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Summary

�� IMRT IMRT for for prostate: prostate: risks risks and and benefitsbenefits

�� IGRT IGRT techniquestechniquesforfor prostateprostate……..

�� IMRT in IMRT in combination with combination with IGRT: IGRT: challengeschallenges

Conventional

(high) doses

70-80 Gy

Very high

doses

> 80 Gy

Hypofractionation

Moderate

< 2.5-2.7 Gy/fr

Aggressive

> 2.7 – 3 Gy/fr



IMRT for prostate: against

�� More sensitive More sensitive to organ motion than to organ motion than 3DCRT 3DCRT 
((especiallyespeciallyif concomitant if concomitant reduction ofreduction ofthe dose in the dose in 
the the overlap rectumoverlap rectum/PTV; /PTV; Bos Bos 2005) 2005) …….  .  
potential for missing potential for missing the target !the target !

�� Long Long termstermsbenefit (benefit (late tox late tox and and local local control)  control)  
nevernever demonstrateddemonstratedin in controlled trialscontrolled trials((for for 
instanceinstance: 3DCRT : 3DCRT with rectal blocking vs with rectal blocking vs IMRT) IMRT) 

�� Higher Higher costs costs comparedcomparedto to 3DCRT         3DCRT         
((initial initial investment, investment, personnelpersonnel, QA , QA aspectsaspects))

�� Increased leakage Increased leakage and dose and dose to to the body        the body        
((secondary cancer inductionsecondary cancer induction))



IMRT for prostate: pro

�� Better ConformityBetter Conformity IndexIndex, , lower lower dose dose to OARsto OARs
((rectumrectum, , bladderbladder) ) especially especially in the intermediate in the intermediate 
dose dose region....always clinically significant (?)region....always clinically significant (?)

�� IMRT IMRT may permit to may permit to concomitantly deliverconcomitantly deliver
different doses to different volumes different doses to different volumes ((Simultaneous Simultaneous 
integrated boostintegrated boost, SIB), , SIB), including overlap between including overlap between 
PTV and PTV and rectumrectum

�� IMRT IMRT for pelvic nodesfor pelvic nodesirradiation has irradiation has the the 
potential to drasticallypotential to drasticallyreduce GI & GUreduce GI & GUtoxtox
((NuttingNutting 2000,2000,VaarkampVaarkamp2004,2004,SanguinetiSanguineti2004,2004,
AshmanAshman2005, Price 2006)2005, Price 2006)



IMRT for prostate: pro bis…

�� TheTherapid spreadrapid spreadof of IGRTIGRT techniques may techniques may 
minimizeminimize the impact of setthe impact of set--up/up/organ motionorgan motion,,
then permittingthen permittingaa safer deliveringsafer deliveringof IMRTof IMRT

�� Potential for painting Potential for painting the dose the dose distribution distribution in in 
order to spare order to spare ““ newnew”” OARs OARs ((bulbusbulbusof the of the 
penis penis and and urethraurethra) and ) and to to boost intraboost intra--
prostatic prostatic ““ dominantdominant”” lesions....lesions....in the in the 
future...future...



IGRT for prostate: techniques

�� RadioRadio--opaque opaque 
markersmarkers

�� RectumRectum/prostate /prostate 
immobilizer immobilizer (i.e.: (i.e.: 
balloonsballoons))

�� OpticalOptical//electronic electronic 
systems systems ((for patientfor patient
setset--up)up)

�� Electromagnetic Electromagnetic 
transponderstransponders

�� EPIDEPID
�� StereoscopicStereoscopicXX--RayRay
�� kV kV on boardon board
�� Cone beam Cone beam CTCT
�� MV CTMV CT
�� CT in the roomCT in the room
�� Helical Helical CT CT 

((tomotherapytomotherapy))



IGRT for prostate ….

�� Localization Localization (through CT/US (through CT/US imagingimagingor or 
representative markersrepresentative markers))

�� ““ RapidRapid”” comparison                             comparison                             
((planned vs actual planned vs actual position)position)

�� Correction Correction (on(on--line/offline/off--line line strategiesstrategies……))



IGRT/IMRT ….”safe” approach

Conventional

(high) doses

70-80 Gy

Very high

doses

> 80 Gy

Hypofractionation

Moderate

< 2.5-2.7 Gy/fr

Aggressive

> 2.7 – 3 Gy/fr
�� ““ SafeSafe”” delivery of IMRT delivery of IMRT 

�� No or No or modest margin modest margin 
reductionreduction

�� Potential increased Potential increased in LC in LC 
due due to reduced to reduced impact ofimpact of
geographicalgeographicalmiss miss 

