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What we know:

Higher doses of radiation therapy improve
disease control in prostate cancer

Rectal balloons immobilize the prostate and
displace normal tissue.

Rectal balloons are well-tolerated.

Rectal balloons improve dosimetry when used
with x-rays

Rectal balloons improve dosimetry when used
with protons.
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0 Higher doses of radiation therapy improve
disease control in prostate cancer
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Comparison of Conventional-Dose
vs High-Dose Conformal Radiation Therapy
in Clinically Localized Adenocarcinoma

of the Prostate

PROG 95-09 A Randomized Controlled Trial

o etman, MD '
Anthony L. £ ‘-“-""" i Context Clinically localived prostate cancer is very prevalent among US men, but
Michelle L. DeSibvio, PR recurrence after treatment with conventional radiation therapy is common
Jerry 1) Blater, MDD Objective To evaluate the hypothesis that increasing the radiation dose delvered
Carl I. Rossi. Jr, MD to men with dinically localmed proftate cancer mproves deaate aubtcome

Thanicl W Miller. PRI Deslgn, Setting, and Patlents Randomized controlled trial of 393 patients with

stage T1b through TIb prostate cancer and prostate-specific antigen (P5A) bevels kess

Judith A Adams, M3 than 15 ng/ml randomized between lanuary 1996 and December 1999 and treated

Willaam | -...h||.|ﬂ_ M at 2 LIS academic insttutions. Median age was 67 years and madian P5A level was
B amim] Als-lss & - & anp E fenms T8 Ty
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51% risk reduction 44% risk reduction

Proportion Free From
Biochemical Failure
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Biochernical Failure

Log-Rank P =.001
: : : : : Log-Rank P =.02
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Time From Randomization, v T'2 . SH do4' _5 =
ime From Randomization, v

Mo. at Risk _
High Dose 11 111 92 74 64 38 14 MNo. at Risk

Corventional Dose 116 116 111 99 88 56 24 High Doss 88 85 [ 85 54
Corventional Dose Fils] 7h [ &1 57 40

j ' Zietman, A.L., et al. Comparison of conventional-dose vs high-dose conformal radiation therapy in clinically localized adenocarcinoma
of the prostate: a randomized controlled trial . JAMA 2005 Sep 14;294(10):1233-9




Dose escalation

m [imits of dose-escalation are not yet known

m Ffforts continue to escalate the biological-

equivalent-dose (BED)

m Normal tissue protection 1s increasingly
important



What we know:

0 Rectal balloons immobilize the prostate
and displace normal tissue.
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Rectal balloon benefits

m Rectal balloon has been used at [.oma I.inda
University Medical Center for 20 years

m over 7450 patients treated with protons for prostate
cancer since the Loma LLinda Proton Center’s
opening 15 years ago.

m Why?
m Immobilize the prostate

® Displace normal tissue
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PHYSICS CONTRIBUTION

DAILY VARIATIONS IN DELIVERED DOSES IN PATIENTS TREATED WITH
RADIOTHERAPY FOR LOCALIZED PROSTATE CANCER

Patrick A. KupeLian, M.D.* Katia M. LANGEN, PH.D.,* OMAR A. ZEIDAN, PH.D.*
SanrorD L. MEeeks, PH.D.,* TwyLa R. WiLLoucHBY, M.S..* THomas H. Wacner, Pu.D ., *
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Dose recalculation during prostate cancer tomotherapy ® P. A KUPELIAN ef al.
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Fig. 4. Rectal dose—volume histogram (DVH) for all 39 treatment fractions in 1 patient. Red line represents the planning
computed tomography DVH: thinner blue lines represent daily D'V Hs.

Kupelian PA et. al., Daily variations in delivered doses in patients treated with radiotherapy for localized prostate cancer.

