the
expandedcavity
correspondsto an
approximately2 cm
marginfor thecollapsed
cavity.
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And So

• In theory, thevolumeof thebreasttreated
is actuallyquitelarge.

• In fact, thereis little or no stretching,so
theeffective radiusfor volumetreatedis
exactly 1 cm beyondthecavity: for a 4 cm
balloon,80 cm3.



Procedure

• Placement:Often by surgeon– could be
by radiationoncologist.

• Localization:CT is necessary(we will
see why).

• Dosimetry: Takeslittle time. (A li ttle
longer if more than onedwell position
used.)

Planning Criterion 1

Applicator shouldbeat least1 cm awayfrom the
skin.

•Acceptableascloseto skin as0.6cm.

•Skin will exceed100%.

•Skin shouldnot exceed150%.
Example:(radiusto PD/radius to skin at 0.6cm)2

=(3.0cm / 2.6 cm)2 = 1.33=> Skin dose= 133%.

Typical Application
PlanningCriterion2

Sourceshould be
centeredwith respect
to theapplicator

(exceptwhen
avoiding theskin if
balloonis too close.)



Planning Criterion
3: BalloonShape

Inappropriate Cavity SelectionInappropriateCavity Selection
Courtesy of Jeffrey ACourtesyof Jeffrey A DortonDorton
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PlanningCriterion4:
Be weary of voids!

Theypushthetarget tissue
awayfrom thesource.

PossibleEvaluation for
Void Significance

• Onecriterion: PTVV100=95%
– Don’ t includethevolumeof theballoon in the PTV.

– Bubblemust < 8 mmfor a4 cm balloon.

• Another criterion: PTVD100=x% of PD
– To maintain>95%of PD,thebubblemust<0.8 mm.

– To maintain>90%, thebubblemust<1.6 mm.

However…
• Thesetreatmentsare intracavitary.Thedosefalls

continually from thesurface,but not abruptly.

• While theedgeof thetissuebeyond theair pocket
maynot receive 95%,or 90%,of thedose, it maybe
receiving just 5% lessthanthat.

• Thatmaybeenough.

• We don’ t haveenoughinformation yet to judge.



Air GapResolution
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Air PocketResolution

• Theair pocketsfill with fluid, ratherthan
deflate.

• Thetissuedoesnot moveback.

• Most of thetime.

TreatmentPlanning

Obviouslyrequires CT treatment
planning.MaybeMRI.

IMRT for APBI
• IMRT canmakea nicely uniform dosedistribution in

thetarget,with low dosesto theskin, heart and
maybepecs.

• Integraldoselikely high becauseof thenumberof
fields.

• But thebig issueis immobilization and
reproducibility.
– Boardsdon’ t cut it
– Moldsarebetternot necessarily okayfor PBI
– Adaptive, image-basedRT couldbegood.



IMRT for APBI - Doses

• Thedosedistribution for external-beamis muchmore
uniform thatfor brachytherapy of anytype.

• For thesameperipheraldose,theEUD is lower.

• This mayhavea biologicaleffect– wedon’ t know.

• To compensate,protocols call for higherperipheral
dosesfor IMRT APBI.

Comparison of APBI Techniques

• External-Beamhasproblems with immobilizationandthe
effective dose is lower for a givenprescription dose.

• Interstitial givesbetter control overthedosedistribution
– Conformanceto target - Requiresmore time andskill

– Shape of targetis unimportant - Protection of skin, lung,pecs, body

• Intracavitary brachytherapy
– Mostlywill be on target - Hassimpler dosimetry

– Requireslessskill - Giveshigher doses to surroundings

Clinical ApplicationExample

ProstateBrachytherapy

Prostate Implant Templatewith
Ultra-soundProbe



CT and MR of a ProstateImplant

MR showstheanatomymuchbetter,but theaxial
locationpoorlydefinedand theprostate shapedistorted
by probe.

