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Discussion Topics

SBRT Radiobiology and Normal Tissue
Constraints

SBRT Institutional and Cooperative Group
Trials

STAT RAD: Possible future direction for
rapid pain palliation of osseous metastases

Radiobiology

Classical Fractionated Radiobiology
SBRT Radiobiology: variations of the LQ model
Normal Tissue Constraints for SBRT

Radiobiology: How does radiation
interact and effect living cells and
organisms ?

Physics to Chemistry to Biology
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Curie’s discoveries lead to “Curie Therapy”

(Beginning of “Radiation Oncology")

Radium was shown to be a useful tool for
destroying cancer cells and normal tissues

Late Radiation Toxicity

Occurs 90 days or longer after
completing radiation.

Mainly due to a combination of:

1) vascular effects (obliteration of the
microvasculature and development of
telangiectasias leading to bleeding,

2) chronic stem cell depletion, leading
to poor mucosalization, fibrosis, and
ulceration.

Animal Model for fractionated
radiation therapy: Ram Sterilization
Model

Using Sterilization of the Ram as
a model system (spermatogonia
modeled tumor and the scrotum
modeled normal tissues), early
radiation researchers realized
that they could sterilize the ram
with less scrotal irritation if they
delivered multiple smaller
radiation doses rather than one
large dose.
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Conventionally fractionated
radiation becomes standard of care
to minimize normal tissue toxicity

The Four R’s of Radiobiology:
1. Repair of sublethal damage

2. Reassortment of cells into
radiosensitive phases of the
cell cycle (G,/M)

. Repopulation of cells due to
cell doubling / proliferation

. Reoxygenation of hypoxic
cells in a tumor core

Single and Multiple Fractionated Radiation
Therapy Survival Curves

Effective Survival Curve
for a Mult-Fraction Regimen

Shoulder of
curve: sublethal
repair

Surviving Fraction

(E.J.H., Fig.3.10, p.46)




Cells have differential radiation
sensitivity depending on their cell
cycle status
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Dependence of radiosensitivity on
oxygen concentration (idealized)

o
o

1

Air 100%
oxygen

INd
o

N
o

F™~3mm Hg or
about 0.5% oxygen
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Only a small quantity of oxygen is required for
radiosensitization (0.5% oxygen increases R.R to 2.0)

Linear-quadratic model:

S = fraction of cells
surviving a dose D
S = e-(aD +BD?)

Linear and quadratic
components equal at:
D=opB

The model provides the
mechanistic biologic
rationale related to single-
and double-strand DNA

o CELCH

Multi-target Model for Cell Kill

Multi-target model assumes an alternative
description of clonogenic survival as a
function of dose with n targets that need
to be hit to disrupt clonogenicity

s=e v {1- (1-e ™) 131

where d; and Dy are the parameters that determine the initial
(first log kill) and final *‘slopes™” of the survival curve. In the
high-dose range, where d >> Dy, the multitarget model sur-
vival curve approaches an asymptote.
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Rationale for a universal survival curve
and single fraction equivalent dose

Actual BED BED per LQ model

/

Dose

pe = -a

= ..
BED over-estimation in LQ

actual effect
Jor dose D
LQ-predicted |--=------")
effect
VN
LQcurve ©  Actual survival curve
Fig. 1. Biologically effective dose (BED) when expressed through

linear quadratic (LQ) model parameters overestimates actual biolog-
ically effective dose as deter izl pirical survival curve.

Universal Survival Curve

—(a=d + §-d%) if d=Dr

nD,.D(I +LJ +D, ifd=D,

urve ————————"% SFED =
\ D (n—1)D if d=Dr

Fig. 2. Universal survival curve (USC) and transition between dose
range at which lincar quadratic (LQ) model is valid and dose range at
which muhitarger model is valid. Below transition dose Dy, USC
curve is identical with LQ model curve and above Dy, USC curve
is identical with terminal linear portion of multitarget model curve

Other Novel SBRT Radiobiologic
Considerations

Endothelial Apoptosis: mediated via acid
sphingomyelinase pathway at high dose per
fraction.

