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IMRT For Prostate Cancer s T * ’R?“P“a! :

> Dose Spec
The Road To IMRT i

From Conventional
To Conformal To

IMRT »Planning and Treatment at FCCC

A Pollack, GK Zagars, JA Antolak, Eugene Huang, AC
. von Eschenbach, DA Kuban, II Rosen
Ratlonale FOI' IMR UT - MD Anderson Cancer Center

»Dose escalation

Escalation Trial g

>Normal tissue conformal avoidance " _55’

»Improved target coverage

70 Gy vs 78 Gy

MDACC Randomized Trial 2001 MDACC Randomized Trial 2001
All Patients PSA <10 ng/ml

%6 yr FF(n
78 Gy: 74(97)
70 Gy: 76(98)

Fraction free of failure
Fraction free of failure

Months after radiotherapy Months after radiotherapy
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MDACC Randomized Trial 2001 MDACC Randomized Trial 2001:
PSA >10 ng/ml Freedom From DM For PSA >10 ng/ml

%6 yr FF(n
78 Gy: 62(53)
70 Gy: 43(53)

Fraction free of failure
Fraction free of distant metastasis

20 40 60

Months after radiotherapy Months after radiotherapy

MDACC Dose Escalation Trial 2001:
MDACC 3D PI'OtOCOl Grade 2 or Hloher Complications

Complications

Prospective Evaluation For
Patients With >2yr F/U

»>Prospective Coding

Fraction free of rectal reaction

Months after radiotherapy

78 Gy Arm Grade 2 or Higher Late Rectal Complications:
Defmlng DVH Parameters: Rectum Divided by Percent Rectum Treated To >70 Gy

Sigmoid Flexure

%Rectum That

>25%
Receives 270 Gy ’

Fraction free of rectal reaction

40 60 80

Months after radiotherapy
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Huang EH, Pollack A, Levy L, Starkschall Determinants of Rectal Toxicity
G, Dong L, Rosen I, Kuban DA Rectal DVH Parameter

IJROBP 54:1314, 2002
»Huang et al: 74 - 78 Gy

» Percent of rectum > absolute volume
Late Rectal Toxicity: >26.2% over 70 Gy
» History of Hemorrhoids
Dose Volume Effects Of Conformal
»Skwarchuk et al : 270.2 Gy
» 50% isodose line beyond rectal wall
» Smaller rectal wall volume
» Higher rectal Dmax
» Diabetes

Radiotherapy For Prostate Cancer

M.D. Anderson Cancer Center

Prostate Cancer Radiotherapy:
Huang et al, 2002 Dose & >Grade 2 Rectal Reactions

22%(2 yr Act)

20%

Optimal cutpoint by regression [

tree analysis Shipley . 12%(10 yr Act)
TR f 32%
e > 2% Lee 7%(18 mo Act)

16%
23%

Zelefsky <70. 6%(5 yr Act)
17%

Pollack 12%(5 yr Act)
26%

s e S 26.2%

£
i
3
§

= 0.0001

Prostate Cancer Radiotherapy: Rectal
Volume Irradiated & >Grade 2 Reactions Impetus For Change To IMRT

Author Year se Rectal Vol Gl Toxicity
Benk 1993 75 CGE <40%ARW 19%(40 mo Act)t
75 CGE >40%ARW 1% =l
Lee 1996 74-76 Gy Rect Block 10%(18 mo Act) Rectal Toxicit
74-76 Gy No Block 19%
EETGENSY 1999 64 Gy 3DCRT 8%(5 yr Act)

64 Gy Conven-RT 18% Sl A _—
Boersma 1998 70 Gy <30% 0%(Crude)* »Limit rectum receiving 270 Gy to <25%

70 Gy >30% 9% » 3DCRT and/or IMRT from day 1
Pollack 2002 70 Gy <25% 16%(6 yr Act) » Reduced coverage of distal seminal vesicles
70 Gy >25% 46%

»>35% of protocol pts had unacceptable plans

t Any rectal bleeding; *Severe rectal bleeding; ARW = anterior rectal wall.
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Immobilization: MDACC

Protocol Techniques

»Conformal used as a boost
» Antiquated approach

»>Dose specification to the isocenter
» Now prescribe to the PTV

Prostate

Isocenter

Immobilization: FCCC Prostate Movement

Antolak et al, JROBP, 42:661, 1998

»>17 Pts w serial prostate CTs during RT
» Pretreatment CT & 3 subsequent CTs
«CTs at 2-3 wk intervals

i »Bladder, Rectum, Prostate outlined
f f g “Ar .
offee” e g »Alignment w 1st CT: rigid body
- transformation based on bony anatomy.
» Compare bounding box limits & center of mass

pha Cradle

Recommendations For PTV Margins Bladder & Rectal Volume Changes

»ICRU #50: Define PTV based on probable
position of the CTV

»95% prob that a point on the CTV in PTV
»0.7 cm L-R
»0.7 cm S-I
»1.1 cm A-P
«+»Add >0.5 cm to block for penumbra

pre-treatrert ovestnent | [ S —r

Fig. 5. Average bladder and rectal volume as a function of CT
study sequence. Ermor bars indicate one standard error in the mean,
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Filling Effects on Rectal .
DVH Parameters Controlling For Prostate Movement