Live-time,3-D
Ultrasound

Guided Prostate
Implant

• Optimizein theOR

• Mark sourcesas
dropped

• Recalculateand
reoptimize

ABS nomenclaturefor differenttypesof
prostatebrachytherapyplanning

Dosedistributioncontinuously updatedusing deposited
seedpositionfeedback.

Dynamic dose calculation

Thetreatmentplanis revisedperiodically during the
implantprocedureusing image-basedfeedbackof needle
position to recalculatedose.

Interactive

Plancreatedin theOR. Thepatient remainsstationary
betweenthetime of the volumestudyandtheimplant
procedure.

Intraoperative

Creationof a planoutsidethe operatingroom(OR) hours,
daysor weeksbefore theimplant procedure.

Preplanning

DefinitionPlanning approach

Slide from WayneButlerSlide from Wayne Butler

Why not PlanbeforetheOR

• Patient inconvenience(although, wouldn’ t you rather
beinconveniencedif it could give a betterresult?)

• Prostatesoften changebetweenstudyandprocedure.

• CT is not thebestat evaluatingthesize of the
prostate.

• For plannedcases, muchof thetime is taken
duplicating theposition for thestudy.



Why plan prior to theOR?

• Cost effective

– Dosimetrytime is cheaperthanOR time

– Less seedwaste

• Betterdosimetry

– All teammembers havedeliberateinput

– Optimum plan is rarely doneon first try

• Intraoperativeplanningremainsanoption

Slide from WayneButlerSlidefrom WayneButler

Mick applicator vs.pre-loadedneedles

• Mick applicator
– Unlimited flexibility in seedplacementalongthe needletrack

– Moretime consumingthanpreloaded

– Every seedmustbeplaced individually

• Pre-loadedneedles
– Diffic ult to deviatefrom theplan

– Shorter OR timeif loadedpre-operatively

• No evidenceyet for a differencein outcomesbetweenthetwo
approaches

Slide from WayneButlerSlide from WayneButler

Loose seedsvs.strandedseeds
• Looseseeds

– Move with thesurroundingtissueto minimize theeffectof edemaand
its resolution

– May movesignificant distancefrom intendedlocationor belost to
dosimetry

• Strandedseeds
– Lower probability of lossalthoughmaylosewhole strand

– Easierto find postoperatively

– More expensive, difficult to calibrate

• No convincingevidenceof better dosimetrywith one
approachoveranother

Slide mostly from WayneButlerSlide mostly from WayneButler

Loose seedsversusstrandedseeds

Edema expands
the pros tate ~15%

Edema resolv es

Prostate bound ary
at the time of
implant

Slide from Wayne ButlerSlide from WayneButler



Useof third-party seedloading and
sourcecalibrationservices

• Convenient,time-saving

• Radiopharmacy assayof seedsdoesnot remove your
responsibility to assay

• TG 40, 56,and64 guidelines remain

– Assay10 % of orderor 10 seeds,whichever is greater

– Meanassayshouldagreewith manufacturer’s certificate to ± 5 % or
else actto resolvediscrepancy

– With sterile sourceassemblies,eitherorder> 1 loosesourcefor assay
or assay10 % of assembliesusingsterile well chamber inserts

Slidefrom WayneButlerSlidefrom WayneButler

Seedandneedleplacement
approaches

• Nomogramapproaches
– 75%of volumedeterminedseedstrengthto be placedon theperiphery

• Uniform loading
– Initial Seattleapproach assumed little cumulativedosimetric effects

from very low energyseeds

• Modified uniform/peripheralloading
– Basisof most manual planning

• Peripheralloading
– Assumessignificantlong-rangecumulativedose effects: most

appropriate for HDR
Slide from Wayne ButlerSlide from WayneButler

Material Avg. Photon Half life HVL Pb
Energy[keV] [days] [mm]

(Radon) 830 3.83 12

Au-198 412 2.70 3

I-125 27 60 0.025

Pd-103 21 17 0.008

Cs-131 30 9.7 ~0.04

Sourcesfor PermanentInterstitial Implants A Little ProstateBiology

• Prostatecancers grow slowly

• Fewcellswill bein thesensitivepartsof thecell cycleat
any giventime.