�� Expected reduction Expected reduction of of tox tox 
((compared to compared to 3DCRT)3DCRT)

�� ……..In ..In additionaddition, , potential potential 
““ radiobologicalradiobological”” benefit benefit 
if alphaif alpha/beta < 3/beta < 3



“safe” approach: planning 
challenges and benefits of IMRT

�� 1) SIB 1) SIB approach efficiently feasibleapproach efficiently feasible: : 
simultaneous simultaneous delivery of delivery of different doses to different doses to 
different different PTVPTV



“safe” approach: planning 
challenges and benefits of IMRT

�� 2) 2) Better sparing Better sparing of of OARs comparedOARs comparedtoto
3DCRT (3DCRT (outsideoutsideoverlapoverlapPTVPTV--OARsOARs), ), without without 
compromising compromising PTV PTV coveragecoverage

3DCRT vs IMRT: no dose  reduction in the overlap

Rectum Fem Head



“safe” approach: planning 
challenges and benefits of IMRT
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�� 2) 2) Better sparing Better sparing of of OARs comparedOARs comparedtoto
3DCRT (3DCRT (outsideoutsideoverlapoverlapPTVPTV--OARsOARs), ), without without 
compromising compromising PTV PTV coveragecoverage………………………………
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definitionPerna et al. ESTRO 2006 - poster



“safe” approach: planning 
challenges and benefits of IMRT

�� 3) 3) Nodes irradiationNodes irradiation: : reducingreducingacute(/acute(/latelate) ) tox tox 
((AshmanAshman2005, 2005, Sanguineti Sanguineti 2004)2004)

< 20 Gy < 30 Gy

Ashman 2005

Tomo vs 7-fields IMRT
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�� 3) 3) Nodes irradiationNodes irradiation: : 
be careful be careful in IGRTin IGRT…………..
expected shift expected shift of the of the 
dose dose distributions distributions due due to to 
prostate prostate localizationlocalization
…………margins for nodes margins for nodes 
should be largershould be largerin in 
IGRT IGRT compared to compared to 
IMRT IMRT without without IGRT !IGRT !



IGRT/IMRT ….”aggressive”
approaches

Conventional

(high) doses

70-80 Gy

Very high

doses

> 80 Gy

Hypofractionation

Moderate

< 2.5-2.7 Gy/fr

Aggressive

> 2.7 – 3 Gy/fr
�� Reducing overlap Reducing overlap through through 

margin reduction margin reduction ((if if 
feasiblefeasible……..!); on..!); on--line line 
correction may be suggestedcorrection may be suggested

�� Priority Priority on on rectalrectaldose dose 

�� Potential increased Potential increased in TCP in TCP 
mainlymainly due due to to dose escalationdose escalation

�� ……..In ..In additionaddition, , potential potential 
““ radiobiologicalradiobiological”” benefit benefit if if 
alphaalpha/beta < 3/beta < 3

�� < 20 < 20 frfr : On: On--line line correction correction 
““ mandatorymandatory”” (?)(?)



“aggressive” approach (>80 Gy, 
conv. fract.): additional issues

�� Few Few experiences reported experiences reported in in literatureliterature……..outcome outcome 
may hardly depend may hardly depend on on methodsmethods/IGRT /IGRT strategiesstrategies

�� Reduce Reduce margins if you margins if you are are really sure really sure !!
�� Severe Severe late Rectal toxlate Rectal tox: : rectumrectumasasa serial a serial organ organ 

(Fiorino 2003, (Fiorino 2003, Rancati Rancati 2004, 2004, Peeters Peeters 2006) 2006) 
…………keeping keeping the V75 and D_the V75 and D_max within acceptable max within acceptable 
limits (limits (limitinglimiting the dose the dose toto the the overlapoverlapbetweenbetweenPTV PTV 
and and rectumrectum))……..apply known constraints apply known constraints on V40on V40--V70V70

�� Constraints Constraints on on urethra urethra (?)(?)
�� Limiting Limiting the dose the dose to to the the overlap between overlap between PTV and PTV and 

bladder bladder ??



“aggressive” approach (>2.7-3 
Gy/fr, Hypo): additional issues

�� Very unexplored regionVery unexplored region…….acute .acute tox tox (??)(??)
�� Reducing margins may be important butReducing margins may be important but…………impact impact 

of of geographical geographical miss miss dramatically increases when dramatically increases when 
decreasingdecreasingthe the number number of of fractions fractions !!!! !!!! 