IJROBP 2006 Nov 1;66(3):876-82
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CLINICAL INVESTIGATION Prostate

EVALUATING THE EFFECT OF RECTAL DISTENSION AND RECTAL
MOVEMENT ON PROSTATE GLAND POSITION USING CINE MRI

ANwaR R. PADHANL* MR.CP.. FR.C VINCENT S. KHOO, :F.R..i'sh.{:’.R.._+
JouN SUCKLING, B.S C., PHD., MINST.P..** JANET E. HUsBanD, FR.CP, FRCR..*
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m Cine-MR over 7 minutes: up to 1.2 cm movement
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’j" Padhani et. al., Evaluating the effect of rectal distension and rectal movement on prostate gland position using cine MRI. IJORBP
s 1999 Jun 1;44(3):525-33.
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PHYSICS CONTRIBUTION

A PRACTICAL METHOD TO ACHIEVE PROSTATE GLAND
IMMOBILIZATION AND TARGET VERIFICATION FOR DAILY TREATMENT

m Maximum displacement in any direction:

B From 4 mm without balloon
to < 1mm with balloon

—j-' D'Amico, A.V., et al., A practical method to achieve prostate gland inmobilization and farget verification for daily
treatment. Int | Radiat Oncol Biol Phys, 2001. 51(5): p. 1431-6.



What we know:

Higher doses of radiation therapy improve
discase conttol in prostate cancer

Rectal balloons immobilize the ptostate and
displace normal tissue.

Rectal balloons are well-tolerated.

Rectal balloons improve dosimetty when used
with x-rays

Rectal balloons improve dosimetty when used
with protons.
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CLINICAL INVESTIGATION Prostate

PATIENT TOLERANCE OF RECTAL BALLOONS IN CONFORMAL
RADIATION TREATMENT OF PROSTATE CANCER

Brian B. Rownson, M.D., Les T. YonemoTo, M.D., Carr 1. Rosst, M.D.,
JamEes M. SLaTER, M.D.. FA.CR.. aND JERRY D. SLATER. M.D.

m Hvaluation of 3561 charts spanning 11 years:

m 97.6% tolerated the balloon for the entire
treatment

m 99.5% vs. 95.7% for protons-alone vs. combo

—j-' Ronson BR, et al., Patient tolerance of rectal balloons in conformal radiation treatment of prostate cancer. Int | Radiat
Oncol Biol Phys, 2006. 64(5): p. 1367-70



What we know:

Rectal balloons improve dosimetry when
used with x-rays
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Radictherapy and Oncology 67 (2000

waw.elsevier com/flocate/mdonline

Rectal dose sparing with a balloon catheter and ultrasound localization
in conformal radiation therapy for prostate cancer

Rakesh R. Patel®, Nigel Orton®, Wolfgang A. Tomé", Rick Chappell”, Mark A. Ritter™*

m 5 pts:

= 76 Gy/38F IMRT
to prostate +/- SV

vs. 3DCRT, +/- 60cc air balloon.

—> “Rectal sparing ratio” ~0.6 for V60, V65 and V70

Patel, R.R., et al., Rectal dose sparing with a balloon catheter and nltrasound localization in conformal
radiation therapy for prostate cancer. Radiother Oncol, 2003. 67(3): p. 285-94.



UROLOGIC
ONCOLOGY

ELSEVIER Urslogic Oneolozy: Seminars and Originzl Investigations 22 (2004) 165-168
i Original article . . .
[mpact on rectal dose from the use of a prostate immobilization and
rectal localization device for patients receiving dose escalated 3D

conformal radiation therapy

Mona V. Sanghani, M.D.*#, Jane Ching, B.S.*, Delray Schultz, Ph.D.",
Robert Cormack, Ph.D.*. Marian Loffredo, R.N.%, Elizabeth McMahon. R.N.7,
Clair Beard, M.D.*, Anthony V. D’Amico. M.D.. Ph.D.#

Insrirute, Bosron, MA, T5A

Recerved 12 Nov vy ccepted 13 February 2004

B 23 pts:
® sim + /- balloon.

