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What we know:What we know:

Higher doses of radiation therapy improve Higher doses of radiation therapy improve 
disease control in prostate cancerdisease control in prostate cancer
Rectal balloons immobilize the prostate and Rectal balloons immobilize the prostate and 
displace normal tissue.displace normal tissue.
Rectal balloons are wellRectal balloons are well--tolerated.tolerated.
Rectal balloons improve dosimetry when used Rectal balloons improve dosimetry when used 
with xwith x--raysrays
Rectal balloons improve dosimetry when used Rectal balloons improve dosimetry when used 
with protons.with protons.



What we know:What we know:

Higher doses of radiation therapy improve Higher doses of radiation therapy improve 
disease control in prostate cancerdisease 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.



44% risk reduction51% risk reduction

ZietmanZietman, A.L., et al. , A.L., et al. Comparison of conventionalComparison of conventional--dose dose vsvs highhigh--dose conformal radiation therapy in clinically localized adenocadose conformal radiation therapy in clinically localized adenocarcinoma rcinoma 
of the prostate: a randomized controlled trialof the prostate: a randomized controlled trial . JAMA 2005 Sep 14;294(10):1233. JAMA 2005 Sep 14;294(10):1233--99

PROG 95-09



Dose escalationDose escalation

Limits of doseLimits of dose--escalation are not yet knownescalation are not yet known

Efforts continue to escalate the biologicalEfforts continue to escalate the biological--
equivalentequivalent--dose (BED)dose (BED)

Normal tissue protection is increasingly Normal tissue protection is increasingly 
importantimportant
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Rectal balloon benefitsRectal balloon benefits

Rectal balloon has been used at Loma Linda Rectal balloon has been used at Loma Linda 
University Medical Center for 20 yearsUniversity Medical Center for 20 years

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

Why?Why?
Immobilize the prostateImmobilize the prostate
Displace normal tissue Displace normal tissue 



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 



CineCine--MR over 7 minutes: up to 1.2 cm movementMR over 7 minutes: up to 1.2 cm movement

Padhani et. al., Evaluating the effect of rectal distension and rectal movement on prostate gland position using cine MRI. IJORBP 
1999 Jun 1;44(3):525-33.  



Maximum displacement in any direction:Maximum displacement in any direction:
From 4 mm without balloon From 4 mm without balloon 
to to ≤≤ 1mm with balloon1mm with balloon

D'Amico, A.V., et al., D'Amico, A.V., et al., A practical method to achieve prostate gland immobilization and A practical method to achieve prostate gland immobilization and target verification for daily target verification for daily 
treatment.treatment. Int J Int J RadiatRadiat OncolOncol Biol Phys, 2001. Biol Phys, 2001. 5151(5): p. 1431(5): p. 1431--6.6.
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Evaluation of 3561 charts spanning 11 years:Evaluation of 3561 charts spanning 11 years:

97.6% tolerated the balloon for the entire 97.6% tolerated the balloon for the entire 
treatmenttreatment

99.5% vs. 95.7% for protons99.5% vs. 95.7% for protons--alone vs. comboalone vs. combo

Ronson BR, et al., Ronson BR, et al., Patient tolerance of rectal balloons in conformal radiation treaPatient tolerance of rectal balloons in conformal radiation treatment of prostate cancertment of prostate cancer. Int J . Int J RadiatRadiat
OncolOncol Biol Phys, 2006. Biol Phys, 2006. 6464(5): p. 1367(5): p. 1367--7070
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5 pts:5 pts:
76 Gy/38F IMRT 76 Gy/38F IMRT 
to prostate +/to prostate +/-- SV SV 

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

→→ ““Rectal sparing ratioRectal sparing ratio”” ~0.6 for V60, V65 and V70~0.6 for V60, V65 and V70

Patel, R.R., et al., Patel, R.R., et al., Rectal dose sparing with a balloon catheter and ultrasound localRectal dose sparing with a balloon catheter and ultrasound localization in conformal ization in conformal 
radiation therapy for prostate cancer.radiation therapy for prostate cancer. Radiother Radiother OncolOncol, 2003. , 2003. 6767(3): p. 285(3): p. 285--94.94.