�� For daily For daily dose < 3dose < 3--3.3 3.3 GyGy//fr fr and 2Gy and 2Gy equivalent equivalent dose dose 
((late toxlate tox) < 70) < 70--74 74 GyGy, , margin reduction is not margin reduction is not a a 
major major issue issue ((hope hope ofof biologicalbiologicaldose escalation)!dose escalation)!

�� Very Very aggressive aggressive hypo hypo (> 3.5(> 3.5--4 4 GyGy//frfr):): Need to Need to take take 
random uncertainties into random uncertainties into account (onaccount (on--line line correctioncorrection
mandatory)mandatory)……..including including prostate prostate deformation  deformation  

�� IntraIntra--fraction issuesfraction issues



�� Do Do we really need to we really need to 
be be so aggressive ?so aggressive ?

�� …………..when is it really when is it really 
necessary to be necessary to be 

aggressive ?aggressive ?

�� IGRT/IMRT do IGRT/IMRT do notnot eliminate eliminate 
risks risks in in veryvery high dose high dose -- dose/dose/fr fr 

schedules schedules !!!! !!!! 



Planning challenges: 
future directions……..(?)

�� Protons Protons 

�� Adaptive Adaptive RT RT 

�� Boosting intraBoosting intra--
prostaticprostaticsubsub--
volumesvolumes



Planning challenges: future 
directions……..1

�� ProtonsProtons: are : are they usefulthey useful?? ?? …………modest modest 
improvement compared to improvement compared to IMRT IMRT essentiallyessentiallyin the in the 
““ intermediateintermediate--lowlow”” dose dose region region of of rectumrectum//bladderbladder
DVHsDVHs ((Oelfke Oelfke & & Bortfeld Bortfeld 2003, 2003, TrofimovTrofimov 2006)2006)

�� reductionreductionof of integral integral dose                                dose                                
((weak argument for weak argument for prostateprostate……..?)..?)

�� Radiobiological benefits with heavy ionsRadiobiological benefits with heavy ions?  ?  
((testing this hypothesis is very expensivetesting this hypothesis is very expensive!)!)



Planning challenges: future 
directions……..2

�� Adaptive Adaptive RT: RT: redefiningredefining//correctingcorrectingthe treatment the treatment 
at at each fractioneach fraction, , includingincludingdeformabledeformable
dose/dose/contourscontoursregistrationregistration…………..is it really an is it really an 
improvement compared to improvement compared to the the rigid translation rigid translation 
approach approach of of current current IGRT IGRT techniques techniques ??……....

�� …………maybe yes for maybe yes for aggressive aggressive hypo hypo !!
�� Deformation should be Deformation should be a a secondsecond--order uncertainty order uncertainty 

((Deurloo Deurloo 2005)2005)
�� ……available tool foravailable tool forTomotherapyTomotherapy



Final Result after Adaptive Re-optimization

Daily Deformation Included
Tomotherapy 
» 40 fractions

Planned

Delivered

Courtesy of Tomo Inc



Planning challenges: future 
directions……..3
�� Boosting Boosting at at very very high dose high dose only only subsub--volumes volumes 

((dominant intradominant intra--prostatic lesionsprostatic lesions, DIL) , DIL) 
……..functional imaging guided functional imaging guided RT (RT (Pickett Pickett 1999, 1999, 
Xia Xia 2001, 2001, Nutting Nutting 2002,2002,van Lin van Lin 2006)2006)

Van Lin 2006



Conclusions
�� IMRT IMRT without without IGRTIGRT has has some some risk risk due due to to the the 

increasedincreasedimpact of impact of organ motion compared to organ motion compared to 
3DCRT (3DCRT (…….more .more pronounced if limiting pronounced if limiting the dose in the dose in 
the the rectumrectum/PTV /PTV overlap overlap !)!)

�� IMRT IMRT should beshould bethe standard the standard for pelvic nodes for pelvic nodes 
�� IMRT (in IMRT (in combination with combination with IGRT IGRT techniquestechniques)) may may 

representrepresenta a significant improvement with respect to significant improvement with respect to 
3DCRT 3DCRT ……....even if not yet demonstratedeven if not yet demonstratedin in clinical clinical 
trials trials of of significant clinical significant clinical benefit ! benefit ! 

�� DontDont’’ forget that forget that in the case of aggressive in the case of aggressive approach approach 
IGRT do IGRT do not not eliminate eliminate risksrisks ((clinically unexplored clinically unexplored 
fieldsfields !) !) …………dependingdependingon 2Gy on 2Gy equivalentequivalentdose dose ––
dose/dose/frfr