• Therefore, theconventionalthoughtwas, it would be
goodto carry therapyover a longperiod.

• Thuscameabouttheuseof 125I with its 60 d half-life.



A Little ProstateBiology

• For aggressivetumors(morequickly growing) some
people use103Pd.

• Interestingly,somepractitionersuse103Pd for all
tumors, anddon’ t seemto haveanyworse results.

A Little New Prostate Biology

• New studiesareshowingthat prostatecancerhasa low
α/β, about1.5 - 2.

• Low α/β ratiosindicatethat for themostdamage,small
largefractionsshould beused,

• Or thedosedeliveredin a short time (Shorter thanwith
103Pd, for examplewith 131Cs)

• Possibilities?Justexternal beamor implantswith 198Au.

New brachytherapy radionuclide:
Cs-131

• Meanphoton energy~ 29 keV
– I-125~ 27 keV; Pd-103~ 22 keV

– Radialdosefunctionfalls off more graduallythan I-125andPd-103

• Half life = 9.7days
– Initial doserateto delivertotal doseof 100— 120Gy is 7.15– 8.58Gy/day

– Acutereactionsmorelikely

• Potential radiobiologicaladvantage,particularly for aggressivecancers

• 16%doserateconstantuncertainty

– 0.915cGy/h/Uat Univ. Washington

– 1.062cGy/h/Uat Yale
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HDR ProstateBrachytherapy

• Shouldbegoodfor thelow α/β
• Similar in approachto LDR

• FractionatedeitherBID or QIW

• Plannedand“Optimized” on thespot



Template Design
O O

O O

O O O O

O O O O O

A a B b C c D d E e F f G

Standard but Flexible Template Pattern
Fewer tracks than LDR
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OneSample HDR Fractionation
Scheduleof Many• 440cGy x 4Fx

• 2 first day(noon and 5:30)

• 2 secondday(8amand2pm)

• Externalbeam= 23 x 200cGy

TemporaryLDR for ProstateTreatment
•• LowerLower αα//ββ tumorof 1.5Gy thannormal tissueof 3 Gy preferstumorof 1.5Gy thannormaltissueof 3 Gy prefers

hypofractionatedhypofractionatedHDR (>2 Gy perHDR (>2 Gy per fxfx))
•• Slowertumorrepairat4 hourthannormaltissueat1.5hourSlowertumor repairat4 hourthannormaltissueat1.5 hour

prefersLDRprefersLDR
•• TemporaryLDR would maximizethebenefits of eachTemporaryLDR would maximize thebenefitsof each
•• More efficient towardstumorresponsethanlatecomplicationsMore efficient towardstumor responsethan latecomplications

1.130.861.262.27therapeuticratio (TR)

86.5Gy91.4Gy95.0 Gy56.0Gylate complications

97.4Gy79.0Gy119.4 Gy127.2Gytumorresponse

Permanent125
Gy 103Pd

Permanent145
Gy 125I

HDR (9.5Gy by
4 fx)

Temp LDR (40.3 Gy
in 42 hr)

NTD, tumorsand normal
tissues
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Brachytherapyvs.
Photon and Proton XRT

Brachyth erapy IMRT Proton #

8-10 yr bNED 8 yr bNED 8 yr bNED

Risk Grou p

(> 100
patients/group) Top 5 reports MSKCC Loma Linda

Low 90 – 98 % 89 % < 90 %

Inter med iate 88 – 96 % 76 % < 81 %

High 78 – 88 % * 67 % < 62 %

* Combined with photon XRT

# Some photon therapy added. Resul ts not repo rted by risk group

Slide from WayneButlerSlidefrom Wayne Butler



Clinical ApplicationExample

3-D, Intracavitary Cervical Brachytherapy

Reasonsto Move to
Volume-imageGuidance• We havecome to expectto prescribetreatmentsbased

on target volumes

• Radiographicimaging fails to delineatesoft tissues-
eithertarget or organsat risk.