28 pts:28 pts:
simsim +/+/-- balloon. balloon. 
TxTx planned for balloon use in 0, 15 or 40 treatments: planned for balloon use in 0, 15 or 40 treatments: 
V70s of 25%, 7.5%, and 3.6%  (V70s of 25%, 7.5%, and 3.6%  (p=0.0001p=0.0001))

SanghaniSanghani M.V., et al, M.V., et al, Impact on rectal dose from the use of a prostate immobilization Impact on rectal dose from the use of a prostate immobilization and rectal localization device and rectal localization device 
for patients receiving dose escalated 3D conformal radiation thefor patients receiving dose escalated 3D conformal radiation therapyrapy. Urologic . Urologic OncolOncol, 2004. 22: p. 165, 2004. 22: p. 165--8.8.
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Higher doses of radiation therapy improve Higher doses of radiation therapy improve 
disease control in prostate cancerdisease control in prostate cancer
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LLUMC analysis:LLUMC analysis:

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

29 patients enrolled in this IRB29 patients enrolled in this IRB--approved approved 
protocolprotocol
Eligible patients included those with Eligible patients included those with 
histologicallyhistologically--proven, adenocarcinoma of proven, adenocarcinoma of 
the prostate stages T1Athe prostate stages T1A--T3B (N0M0).T3B (N0M0).



LLUMC analysis:LLUMC analysis:

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

Patients were Patients were rere--scannedscanned in the same position in the same position 
after a rectal balloon was placed.after a rectal balloon was placed.



Rectal balloon: 
un-inflated

Latex ultrasound transducer cover secured over 
an infant barium enema tip
Attached to a plastic tubing and syringe



Rectal balloon: 
inflated

Prior to treatment planning CT and each Prior to treatment planning CT and each 
treatment, the balloon is inserted into the treatment, the balloon is inserted into the 
rectum and inflated with 120 rectum and inflated with 120 mLmL of waterof water



Balloon absent Balloon present

prostate

rectum

prostate

rectum

LLUMC analysis:LLUMC analysis:



bladder bladder

prostate prostate
rectum

rectum
w/ balloon

enema tip

LLUMC analysis:LLUMC analysis:

Balloon absent Balloon present



LLUMC analysis: part ILLUMC analysis: part I

Structures were outlined:Structures were outlined:
Whole rectum (rectoWhole rectum (recto--sigmoid junction to bottom of sigmoid junction to bottom of ischialischial
tuberositiestuberosities))
GTV: prostate glandGTV: prostate gland
CTV: prostate + SVCTV: prostate + SV

Treatment plans were designed using OptiRad:Treatment plans were designed using OptiRad:
CTVCTV = 50.4 CGE @ 1.8 CGE/F/d= 50.4 CGE @ 1.8 CGE/F/d
+ GTV+ GTV = 28.8 CGE @ 1.8 CGE/F/d= 28.8 CGE @ 1.8 CGE/F/d
Total Total = 79.2 CGE @ 1.8 CGE/F/d= 79.2 CGE @ 1.8 CGE/F/d

Comparisons were made using Comparisons were made using pairedpaired StudentStudent’’s s tt--testtest



Study endpoints:Study endpoints:

Pollack et. al. and Storey et. al.: Pollack et. al. and Storey et. al.: 
Increased late rectal toxicity if >70 Gy to >25% of rectal Increased late rectal toxicity if >70 Gy to >25% of rectal 
volume volume 
Recommended Recommended V70 < 25%V70 < 25%

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

Max dose toMax dose to: : rectumrectum, CTV, rectum/Rx, 10cm, CTV, rectum/Rx, 10cm33 rectumrectum
V60 (>40.6%), V60 (>40.6%), V70V70 (>26.2%), V75.6 (>15.8%), (>26.2%), V75.6 (>15.8%), V78V78 (>5.1%)(>5.1%)