Sigmoid >New CT at 2-3 weeks

Flexure .
»Rectal Balloon

»Fiducial Markers & EPID
»BAT Ultrasound localization
Ischial

Tuberosities >CT - LINAC
-~ »CT-on-yails

V70 = 25% V70 = 10% » Cone beam CT

Adjusted positions

A Chandra, L Dong, E Huang, DA
Kuban, L O'Neil, IT R sen, A Pollack

M.D. Anderson Cancer Center
> Lattanzi et al, Fox Chase Cancer Center IJROBP, 2003

»69 Daily CT and BAT images compared

BAT Ultrasound vs. CT

Quality and Consistency Of

»High correlation of paired CT-BAT shifts ]
» Ant/Post, r = 0.88 Ultrasound-Based Daily Prostate

» Lateral, r = 0.91 . . .
» Sup/nf, r = 0.87 Localization During IMRT
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Daily BAT Ultrasound For IMRT

»147 consecutive patients
» 3509 procedures
»Image quality and alignment rated

>Quality: acceptable in 95%

»Alignment: acceptable in 97%
» For those with acceptable quality
» No alignment attempted in 22 pts

BAT Aligments: Ant-Post

Up(-)/Down(+) averaged for all

Rectal Filling Effects:
No Target Imaging During RT

Tuberosities

Ischial t Not corrected for motion

BAT Alignment

MeantSD(mm) -0.55%2.77 0.50%4.86 0.71%4.40
Range(mm) 14.1-145 -17.2-211 32.2-20.2
%>5 mm 9

%Misalign 0.1

Individual Patient BAT Alignment
Averages

Huang E, Dong L, Chandra A, Kuban DA,
Rosen II, Evans A, Pollack A

Intrafraction Motion During
IMRT For Prostate Cancer




Intrafraction Prostate Motion During IMRT:

Patients and Methods

>20 Patients studied over 10 Tx days
» IMRT: 75.6 Gy / 42 fx

»Pre- and Post-tx alignment images
» 400 BAT Procedures

»Performed by radiation therapists

CT-LINAC Measurements Of
Interfraction Motion

PHYSICS CONTRIBUTION

DEVELOPMENT OF A SEMEAUTOMATIC ALIGNMENT TOOL FOR
ACCELERATED LOCALIZATION OF THE PROSTATE

Hua et al, MSK

Intrafraction Motion For 200 Post-
treatment | Ultrasound Procedures

|
72.5% 23.5% .5%
(3.5t0-6.8)

(-) denotes motion to the left, posteriorly, or inferiorly

Hua et al, MSK

»>“With daily CT extent-fitting correction, 97%
of the scans showed that the entire
posterior prostate gland was covered by

PTV given a margin of 6 mm at the rectum—
prostate interface and 10 mm elsewhere.

»In comparison, only 74% and 65% could be
achieved by the corrections based on daily
and weekly bony matching on portal
images, respectively.”

Real Time Prostate Motion
Usmg Fiducials

CLINICAL INVESTIGATION Prostate
-DIMENSION, INTRAFRACTIONAL MOVEMENT OF PROSTATE
CASURED DURING REAL-TIME TUMOR-TRACKING RADIOTHERAPY IN
SUPINE AND PRONE TREATMENT POSITIONS

K Kimasuma, MUD,* Hiroks Sieearo, M.D,* Yvirms Seeemo
“IJ Mu 154 FL
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Kitamura, et al:

Prostate Motion - Supine

IJROBP 53:1111-1116, 2002

CLINICAL INVESTIGATION

RAPY FOR
AND BIOCHEMICAL OUTCOME

Miciant J, Zeorsky, M.DL* Zvi Foks, MDD Maram Hosr, BA

Median follow-up 24 mo

Zelefsky et al, 2003

»Prone position
»Thermoplastic shell immobilization
»No target localization daily

»Standardized beam arrangement
»5 field
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Kitamura, et al:
Prostate Motion - Prone

Zelefsky et al, 2002

»772 Pts treated with IMRT
» 81 Gy 698 Pts
» 86.4 Gy 74 Pts

»Median follow-up 24 months

»Constraints
» Rectal wall: 40% of prescription dose
“PTV overlap 88% of prescription
» Bladder wall: 50% of prescription dose
«PTV overlap 98% of prescription

Zelefsky et al, 2002

w—pe Favorable (275}
—t— Intermediate (322)
e Unfavorable (175)

PSA Anlopse-froo Survival

» - “w

Manths




Dong L, O'Danial J, Smith LG, Kuban D,
Bounds S, Rosen II, and Pollack A

Dosimetric Gains From IMRT

In Low Risk Prostate Cancer

Definition of Normal Structures

>Bladder:
» Entire structure

>»Rectum:
»Ischial tuberosities to sigmoid flexure
» Entire contents (not just wall)

»Femurs:
» Down to between greater & lesser trochanters

3/3/03

4-Field 10-Field
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Percent of Volu