• Thusonly with volumeimagingcanweassess or control
treatments with thecontrol we areuseto in external-
beamradiotherapy.

Intracavitary DoseSpecification

• Volumedosespecificationmaynot beappropriate.

• Treatmentexperience basedon a dosefall-off, and
thatdosebeyondthetargetmaybeessentialto
treatmentsuccess,asmight betheveryhigh dose
near theappliance.

Radiographicand
Fluoroscopic Imaging

• Most accuratemodality for sourcelocalization

• Readilyavailable

• Cannotimagetarget

• Hey, it cannot imagethenormalstructureseither

(cantry to usesurrogates,suchasa Foley, but that
doesnot indicatemost of theorgans at risk)



Ultrasound

• Canbevery usefulduringtandeminsertion
– Localizingthecervical cannelwhenobscuredby tumor,

– detectingaretroverteduterusbeforetandeminsertion.

• Also veryhelpful in assessingtheuterinewall thickness
for placementof optimizationpointsfor endometrial
cancer(but this is a different,althoughequally
interestingtopic).

US TreatmentPlanning

• TheUS used in cervical localization normallyis
freehand,sodoesnot produce a volumeimage.

• US systemscancreatevolumeimagesby
– Sequentialcuts, suchasin prostate brachytherapy, but this

requiresstepping theprobein a rigid holder,of

– Sweeping thebeamthroughavolume.

• Thus,it cannotbeusedfor treatmentplanning

• IF we wentback to theold B-scanners,we could.

US TreatmentPlanning - 2

• US would alsohavea verydifficul t time imaging
source-simulatingmarkersin anapplicator.US
compatibleapplicatorswould haveto bedeveloped.

ComputedTomography
• CT is theobviouscandidate for volume-imaged

basedtreatmentplanningfor cervical intracavitary
brachytherapy.
– Long experiencein treatment planning for externalbeam.
– Fairly goodsoft-tissue contrast,visualizingbladderand

rectum.
– The imagesareradiologicalquantitiesusedin dose

calculations.
– Oftenreadily availablein radiotherapydepartments or

nearby.



CT TreatmentPlanning - 2

Problemswith CT treatmentplanningfor Cx TP:
1. Requires special applicators.

2. Requires moving thepatientafter localization to
thetreatment room

3. CT fails to provide differentiation betweenthe
uterus, pariuterine tissuesandtumor.

4. Localizingthesources

CT Treatment Planning-
Summary

CT treatmentplanningfor cervical intracavitary
brachytherapyhasbeen done(sinceSchoepple
et al, 1989),andit is a wayof determining the
dosesdeliveredto organsat risk, but not for
tumordosedistribution.

Magnetic Resonance

• MR candifferentiatebetweenuterus,uterine
tumors,andotherpelvic tissues, aswell as
showingtheregional organs at risk.

• MR doesproducea truevolumeimage.

MR Treatment Planning - 2

Problemswith MR treatmentplanningfor Cx TP:
1. Requiresspecialapplicators.
2. Requiresmoving thepatientafter localization to

thetreatmentroom*
3. CT fails to providedifferentiation betweenthe

uterus,pariuterinetissuesandtumor.
4. Localizingthesources

*A few facilities haveHDR in theMR room.



CervicalVolumesof Interest

FromFrom
GECGEC--ESTROESTRO

TargetVolumes

FromGEC-ESTRO

Between
Dx andTx

From GECFrom GEC--ESTROESTRO

Normal
Structures

FromFrom
GECGEC--ESTROESTRO



Conclusions

1. Clinical brachytherapyis highly coupled
with physics.

2. Most of clinical brachytherapy is changing
fairly rapidly.

3. This is a fun time to bedoing
brachytherapyphysics