Pollack, A., et al., Pollack, A., et al., Prostate cancer radiation dose response: results of the M. D. AnProstate cancer radiation dose response: results of the M. D. Anderson phase III randomized derson phase III randomized 
trial.trial. Int J Int J RadiatRadiat OncolOncol Biol Phys, 2002. Biol Phys, 2002. 5353(5): p. 1097(5): p. 1097--105.105.
Storey, M.R., et al., Complications from radiotherapy dose escalation in prostate cancer: preliminary results of a 
randomized trial. Int J Radiat Oncol Biol Phys, 2000. 48(3): p. 635-42
Huang, E.H., et al., Huang, E.H., et al., Late rectal toxicity: doseLate rectal toxicity: dose--volume effects of conformal radiotherapy for prostate cancer.volume effects of conformal radiotherapy for prostate cancer. Int J Int J 
RadiatRadiat OncolOncol Biol Phys, 2002. Biol Phys, 2002. 5454(5): p. 1314(5): p. 1314--2121



Rectal volumeRectal volume::
mean (mean (cccc)) 95% C.I.95% C.I. std dev std dev 

no balloon:no balloon: 99.5       99.5       (78.4 (78.4 -- 121)121) 53.253.2
balloon:balloon: 225225 (203 (203 -- 247)       55.6247)       55.6

mean difference = 125mean difference = 125 (116 (116 -- 135)135)

((pp=0.000)=0.000)** tt = 27.2 (= 27.2 (d.o.fd.o.f.= 26) .= 26) 

LLUMC analysis: part ILLUMC analysis: part I

*Using Paired Student’s t-test



Rectal V70Rectal V70::
mean(mean(%%)) 95% C.I.95% C.I. std dev std dev 

no balloon:no balloon: 8.718.71 (7.6(7.6--9.8)9.8) 2.82.8
balloon:balloon: 6.536.53 (5.8(5.8--7.3)      7.3)      1.91.9

mean difference = 2.19mean difference = 2.19 (1.1(1.1--3.2)3.2)

((pp=0.000)=0.000)** tt = 4.32 (= 4.32 (d.o.fd.o.f.= 26).= 26)

LLUMC analysis: part ILLUMC analysis: part I

*Using Paired Student’s t-test



Rectal V78Rectal V78::
mean(mean(%%)) 95% C.I.95% C.I. std dev std dev 

no balloon:no balloon: 2.82.8 (1.7(1.7--3.9)3.9) 2.82.8
balloon:balloon: 1.61.6 (1.2(1.2--2.0)      2.0)      1.01.0

mean difference = 1.2mean difference = 1.2 (0.1(0.1--2.3)2.3)

((pp=0.033=0.033))** tt = 2.25 (= 2.25 (d.o.fd.o.f.= 26) .= 26) 

LLUMC analysis: part ILLUMC analysis: part I

*Using Paired Student’s t-test



Rectal max doseRectal max dose::
mean(mean(%%)) 95% C.I.95% C.I. std dev std dev 

no balloon:no balloon: 79.779.7 (79.2 (79.2 -- 80.2)80.2) 1.31.3
balloon:balloon: 79.479.4 (79.2 (79.2 -- 79.6) 79.6) 0.540.54

mean difference = 0.28mean difference = 0.28 ((--0.28 0.28 -- 0.84)0.84) 1.41.4

((pp=0.315)=0.315)** tt = 1.02 (= 1.02 (d.o.fd.o.f.= 26) .= 26) 