® Tx planned for balloon use in 0, 15 or 40 treatments:

m V70s of 250/0, 7.50/0, and 3.6%o @:0.0000

—j-' Sanghani M.V., et al, Inmpact on rectal dose from the use of a prostate immobilization and rectal localization device
for patients receiving dose escalated 3D conformal radiation therapy. Urologic Oncol, 2004. 22: p. 165-8.
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What we know:

Rectal balloons improve dosimetry when
used with protons.



LLUMUC analysis:

m  Study of the effects of rectal balloons on rectal
dosimetry:

m 29 patients enrolled in this IRB-approved
protocol

m FEligible patients included those with
histologically-proven, adenocarcinoma of

the prostate stages T1A-T3B (NOMO).



LLUMUC analysis:

m Patients recetved a CT scan in a body-
immobilization pod in the usual and customary
fashion, but first without a rectal balloon

m Patients were re-scanned in the same position
after a rectal balloon was placed.
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Rectal balloon:
un-inflated 1.

m [.atex ultrasound transducer cover secured over
an infant bartum enema tip

— ® Attached to a plastic tubing and syringe



Rectal balloon: ' | °
' inflated

m Prior to treatment planning CT and each

treatment, the balloon is inserted into the
rectum and inflated with 120 mI. of water




LLUMUC analysis:

70.0 Gy v =

—
30.0 Gy E‘.ﬁ:IT Gy 1
I

rectum

d" Balloon absent Balloon present



LLUMUC analysis:

Balloon absent Balloon present



LLUMC analysis: part I

B Structures were outlined:

= Whole rectum (recto-sigmoid junction to bottom of ischial
tuberosities)

m GTV: prostate gland
m CTV: prostate + SV

m Treatment plans were designed using OptiRad:
s CTV =504 CGE @ 1.8 CGE/F/d
+ GTV =288 CGE @ 1.8 CGE/F/d
m Total =79.2CGE @ 1.8 CGE/F/d

m Comparisons were made using paired Student’s /test

7



Study endpoints:

m Pollack et. al. and Storey et. al.:

® Increased late rectal toxicity if >70 Gy to >25% of rectal
volume

B Recommended V70 < 25%

®m Huang et. al:
m Retrospective DVH analysis (3DCRT)
® Variables exponentially related to Gr 2 toxicity:

m Max dose to: rtectum, CTV, rectum/Rx, 10cm’ rectum
m V60 (>40.6%), V70 (>26.2%), V75.6 (>15.8%), VI8 (>5.1%)

Pollack, A., et al., Prostate cancer radiation dose response: results of the M. D. Anderson phase I randomized

trial. Int | Radiat Oncol Biol Phys, 2002. 53(5): p. 1097-105.

Storey, M.R., et al., Complications from radiotherapy dose escalation in prostate cancer: preliminary results of a
' randomized trial. Int | Radiat Oncol Biol Phys, 2000. 48(3): p. 635-42

 Huang, E.H., et al., Late rectal toxicity: dose-volume effects of conformal radiotherapy for prostate cancer. Int |
o* Radiat Oncol Biol Phys, 2002. 54(5): p. 1314-21



LLUMC analysis: part I

m Rectal volume:

mean (cc) 5% C.I. std dev
no balloon: 99.5 (78.4 - 121) 53.2
balloon: 225 (203 - 247) 55.6

mean difference =125 (116 - 135)

(£=0.000)% 7= 27.2 (d.0.f.= 26)

—j—- *Using Paired Student’s #test



LLUMC analysis: part I

m Rectal V70:

mean()  95% C.1.  std dev
no balloon: 871  (7.69.8) 28
balloon: 6.53 (5.8-7.3) 1.9

mean difference = 2.19 (1.1-3.2)

(p=0.000)* 7= 4.32 (d.o.f.= 20)