T-cell priming in draining lymphoid tissue
resulting in distant tumor reduction/
eradication via CD8+ T-cell dependent
fashion.
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How do we determine the dose?
Tumor/Normal Tissue Response Curves
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SBRT: Normal Tissue Dose Constraints

Constraints are confusing as these have
been reported by multiple institutions with
little followup toxicity data.

Parameters used include max point doses,

absolute volume constraint, percentage
volume constraint, critical volume spared

‘Summary of Table:
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Major SBRT Institutional and
Cooperative Group Clinical Trials

Lung
Liver
Spine
Prostate

Key Retrospective Japanese Lung

SBRT experience

Uematsu reported a 94% 3-year local control
rate for patients treated with 50-60 Gy in 5-6
fractions.

Nagata reported a 98% local control rate at 30
months for patients treated with 48 Gy in 4
fractions.

Onishi reported a retrospective study involving
245 patients treated at 13 institutions with a
92% 2-year median local control rate for
patients treated to a biologic effective dose BED
of at least 100 Gy.

~Uematsu M, Shioda A, Tahara K, et al. Computed tomography-guided frameless stereotactic radiotherapy for stage I non-
small cell lung cancer: 5-year experience. Int J Radiat Oncol Biol Phys 2001;51:666—670.

Nagal:s Y, Takayama K, Matsuo Y, et al. Clinical outcomes of a phase I/ll study of 4 Gy of stereotactic body radiotherapy in 4
for primary lung c: reotactic body frame. Int J Radiat Oncol Biol P 163:1427-1431

Araki T, Shirato H, et al. Ster hypofractionated high-dose irradiation all cell lung carcinoma:
chmca\ outcomes in 245 subiects in a Japanese multiinstitutional studv. Cancer 2004:101:1623— 1641
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Phase I dose escalation trial by Timmerman
at University of Indiana

47 patients were stratified into 3 groups based on tumor size (<3 cm, 3-5
cm, 5-7 cm)

Dose escalation in cohorts of 3 patients with all patients receiving 3
fractions of 3D conformal radiation starting at 8 Gy per fraction.

The maximal tolerated dose was not reached for the 2 smaller tumor
subgroups despite treating to 60-66 Gy and was 66 Gy for the largest
tumor subgroup.

2-year local control rate for patients treated with 18-24 Gy x 3 fractions
was 90%. (BED = 100 Gy)

o m 40 0 w®
Total Dose (Gy) in 3 Fractions

Phase II dose escalation trial by
Timmerman at University of Indiana

70 patients: patients stratified for tumor size

35 patients with smaller tumors (5 cm or less) treated with 60 Gy/ 3
fractions

35 patients with larger tumors treated with 66 Gy/3 fractions

The actuarial 2-year local control rate was 95% with a 56% overall survival
with death mostly from co-morbid illness.

Dose limiting toxicity (grade 3-5) was reported to be 11 times higher for
patients treated with central tumors compared to peripheral tumors.

JCOG 0403

Single arm phase II study for patients with stage
1A lung cancer based on excellent local control
rates reported from Kyoto University Hospital
Study stratifies patients based on medically
operable and medically inoperable

Treatment is 48 Gy/ 4 fractions prescribed to the
isocenter.

Primary endpoint was 3-year overall survival (OS)
64 evaluable patients: the 3-yr OS =76% and local
PFS=68.5% with only 6.2% grade 3 toxicity no
grade 4 or 5 toxicity

Concluded that dose escalation is feasible based on
toxicity and may improve PFS.