Assessing Gains From IMRT
Dong L, et al, MDACC

»20 favorable patients planned
» All favorable with <50% of SVs outlined
» Structures outlined on AcQSim

»Multiple plans: 75.6 Gy in 42 fractions*
» 4 Field conformal throughout
» 10 Field: 4 field + 6 field conformal boost*
78 Gy in 39 Fxs to isocenter
» 7 Field conformal with 40% from laterals
» 7 Field conformal with 50% from laterals
» IMRT using MIMiC, 6 MV
» IMRT using sMLC, 6 MV 10 field

PTV Used

>1.0 cm except posteriorly:
» Effective PTV: 1.0-1.5 cm for IMRT

»>0.5 cm posteriorly:
» Effective PTV: 0.4-0.8 cm for IMRT

%Rectum >70Gy  %Bladder>70Gy  %Femur




. Comparison of Mean Dose and Minimum Dose

. 4-Field
ez 7F-40%
7TF-50%
10-Field
= MIMIC
sMLC

Mean CTV Minimum CTV

IMRT For Prostate Cancer At Fox Chase

»Favorable Risk
» PTV: 74 Gy at 2 Gy/Fx
“+1SVs, proximal: 56 Gy

»Intermediate Risk
» PTV: 76-78 Gy at 2 Gy/Fx
+8Vs <50%: 56 Gy

»>High Risk
» PTV: 76-78 Gy at 2 Gy/Fx
+8Vs, proximal: 76-78 Gy
“SVs, >50%: 56 Gy
“Periprostatic LNs: 56 Gy
» Androgen Ablation x2 yr
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Zelefsky et al, ] Urol, 2001

758 Gy (448)

81 Gy (81)

3DCRT

P .00

| 54.8-70.2 Gy [448)

[ ?’ﬁ::as:

) ) )
Months

Percent > Grade 2 Rectal Toxicity

PTV Doses: Fav & Int Risk

Planning Constraints

»PTV Constraints
» Absolute: DVH, PTV Min PTV Max
» Effective: Prescription isodose coverage

»Normal Tissue DVH Constraints

»>Normal Tissue Dose Gradient Constraints
» Examine transverse cuts
+100%, 90%, and 50% lines
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Absolute and Effective PTV Constraints

»Absolute (Hard) Constraints
»D95 > Prescription dose
»Min dose: <1% under 65 Gy
»Max dose 17% over prescription dose

> Effective (Soft) Constraint
»100% line coverage varies
«+*Examine slice by slice
+«If small margin check dose gradient

DVH Planning

> Prostate
»Based on PTV
+»Considers uncertainties

»Rectum and Bladder
»Based on planning CT outline
<+*Does not consider uncertainties

Normal Tissue Dose Gradient
Constraints

»>Sharp dose fall-off desired
»Check slice by slice

»90% line < half rectal width

»>50% line < full rectal width
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>8 mm except posteriorly:
»Effective PTV: 6-13 mm

»5 mm posteriorly:
»Effective PTV: 4-8 mm

Normal Tissue DVH Criteria

>Rectum
»<17% to >65 Gy
»<35% to >40 Gy

>Bladder
»<25% to >65 Gy
»<50% to >40 Gy

Normal Tissue Dose Gradient: Acceptable
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Normal Tissue Dose Gradient: Unacceptable

Penile Bulb/Cavernosal Bodies

MRI vs. CT: Prostate Apex
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MR-Sim For Prostate

Below Prostate Apex
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MRI vs. CT: Hip Replacement Gains From IMR

»Dose escalation
»Normal tissue conformal avoidance

»Improved target coverage

FCCC Prostate Cancer

. . Hypofractionation For Prostate Cancer
Dose Escalation Trial

»Hypotheses:
» Further dose escalation beneficial CLINICAL INVESTIGATION Prostate

» Prostate cancer behaves like a late reacting tissue PRELIMINARY OBSERVATIONS ON BIOCHEMICAL RELAPSE-FREE
SURVIVAL RATES AFTER SHORT-COURSE INTENSITY-MODULATED

N . . . . HAMOTHERAFY (70 Gy AT 15 GuFRACTION) FOR LOCALIZED
»Dose escalation using hypofractionation FROSTATE CANCER

» Duchesne and Peters Parcs A, Kureos, MY, Cuasoncs A, Kooy, M5, Teowss B, Camison, MDD

» Brenner and Hall Kicseney A Aursuns, RN, oo

» King et al ___

» Fowler et al

IJROBP 2002
»Conventional Fx vs Hypofractionation

Prostate Hypofractionation Trial

Standard Fractionation B o.fractlonatlon
76 Gy in 38 (2.0 Gy) fxs 70.2 Gy in 26 (2.7 Gy) fxs
Biologically equivalent to

84.3 Gy at 2.0 Gy

Stratified by Pretreatment PSA: <=10 vs >10-20 vs >20 ng/ml;
Gl <=7 vs 8-10; Stage T1b-T2 vs T3; neoadj AA vs no AA;
long term AA vs no long term AA
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