*Using Paired Student’s #test



LLUMC analysis: part I

m Rectal V7/8:

mean()  95% C.1.  std dev

no balloon: 2.8 (1.7-3.9) 2.8
balloon: 1.6 (1.2-2.0) 1.0
mean difference = 1.2 (0.1-2.3)

(p=0.033)* t = 2.25 (d.0.f.= 26)

—j—- *Using Paired Student’s #test



LLUMC analysis: part I

m Rectal max dose:
mean()  95% C.1.  std dev
no balloon: 79.7 (79.2-80.2) 1.3
balloon: 79.4 (79.2 - 79.6) 0.54

mean difference = (.28 (-0.28 - 0.84) 1.4

(p=0.315)* 7= 1.02 (d.o.f.= 26)

*Using Paired Student’s #test



LLUMC analysis: part I

No balloon  Balloon mean A D
Rectal volume 99.5 225 125 0.000
V70 (goal: <0.25) 8.71 6.53 2.19 0.000
V78 (goal: <0.05) 2.8 1.6 1.18 0.033
Max rectal dose 79.7 79.4 0.278 0.315

‘j" Total rectum, n=27, combo (CTV/GTV) plan



LLUMUC analysis: part 11

WGy
S.UGy
30.0 Gy R
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LLUMUC analysis: part 11

m Prostate gland only and adjacent anterior rectal
wall (GTV-level anterior rectal wall) were
contoured

m Treatment plans were designed using OptiRad:
s GTV = 79.2 CGE @ 1.8 CGE/F/d

m Comparisons were made using paired Student’s
7-test

7



LLUMUC analysis: part 11

Anterior rectal
wall

Anterior rectal
wall

o

GTV-level

GTV-level

A4




LLUMUC analysis: part 11

m Anterior wall (cc) > 70 CGE:
mean()  95% C.1.  std dev

no balloon: 3.72 (3.11 - 4.33) 1.54
balloon: 3.14 (2.74 - 3.53) 1.00

mean difference = (.58 0.55-1.11) 1.33

(p=0.032)* 7= 2.27 (d.0.f.= 26)

*Using Paired Student’s #test



LLUMUC analysis: part 11

m Anterior wall (cc) > 78 CGE:
mean(Yo)  95% C.A1.  std dev
no balloon:  0.63 (0.30 - 0.95) 0.83
balloon: 0.79 0.46 - 1.11) 0.82

mean difference = -0.16  (-0.49 - 0.16) 0.82

(p=0.32)% 7= -1.02 (d.o.f.= 26)

*Using Paired Student’s #test



LLUMUC analysis: part 11

No relative

Balloon Balloon Mean A p improvement
V70 (goal: <0.25) 3.71 6.53 2.19 0.000 ~25%
V78 (g0al: <0.05) 2.8 1.6 1.18 0.033 ~42%0

Total rectum , n=27, combo (GTV/CTV) plan

cc Ant wall>70 CGE  3.72 3.14 0.58 0.032 ~16%

cc Ant wall>78 CGE  0.63 0.79 -0.16 0.32 NS

‘j" GTV-level anterior rectal wall , n=27, GTV-only plan



Conclusions

m Rectal balloons effectively immobilize the
prostate gland.

m V70 and V78 of whole rectum are reduced with
use of the rectal balloon.

m Absolute volume of anterior rectal wall tissue
recetving = 70 CGE, but not 78 CGE, is
reduced with use of the rectal balloon.