8/2/2012
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RTOG Lung SBRT Trials
RTOG 0236 phase Il closed n=59 3D
RTOG 0618 phase II closed n =33 3D and IMRT
RTOG 0813 phase I/II open n =97 3D and IMRT
RTOG 0915 Phase I  closed n=94 3D and IMRT

RTOG 1021 Phase III open target n= 420

RADIATION THERAPY ONCOLOGY GROUP RTOG 0236
A Phase II Trial of Stereotactic Body Radiation
Therapy (SBRT) in the Treatment of
Patients with Medically Inoperable Stage I/II Non-
Small Cell Lung Cancer

SCHEMA

Stereotactic Body Radiation Therapy (SBRT),
20 Gy per fraction for 3 fractions over 1%:-2
weeks, for a total of 60 Gy

Patients with T1, T2 (<= 5 ¢cm), T3 (<= 5 cm), NO, MO medically inoperable non-small
cell lung cancer; patients with T3 tumors chest wall primary tumors only; no patients
with tumors of any T-stage in the zone of the proximal bronchial tree*. Patients with T3
tumors based on mediastinal invasion or < 2 cm toward carina invasion are not eligible.

Primary Tumor Control:RTOG 0236

One patient failed within 2 cm of the primary tumor
100 -

36 month primary tumor
Control = 98% (Cl: 84-100%)

3-year Kaplan Meier lobar
local control = 90.7%

Fail: 1
Total: 55

0 6 12 18 24 30 36
Patients Months after Start of SBRT
at Risk 55 54 47 46 39 34 23

Slide courtesy of Dr. Timmerman

8/2/2012
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Overall Survival RTOG 0236

36 month

overall survival = 56% (Cl: 42-68%)
Dead: 26

Total: 55

MST: 48.1
(95% Cl): (29.6, not reached)

Overall Survival

(0] 6 12 18 24 30 36
Patients Months after Start of SBRT
at Risk 55 54 47 46 40 35 24

Slide courtesy of Dr. Timmerman

RADIATION THERAPY ONCOLOGY GROUP RTOG 0618
A Phase II Trial of Stereotactic Body Radiation Therapy
(SBRT)in the Treatment of Patients with Operable Stage
I/II Non-Small Cell Lung Cancer

Stereotactic Body Radiation Therapy (SBRT),
20 Gy pe fraction or 3 ractions over 1.5-2
weeks,for a otal of 60 Gy

Local Enlargement (LE) on CT7 7

Follow for primary
tumor contrl,
toxiciy, and
survivai

Tumorin
specimen?

Prim: Follow for primary tumor

) control, oxiciy, and
Failure Survivai

RADIATION THERAPY ONCOLOGY GROUP: RTOG 0813
SEAMLESS PHASE I/II STUDY OF STEREOTACTIC LUNG
RADIOTHERAPY (SBRT) FOR EARLY STAGE, CENTRALLY
LOCATED,NON-SMALL CELL LUNG CANCER (NSCLC) IN

MEDICALLY INOPERABLE PATIENTS

dose levels; at all levels, patients will receive q 2 day X5 fractions over 1.5-2 weeks

Dose Level | Level 1 Level2 |level3 Level4 | tfLevel5 |level6 |level7 |Llevel8 |Lleveld

Dose per | 8Gy 850y |96y 95Gy |10Gy |105Gy |11Gy | 115Gy |12Gy
Fraction

Total Dose | 40 Gy 425Gy [45G 475Gy | 50 Gy 525G 55 G 575G 60 Gy

1Protocol treatment begins at Lev el 5. Levels 1-4 will be employed if dose-limiting toxicity is seen w ith
the Level 5 (10 Gy) starting dose.

Patients with stage T non-small cell lung cancer, tumor size < 5 cm, who are not candidates for a
complete surgical res inion of a thoracic surgex ts with tumors within or touching
the zone of the prox tree or adjacent to mediastinal or pericardial pleura (see Section 3.1.5
for details)

8/2/2012
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RADIATION THERAPY ONCOLOGY GROUP
RTOG 0915 (NCCTG N0927)

A RANDOMIZED PHASE II STUDY COMPARING 2
STEREOTACTIC BODY RADIATIONTHERAPY (SBRT)
SCHEDULES FOR MEDICALLY INOPERABLE
PATIENTS WITHSTAGE I PERIPHERAL NON-SMALL
CELL LUNG CANCER

SCHEMA

Body Radiation Therapy (SBRT]