LLUMC analysis: part ILLUMC analysis: part I

*Using Paired Student’s t-test



No balloonNo balloon BalloonBalloon mean mean ΔΔ pp

Rectal volumeRectal volume 99.599.5 225225 125125 0.0000.000

V70V70 (goal: <0.25)(goal: <0.25) 8.718.71 6.536.53 2.192.19 0.0000.000

V78V78 (goal: <0.05)(goal: <0.05) 2.82.8 1.61.6 1.181.18 0.0330.033

Max rectal doseMax rectal dose 79.779.7 79.479.4 0.278     0.3150.278     0.315

LLUMC analysis: part ILLUMC analysis: part I

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



Anterior rectal wallAnterior rectal wall

LLUMC analysis: part IILLUMC analysis: part II



LLUMC analysis: part IILLUMC analysis: part II

Prostate gland only and adjacent anterior rectal Prostate gland only and adjacent anterior rectal 
wall (GTVwall (GTV--level anterior rectal wall) were level anterior rectal wall) were 
contouredcontoured

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

Comparisons were made using Comparisons were made using pairedpaired StudentStudent’’s s 
tt--testtest



GTV-level

Anterior rectal
wall

GTV-level

Anterior rectal
wall

LLUMC analysis: part IILLUMC analysis: part II



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

no balloon:no balloon: 3.723.72 (3.11 (3.11 -- 4.33)4.33) 1.541.54
balloon:balloon: 3.143.14 (2.74 (2.74 -- 3.53) 3.53) 1.001.00

mean difference = 0.58mean difference = 0.58 (0.55 (0.55 -- 1.11)1.11) 1.331.33

((pp=0.032)=0.032)** tt = 2.27 (= 2.27 (d.o.fd.o.f.= 26) .= 26) 

LLUMC analysis: part IILLUMC analysis: part II

*Using Paired Student’s t-test



Anterior wall (cc) > 78 CGEAnterior wall (cc) > 78 CGE::
mean(mean(%%)) 95% C.I.95% C.I. std dev std dev 

no balloon:no balloon: 0.630.63 (0.30 (0.30 -- 0.95)0.95) 0.830.83
balloon:balloon: 0.790.79 (0.46 (0.46 -- 1.11) 1.11) 0.820.82

mean difference = mean difference = --0.160.16 ((--0.49 0.49 -- 0.16)0.16) 0.820.82

((pp=0.32)=0.32)** tt = = --1.02 (1.02 (d.o.fd.o.f.= 26)  .= 26)  

LLUMC analysis: part IILLUMC analysis: part II

*Using Paired Student’s t-test



No No relativerelative
BalloonBalloon BalloonBalloon Mean Mean ΔΔ pp improvementimprovement

V70V70 (goal: <0.25)(goal: <0.25) 8.718.71 6.536.53 2.192.19 0.000         ~25%0.000         ~25%

V78V78 (goal: <0.05)(goal: <0.05) 2.82.8 1.61.6 1.181.18 0.0330.033 ~42%~42%

cc Ant wall>70 CGEcc Ant wall>70 CGE 3.723.72 3.14        3.14        0.580.58 0.032         ~16%0.032         ~16%

cc Ant wall>78 CGEcc Ant wall>78 CGE 0.63     0.79        0.63     0.79        --0.16        0.16        0.32           NS0.32           NS

LLUMC analysis: part IILLUMC analysis: part II

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

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



ConclusionsConclusions

Rectal balloons effectively immobilize the Rectal balloons effectively immobilize the 
prostate gland.prostate gland.

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

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



Thank youThank you







LangenLangen KM, et. al., KM, et. al., Organ motion and its management. Organ motion and its management. IJORBP 2001, May 1;50(1):265IJORBP 2001, May 1;50(1):265--7878



LLUMC analysis:LLUMC analysis:

No density correction Density correction



LLUMC analysis:LLUMC analysis:

OptiRadOptiRad
No density correction Density correction



No densityNo density With densityWith density mean mean ΔΔ pp
correctioncorrection correctioncorrection

V78V78 2.82.8 1.61.6 1.221.22 0.0000.000

Max rectal dose  Max rectal dose  80.780.7 79.479.4 1.281.28 0.0000.000

LLUMC analysis:LLUMC analysis:

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