Thank you
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CRITICAL REVIEW

ORGAN MOTION AND ITS MANAGEMENT

K. M. LawgeN, PuD_ anD D. T. L. JoNES, PHD.

Wational Accelerator Centre, Medical Eadiation Group, Faure, South Africa

Organ motion @ K. M. Lavwgey Avp D. T. L. JouEs 267

Table 1. Summary of prostate motion studies

Study first
author (ref) No. of patients Comments Displacement (mm) Max. (mm)
Ten Haken (8) 50 +30-50 cm?® of contrast in R 62% = 5 20
Schild (9) 18 60 — 180 cm’ of contrast in R 17% = 5 17
11 60 — 180 cm® of contrast in B Q% = 5 8
Balter (10) 10 ROM., full B, weekly portals, Max. exp. (p = 0.03)
relative to a reference portal AP 45 1.5
image Lat: 1.7 2
SI: 3.7 5
van Herk (11) 11 3—4 CT. baweekly, full B, AP:sd = 2.7
displacement between 2 CT Lat: sd = 0.9
SI: sd = 1.7
Roeske (12) 10 Weeldy CT, full B, relative to AP: mean = —04 5D =39 5.3 (mean)
mit. CT Lat: mean = —0.6, 5D = 0.7
S mean = —02, 8D = 372 6.3 (mean)
Crook (13) 33 7old seeds, full B, init. and Post: mean = 5.6, 5D = 4.1
Ind film before boost Inf: mean = 5.9, 5D = 4.5
Beard (14) 30 2 CT, 4 weeks apart, empty B AP: 40% = 3 Post: 13

Tnf 725 == 5 Inf 8



Study first
author (ref)

No. of patients

Comments

Displacement (mm)

Althof (15) 9 125 seed implants, 6 sets of AP: 5D =15 !
X-rays. relafive to first X-rays Lat: 3D = (.8 3
SI: SD = 1.7 4
Budat (16) 28 Weekly CT. empty B and R, AP: 5D =37 13
relative to mean position Lat: 5D = 1.9 7
Melian (17) 13 4 CT scans, prone, relative to AP: mean = —0.7, 5D = 4.0
init. CT Lat: mean = 0.3, 8D = 1.2
S51: mean = 0.4, 5D = 3.1
Roach (18) 10 Biweekly CT scans, full B, Ant: 23%, post: 27% = 5 14
relative to first CT Lat: 0% > 3 45
Sup: 20%, mf" 3% = 5 8
Vigneault (19) 11 ROM, EPI over course of treatment AP: mean = 0.5, 5D =35 10.8
relative to init. EPI Lat: mean = 0.3, 5D = 1.9 8.8
S5I: mean = 0.7, 5D = 3.6 9.9
Tinger (20) 8 Weeldy CT, full B, relative to AP: mean = 0.3, 5D = 2.6
init. CT Lat: mean = 0.0, 8D = 0.9
S mean = 15 5D =39
Antolak (21) 17 4 CT, biweekly, full B, relative to AP: 5D =36
mit. CT Lat: SD = 0.7
SI: SD = 3.6
Dawscn (22) 6 Weeldy CT, empty B, relative to AP: 71
mit. CT SI: 9.3
Stroom (23) 15 TPCT + 3 CT scans, supine AP: SD = 2.
SI: SD = 2.8
Stroom (23) 15 TPCT + 3 CT scans, prone AP: 5D =1
SI: 5D = 1.7
Zelefsky (15) 50 TPCT + 3 CT scans, empty B, AP: mean = —1.2 58D =29
prone, relative to TPCT Lat: mean = —0.6, 5D = 0.8

S mean = —0.3 8D = 33

Abbreviafions: B. = rectum; B = bladder; ROM = radio-opague marker; Max. exp. = maximum expected; lat = lateral; SD = standard
deviation: init. = initial, post = posterior; inf = inferior; ant = antenior; sup = superior; EPI = electronic pertal imaging; TPCT =
treatment planmng CT.

Langen KM, et. al., Organ motion and its management. ] ORBP 2001, May 1;50(1):265-78




LLUMC analysis:

i

No density correction Density correction



analysis:

IH

Density correction



LLUMUC analysis:

No density ~ With density mean A D
cotrection cotrection
V78 2.8 1.6 1.22 0.000
Max rectal dose 80.7 79.4 1.28 0.000

‘j" Total rectum, n=27, combo (CTV/GTV) plan, (+/-) balloon density correction
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