Zubrod Status
1.0 Arm 1:34 Gy in 1 fraction

Arm 2: 48 Gy in 4 once-daily

See Section 5.0 for site credentialing required prior {0 patient registration. See Section 6.0 for details of
SBRT

edically inoperable, biopsy proven early stage T1, T2 (< 5 cm) NSCLC patients; clinically node negative by PET,
ith peripherally located tumors (> 2 cm in all directions around the proximal bronchial tree; see figure below)

Phase lll trials randomizing operable candidates
with early NSCLC to SBRT vs Surgery

RTOG 1021
A Randomized Phase III Study of Sublobar Resection (+/-
Brachytherapy) versus Stereotactic Body Radiation Therapy in
High Risk Patients with Stage I Non-Small Cell Lung Cancer
(NSCLC)

STARS TRIAL
A Randomized Phase III study of Cyberknife (60 Gy in 3-4
fractions) versus VATS or Open Thoracotomy in operable
patients with TINO or T2NO (<4 cm) NSCLC

ROSEL Trial
A Randomized Phase III study of SBRT (60 Gy in 3-5
fractions) vs. Surgical Resection in operable Stage IA patients
with NCSLC

“Table 2| utcomes of SERT fo lung metasiases from selected studies.

Stway. Tialtpe  Number  Number Radiation dose
of patlnts _of targats

[y e— 30756y 5 15
atal (19987 roctions prescrbed
£

SBRT FOR LUNG
METASTASES

886, 72T an G3.1% 2t

1,2 3003 eors,respecthel
05:78.1%,66.4% ana 478t 1.

Local control
rates of 78-100%
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Multi-Institutional Phase I/II Trial of Stereotactic Body
Radiation Therapy for Liver Metastases

Kyle E. Rusthoven, Brian D. Kavanagh, Higinia Cardenes, Volker . iart H. Burri, Ste
Mark A. Chidel, Thomas J. Pugh, Wilbur Franklin, Madeleir aspar, and Tracey E.

Eligibility
1-3 liver metastases
Solid tumors
No tumor diameter >6cm
Liver and kidney function OK
No systemic therapy within 14
days pre- or post-SBRT

Rusthoven KE, Kavanagh BD, Cardenes et al. J Clin Oncol.
2009; 27:1572-1578 (Slide courtesy of Dr. Kavanagh)

Liver and Non-liver Protocol Dose
Volume Constraints

Non-liver:

= Total kidney volume > 15 Gy to be < 35%
= Max spinal cord dose 18 Gy

= Max dose to stomach or intestine 30 Gy

= Later, max point to skin <21 Gy

Results: (1) no severe liver toxicity
(2) tumor volume effect

1 grade 3 skin toxicity due to inadvertent subcutaneous hotspot

Figure 2a: Actuarial Local Control Figure 2b: Actuarial Local Control by Size
1 1009

8

Local Control
Local Control

6 12 18 24 30 36 42 48
0 6 12 18 24 30 36 42 48 Months
Months
Lesions £3em:%0 30 20 10 3 1
atrisk 49 49 30 17 7 5 3 2 4 Smits 19 12 8 8 8 8 8
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Table 4 | Outcomes of SBRT for spinal metastases from selected studies.

Tialtype,  Number Radiation dose
popuiation  of patients
of patients

(number
of tumors)

SBRT FOR

. 49(61)  10-16Gym 1 macton

pectre, 18(18)  10-16Gy I 1 maction (meakan
146¢) or 256y n 10 Fracions.
EBT) BUS 6-86y I 1 trction
. 26(26)  16-20Gym 1 macton
(mean 156y)
. 26(1)  8-30GyIn 13 Mactons
{median 240y n 3 fractons)

. 393(500) 1252506y In 1 tachen
e

. 22y

€3(74) 300N 5mecoans or 27 Gy
In3 fractions

S SPINAL
et \IE TASTASE

{ouce)
Lats neurclogic compcations: 0%,
L2 92% fouce)

Lats neurciogc compacations: 0%

1573 cuce) Local control

e
el 1 ates of 77-94%

Lats neurclogic compcations: 0%,

LEC: 90% (enuge; 51% factuaral)
Lats neurclogic compcations: 0%,

RADIATION THERAPY ONCOLOGY GROUP: RTOG 0631
PHASE II/III STUDY OF IMAGE-GUIDED
RADIOSURGERY/SBRT FOR LOCALIZED SPINE
METASTASIS

PHASE Il COMPONENT

ISBRT.

Single fraction dose of 16 Gy

PHASE Il COMPONENT
R

Number of Spine Metastases | A
01

i ISBRT.
Single fraction dose of 16 or 18 Gy™

2)23

Arm 2 External Beam Radiation Therapy:

Single fraction dose of 8 Gy

Type of Tumor
1 tumor

)
2) Other

ratio (Arm 1 Arm 2) = 2.1

Intended Radiosurgery/SBRT
Single Fraction Dose™

1) 16 Gy

2)18 Gy

*Radioresistant tumors include soft tissue sarcomas, melanomas, and renal cell carcinomas.

**Patients randomized to Arm 1 (experimental arm) will be stratified according to the single fraction dose
for image-guided radiosurgery/SBRT, using either 16 or 18 Gy as preferred by the treating physician.

8/2/2012
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RADIATION THERAPY ONCOLOGY GROUP: RTOG 0631
PHASE II/III STUDY OF IMAGE-GUIDED
RADIOSURGERY/SBRT FOR LOCALIZED SPINE
METASTASIS

Phase Il Component: Determine the feasibility of successfully
delivering image-guided radiosurgery/SBRT for spine
metastases in a cooperative group setting.

Phase |l Component: Determine whether image-guided
radiosurgery/SBRT (single dose of 16 Gy) improves pain control
(as measured by the 11 point NRPS) as compared to
conventional external beam radiotherapy (single dose of 8 Gy).

Patients with localized spine metastasis from the C1 to L5 levels (a solitary metastasis, 2 separate spine
each of the separate sites must have a maximal involvement of 2 contiguous
vertebral bodies.

SBRT for Localized Prostate Cancer

Overview of SBRT schedules and biochemical outcomes for localized prostate cancer.

Reference Noof Noof Fraction Towldose  NTD; for a/p Median Follow up  Biochemical
patients fractions _size (Gy) _(Gy) estimate 1.5Gy 3Gy (months) control rate

232 360 1 648

78% at 3-years
90% at

48-months
98%

100%

100%

98%

94% at d-years
93%

RADIATION THERAPY ONCOLOGY GROUP: RTOG 0938
A RANDOMIZED PHASE II TRIAL OF HYPOFRACTIONATED
RADIOTHERAPY FOR FAVORABLE RISK PROSTATE CANCER

SCHEMA

Arm 1
36.25 Gy in 5 fractions of 7.25 Gy over two
and a half weeks (in 15-17 days)*

Ireatment technigues/machine

1. All linear accelerator based treatment
(excluding Cyberknife)

2. Cyberknife Arm 2
51.6 Gy in 12 daily fractions of 4.3 Gy over

3. Protons two and a half weeks (in 16-18 days)*

<M= -HAPHAHAO
mN—=200zZr2

*For proton doses, see Section 6.1.4.

Histologically confirmed diagnosis of adenocarcinoma of the prostate within 180 days of randomization; Gleason
scores 2-8; Clinical stage T1-2a; PSA < 10 ng/mL (PSA should not be obtained within 10 days after prostate
biopsy).

8/2/2012
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A Real Time TomoTherapy-based Scan-
Plan-QA-Treat STAT RAD treatment
procedure in 30 minutes is possible

TomoTherapy to Introduce StatRT at
AAPM

MADISON, Wis., July 8, 2007 - TomoTherapy Incorporated (NASDAQ:
TTPY) today announced that it will introduce StatRT™ at the annual
American Association of Physicists in Medicine (AAPM) meeting in
Minneapolis, July 22-26, 2007.

18
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Lung SBRT Dosimetric Comparison of “beamlet”
algorithm and “full scatter” STAT RT algorithm
20 Gy prescribed to cover 95% of the PTV

1 iteration 2 iterations 3 iterations

Treatment
Planning
Time

135 seconds

20 iterations “beamlet” 3 iterations “full scatter”

Liver SBRT Dosimetric Comparison of “beamlet”

algorithm and “full scatter” STAT RT algorithm
20 Gy prescribed to cover 95% of the PTV

1 iteration 2 iterations 3 iterations

Planning

O TR ¢ . > Treatment

Time

‘ 135 seconds

20 iterations “beamlet” 3 iterations “full scatter”

Spine SBRT Dosimetric Comparison of “beamlet”
algorithm and “full scatter” STAT RT algorithm
20 Gy prescribed to cover 85% of the PTV

3 iterations 5 iterations

7 iterations

Treatment
Planning
Time

315 seconds

35 iterations “beamlet” 7 iterations “full scatter”
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2007 STAT RT Clinical Problems

No good contouring tools

No QA methods

2011 ASTRO Consensus Guidelines
on Bone Metastases

ASTRO GUIDELINE

PALLIATIVE RADIOTHERAPY FOR BONE METASTASES: AN ASTRO
EVIDENCE-BASED GUIDELINE

StepHEN Lutz, M.D.,* LAWRENCE Berk, M.D., Pu.D., Eric CanG, M.D.,*
Epwarp CHow, M.B.B.S.." CaroL Hamy, M.D.,*
Perer Hoskan, M.D..! Davio HoweLr, M.D.." Anore Kowska, M.D.,#* Lisa Kaciic, M.D., 1
SivoN Lo, M.B., Ci.B.,"* Ariun SatoaL, M.D..% LARRY SwvermaN, M.D.,*
CHARLES VON GUNTEN, M.D., PuD., FA.C.P.!l Exup MenpeL, M.D., EA.CS.*
ANDREW VASSIL, M.D.* ** DEBORAH WATKINS BRUNER, R.N., PH.D., T AND WrLL1aM Harrserr, M.D.H#

<Depatmentof Ratision Onoology, Bacinc Valley Regonal Cancer Gt Finday, OF *npm.mmr Radizion Oncoogs.
Moffitt Cancer Center, Tampa, F gy, University of T
IX: “Department of mmon Oncology, Sunnybrock Odette Cancer Center, University ol Tommo Toronm ON, Camu.h
Department of Radiation Oncology. Duke University, Durham, NC; | Mount Vemon Centre for Cancer Treatment, Middlesex, United
Kingdom; “Department of Radiation Oncology, University of Michigan, Mt. Pleasant, MI; **Department of Radiation Oncology.
Wayne State University, Detroit, MI; ''Department of Radiation Oncology, Boston Medical Center, Boston, MA; *Department of
Radiation Oncology, Ohio State University, Columbus, OH: ®Department of Radiation Oncology, Sunnybrook Odette Cancer Center
‘nd the Princess Margaret Hospial, Untversiy of Teon, Toronto, ON, Canada; 121 Century Oncalogy, Sarasos, FL; 1 e
Institut for Palliaive Medicine, San Diego Hospice, San Dicgo, CA; *Neurological Surgery, Ohio State University, Columbus, OH;
**Department of Radiation Oncology, Clovtland Clinie Foundation, Cleveland, OH; "' 'University of Pennsylvania School of
Nursing, Philadelphia, PA; ' Department of Radiation Oncology, Good Samaritan Cancer Center, Downers Gro

Lutz et al. Int J Rad Oncol Biol Phys. 2011;79(4):965-76.

2012 ACR Appropriateness Criteria
Non-spine Bone Metastases

{OURNAL OF PALUATIVE MEDIGNE Special Repon
Mary Ann Lisbert, inc
DOL 10.108%pm 2011 0512

ACR Appropriateness Criteria® Non-Spine Bone Metastases

el on Radiation Oqur Bone Metastases: Stephen T Lutz, MO MS)
Shek-Man Lo, MB., Ch.8.7 Eric L. Chang MD.? Nicholas Galanopoulos, M.D."*
David D. Howel MD. Edward ¥ mm M.O." Andre A. Konskl, M.D.” Neeta D. Pandit-Taskar, M.0."
Samuel Ryu, MD.? Larry N. Silverman, M.D.® Catherine Van Poznak, MD." and Kristy L Weber, MD'?

Lutz et al. J Pal Med. 2012;15(5):521-526.
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Radiation Oncology Patient Workflow:

Major Barrier to Patient Access

Physics Quality Assurance
Treatment Planning

CT Simulation
Consultation & 10 Fractions of Treatment Delivery

Preauthorization (Monday — Friday)

[REIES
Consultation

50 mile radius around Charlottesville
(522)

1200 miles is approximately the distance
from New York to Omaha, Dallas or Miami

8/2/2012
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Gimical Lvestigation
A One-Step C B (CT-Enabled Planning-t:

Model for Palliative Radiotherapy-From Development
to Implementation

M.Sc., F.RCP.,*' Daniel Letourneau, Ph.D., "
issonnette, Ph.D.,*

Tony Panzarella, M.Sc.
 FRCR.* and David A Jaffray, Ph..*
asirion mscine e nd Degaren: of Bsesesos Proves Roore Rspas,. Tommes Ontrs. (sno:
omd Deprtoess. o] Aot Gmiogy and Mediot Biphaics. vy of T oont, Oar. Gmade

Beced o 7301 s e e . 301 Ao el B &, 381

5

Adoption of SBRT treatment concepts for spinal
irradiation to non-spinal bone metastases.

Proposed SCAN PLAN QA TREAT WORKFLOW

Pre-contour

Diagnostic
Image Set

VoLO

GPU-based
Treatment
Planning

Immobilization | c
iyl rr;;gteratigh 7
simulation Velocity ®

QA: Monte Dose Delivery
Carlo Second with second QA:

Dose Check CT Detector
Dose Check

8/2/2012
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Robert Timmerman
Brian Kavanagh
Stanley Benedict
Quan Chen
Ke Sheng
Lydia Handsfield
Neal Dunlap
Alyson Mclntosh
James Larner
Josh Evans

Thanks for your attention !!

Questions ? Email: pwr3u@virginia.edu

8/2/2012
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CLINICAL INVESTIGATION Paliiaton

INTERNATIONAL PATTERNS OF PRACTICE IN PALLIATIVE RADIOTHERAPY FOR
PAINFUL BONE METASTASES: EVIDENCE-BASED PRACTICE?

M.BA._** axp Epwagn Cow, MBBS., PuD, FRCPC'

*Cron Cancer s, Eebmonion, AB, Canadl; ' Ods Cancer Cenre, Torpnso, ON, Camada: ' University of Michigan Modical
Mt ‘Royal Adelaide Hospisl, Adclside, South Austalia; *Goo Sarueitan Cancer Centre, Downers Grove. 1L:
. Queensiand, Ausralia; * Tom Bsker Cancer Cermre, Calgary. AB, Canadx: and ** M. D. Anderson

“sncer Comter, Housson, TX
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US: prefers 30 Gy/10 fractions

Case 1, breast cancer with thoracic spine metastases

Case 2, prostate cancer with shoulder metastasis

Case 2B, prostate cancer with femur metastasis

Case 3, NSCLC with spine metastasis

Case 4, NSCLC with neuropathic pain, spine BM

Case] Case2A Casa2B Catad Cased CathSA Case 5B

Case A, prostate cancer with spine retreatment Fig. 1. Use of single-fraction radiotherapy.

Case 5B, prostate cancer with hip retreatment

Fairchild et al, Int J Rad Onc Biol Phys 75(5) 1501-10
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At least tumor motion management is not this complex !!!
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Wenlock (above), the mascot of the Olympic Games, is named after the English
town of Much Wenlock, which inspired Baron Pierre de Coubertin to found the
modern Olympic movement.

Mandeville ( b Paralympics, is
named after the town of Stoke Mandeville, the
birthplace of the Paralympic Games.

26



